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KEDL D&M OkGT) §2HRB L UIKEKRFLML
kI (60, o6D) 3. ZFEREHM OB ORI
RN L DT Bo ML, HEE 5 OMEE, W, #
R EOERIZ L o THEAMAIERE D, LHIRICH
WO 2 R (T3EED, 1985) ER2D &9 7%
R A L 72ERER - KEREE LRI B 2 781
DERD & LI 2 R IEBR & 1L U b & 2 KRAGER 0 i
TEERIZBITHIREL LTHWONTE L, TETIE, &
ST — VR TIA o — )V O RN R, A
O KD S DAEFERGBIER XV A —VIZBIT %
FEAKBREOWMEZ EIZHFMA I N TS (g,
2008) o

KB DO - KRLERMALIEZORAEL LTH
W 5 EIERAESUR & O Ry 2B & L ORS 2 L ATEIRE
BICH D D2 o TWh, ThESEEIFT, UToO
EHIERSI N TS,

5Sample(%0) = (M -

S~ 1) x 1000 (1)

M - RFELERNMARLOEREERE (Standard) & L
. VSMOW (Vienna Standard Mean Ocean Water) 7%
Awehsd (HE - R, 2002).

ZDOKROEER - KRFELEFNAELOWETFEE LCTid,
MRS, PEREE (EQ) — A ALK e B & 55 47 % &
(IRMS) (EQ-IRMS) % H\W iz T 3 & e » T
A FEAREIZBW T, B EEO—ETH 5 I RWA
FIEAK L — = W5 otk (Tunable Diode Laser
Absorption Spectroscopy; TDLAS) 23K L2o2H 1 .
ZOHTH, PRAF Yy X T4 ) 75T 250
1% (Wavelength-Scanned Cavity Ring-Down Spectros-
copy : WS-CRDS) &, I ALHEI N T L DD—
DTH Do LRLOWERWEPERL — B —RIGGEL,

itk D EQIRMS ¥ A7 A L0, HHEEE L4 . o
e & 40 BEME e BT ALER b B W T &0 b, AR
IZEKLCTETWS (Gupta et al, 2009, 1L - EH,
2011) o

LAl WTFNOFEoSES . Kk oks - K
FRERVAEL (6°0, 6D) ZMET HE21E, IAEA
O EB SR 2 H v, VSMOW R — VI Z e L 72 1)
L7 57\ Lo L, JAEA OEIBIE#ESE (15064
720) 13, 20ml A D (kv L& 2 B L5HIFRED
SHTA e &) T, 180 EUR 2 (20154E1 H 3AE)
EIEFICEMTH Y . o, HWRKEOWZEHE S H S
72, RN % S ATFWEEZR Y E&705% v (Tablel)s
ZF Ty %L OWFZEHBE B L OORFTIE, EIRBAERE R
FHV, Fha b LICTREERE (D, %07
Ay ¥ —FEeHT5) 2FH - BEA L, EREERE
ORDDIEI BEP LV, L, 2OT—F 7R
¥ 2 F—FHHBNEMT. KEOY Y TLVov—F
G EOBRIZIE, REGRFEN AL R, T2,
W3 - RBERERMNKRILEDT —X v 725 v 77— Fafk
B LBOWL & LT, BRE - KREERMA LD
ZEL 2 Vilk e S ®mICAFT LI L, TLTRLS
BEsE - RFRLEFAMARIEZET 2K (BHEOMED
JLWDIELL EOFEL) RHERT A L0BITHND,
Z 2T, AWFETIR. RERZMT. AFDES %A

Table1 0"®0 and 0D reference values for the
three international measurement stan-
dards VSMOW?2, SLAP 2 and GISP.

