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ABSTRACT
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71 sFeH4, ABSHA BES-S o1A] s BEAQ 5448 7111 Qlo] aflgoll A =23t H2 Wt 7|4 4, sll=2] &
3} ¥)at gellaro] Bl e Ba] Q] Msto] A2 -85 T It Ne, Ardt Kr& A UsHA| EA517] 98l Abs=2F A5
7], 13F A 9] el 242 Y7 EYat Fo U4 BEVAR A 24 A ARS AR 13 2Rl Al R 8&
FE5t 5994 BEI|A9L Etote AR 2, T BYE o] §oto] v A ZIAE AlASH L 242 Y Effo R
Z1A1E 718Hd el met 2 SRoke 714 FH|E, v 7AIE YAEE S ok 714 SHRE st 71AH]
Fol| Aget 222 Yzt Eff2 AFEA7] Y Are} CO,9) F-E4-S A 5] W50] Ne 5 U4 B4 9] o2& A AT 5
U4 BE7|AE Ne, “ArT ¥KrS Z515te] AlZtetd, 25 BF 7|42 Y4 e 7] E HHE 4510 95994 514
Ho g At tf7] P HhE B o] Al @ 2}= Ne, Ard} Krof| tHll ZH2F 0.7%, 0.7%, 0.4%0] et BHE =745 o 7] H3
9] T} A3} 5 o] Zjo] 2 ERIg EAA A O] HS T = Ne, Ar, Kroll Tl 242} 0.5%, 1.0%, 1.7%C] ATt
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Noble gases, which are chemically inert and behave conservatively in marine environments, have been used as tracers of physical
processes such as air-sea gas exchange, mixing of water masses, and distribution of glacial meltwater in the ocean. For precise
measurements of Ne, Ar, and Kr, we developed a mass spectrometric system consisting of a quadrupole mass spectrometer (QMS), a
high vacuum preparation line, an activated charcoal cryogenic trap (ACC), and a set of isotope standard gases. The high vacuum line
consists of three sections: (1) a sample extraction section that extracts the dissolved gases in the sample and mixes them with the
standard gases, (2) a gas preparation section that removes reactive gases using getters and separates the noble gases according to their
evaporation points with the ACC, and (3) a gas analysis section that measures concentrations of each noble gas. The ACC attached to
the gas preparation section markedly lowered the partial pressures of Ar and CO; in the QMS, which resulted in a reduced uncertainty
of Ne isotope analysis. The isotope standard gases were prepared by mixing *Ne, **Ar, and **Kr. The amounts of each element in the
mixed standard gases were determined by the reverse isotope dilution method with repeated measurements of the atmosphere. The
analytical system achieved precisions for Ne, Ar, and Kr concentrations of 0.7%, 0.7%, and 0.4%, respectively. The accuracies
confirmed by the analyses of air-equilibrated water were 0.5%, 1.0%, and 1.7% for Ne, Ar, and Kr, respectively.

Keywords: Noble gases, Isotope dilution mass spectrometry, Cryogenic cold trap, Neon, Argon, Krypton
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LME

ot o] M3l7} ¢ A thHamme and Emerson, 2004b). Ar} Kr, Xe-2 -25|%7} 1! 22 G7of w2 85| M3t
ATHWeiss, 1971; Smith and Kennedy, 1983). H[ZHJ7Al+= YA 85 zfo] e} tjEo] ZFghg oA AEsh4, sFsh4
Hh-gofl Frodobr] o= HE21Q1 444 wiizol] sfellA] WAlsh= thlRt 2eld (=22t Hi Wk, 714 74, sflro] &
v} Hlst golla 5) ] FARE AREE AL QITk(Fig. 1; Stanley and Jenkins, 2013; Hamme e al., 2019).

