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Future investigations associated with disposal projects will require analysis of groundwater or pore water samples with small
volumes, high ion concentrations, and high particulate and organic matter content. Hydrogen-oxygen isotopes can provide important
information for understanding the migration behavior of groundwater and are currently often analyzed by wavelength-scanned cavity
ring-down spectroscopy (CRDS), where salinity, particulates, and organic matter can interfere with accurate quantification. In this
study, we investigated a method to remove salt and particulates as a pretreatment for the CRDS measurements. An experimental
system for distillation with small amount was constructed, and the optimum conditions for recovery of the samples after distillation
were determined. From the results of the isotopic ratio analysis in the samples before and after distillation, it was confirmed that the
distillation method was suitable for analyzing the isotope ratio of samples with high salt and inorganic particle content. On the other
hand, distillation of muddy water samples containing a large amount of organic matter resulted in a shift in hydrogen isotope ratios.
The method of generating water vapor from the sample solution at room temperature and analyzing the water vapor (direct water
vapor measurement: DWVM) was also investigated. It was confirmed that the DWVM was also capable of accurately quantifying the
hydrogen-oxygen isotopic ratio in samples with high salinity and high inorganic particle content. In the case of mud samples containing
a large amount of organic matter, it was found that the hydrogen-oxygen isotopic ratio of the sample could be analyzed by DWVM
when the percentage of mud contamination was up to 25 %.
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%L oW BTFET H18].
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HEEmL BAF), A A IRERE <, Wb -oam i %
L BT U T ADNGIRGE R DFREMEN RV EB XD
no.

R AKPEDEMRIE, B PERERE 2 P LA T < BEJIH
BN EB BN DI DS GO R & 72 D FREEN &
5[19-20]. {KEKMEDEBETIIH TR E LT U I E2E
HOIFEELL, A=Y Tk o THRE LS A T DR
BUKZ IS 2 HER, MR THEEEZBITT 2 KEH
LHZOIRBBENTH D LB HNDH[21-22]. ZOHA,
AT DA L7 mL BREORBRKN S, A
\CHBEIR A A PR ORE 4 D RINREE 24303 5 BERN &
D, TEXAMWOMELR (ImL LLFRE) o7 AhbKko
RN ZE T CE D Z ENEFE L.
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W) LT BHLEOBEXTPREINTND[23]. 2D, Wy
LM S OREIRIN B CHEM S, MKERRE Lz
A A PRE DR E KT R G & e D ATREME DS V.
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MEAMEEL LT, 10mLEBEOY TV EXGE Lz
HLOEFMRENTWD Bl xE[25]). L, b7 E
21 mL BLTF7%2 ERied TETH D156, IR0 KREE
& RBRPEE, ToZFHEATE RN EBEZLND.
T, WEOY U INEERET LD ORBR R
L, BT MU ARRERNSE LT, WBREE (RE
OW 7 &) RRE(LT A0 ORF AT 7. & 5IT,
Bl SN 7oL, fix OWIRERE L, R
DRTALERE & LT Ow A2 iR L.
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WMEBOY TN E KT DBCEARD RN 256G,
RN BRI X 2 ATREME SRR SN D 1E0, T E
MMERLCLEIRNLDD. 2O, AR TR
R[REWMSD SRVEBREBTEAENE/MTE LR, ATV
L AR & @RI b T & DR 2l - 7o PR & R
L, ABRICEH L. @EOERE LY b, ZARHERH O
RELR O ENHFTE D LWV RS E AT DL -
BIZERBY, WERHORINAERDIRILD 2 &R RESh
72728, AR TIIRET Lo o7z,
KEtOWIHINTIE U TR0 OB EE ORIV LT
MORBAEEEER L (Fig.1), B0 AR E AT
MEN, b D FEBAE L CHIROZER ikt (L%
Mz AEFTE DB mEAT 2ERTE WA &
T 5). TORFBE, UF LFHORBRELRETIE, EF ok
B CARDIAL LTI & 720, NS TR LTzkD2T
EWRHECREUT 2 2 EBNHELWZ E R bhoT. RIET
DA Z B < 72 OITINEEE IR % v HIER 53 O F il E THLRET
% &, RERBRAMAECHINEERIZ B A 72K DIE & A E D&
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LT, UFR~DOFORMTIIHE -7 v 70K O T
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B W HENITHA B LTE R4 7 A4 2%
A, MERTHLERF v v TEHaBRBTEIC NI A
TARALEMLTNDEIICLE. =2 —ThEE =
KITKAER L Y EHIZBEIT 22, EAFTRIATAR
WCEVHEISILOKE LTHR SN, KEHIET 20L&
ZLEFICLEEZ LT, KEKOBES M LM D@
—H L, EONCEENET IND T ENHIFFTES. 2
OREFRZ AVT, HEiiE 140°C, BRI MIIRE T4 #F
M ORI A FEbE L2y, R iR & BT E RIS bn
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Fig.2 Conceptual diagram of distillation test apparatus

