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Determination of Cl, Br, and I in Volcanic Hydrothermal
Water with ICP-OES by Spectra in Vacuum
Ultraviolet Wavelength Region

Yifan Cuen"* and Yoshikazu Kikawapa?

Abstract

Among the halogens, F, Cl, Br, and I are dissolved components related to the definition
of hot springs under the Japanese Hot Springs Law, and they are essential analytes in hot
spring analysis. Moreover, these elements are closely related to magmatic volatiles, and are
essential targets in the chemical monitoring of volcanic activity. However, while many reports
have focused on Cl in chemical volcanic observations, there are few systematic reports on F,
Br, and I, probably due to the low concentrations of these elements in volcanic hydrothermal
water, making analysis difficult, and the complicated analytical methods. In this study, we
verified the applicability of inductively coupled plasma optical emission spectroscopy (ICP-
OES) with a vacuum ultraviolet spectrometer to hot spring water and volcanic hydrothermal
water samples as a simple and rapid direct analytical method for Cl, Br, and 1. Consequently,
it was indicated that the ICP-OES method applies to the analysis of Cl, Br, and I in hot spring
water and volcanic hydrothermal water with sufficient analytical sensitivity and accuracy.
The Limit of Quantitation (LOQ) was less than 1mg/L for Cl and less than 0.1 mg/L for Br
and I. By using a sequential ICP-OES installed with a vacuum ultraviolet spectrometer, it is
simple to perform simultaneous multi-elemental sequential analysis, including Cl, Br, and 1.

Key words : Halogens, Quantitative Analysis, Geothermal Fluid, ICP-OES
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B75% (2025) HZESSNREBRARIN L 2iBEREA 7 7 X BASEIC & B kILTEEVK O Cl, Br, I OE &

= =1

NaFyDH)LE CL Br, 1, [REE] 2B 2RROEHRICEET L BERSTTH D,
BRI BVCTE LD CEEL SNBSS TH D, /2, < 7 <HRMEWE I By
HILHETHD Y, LEHKLBIICBVWTEHITRELETHS. Lo L, /LGNNI
BT, ZLOCLICHETLMEMRENHS—FT, F, Br, [IZOWTRHKEMIZEF LD LN
Wiz Le v, L, RINESKICBWTINSOTEEOSHERMEL, PWMEETHL S
LR, TMTFEPEMETH D I EERNZEEZ 5NRS. AIZETiX, AFEKOAFURED A
THOMCTE LM, Hi#f% CL Br, lOBEEERFELE LT, BEEENMERECHIET 2568 %
MW 723 EREA 7 5 X< 360 (ICP-OES) DR AKZ S NS K INPEBOK B~ ]
REMEZ MR L 72, FER L LC, ICP-OES BT IE B L OV = IEREM: 0 552 SR KR K
WWE#HIKD Cl, Br, IATIC 0@ TH 5 LTSNz b, 2o TR (LOQ)
i3 Cl T 1mg/L Kiii, Br & 1T0lmg/LKilTdho7. BHERNEESICHIG LY —7 v
¥y VRO ICP-OES #& # HwiliX, &5 ClL Br, I # &0 7% nH 0 (ZTHEER
GHF) HEFETH 5.

FoU—F:nary, ZREON, WA, ICP-OES

1. U &IC

Ny y GUERRERS 17ETCE) 09 b, RERMVAEL bW At 2k < F, Cl, Br, 11
K, BREKZIZLD, BAFIELFEL TS, F CL Br, Tid, BA® [{ERE] ofFE
WEn2 [ER] OBRICHEST Z2HFRGTHY, TOEHEHFMREHEKREXBIL, HRES
GATCBVWTEDO CTEELGIANEK G TH L (BREEE, 2014). KILBKRTIE, ZhoI0E
= 7P ORAT A SR KIEHERED R & LCRIERAICE Th, S0 BRI eRIC
FET D (R, 2022). 20720, Nay r OB ENTKILORIFEN 22 < 7 < IG5 2B
HLTBY, "aF  IEKIEHE=F) Y ICBWCERITREEHLICERTH 5.