Z]x10] v 7| A A A AHIOf| A= magnetic sector mass spectrometer®} quadrupole mass spectrometer (QMS), T
O] 222 Y7} Ef(cryogenic cold trap)& 28511 24 IS AM5stoto] a5 994 He/He) ol HIZ37 |4 55
0.2 - 1%2] 24 FUr 2 ZAetck(Stanley ef al., 2009). ©] FAAATLE 122 B QPHAS 7 QAT 17} A4
(magnetic sector mass spectrometer?} -2 WZIE )7} = @ 510 A|AH] 7y} B of| o u]-8(75%Hd/ A7 )o] Eot.
HZ/d 714 24 A AR AR 24 H]-8-2 E0]7] 913t e 2] 0 & v w4 Thadt 129k A5 7FA O] QMSE ©]-8-51
317t BA| AEI O 55 B AU B ShH ol = A50] 214553 It Kulongoski and Hilton, 2002; Hamme and
Emerson, 2004a; Sano and Takahata, 2005).

QMSE 71HE0 2 3 BAAAToIAE At o2 717] 5ol 2 QMse] The Belab] SIo) B9les s
(isotope dilution mass spectrometry)= Z{EIot1! AT} 5 P4 SIH-L 54 ZAANE L1 =594 B271A|
(oot 2xtol )] AlmE AL Axfo]T-AR EoME0] F9lda 2AHIE S5l A9 FheE AXsh= ot
(Guitton et al., 2002). FFEET A w0 AEHEE A1 Hluwslo] F 8 2Aok= -2 At T AR A719 4
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Fig. 1. Diagram showing the effect of different physical processes on saturation anomlies of Ne and Ar. Saturation anomaly of

gas Cis defined as AC (%) =(C,,/C,,. —1) % 100, where C,, and C,,, are the observed and air-saturated concentrations at the
observed potential temperature and salinity. Refer to Hamme et a/(2019) for the explanation of each process.
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= HAsle] il FEs AN, S Y4 SA S Auto|A9p A 25 9 sk w2l AR o] A ekt
THYL TS AgRITE. A 07 A7 5 Aol o[ 8= YA vl A7 9) e Wale] 2 S
7] ot Fo 94 S A QAP AL ZA oot E3E, Folda Auto] ot Alm ot b of glrhd Ad
T M G EAEERE B A FE AeeH 57T 4= 2th(Vogl and Pritzkow, 2010)

2 AFollahs Al 729 B8] AA] A8 Fl= QMSeH 59194 SIS 2431 7|E s ATl 2412
Wz Efte Folslo] Aol Hoh HgRo=m sl HIZ-d7IAI(Ne, Ar, Kr) =5 2Achs AE(Ols

NG-IDQMS)& AL 2418 Wz E1o] 54, Ax]e] mhe At el 213 Hxje] elelo] Tt ia 9, 591
& 2ol 20] A, S99 SIS ol 8T AR S5 415 TS APAIS] F1ste] Ak Aol vt Hlms stk

tr

2. 24 Ak 71

2.1 232121

B A AH(Noble Gas Isotope Dilution Quadrupole Mass Spectrometer, ©|5F NG-IDQMS) 2] 52912 B4 I Z-
Aol el FA| A= 255, 714 SRt 714 S78FE Leth(Fig. 2). o] A|ARR2 A of| o ekE ml 4 = vk
S 7] Qo A|AES] YHE EHE HIYTP)E <5 x 107 Torr 2 -GA3It} A|87} E0]7F B4]o] o] Fojz]= QMSE=
2 BI(IP)Z <1 x 10° Torr & FAI510] 24 A| 28] ol A ZHE 71417} QU= gk, A|AF9] ZF HE-2 0 710] Jdd) 71

Ar Turbo Pump Spike
Cold-getter reservoir reservoir Rotary Pump
@ Manual valve @
@ Pneumatic valve Q
/M
% Pipette ® Q @_
@} M M @

(]
ol
ol

lil T/C
o Qﬁ
L WwWvC

cTo
BG
@
[© @ L ? @ SP % @ ,p

— @
QMS O O @ é] [?]
U-trap
GP
Degassing
IP, IG Hot-getter CF bulb
é 'i‘
T/C
ACC
Gas measurement section Gas preparation section Sample release section