with vertical vessel
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2.3.1 HBAHE

2.2 \ZFCH L7 B R g 2 OO E o 7 v
EET DD OIEFME T 5T D720 ORER % FhE
L7z, BB E LT, bAoA+ BENEK & FFEE
[26]D 18,000 mg/L (2725 K D IR vz fifb )T~V ¥
LR ZE W=, AR N U U AREIZE D KD DNE
PRI EE 5 27208 ), RIEFHAEIC AW 6L
F R U 7 AE 110°C T 24 FEHLL EEZEE L7 b 0% e,
F7, BBRAE T HIREE S00 uL IR E Lz, ZOiRE
BRRELTZDOIE, %< OEBIZBWT 1 BOSHICHNEER
B3 uL BETHIN, vV I TEERICY T L
W B 572812 200~500 uL FRERMLTE L KN DHT2DT
b2 [27]. BEEORBATERAZWE Lich &, MEHO
SBF v 712500 uL DAL T N Y U AEREINZ, 28
WFEERED CTRBERHME L. 20k, RBRREE GUR
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Conceptual diagram of distillation apparatus (left) and L figure distillation test apparatus (right)
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FTE OIR L2 U7 R & SR BRAREZ) & U7-. BBRBA4A
DA HETE OFEFEfRR%E, b —X—DBRZUY, b—H—
T U)o TR A R TIREZI & Uiz, I A SRR &
THHNS NIRRT & AR OMF LBV EEL, %
NENEIBET 2N L eI 7 X L ThDH KT
AT A AZRE LIz, HHEPERE TR -0 % iER%E
RBREEROEEZLZHEREL, RBRPICEAKDORNDN2
WZ EERER L. I LICmERBOBEELZAE L, BRI
BOEED LWEBIHIE SN KOEZFG Lz, A
DR E < EHETE DR R ARET D721, INEL
BROIREE, BBREER], WA OB EE L 2 i B A
Ehi L7,

WL OO T, it Shz k% By hCEIRL,
WAL A A PR E L RIALIR L = 2 E, A 47 a~< b
777 (ayRy h a7y a)I1C881/882, A hm
— ) BILORENARE T (L2130-1, Picarro #184) T
SrHr L7z,

2.3.2 HREBR

AL N Y U AER AR Uiz & OB ORE &,
30 4y OFRBRFEFIZ I 5 M A TOKDBEIE DR %
Fig.3 IR L7z, KUCEIT DEMLER & 1%, mHEROERHN
PHREH LZBHE TR S KOBD, L 7-H#Hb
T U U AR 500 uL IZE ENBKFCK T HEIGER
LTWa. lnbbnd ko, 120C0F CHiRED BRI
LB 7o TN EF- L, 120CTIE 100%IZFELTZ. —
F,120CH0 5 S BITIREZ EiF 5 & BRI L, 140°C
T 95 %ICE T T L7z, IBEEM B3 513 EMEE Iz B0
LIKOIEFEREIT END EBZHNDN, i LiRET
HD7, HOBEEBZD EKKKENE L 2D KRN
P SN2 ATREM S H 5. ERROREND, FRoRERR
RN T, 120CIZB W TRARITIC L 2l 2 L b
NTEREDRODEMIEE TN D Z LIVRB I .