Na T AFEPOENEE 2R T 05, WERILEMICIEZ ol B X O8I IZe R B TR
HBOLREBEINTVD. FIRARRATRD KEESHWILETH D, KT ARRREKICEL &
Th, RERLEWZBK LT S G, 1967). CLIZKINREED S LR IS S, Kl
Hokh o ClLIEEZALIZKRINEE L L HE L TWa (AIES, 1957 MRS, 1997). LidiEKR
KUPEHUIIME AT 50%, BEZ EOARNIZEERICETN, BRICERLZI 2804
YWoOBBBIZT VL — FORARAARER T 7Y EIHITIBEPICAZ EEZSNTWS (FH, 1971).
BridigAk, mEAHFIEL AL, HAROMEREAKH T Br/Cl & I/Cl && i o KKk & g 7%
FERNH D (OKE - WA, 1960). HERAKF O NTF G KINEE OIS X 0K DOEAZE
HL (FS, 1965 5 Kikawada, et al, 2017), Z1 5 OO RFE R &4 = O ELLIZKILE
KiGE % BET 2 ECETHHEBENDOEEZ L. L L, CLIZHET 2587 — & 2% <
WMEINTWLOIIH L, fona sy, B Br, [IZ2WTRERICE Lo o5z &b
THRLNTWS. T, Br, IOEFRERMEL, FPRETH L LR, oo ks i
ThHoHIENFNZEEZOND. [HRSIERS] TlX, B+ o BI a1+~
DOEBIIBOCREHEZRE S M) v 2ESRA S TS GREIA, 2014). 20X 9 L% RE
DY EBERE AT 2BRMEFMOFEE, BEPSEMETTMEZET 2 L &L ICERT OB EDS
KooNns, —)T [HROWERE ] OFK 26 ERET T, FAPE B THOSH D
EHIZOWTER SN, I TERSRTWS [ THEMAKREE (JIS K 0101) 1, [ THPEK
RECHE (JIS K 0102) ] TIEEA LA 4 v OgBEICBWTESRSTOA A rux 7T 74—
(IC) EpsitE B (BRIFA, 2014 HAREEBUE, 2017 HAEEIERK, 2019), FEBIR
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RAKFD Br, | OFEIZ IC FER IR SNZHFH L v (il - /hE, 1988, 1989 5 ILEF S, 1995 ;
KBS, 1999 ; B, 2021). ICHEIIEMELRRLEZL LICHWA 4 Y 2 RIBERETE 595, K
ALK, HEEIRE, SMEASFICLo UIHWEAGOY — 2 05 HRIASHENC 25 2 &%, 7
BADOTHICL > CTRERERBEVDBITONEZVIEELH D (WG - H, 1987 5 FAAK, 1988 ;
K S, 1999). #I T, MEARKILERAKIC, REEHBEF M) 72 ERICHEI D D HEL
OMETH SR EREMELET S, Br, | pWEL#H T2 2 LATEUL, RRKE DR
HBIBIED & & DI, N"a VBT 2B T — 7 OFRESK L 2 RSN,
Z ZTABIZETIE, Cl Br, | @RI 2 FEM A 7 T A5k (ICP-OES) oM
ZRGEEL 72, KR KINEEBOK DO I BT, ICP-OES ZBfFEEE 1 4 » O FERIZE L v
ENL% LARVIDOTHSL. NBF VIO OWTRMUE, 7TIVIT Y 75X T TC, Br, [IZEZE
AR RFISIHERA RS DV ERT 70, BERMNERICHIE L mtdEr Huhil, 2hon
F# b ICP-OES ICTHM - BEAWETH 51397205, ZO LX) BERFAIZIEILAEMOLNA T
W L2 LAASS, ICP-OES (ZIRAbE 00 ik%e 1C I AR CHE CaE 2 0 i TH D,
HAFTLFARR ST RICEOFREPERMEANGZLEFEL NS VEZIO6NDE T Enb,
ClL Br, TIZ$ % EbOTHENLGMFETHL e fF3hs. &8, FIZZomvito
FNVF =Dz, —RNRT VT Y 75 A<D ICP-OES TEMIBT 22 L3 TE LW, &4
BHCBWT, KNSR Z NG L Lzf 4+ VB IREERICK 2 F offifEr»r o #i e g mE e i
HLTw5 (Chen et al, 2025).