IAEA el Sample Reference value  Price per Unit
name atena volume  §'80(%o) SD(%o) (at]an.2015)

VSMOW2 Water 20ml 0 0 180 EUR

SLAP2 Water 20ml -55.5 -427.5 180 EUR
GISP  Water  20ml 1476 -1g95 Wateroutof

Stock
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REWDI ATV 5 —F =%V, ZrlEdkicLs
Bk - RBLEFMVARLIER O KT —F 0 7R 5~
= ¥ (ZRIEREYE) R E 2N T 2 %2 17>
7= (Figurel) o

2. M\iRFAE

2.1 BFR - KFRREEMUARLLAES AT LADOKE
SRR HERER R AR E S N TV A IRE - KFHE
TEFMMAELERSH Y A7 4 (EQIRMS) &, HijLH
EE LT, PRE (MR ISR & RART
B hrEEE (IRMS) (Thermo Fisher Scientific, Delta
Advantage) THR SN TW5S, FitoFVAILEE
SrATEETE (IRMS) (&, Dual Inlet B o [RfAK H L& 54T
HEBETHH, BB EY 77 L v AT ADE L DR ([F
FEOHA) THRIFIUE R S Rwizo, Jetzpla, B
I A& DRI 2763 (HTLE) ASLBEE 7%,
JE4E 13 Dual Inlet B % v 2 2 —H =A% o T2 5 A5,
WEDOREE 2B\ TidEfi 7 2 — (Continuous Flow)
BICEZMELVENTBY), BREOSHTBLIUT R
T—X2 T A5 = FOERIZIIE L TWEEERD
(Dual Inlet ZIOMEREEE X520 1 0.08 %o, 6D : 1.0 %o-
¥ 7z, Continuous Flow Bl @l % K5 (X560 : 0.08~
200 %o 6D 20 %ok STV D UNINZ2, 2013).

N

22 KK (BEIXIILT+—R—) OFBEH XV,
i

M - KREZEFMVEIEERDO T AT —F 2 72 ¥
Y= FERO-DIZHW I ATV 3 —F — I3 LT
DY) TH b,

TIANEIRTNT &+ — 5 —
SIERFHEN D IR E K

YLV THEIANTIVT k=S —
WFEPRIEZR (R AR )

® ® 0 0

or

International Sub
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Figure 1
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. Laboratory
International Standard Working Standard
(Primary Standard) Working Standard (Tertiary Standard)
SMOW (IAEA) (Secondary Standard) Rissho-IHL
Aqua Standard

WA1Z2-02 DSW,

WZ6Z1-02 SLW3,

WZ0Z0-02 DOW2
(SI'science Co., Ltd.)

FROIATVT =5 —DI2IE, T SRLEE
KRFLEFNAARI 2T 55K E MR T 5720, i
#E (latitude effect) (FfEEEEHUIIZ &FESR - KR IFIAL
AN E L B 2BR) AV, @R OREDK
ELTC, TIANEDIAT N T 4 — 5 — %, KIEED
AEKE LT, L=V TEOI AT VT 4 —F — %%
L7z F7o, THREEOBEKE LT, ZfiT. AFL
RTVWIIERFHENOKEKRE BE L 77, & 512,
VSMOW il 12 b 2\l % 15 5 72012 MR K % %
E L7 EHEKEERNT A2 L QMETIED L5, K
K FE TOBEIO TR MR, 7o, WK IRESE
W7z, IRMS O A F ViRICET %5 2 5 fetEdsE v
7z, HIROHEEERBK (RO B X 2 Bl s L o
VED IR TIVETRMETo725 D) &#EE L7,

23 SRIT—F2IAEE— NAORHHAR

IATIVT F = —RIKEROY G BrFE - KFERA
R DT R ZALRLE RO KERZ FORER &b H
B720, BV EIERFE - KRERNAR OE DA
Tho 2T, Fitd4oDI ATV 4 —%— (F10 L)
ZRVEOFRIIANEERESELLLDE TR —F
YA v — FEEBORE (LREEIZ2 ml )
ELTHWwW

24 BFR - KBRREBMALLOEENN

9. PEEEO T T AEENICH MM & UK
(2 ml) %A, EilAktE (18C) (B i, Fr 7 A
(CO,, Hy) %EAL, IS ELA LML OFLHNDOHR
BK &Pl 77 A & O OV e (BRR 2w RAAR
R & L RS i N 7 S VAN DR S
M ALEER) 24T-o720 D, FHFIEL 7 CO.n He
A & AR E R ATER (Bellow) (Z3EA L. &AL
DI EAT o720 20 RBFFETIZ, 7T—F 7 A
% v % — F & LT, Aqua Standard (SI Science Co., Ltd.,

Ris-IHL-1,
Ris-THL-2,
Ris-IHL-3
(Rissho Univ. Isotope
Hydrological Lab.)