T2, WA E AIND Z & TINEERTOBBEIN L ERIC
&, KBTI SN D RN H D & & %,
JINEMRE 100 - 120 - 140°C TR 2 AL DA & A7
WA & CHRERFE 30 DOBFADRINERE i Lz, %
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%ﬁﬁ%m%mﬁtt#%%Tmml’ik@t END
b LI, K VAL A A PR TR IR T
L7=—%, [FRLIRIIC W TIIARERIZ TIE & A EELN
Bonhotc. ZoZE0b, ARG LEARBEN
CRDS 4T DRI & U THSBRE A Y A bERE
THDOITHLETFETHDL L ERTIENTEE.

BNTIL, WhiE
SO FRERERE] %

7K 5)7

100 Y
* @
90
80 ®
#
#7104
B
=)
60 o
50
40
100 110 120 130 140
E—4—iRE (°C)

June 2023

2.4 HF - ERVNEZETH VT ILADER
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() HBRAE

Ny R A FRAKIIARICNS A P ERABESE, R
EROIZLEDTHY, —MKAIRA—Y » ZIHNIEEIC
WHND ([28-29]). X2 A MHESEOIRKI L G
Na72%, FKEROWRLDIEh, X b A OR%Sy
PELADEY LT HZ Lo R—Y 7 TELD TR
HIT D) ORBEZ T T VOBRICL R EEXD
no.

FRfEE > A MRAKE, LT OFNE TR L=,

h A NHOKS ﬁﬁ*@ﬂuww_w@%ﬁzéw%%
ST, T2 M A R % 110°CT24RFRILLE ([30])
e ST, HREEEU R A b 1.0g & 100mL Dk
BRI Z, BTN A FOBPRZ R ARDET
AR —Z—THIE L., 51T, B —F—% 30 oiiEE &
PRI, BE TRy M A b ESHEER. R
bf%%ﬁm5muL%zar@%Lt@EED$MTﬁ%
L, ZRE®%RICEONTZK, BRI W2 KEKDFNL
k& EnEno L, kL7, Bli&, 5mL OJEKE
110 “CC 24 R LI MR SV C, DB O E &% E
L, HCAERE OB HIEK 500 uL ICEENDHKS DEE
HE L.

(2) BRELBER

RU R A MBAKIZH LT, ZEEEZEH L EEOF
NAREDfE% Table 1 IR L=, EbHbab X o
AR DR OMEIT L —B L TE Y, ki 7% 5
ELUTRMAEZRET S HEE LT, MERBE EL T
WBZ L ERBT AR L o7

3

Fig.3 Relationship between heater temperature
and recovery ratio at 30 minutes test time
Table 1 Relationship between heater temperature and recovery ratio at 30 minutes test time

T T | FEHRIC S /1 CLI2E 6D 6 180
e 2 @I (%) (mg/L) (%) (%)
BT R ZEE | 18,200 688+03 |-103+0.1"
Y LEE | 990 ZZ%E |20 685+04 |-10.4%0.1
B~ b =25 | NM 746+02 |-95+01"
FA bRk | 3] ZEZ% | NM 745+03 |-95+01
B ZEZE | NM 663+04° |-96+01"
or— pik | 100-2 #2% | NM 69.9+02 |-96+0.2

DR
NM: Not measured
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2.4.2 gHEIUr—MEK~ADER
(1) REBRFE

U r— MK E RO FLEE 2 RGE L CIEHIT 2 0
Wi L7k ThH Y, BRICOMTH2ELra—2ARFRY <
— 7 EOEHM E AV TKICHEE 52 TWD ([31]). =
VA MEKEE LT, AEWE S ST L RN
ThD.

e U 77— MRAKIZLL T O FIECHHR L. WROM
BUZAWAELD Y WA, FAKRY ~—HG, TAKR ~v—
LG, 7R Y =—DX (Tt T T A ML) 200
TIL 80 CT 24 R A Loz X7z, 7KaE7K 500 g (2%t L
TV UL 50g, TAKRY~—HGlLSg, T/HAKRY~—
LG2.5g, 7/WKRY~—DX25g Mz TEENE—IT2D
FCAX—T—THE L. S5, MBIV U LRE
50pL, 77 Ly 7 2 10 puL (WL 707 A R
Mz TRIBHLE.