2. % B&

ARWFFETIE, ICP-OES 2 & o TH SN L KILESOKD Cl, Br, | O REDHED S L S22V T,
FEEOKILEBOKRY v 70 LD S PR L BRI L 2 Vv COREEL 72, BRI, #h?
NOTHRBEICOWTRIRAB L OEE FTIREZ KD, AMBIERIC & Y 2 EEO 5B % HE
L7z, AT 288 L OHRBRIEDA ORER ORI 2§32 2 & 2, HFEMIZ ICP-OES %
EANEEAL

2.1 MEERE
2.1.1  liEshok s

KIEBOKOFERR & LT, BEROBFH RO KIEEOKY 7 vz, BEEER
KNG TR EEEIG R T84 ] 28/ L, SUBICIEREERRY D 5. AWIZETIE, FEIRRO
[EAGHL ] O RAK (2024/9/17 8K), BLOKOM TH%] oERm#A (2024/9/18 #K) T
b, FRKEEZIZAM, BRAZEOMFEZETICRY 7Ly (PP) HMICREL THBLE-T
W5, ALFHEOME % Table 1 1IZ/R L7z, TS OEHE pH 1~2 O5EERETH D, RREKRK

Table 1 Water guality of the volcanic hydrothermal samples in this study (Yugama and Kusatsu-
Yubatake). All elements were determined by ICP-OES. (T-SO. was calculated from the sulfur

content.)
. . Water dissolvable components concentration (mg L)
Sampling Spot ~ Sampling Date Temp. pH
0 Na K Ca Mg Fe Al Mn Si Cl T-SO,
Yugama Sep.18,2024 282 1.14 40.5 184 128 273 93.1 311 127 853 4015 1128

Kusatsu-Yubatake Sep.17,2024 522 197 76.5 31.0 883 47.8 21.0 49.7 237 86.1 341.5 1102
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FHE LTERRTH 2500 LN, RIUMLAIFIZRICB T 2 KILPEE0K & L CidFEn %
RELERDDDTHS. 7 NiFZ20F MUK (Milli-Q 7K, Merck Millipore Simplicity UV
system 12 & D #E X, BARIESE 182MQ-cm TH B D) THMRL, Hohrict L7 727221,
FREERD 125 5L T OWE 121, ICP-OES DX 794 F—0HGEE ) 2812720, HHHTIC
JLE0ASum DAY TSV T4 VF —Thil%e L7z,
2.1.2 HAELIMEE

Cl, Br, I o#Z#epsiiix, JIS Bt oE+ 7 4 )V A6 IEE KCL, KBr, B X OB BAL R
SHBEKIE G RAEBL AR 7T A%, BHKICE? LIEHERIEEICRES 5 2 LT

ARWFFETHV 72 ICP-OES ik iE 1d, BRERNERWEHOS NI AT L2ET 5, TATA
TA - F 7Ty Y —HRAE&HO SPS3520UVDD BThH L. MHBNIZEEEE BER Y FIC X
DFHHICBEL, b—=F KRy ZANT I AT VI YT AZS—=Y LR CHIE %247 7-.
W & LT CliZ 134724nm, Br i3 154065nm, 113 178276 nm # A\ 72, 2N 5 D E 33
BNBROIRL—=2a Y 7 b7 I SN TV AEETF—% Sl >/ 5727 /78y —#H#K
&t 2011) 2BF, PRNECBWCIERENE, SBHORFRERE LGRRS N
T/, INOOWRIFEH (Wu et al, 2009) [ZHMEIN TS, ETOHIITBWTREMRDE
FHWIEREITo 7.