Fig. 2. Schematic of the mass spectrometric system. The system is divided into gas measurement section, gas preparation
section and sample release section. CTO: copper tube opener, WVC: water vapor cryo-trap, T/C: thermocouple gauge, AP: air
pipette, SP: spike pipette, GP: glass pipette, BG: Baratron gauge, CF: charcoal finger, ACC: activated charcoal cryogenic trap, IP:
ionization pump, QMS: quadrupole mass spectrometer.
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A(ConvecTorr, Varian Agilent), 3] Z-5A(th7]4ollA 10° Torr 7EA] Z4; WRG-S, Edwards) 2} 2712] 4783 oF
2 A|(Baratron 626A2} 626C, MKS)& A} Sto] X E gRlghtt.
211 N5 &5
A& F25(~360 cm’ )= Al BOlA] 7IAE &0l & 7A|et Anfo] 35 2ok HES Sth(Fig. 2). o] F-2 of
A &5 715 A2l QtellA] 7ieh= F-ef3t @ T (Copper tube opener, CTO), S A= Wil Sl= 71A1E
217K degassing bulb), 5715 Al 5t7] $I3F water vapor cryo-trap (WVC)2} U-trap, E5= 7|42} 5994 Axto] =
= FUsk] Sl wElEs FdE o QL
CTO= LHHARI o Al of Ee] Fe] el A Eh= HIZA7 1A Al =& 7Sk | -t A= 3-8 Al slof HgAd 7]
A ANZE L Flo] FURH (Postlethwaite, 2003). BIZA]7 A £4-8 2] A== W7 HH(cold Weldlng method) S
= F ==, o] W2 Hes A3 7|A1S0] Fafobr| Zol= U 8- Thao] B2 714 Al
ﬁl"itﬂ o]- 85|11 31tk Young and Lupton, 1983). CTO Uiof 2| Al=E YX|AZ]2L CTOE 71‘]:‘3—%439} 03753}0:1 a
A5 dEl(<1 x 107 Torr) & X731 Z1g0] 2% CTO= ol & SuiA JRt Heje] HHe S o= of

e 71l A
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255017 whzell -2 /R F2lof ofsl CTO oFf ] 714 5
= R ol Eti(Fig. 2). 71A| & F=ll El% WA B R AL 7

St 912} Aol 2 Q190 714 Bohiz. Wl
o2 WO B TAE FEH, FIAE FESHe HES AN RS Bsk VRS FESR ATL SR A FE S

folz Hegol w7 o] 22 Fi i 2pH0 2 o] ol
2 2251 Tl 82 714 Bt ohel, 2 oA Helxlo] 2 Qls) 457] el 1 E Alamo R shilsey A
Shitel 7)ARe 55717} g A, ol Sla) AekEA 7o 42717} B 4

o
i
T =)
gl
T
L
o
(0]
A
o,
H‘. filo
ok

= 97|96l WVCE A dam 255 W opAlE(2F-8010) 22 Y7
99%)= A7 k. W2 o] 57171 714 FHlEE g == 2 97] 9] CTO2FWVC Afololl= a4 mﬂﬂ(q{ﬂ 1
mm x Z2°] 23 mm)Z AU o] BAIERE Ao EolE A3 5717 HEA o 5o e =N T 7AlES &
A 0 2 kol7Fe 2 Shk(Stanley ef al., 2009). WVCE A3 Hoj|= Fe £27|2 Z712 A| 7517 Hﬁﬂ U-trap& -8
0CE ¥Zoto] WvCe A 45715 & ¥ o AA U-trap2 5718 AlASH:= 7152 3| S5 24 1 5 B4
AA(-196 C) 2 YZtoto] Krdt Xe & EA6H= 7152 4 etth(Kulongoski and Hilton, 2002).