FROXIICHB LS Y 7 — MEK 500 uL &
231 TRLZOEECRIETHEE L, BRERIZE LN,
TN AW T KB D[RR 2 e Eh i L, b
L7z, U r—RMRKIZBWTIE, ZFABhIU vABXL
DT N7 Ly AERROFTMA TSz, FHRICA
W2 KB KD B RN EE A2 L LT B ATREMER B 2 B
7eh, M TN DRBEITENENRIEOWEED 0.01 %,
0.002% L& TH Y, FNALDOMEIZE % 2 HEIXREN
Th D LHEI NI, 7KERR 3BT U72UEK SmL
Z B —H—IZANT 110°C T 24 FEE DL Lzt &8, BAZIR
FHORAKIZE N HZEFEREY - KOEELZ TN
L7z.

(2) BREEER

VU= MRKEFEE LI EEORIEL, ZOLED
FINAREE DIEIZ DWW TS Table 1 IXR Lz, Ebbnd
oz, U= bRAKTH-TH 120C, 30 0 DFKMET
EIE 100 %OEIREED Z ENARETHD. —HFRNAE
POz s 5 &, ZARBOKEFFIZ W IKEKIC
BWTBRERAELOMEITIFIE B LI-DICR LT, k#E
RS OMEICBEE RN R o, v U — MEAKDH
B 2B5%ETIKTIRELGETH, ZAEEOVEK & IJeKH
BUZ AW KEK TR AR A — B L, KSBEFENLE
FEITZRR R OE B H Iy 7 R LTz,

WPNORBRTHEINERT 100 %V 2 &, BERIZBW
TIE-NHBOMER T 52 L, RO~ K
DEBPORNAESHNCE DD TH D L1ZE 2T W
KRFFENEELLO XV OFR E LT, ¥ N ik
FOEHEWIZ OH FOR TE EALDKFE LIKDOKENHHE
TER LIZTTREMEN B X B D. 20X o ARIIFRERTH
20, AEIOFRIET TIHFRERZRET 2 Z LITRETH
5.

PLEDFER DB U r— MEKDBA L2 Y 7k
WL, ZABRIHICHE#Y &K E OGN & TV 2 ATREME
DD s, KRBRNAKK AT ORTLEE & L CidE L
TWeW e Sz, — 5T, BIERMAKLIZOWTIE
RABIBALTHNAY U FALTESINARETH D & E X
b,

3 ZEXOEZEAEZOHE

31 BJEoER

CRDS JEIZHWAEEO—IZIE, KEREEDRKE
P TNl LT AR, KUK OKERORN AL A HI
TERRE7e MR 2 2 TV D b O b FET 5. ARk -
B E %< Eieh v T ATHONT S, EBOSETY
7 IVERIR & ARE R U, KR % JE 3 U 4 ok - -
HEHDOEBE~OFBERET DL ENAETHDL. —F
T, ®HERMEL SHEF TR, FHWENEAL
72 2 LT L BRAEKUC BT B [RNREA~DR BRI DWW T
MEHIA 72 <, Bl 2R EEZRET HDLERDD.

I T, IR IR EIRTTKESIEL, KERE
WEd 2k CATF CIRRKROBERENEE L E#HT5) 1
DONTC, HERYUTVE, BERMSERFL, RO
EHNEEORIEREEORE LR AT, SHICRELE
SAETOM R FENE LIZGA 0, K, BRI~ A
THER LT,

3.2 NmEHOz#ElL
(1) Kk&HRDEGDIKRET

NIVTNEF 2a—T DN =TI Ny 7 (GL A4 =
VAR ORI TN E IR BKE T AELLTFOTFIET
HAL, =R (20C) THE L TKERRERES .

TNINy TO—EE > TNy Z2BT, FlicuA7
MEBEWZH L, 1.0mL (RESORTFERRRRERL 0.5
~50mL) OKETATHMIZH T LIz, TOBE—F—
EHESOTTNINyTEZHL, "AVTHEFa2—T0b
1000 mL DO#HE LT BHEHT A2y S ANz, BEEA
T D 24 FETIS KON 48 BERIRGBZ ICH ANy FDOF =
— 7 R EAESNTEE  (L2130- @ HEERE IOV TIEE L)
DHAFN N L, 2SIV 7 ZBIT T 300 70 1 7
BEIOKEROENEL 258 Lic, 2V T 2T THE
180~240 BT L 72 60 DT — & 2P L GEMIZ%
i), KREAKHFEAARLOREME & Lz,

Figd |21%, 7V I8y ZIZ AN TR D & L KRR D FINL
KEEOBRE R LTz, KON 0.5 g DA, 1.0 gllLE
OE L i U CHEFICRMARILOENRE <, RS
BRIV E TNWD Z ERRB Iz, —HF AN KD EN 1.0
g LETHIL, KEKDFENERILOE AT 20 7 L&
AT BARAEVEIZBEE Tl -T2, DLEDOREREN S, &
AN TNZE AT B T OEIIA A 1000mL (2% L
TILOgUEBMETHDZ ENbhoT.