2.2 EER
2.2.1 #H®RHEER (LOD) HLVTEETIR (LOQ) DEHE

G FEOFMICB T, ZOMAMEREEE 2 HET 2 ECH S5 2 RHRA S &
VR FRITEELFEME CTCH S (Uhroveik, 2014). BHIERA (Limit of Detection, LOD) & %E&
TR (Limit of Quantitation, LOQ) ZI1ZW < 20D E 2 FiHd 5H%, =2 Tid IUPAC (1978) B X
F MacDougall, et al. (1980) (2w, LOD & LOQ & IZENZF 301, 100 Bz 8 L7z, 150,
3.00, 450, 6.00mg/L @ Cl, Br, | BEEEE Z AW RERIETT I v 7 (K ORENEZ1T
I LR I0MERDRL, 55N REMISHT HEHERE ¢ ZKD, LOD & LOQ #HH L7
2.2.2 FHINEYREER

ICP-OESHI5ZI2 & 5% CL, Br, | DERMEOHED S L S MRS 720, @InBINGEER % FEhti L 7-.
BEINIREE @ Cl, Br, [ EEHEER & FUBHA I L, ICP-OES I IZ & 2 EAHD SN S /=48
WY BEORIEZ G L7, AFROMEHETh 2 58K & HHEMHERK L TE 3 2DnH
DERENKRELEBLD720, BMBRY TV E® LZ-TWSE, T2, BEHKko Cl Br, T
REERE L7z Cl, Br, [FEEFRE AR E LTHEL, RBRICHRMENRERIZH L7,

Cl o7 imEIEETIx, B RF] 0, 30.00, 60.00, 90.00, 120.0, 150.0mg/L @ Cl EEH#EEH = v C
MEREIER L2, WEHMAIZOWTIE, 50mLDAZRT7 T AT 1ImL OF > Fvé, ZhEh0,
1, 2, 3, 4mL ® 5000 mg/L ClE#EEEZ ANVBMAKTERL T4 2 LT, 50 fEHaR s, WK
AFHIH L CIRME +0, +500.0, +1000, +1500, +2000mg/L OBERZHE L7 ERRE L L
TiE+0, +10.00, +20.00, +30.00, +40.00mg/L). FEGMFRAICOWTIXERRIZ, FRAKE 500
mg/L CLEEHERM & A5, 50 RS 7z, IREARAHIR LCilinez +0, +50.0, +100, +150,
+200mg/L O 2B L 72 GUERE L L TiZ+1.00, +200, +3.00, +400mg/L). BFEK
(4000 mg/L Cl BEHEZH) 12D W TSR & FIFRIC 50 fEA R S 7z, dsinE +0, +500.0, +1000,
+1500, +2000mg/L OEW & RE L7 GIERRE & LCid +0, +10.00, +20.00, +30.00, +40.00
mg/L).

Br & I O@MBEINEE T, #H#ER%1] 0, 1.50, 3.00, 450, 6.00mg/L @ Br - I {RAEH#EER % v
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THRERZER L7z, ClOBA LKL T, HEAk LS RK (120mg/L Br, 120mg/L 1
DRAVER) 12V TIE, 50mL A A 75 22T 10mL RERISHEIIE (24mg/L Br - TR A&ERE
B % 1,2 3 4mL AN, 5 EARS N2 EINE + 240, 480, 7.20, 9.60mg/L (GHIER N & LT
1 +0, +0480, 0960, 144, 1.92mg/L) O 2 HE L7z, FEGMFRAKIZOWTIE, 25mL X A
75 23T 20mL AEKICRINE (12mg/L Br - TIRAEMEER) % 1, 2, 3, 4mL Ah, 12554
RE 7z, FIRASH LCHRnE +0, +0.600, 1.20, 1.80, 240 mg/L O & 8 L7z Gl
& LTid+0, +0480, 0960, 1.44, 1.92mg/L).

Do Z Vi o Cl, Br, 134T ICP-OES EEHE T3 ¥ 7V Z & ZEfHTHlE
RETL, BEOWMIMEZEIEE L, RNECHT2EIEELHE L. ZoEoEIGER» S
SHEOHED S L S & 5 FE o TR % 574l L 72.