Method of preparing laboratory working standard for Oxygen and Hydrogen isotope analysis.
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Figure 2 Homogeneity of hydrogen and oxygen isotope ratios of various mineral water.
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Table2 Homogeneity of hydrogen and oxygen isotope ratios of various mineral water.

Mineral Water Tap Water

8'80pgr (avg) (%o) -1.22
24

8'80ger(6) (%0) 0.06

8Dger (avg) (%oo) -42.9
24

Mineral Water Deep Ocean Water
from Malaysia from Rissho Univ. from Alaska from Japan (Kochi)
-5.41 -13.61 5.79
0.08 0.06 0.04
-72.7 -148.9 6.9
0.8 0.9 1.0

8Dz (6) (%o) 0.9

6'80ger & 8 Dgir - hydrogen and oxygen isotope ratios versus reference gas

Avg : Average

1. 1.22 % £0.06 %, —42.9 % =09 % .IEKRZFHEN
DKL, 541 % £0.08 %o —72.7 % +0.8 % 7 T
AAFEIATIT +—F —I1E, —1361 % +0.06 %o, —
1489 %o = 0.9 %o HERIEAKIZ. 579 %0 =0.04 %o\ 6.9 %o
+10 % & 7570

ERodEEOREHT V2R - KELERMAL
HESH Y AT & (EQIRMS) OHIERE (6%0:
0.08 %o+ 6D 10 %) DHPFHANTH o720 F72. 4InlfE
HSEE LTV —F 0 7 A% 4 — F (Aqua Stan-
dard (SI Science)) DR (n=8) (WA1Z2-02 DSW:
0% Orsr: —21.96 %0 £ 0.04 %o, O Drsr: —188.8 %o 0.7 %o,
WZ6Z1-02 SLW3 © 6"®Osr 1 —5.08 %0 =0.04 %o, 0 Der -
=705 %0 *0.8 %, WZ0Z0-02 DOW2 : §*Ogsr : 3.99 %o +
0.04 %o, 0Drer: —59 % =05 %) LFEEDIZLDE
THol2e TNODFERDE . KOW Y AT L DM
FEOHBANICSH ) | AEHOREHC BT B R - KELE
[N DY — VDS HERR S 7z

3.2 VSMOW ENDZEHAEIC DN T DT

WA, Il EIREEHE R & Xt SR bz T —
¥ A% ¥ —TF (Aqua Standard) # W, FEEO
HI5EME %2 VSMOW B3 5 ik & LT, 1REE
(Single-point anchoring by WZ6Z1-02 SLW3). 2/t
## (Two-point Linear normalization by WA1Z2-02 DSW
and WZ0Z0-02 DOW2) B & U'3 ik (Three-point
calibration curve by WA1Z2-02 DSW., WZ67Z1-02 SLW3

o : standard deviation

and WZ0Z0-02 DOW2) %#HIRL., 4D I AT V7 + —
¥ —OWF - RFELEFEMAL (VSMOW f#) OGS
ZiTo7z (Tabled)o lrifii (X2) B X U25HE:
(K3) 122V Tik, ZNEFNOTRORLHITET L
NT&5 (Paul et al, 2007, HiliiE2>, 2008).

v _ [(8551+1000)(85a+1000)]
Ospr = [ (6M ,+1000) 1000 2)
T T
5:?171 = Sui=ostda (651‘\;171 - 5514512) + 8§ea 3)