2.1.2 714 x4
7|A] FH]H= WVC L U-trapollA] ZHE]R] R HESA 71418 Al ASH | 19t 25718l (st2002/pill, SAES Getters), F-
718 H12A 71 A|(Ar, Kr, Xe)= A 517] $13t charcoal finger (CF), 7HH-2 HIZAJ 7] A|(He, Ne)= A 517] $l3t activated
charcoal cryo-trap (ACC; CS-204PE, Advanced Research Systems), TFE: H[ZHd 7| A H o} B2 QFo] ZAfok= Ar& 2Fst
71§13t Ar reservoir2 A4 E0] Tk ACC Ao mhE 7R AR 2.2 Aof| A ZHA|5] thEt.

SEAEE A 71AE AASHe QS et HIgHd 7] A 24 Al sk M 48T SIIAEN,, 0,9 AlA B8
o] =2 520025 AFE-3UTHManning ef al., 2016). FA4J0] FP == F2t 2F 25 g0 FEAEE 7HH(3007C)st B4 7]
A& AARIY. CFe 7% HIZAZIAIE 51| it F2lo|oh. 5AEE AWA AA1E Bl g7 4k= w24 Al o

£ 94 Aol o] Ml 248t 57| flal] Aol mhE Z15H Al S ol8ste] ettt 71ekdo] w2 5% Bl 7 A=

o]o
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ek (activated charcoal, 6.5 g)°] EO19)= CF& A A0l F -196 C 2 Yz}oto] TG

A T ST 109 557] 200 15.9] Art QSO 20371 518 QS S 5.4 74 i
Hr} oA} Ao AA3E o1& 0 2 ArQ] ok Z0]7] 9J5]] Ar reservoirs AT} Ar reservoir=2F 6 L] H1]S 7}
211 9Jo] Ar reservoir® EFA6to] 21 wfel YFo] Ar HFEORS oF 0,2 LhEr}

-
¢

213 714 47

714 785 = A HIZH7IAE QMS & Stk 2o & 7R Aot AL, thE VAR E QP FAaskt 4
QT2 LA Ro] Qit}. 7]A| A Asof 7HE 7| A= xﬂﬂ Sh= O] 23 I(Valcon Plus 20, Agilent), 34 & H, 5 X g7

ZHESA 71412 AlASH= cold getter (st2002/pill, SAES Getters), B2 7|42 BASH= Al5=A} A4 7|(HAL 3F
RC201, Hiden Analytical) 2 ©]5014 QIth Al=7F 4 916l U= S TS Alfotal 4 o] 2 S 0|85l 714
QRo) 13w e 7 §Aek

QMS o] 23}l FAZ=21 emission current¥} electron energy% Z¥7+ 1000 £ AYF 70 VE A3t FEo] l‘“‘: Ar
Faraday cup (FC) A&7]5 A5l 45193, Y] HIZA 7| 4|+ secondary electron multiplier (SEM) HA&7]2
At SEM AL ZZ Ae 1200 VE ARSI AE704 A A15E FE5H= A7k ‘dwell time’)-S He, Ne,
Aroll thefl 1 22, 2 Fo] EAfoh= Kt Xeof| oA+ 10 22 A% FIthManning et al., 2016).
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ACCE z?ﬂi AT AUt R 24 V)55 ol-85te] BIZAI7IAIE 718k E}E’riﬂl o BN HE 7|AC) S
z|A4stoli=t] o] 8 HthLott and Jenkins, 1984). ACCE ©|-85/14] HeX} Ne 5+ HIZAJ7 AT AE 617] $I5t =5 8l
skt I:H7]§ ol g3l 2o w2 7|A & AES WAL 8.5 K2 L5 W ACCO| He?Ne-S 15 7]

HE 90 K7HA] 5 K 1A 0 &2 255 Z7HRZth 27t 57kl tet S 714l= QMS & 5785k, SHE A& 4%
£ At RE ZAPHEE ke wiof] tiH]s 2 8 W= Hle-S AltSITk(Fig. 3). 90 K] 2ol Ne IF =53]
O, Neo| oHZ o 2 Wl = £ QI = 120 KE W& 2 2 AAch