3. WBREEE

3.1 BRERBIVLOD & LOQ DAIERER

Figure 112 Cl, Br, I OBEHOB ZR L7 1.50~6.00mg/L iEE#HB O Cl, Br, I B (Fig.
1A, B, C) BX1U7030~150mg/L EE#H M Br, I RE#H (Fig 1E, F) ZRIFZEEEZRL
Twb. Clo030~150mg/L #E# (Fig. 1D) T2 060mg/L FCHE#MEEZL-THEY, Ih
13RS5 LOQ DIE LA TH 5.

Table 2 1 1.50~6.00 mg/L #EEHAOREHR (Fig. 1A, B, C) 12X 075 v 27 OigEx 10 i
DELPE L2 RTH S, 30, 100EEICE D, Z0FEDLOD & LOQ1Z Table 20 X H 125N/
Br, [1Z01mg/LIEELRXVTLERTESLS, CIOLOD & LOQZBr, I X1 H—Hik&w. =
iE Cl ORI E R EEAM N 21K T % (Fig. 1A). HEEMIRO FEFR BT 2 CLIREIX
147~794mg/L, Br B 1% 059~412mg/L, 1 ##13 03~26mg/L L OHE2dH 25 (11 S, 1995).
F 72, KIMEHKRLIREKIZBNT, £ 0%4, ClLEEIZ10°~10mg/L 4 —%—T, Br&1®
BEREIIMEAR 107 ~10'mg/L +—¥ —CTdh b L EZ2 5N 5 (Kikkawa and Shiga, 1966 ; Hill1 « /NZE,

37500 200000 1250000
A B Cc
3 30000 2 160000 - 21000000
£ 22500 £ 120000 | £ 750000
g
£ 15000 S 80000 £ 500000
g g £ [e1]
o 7500 A 40000 M 250000
y=4770x + 4640 y=26800x + 3300 ¥ = 156000x + 22900
R2=1.00 R2=0.999 R2=1.00
0 0 . . . 0
0.0 L5 30 45 6.0 75 0.0 15 3.0 45 6.0 75 0.0 15 3.0 45 6.0 75
Concentration (mg L) Concentration (mg L) Concentration (mg L)
7500 30000 200000
D E F
2 6000 - 2 24000 2 160000
£ 4500 . £ 18000 £ 120000
€ 3000 ¢ € 12000 g 80000
g . s | g e | g [+
*
A 1500 A 6000 -
y=15900x + 3150 40000 'y = 102000x + 12000
R2=0.997 R2=0.999
0 0 . . o
00 03 06 09 12 15 18 00 03 06 09 12 15 18 00 03 06 09 12 15 18
Concentration (mg L) Concentration (mg L) Concentration (mg L)

Fig. 1 Calibration curves for Cl, Br and | obtained by ICP-OES analysis. A : Cl in range of 1.50-
6.00mg/L ; B: Brinrange of 1.50-6.00mg/L ; C: | inrange of 1.50-6.00mg/L ; D : Clin range
of 0.30-1.50mg/L ;: E: Brinrange of 0.30-1.50mg/L; D:linrange of 0.30-1.50msg/L.
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Table 2 Estimated LOD and LOQ for CI, Br and | by ICP-OES measurements. “Blank
Avg. Con." lists the average analytical concentration of the blank with the error at
the 95% confidence limits. “n” shows the number of parallel experiments. “o”
represents the standard deviation, and “CV (%) represents the coefficient of

variation.