85tar—08taz
Spl : Unknown sample
Std : Certified International reference standards dis-
tributed by IAEA, Vienna
0% : The true (in the isotope reference scale) or
accepted J-value of the material ‘X’
oY : The measured (relative to the reference gas) o
-value of the material ‘X’
Z ORER SMOZRITEON, Bim Lk b AHTH
B 3mEaE UMINED, 2013) & IEHEICL72HA. 1
HREEIC X DR - KRR 2 e
K024 %o 23 %o DIEHDENWH o7z, 72, 2=
(2 X BT - RFLEFNARIEIZZ N ENEHNR0.04 %o,
L7 %o DX 5D E N d o 70 KRN EREGHT Y AT 4
DWEREEED0.08 % (6°0). 1.0 % (6D) ThaHI L
6. FRRO1, 28 RE I £ 5 VSMOW fE~ D2
THEEAEY T % LHIE L7z FEBEORMEFE DN E
Tl XD RFEICHEZAT) 72012, 1H D 5\ IF2RE

Table3 Comparison of VSMOW scale conversion value by calibration methods.

Mineral Water
from Malaysia

Calibration method

Tab Water
from Rissho Univ.

Mineral Water
from Alaska

Deep Ocean Water
from Japan (Kochi)

8180(%o0) SD(%0) 6'80(%o0) 8D(%0) 6180(%o0) 8D(%0) 6180(%o0) &D(%0)

Single-point anchoring

by WZ6Z1-02 SLW3 Rl

Two-point Linear normalization 650
by WA1Z2-02 DSW and WZ0Z0-02 DOW?2 ’

Three-point calibration curve 653

by WA1Z2-02 DSW, WZ6Z1-02 SLW3 and WZ0Z0-02 DOW2

-42.2 -10.83 -72.1 -18.99  -147.1 0.31 7.6
-42.2 -10.75 -72.3 -19.05  -147.7 0.59 7.9
-42.3 -10.77 -72.5 -19.05 -149.4 0.55 8.0
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3.3 VSMOW fENDOZE#E KU
WIS, Al SR L THW Y —F v TR F v
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2. SRR T E v 4O B O ST R R
VSMOW fE & L THI L 72 ZO#F % Figured &
Tabled|Z/Rd o DR, KRG LEE TN T AT A
& o THIGE S 7 EfE & EIBIEAEREL & oxT A 5
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EDOBBRROEZ . 6%0. 6D L HIZ101TH 72,
F /2. REERIZI®O. 6D L HIZ100TH -7, E5H
12y EREOBRRZ HOBE L 72#R, v L — U TSR

FITNT =5 =1L, 6®Ovsuow © —6.53 %o =0.06 %o
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F o KRERAMELPIKREL, T—F 0 T7AY ¥ — X
DREWHE o772 IHMER 2 256D A
B THDHEEZ, TRT—F VT A5 V= Fhbht
L7zo ZORER, HILWIRI—F 725 ¥ — %

vy VSMOW 122830 S A 355 O#iFIL. —19.05 %o
=6"Ovswow = —6.53 %o+ —149.4 %0 =0 Ovswow = —42.3 %o
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Figure 3 Relationship between Working Standard and Laboratory Standard.

Table4 Values of oxygen and hydrogen isotope ratios of laboratory working standards.

Laboratory
Working Standard STD n 6180 pgp (4 6180 yomow c 8D gep c 6D ysmow c
(Tertiary (%0) (%0) (%o0) (%o0) (%0)  (%o0) (%0) (%0)
Standard)
Mineral Water from Malaysia Ris-IHL-1 -1.22 0.06 -6.53 0.06 -42.9 0.9 -42.3 0.9
Tap Water from Rissho Univ. Ris-IHL-2 WA172-02 DSW -5.41 0.08 -10.77 0.08 -72.7 0.8 -72.5 0.8
WZ6Z1-02 SLW3 24

Mineral Water from Alaska Ris-IHL-3 WZ0Z0-02 DOW?2 -13.61 0.06 -19.05 0.06 -1489 09 -149.4 1.0
Deep Ocean Water from Japan (Kochi) 5.79 0.04 0.55 0.04 6.9 1.0 8.0 1.0

The values were calculated by using the Aqua standard as the tertiary Standard.