AT #CoE Aol 22 Ne, PNe] & Hljo]7] wjizol, o502 o] 23}x|o] YAr" 1} #CO, 7} THE0] A H *Ne,
?Neo| 2871 4= Qlo] He, Ne £41 Alof] 2|42 0 &2 RUE ] gt ACC o8- ool Wk He T} Ne £4 Z719] W3S
Fig. 4°]l HERJIth ACCE -85 240llA Are] HE =7F ACCE 014‘1*}11 RO Hxjo] oF 10,72 F7| Eo] Sk
ACCE ARSI 942 749 CFofl T ]| a7 Y5 2HRoHe Aro] A=Al 7)o = ARt ACCE A& He} Ne
S 120K Adegid oz HJ%E} H T EE0] Aro] ACCO] ZFE o] 2 % 710 2 mehEt “C0,2 hot getter?t CFE ARE
Sl ACCE AH8oHA] & v AE4E7}20% A& Z4skdeh ACC =99 auta PAr, “co, o ot
o] Z;A }04 13.82 ?}ﬁéiﬂrﬂ A% Ne/NeH]7}2.000.2 I 744510t ACC= Hed} Ne2 Ha]sh=tdo = &
it 79 He} Ne 2] 4] e Pl 7|ofd Ao = odsiet.
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Fig. 3. Percentage of *He, *’Ne and **Ne release as a function of ACC temperature.
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Fig. 4. The difference in intesities of He, Ne, Ar and CO, between Ne analyses with and without activated charcoal cryogenic
trap (ACQ). The intensities are from the measurements of air and isotope spike mixture. The use of the ACC markedly reduces
the partial pressures of “°Ar and CO, in the QMS, resulting in negligible interference by doubly charged *°Ar (**Ar*") on *Ne.

2.3 =8 S9l2a Ano|3 ARfat o7 | 223 2

A|F2] Ne, Ar, Kr 552 §F Hlof| 24517 9J5te] ZF2F =1t 71, 99.91, 99.99%2] *Ne, *°Ar, ¥Kr A1to] = (Oak Ridge
National Laboratory) = gt AEIQIZ|AAE 27](“spike reservoir’ in Fig. 2)01] Yol &3} 5 U4 Anto] 5 Atslict.
= YA Afe|2E AlRtst] 2ol 594 7<]J—LE]"?J(Fig. 5= —7'“5]'—11 EH7]9} ZIVIE O] Sl H 34%, T
00)ofl 85 HIg7IAIeL €9t T9ea AufolaE 2s6Igle o F9YU4A H7F 19 7S mlEE e
(SS-4BMG-VCR, Swagelok) = Q4 ¢tele % —}‘ziﬂr 7 Axto] 35 o] Xgi} 0}2]= %Ky (0.65 mTorr), Ne
(3.6 mTorr), **Ar (6900 mTorr)2] =412 spike reservoir©l] U JHct.
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Fig. 5. Schematic of the vacuum line for mixed isotope spikes

Ne/*Ne A SAr
Air 8.59+0.01 309+ 7 3.38+0.01
Spike 0.280 + 0.001 5.86( 4.36) x 10 7.77(x0.24) x 1073
Air + spike 2.00+0.02 1.176 +0.001 0.352+0.001

Table 1. The measured isotopic ratios of the air, isotope spikes and air mixed with isotope spikes
84KI_/86KI_

An|7} 2 A2 A ¢l o 7](Ozima and Podosek, 2002)2} 2
J=ts

_"
o
ch(Table 1, 4.3 ). 20|39} sjAEE tj7] o] kS ats]
48 77 A0 7 skl Rl g gk §2] mMI(GP,
Sk ff Q2 H3lE E45e] HYo] Hzlo g Huls AXIthLu
% PRl Y5