Element Blank Avg. Con. (mgL™") n c CV(%) LOD@Bo) LOQ(100)
Cl -0.0422 10 0.0588 139 0.176 0.588
Br 0.0492 10 0.00960 19.5 0.0288 0.0960

I 0.0999 10 0.00492 4.93 0.0148 0.0492

1989 ; Hurwitz, et al, 2005 : Zharkov, 2019). - T, ZOHIEIZLVESN72LOD & LOQ 25
FTHUE, REFIEFLALORREAKDCL Br, [ERICEHAWRRTH . 2B, EBRICHEST 1T
IR, MEROBEMREEE LOQ 2 ¥ 2 AN R AR ERLETH LI LIEE) £
ThH %\,

3.2 RIMEUNEERFER

Table 3 & Fig. 2 (S MENNERAE R AR Lz, Aoz BT H FEH RN 1Z13100% &
770, Fig 22YRT &) ICHENEHROM X XIFF]I THH I A5, Cl, Br, IoMhozEid 4
RIFFEHETITZ T2 LR SN S, F72, BRI T 2R MENIFEER O & BEHAR (5
IR SRS AN ERORE R L ICEZRIT AL, BEMAKDO XD 2 EEREOREKT
HoTHRERGOHELZTFLH 2, BEHTEZEENTA LI LAREN. Ld->T,
Cl Br, I Zx% & Lz B 2280k % A3 % ICP-OES EAEAIZ I, 4 Kok (2 8]
BThb. LHL, Sample ABIUC D ClD500mg/LiRINCBVTIZ20% %82 5 KX 5L
¥ (CV) & 757z (Table 3). EMAHTICBIT 2 0 EFFMOT A4 K54 A1C#ET L% 513 (%
. 2008), ZORELNV GUEREE LT 80~100mg/L) (2B 2 0H ki E® B % & FIER O
PRI, CV ELT4~6%FE, BUIELE LTI0~115% & SNb T Lhn, RIIEEMIZIZT
DRHEREEANTSH B, BERNICIRENEING. 0% BRI HRKELCVIZ, BZS5LCD
TNHEEEICERT2b0EEZ 5N, —F, WEREEL L TCmg/L+—%—DBr & 12D
WTIE, BOHA K4 VICHL LADENIZICV IZ6~8%BIENTH S ENET LWV, ®
FEDZENLDRRKREVCVEIHAING, —IBEBIIAREZHTT 28T, BRERZEHDO
W) i EEAPR IR L IR COMEEZEE T L & HIC, BDBELWMEEIT-> CTEDOF
WHERHT 2 E L.

3.3 Cl, Br, IO%RFICICP-OES AIE 2 EHTH_EDFREEBINER

= v VELO ICP-OES XL I RB RGN TH ), HETEOEE/EL LT
BLIEHNTESL, —TEOREICET IRMIERRIETH Y, AHRICHBITSCL Br, 0=
LEFBEGT O —hkdH 720 BBIEETHEEZRZ L EXTMETH L. i, Fko
CL Br, IO H %479 ity, WE MK TR EET 2 ICHELD S X bD THRAEI/HTIHRE
BHZENTEL. T2, &BBA LT Y EFEBIZCL Br, [ # 1 TRRONT 52 EDRTRTH
LRIEBVWCEHVIEEZ AT L E V5. £ OFMEBIICER ST~ VT8 ICP-OES
&, FEEECOWEBKETZY —7 v ¥ X VELL ) R BEEA D %25, —BEOlE THRED
HEEFERSTTE L7290, WERELZ I LICHIRTE 2000 Lk, —FT, ICP-OES 3T
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Table 3 Results of spike and recovery tests obtained by ICP-OES measurements for
Sample A (Yugama), Sample B (Kusatsu-Yubatake) and Sample C (Standard
Solutions). Rec. 1-3 represents the recovery (mg/L) results of each test. “SD”
represents the standard deviation, and “CV (%)" represent the coefficient of variation.

Element Sample Spike (mgL™") Rec.! Rec2 Rec3 Recovery (mgL™) Recovery (%) SD CV(%)

Cl Sample A 0 0 0 0 0 - - -
Yugama 500.0 371.6 628.0 463.4 487.7 97.5 130 26.6
Sep.18, 2024 1000 935.7 1048 1077 1020 102 74.6 7.31
1500 1433 1643 1585 1554 104 108 6.98
2000 2018 1945 2054 2006 100 55.5 2.77