Table5 New Laboratory Working Standard (00O and 0 D) of water quality data.

- ORP DO Cation (mg/L) Anion (ing/L)
(”’S/”’) P2 ) (me/1) Li*  Na* NH} K* Mg®* Ca&®*  HCO; F- CI- NO; Br~ NO; PO} SOZ~
Ris-IHL-1 2330 80 192 751 002 999 nd 316 409 3235 12814 057 049 nd nd 010 nd 672
Ris-IHL-2 1610 74 215 748 <001 845 nd. 168 297 1507 2746 006 1198 nd. nd 422 nd 21.09
Ris-THL-3 1433 79 193 763 <00l 256 nd. 036 3.08 1989 6102 002 081 nd nd 063 nd 2264

Deep Ocean Water
from Japan (Kochi)

545 59 248 7.68 nd 287 nd 068

2.06 0.80 3.05 nd. 886 nd 0106 nd nd 249

¥ n.d.: Notdetected
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Legend
3 2 1 0 1 2 3
Na*t +K* Cl=
Ca*" HCO3
Mgt SO0;~ + NO5;
Ris-THL-1

3 2 1 0 1 2 3

Ris-IHL-2
3 2 1 0 1 2 3

Ris-THL-3
3 2 1 0 1 2 3

Deep Ocean Water from Japan (Kochi)
3 2 1 0 1 2 3

/

Figure4 Laboratory working standard (8D and
0 "®0) of hexa diagram.
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YRR S Nz F o, EIBEAEGE L oxt s
ROENIZT—=F L T A5 0 F—=FEHNT, 3D I %
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%0 =0.08 %ov 6 Dvsiow * — 725 %0 =08 %0, 77 AN ED
SATIVT F—F =12V TIESOvsow - —19.05 %o +
0.06 %o+ O Dysiow- —149.4 %0 £ 1.0 %o & \> ) fHAH S 41,
FNEND I AT IVT 4+ — % —IZ Ris-THL-1. Ris-THL-2,
Ris-THL-3& fip 4 L 720

I

AHF3E% 179 128720 . Thermo Fisher Scientific KK. ®
A il R E, IR s AT E (IRMS) OFE)
BRIFE L SIZOW TR A e THUR B Wiz 2w e, ISR
L. #FLH L BT %,

SEXW

T2 A I ¥ ZRIERR (1985) JKEEI ORI
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Examination and preparation of laboratory working standard for
oxygen and hydrogen stable isotope ratio measurement using
world mineral water

LEE Seongwon*

*Faculty of Geo-environmental Science, Rissho University

Abstract :

Generally, Oxygen and hydrogen stable isotope ratios ("0 and D) of water samples are converted raw data
(versus reference gas) to the SMOW scale by using a working standard is calibrated by the international measure-
ment standard. This study examines and prepares the oxygen and hydrogen stable isotope ratios values using three
mineral waters as laboratory working standards. The oxygen and hydrogen stable isotope ratios values (6 *Ovsiow:
—6.53 %0 =0.06 %0, O Dvsyow - —42.3 %0 £0.9 %o for mineral water from Malaysia, d *Ovsuow : —10.77 %0 =0.08 %o, &
Dvsuow * =725 %0 =08 %o for Tab water from Rissho Univ. and 6 *Ovsiow © —19.05 %0 =0.06 %o, 6 Dyswow © —149.4 %o
+1.0 %o for mineral water from Alaska) of homogeneity conformed by repeated measurement and three-points cal-
ibration curve. Therefore, these three mineral waters are available for and appropriate as a laboratory working
standard. Hydrological isotope laboratory of Rissho Univ. named “Ris-IHL-1, Ris-IJHL-2 and Ris-ITHL-3" to these Lab-

oratory working standards.

Key words : Oxygen and hydrogen stable isotope ratio, Laboratory working standard,

Isotope-Ratio Mass Spectrometry, Mineral water
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