AP7}A] B
APQ] B 12182 + 0.005 cm’©] UL}, t7] B A F9E= 2

P
BN

Sl A &3
o] 22 8145} 5]
Atst] $1s) B2 APy 2] S

0.9958 + 0.0005 cm’)°.& FE3} 7]

S ol ARt

and Beaupré, 2019). ©]
2179 ne)2 th719] vIZA 714 E-E-8(Ne: 18.18 ppm, Ar: 0.934%, Kr: 1.14 ppm; Glueckauf, 1951)3} 7]-2,

P

>
02“_,%“
2
woL ol
s Moo
'_V'LF@ rlo
—§4>§§
rj;z e

(e}
i)
e

s
P
)
mlm
.ll)h

m{m
Wlm ih
O:

2
,AE, 5

=
r°l‘

S JlEsto] Aktetlr:

3. N2 24
3.1 A2 227 S9ipia 53

4127 Tl TS CTOS] IR, 717 828 B4 7K 7 45(<1 x 109 Tom)©] ABEE 950} Z
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Fig. 6. Temperature change of the traps during analysis. The arrows indicate trapping and releasing of gases. Refer to Fig. 2 for
the locations of the traps.

AT 71A 2O W2 F o= Qe sl Alm W] 7P R e R FE TR, o] FE] A= Al
1

reEol7] fIeiA ' F& 2l el gl AH4de o] shE Aol ARl 5& I Tl CTOF 44 75=2k:]

M| Az = e FEH 7ol TS| £5719EN,, 0,8 Rt R4 71417 Ble g7 A|et g = of et wvCet
U-trap2 A1 42 WZhet o bl E(-78°C)0ll 5 53 B 45715 AI71SHAT K Fig. 6). WVCStU-trapE A HA 5
Z17FAIAE 714 AE== hot getter (300 C)oll 2042 F<t leEslo] Hot = W47 1A41E Al AsI AT

WVC, U-trap= 7 XA A1 Alme HIZA71A] 4 H iz iro] 249617] 9fsl] 7 714 EfS o8l 2
] A AT 2 E W CF (-196'C; Fig. 6)E 716t E7 14 F 7712 BIZ/7141E BG ] hElo] o ol 74siA]
oe mW7R(742) AR CRolld 2R =R ob 7H2 HIE-d71Al|(He, Ne)= 8.5 K] 2ol 52 9 ACCol| A
th(Fig. 6). ACCx= 7112 HIZd7 1419 @A JgefRlol ZEsh= 71A1E Adsk=H], 7he BIgH 7 1A i =9
25120 K)ol A= = 71APHEEEIA] 9471 whzell thE 717000l ofet e laslsher] 7]ofeirh2.2 2 3.

3.2 He?} Ne &AM
ACC Ao W E S 2L Aol A] 120 K2 255 28] X & 0] Q1= Hel NeS =3 S ATHHHEE o 7]4] =4
B2 STk Fig. 3). o] wf, 7|A| S3H9] o] g = zy el Apdsh 7HH-L- v 7 A ] HE FeE Z|tis) o

7] SfsliA ACCe}71A] S 7 FE R
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cold getterol] \rE5to] Hy 5 e 2HE RS/ 71415 A AR, 320 A2t 5 QMS o231l efH EES A1 SEM
HE7|2 °F 102 52 Hel} Ne= S 30Tt

7HRE v A1 E 24 OHIHt He *’Ne, **Ne H5F op] a2} 240 Gak& nlA 4= Q= Azt CO»S T4 S 3rh.
“ArTHCO,7} 01% o] 25tE]H Ak o] 25} Hl(m/z)7}F 207} 22 2 Ne Tt *Ne 0] HE 7 Aol 7Hd 89102 -84k
(Niedermann ef al., 1993). A]EJ FAJo] QMS FEE 7|A] B8 ) AARE YArT/Ar ¥ CO, /CO, 9] vl= 2zt
4%, 0.4% 7FFo] 0L, Al B4 Al “Ardt CO, 2] FH S dlefoPH o]F o] 23}o] w2 *Ned} *Ne o] HE 2= F7H=
0.1%2}0.3%= 4] @A R T WA F-2] =31k