F72, KEEALTHE 24 FEEFRIEE & 48 FFE @
DY T ATEBNT, KKK D RN B 72 221 3878
IR oz, ZO7, 20COEIRTK-T ANy THO
LIROKRFZITFICANTZAK E 24 FERFECTH43 I RINLAT
BHIET D EEZ DN, 2D, DLTTHEMT HKR
SOBEFETIE, KEHT ANy ZITEHAL TS 200D
IR T 24 ReLL EFRER IS, B ANy TNOKERE
L7z,
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(2) SWIDBELGY L TILOEDHH

AR CTIHEBEOY TV ExtRE LTEBY, KEKTE
— RCOGHIZME e TN ORIKEEZHET 52 &N
VBT %, CRDS A EREE Lo mriEE okER
HWEE— FTHE, EBEICMHE LR 7R HEE LRSI
LTkY, BELEBI L LTARINEALRNICEASH
HHMA L o TWND. ZDI, W TOWS R & W
Sl Bite L TG ZE LIRS 54025 £ TORHT
P TN DOUBEREPRE S LD,

L2130-i & Los Gatos Research #E8 TWIA-24-EP (2B C,
ENEINIRFER OB FEHF 2B 117, AREKWE
EFE—FoLEoREEZRELLZE Z A, L2130 T 30
ml/min, LWIA-24-EP C 90 ml/min T -7z, FHEIMEL,
X0V TNV ETOSINRARETH D & WIfFEILD
D, T 2T L2130- TOLMME A I LT,

BB Z NSV TEN LT, @ LizER () TR L
FNECTHAR LI AK B E A LTl 2Ny 7 & EEE O KR
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M, 2B EHICRSD BEHEF AT T IIBE SN
otz BLEDZ Ean, 1213041 (2B W TRRRIERE S
PHTHEE L SN D REY > 7V EIRERRIC LT 180 B
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Thsd ()TEDIZ 1 g DIKY 7 L/1000 mL DEFEDOH

Relationship between the amount of water added into aluminum bag and isotope ratios in water vapor
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Table 2 Change over time of isotope ratios after the introduction of water vapor

SR KESEEALTH S OERFE)
0-60 | 60-120 | 120-180 | 180-240 | 240-300
5150 Fi9E (%) | -21.8 | -17.4 -17.8 -17.8 -17.8
RSD(%) 22.2 3.5 0.7 0.7 0.8
Fi9ME (%) | -140.8 | -1386 | -139.0 | -138.7 | -1385
RSD(%) 0.2 1.0 0.2 0.2 0.2
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23.1 IZFE# L7z LR O FIETHELT Y U AR
(AL A A RFE 18,000mg/l) ZFHHE L, AKARKEHM
FEROY TN E LT, SATEFa2—T Ok T R Y
U AVEIR S DAL T N U U SRR OFREUC A Tk
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Table 3 Isotope analysis from vapor generated from various solutions and water used for solution preparation

o ey L. AR D BRI

RO K 5D (%) | 6180 (%)
N/ _ 4+

g by AR (2[1E) -65.5+0.4 10.0£0.2

Y LSRR —HIEfED —-65.9%0.4
BRGABLICA WK (1EE) -65.5+0.4 -10.1+0.1
BRARICE W MK (2EB) -65.5+0.3 -10.1+0.1
Ak (1ER) -62.0£0.3 -9.1+0.1

fEmaay b AR 2EE) -61.8%0.2 -9.3%0.2

FTAMRK ARESICEWAEK (IEIE) | -61.2£0.3 9.2+0.1
BRARICAWIKEK (2EBIH) |-62.6+0.4 -9.7+0.1
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Relationships between the mixing ratio of mud water and deviation of isotopic ratio from that of tap water
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