_\1

_l

l

r

3.3 Ar, Kr-Xe 22|} &M
He, Ne 5412 SH= 521 CF2 B -2 015101 100°C.2 4014 Tg%10] 918l Ar, Keih Xe 23Tk CFo] 5712
HIZA7 |47 5 = U-trape A 20 T Krith Xee 542 52t ZAZCE U-trapoll 2 E]A] a1 Hol Q= Ar

S QMS EAof| A3t Qo 2 Zo]7] $I5f] Ar reservoir= EHAIA AT AE Are] Kr, Xedt 3| U-trapo]l LR =0
71 whzol| U-trap= THA] 100°C 2 71ERF F AAYZEAIA U-trapol] ZHH Arg 712 HEAX] 7, Bl HIE o]
A|AZE. o] 7ol Ar A& 0] BFH(<1%)°] A AT F21 €4 SIS o] 8517 whzofl Ar 5= A7gell
Z7] ot}
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Fig. 7. An example of Kr measurements for air-equilibrated water spiked with %Kr. The intensities of **Kr and ®**Kr and the ratio
of #*Kr/*Kr at the start of the measurement are determined as the intercepts (at t = 0) of the linear regression lines. The first
10-minute data points (open circles) are excluded from linear regression.
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4% 75129 0.4, 0.1, 0.01, 0.7, 0.2, 0.06% 40191k, BEIGHS 55 5919 AH] ol Ar 591 94H] 1
3k 2] 0 7 AH5EthKulongoski and Hilton, 2002).
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717} sligol] == gl ' WAYoHE S da 2 v 2ot £, 2} £, 47 5 oIt 7Pl mE @AF= 0.1%01st
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AEW)®] Ne, Ar} Kr] 23} 555 ANSEAITH ‘Expected’ in Table 2; Weiss and Kyser, 1978; Hamme and Emerson,
2004b).

AEWE 43] §HE ZA9F VLS Table 20 AIASIATE BEE 243 5 .0] B HAR= Ne, Ar, Kroll sl 242} 0.7%,
0.7%, 0.4%= NG-IDQMSQ] B A = Aol oS Le) H]|S=6t LO]ME](Table 3). AEW =1 o] ot} Axkel T5) =
L9} Zfol+=Ne, Ar, Krol| thall ZH2}0.5%, 1.0%, 1.7%% NG-IDQMS 2] A3H: S A] Sano and Takahata(2005) 5 4138

Ao} vzl

Table 2. The concentrations of Ne, Ar and Kr in deionized water equilibrated with air at temperature of 24.9C, atmospheric
pressure of 1001.5 hPa, and relative humidity of 35.9%

Ne Ar Kr

(10° mol kg™) (10° mol kg™) (10® mol kg™)
AEW 1 8.253 1275 2.865
AEW 2 8.207 1.287 2.891
AEW 3 8.097 1.299 2.866
AEW 4 8.194 1.290 2.880
Average 8.188 1.288 2.876
Expected 8.231 1.301 2.827
Precision 0.7% 0.7% 0.4%
Accuracy 0.5% 1.0% 1.7%

Table 3. Comparison of isotope dilution mass spectrometric systems for the analysis of noble gases

Reference Purification Analyte Precision
Kulongoski and Hilton(2002) getter and 77 K charcoal trap He, Ne, Ar, Kr, Xe 0.1 — 0.9%
Hamme and Emerson(2004b) getter and 77 K charcoal trap Ne 0.13%

Sano and Takahata(2005) getter and 77 K charcoal trap He, Ne, Ar, Kr, Xe 0.4 — 0.9%

This study getter and 8.5 K charcoal trap Ne, Ar, Kr 04 - 0.7%
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