Sample B 0 0 0 0 0 - - -
Kusatsu- 50.0 524 518 54.6 52.9 106 1.47 2.78
Yubatake 100 110 956 87.6 97.8 97.8 11.5 11.8
Sep.17, 2024 150 142 173 147 154 103 16.7 109
200 225 200 200 209 104 14.3 6.85

Sample C 0 0 0 0 0 - - -
4000 mg/L Std. 500.0 634 544 363 513.9 103 138 26.9
1000 1020 894 973 962.4 96.2 63.9 6.64
1500 1692 1488 1578 1586 106 102 6.45
2000 2224 1929 2089 2081 104 148 7.10

Br Sample A 0 0 0 0 0 - - -
Yugama 2.40 3.00 278 219 2.66 111 0.420 15.8
Sep.18, 2024 4.80 540 486 530 5.19 108 0.285 5.50
7.20 749 740 7.66 7.52 104 0.134 1.78
9.60 9.69 10.05 9.10 9.61 100 0.480 5.00

Sample B 0 0 0 0 0 - - -
Kusatsu- 0.600 0.496 0.552 0.463 0.503 83.9 0.0451 8.96
Yubatake 1.20 121 105 1.18 1.15 95.6 0.0816 7.11
Sep.17, 2024 1.80 1.75 172 1.66 1.71 95.0 0.0451 2.64
2.40 238 231 273 247 103 0.229 9.26

Sample C 0 0 0 0 0 - - -
12.0 mg/L Std. 2.40 240 248 241 243 101 0.044 1.79
4.80 450 598 5.10 5.19 108 0.743 143
7.20 7.64 749 1759 7.57 105 0.0749 0.989
9.60 10.1 106 10.1 10.3 107 0.314 3.06

1 Sample A 0 0 0 0 0 - - -
Yugama 2.40 2.13 277 253 248 103 0.323 13.0
Sep.18, 2024 4.80 458 494 517 4.90 102 0.298 6.07
7.20 696 697 7.60 7.18 100 0.368 5.13
9.60 9.78 897 9.62 9.46 98.5 0.431 4.55

Sample B 0 0 0 0 0 - - -
Kusatsu- 0.600 0.545 0.582 0.675 0.601 100 0.0673 11.2
Yubatake 1.20 1.10 124 1.01 1.12 92.9 0.115 10.3
Sep.17, 2024 1.80 148 1.78 1.59 1.62 89.8 0.153 9.43
2.40 198 283 245 242 101 0.425 17.6

Sample C 0 0 0 0 0 - - -
12.0 mg/L Std. 2.40 2.11 249 220 2.27 94.4 0.195 8.62
4.80 488 493 459 4.80 100 0.182 3.78
7.20 7.69 752 1726 7.49 104 0.216 2.88
9.60 9.79 10.0 9.63 9.81 102 0.192 1.96
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Yugama Kusatsu-Yubatake Standard Solution
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=~ e ‘ L L
o . . ‘
2 1500 . 150 . 1500 >
,
< - - -
. .
§ 1000 . 100 % 1000
7’ 4 7
& o [ecl] S [aci o [=c]
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Fig. 2 Results of spike and recovery tests. A-1to A-3, B-1 to B-3 and C-1 to C-3 show the results
for the Yugama water, Kusatsu-Yubatake water and standard solution, respectively.
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DETLF AP TREL 20, IRHWLNS ICHEX D b CRAEICHH 2 EET L2 L3
WEETH L. REOE R, oy OREEEOE L FRHEAIER T 52 L &, %
BT =y DI R REVPPFIND. 72720, AHFZEIZTIO ICP-OES %E O — i IZB 1
BRRTHY, Gtk MA—D—REGORLLIBHEIIBT 2 AREOHBMEOWE;LETH .
T/, [HORDATEARE ] 2 EOREMHENREOBMEHET <L, LD % DFERE O
MREERT DI LAROLNL.

4. ¥ & O

FLZERRANE R 2 A5 % ICP-OES did Kt #okth o> CL Br, I E&IC T @HRETH S T &
ARENTz, REMITESMERF T, LOQ X Cl TIX 0588 mg/L T, Br T 00960mg/L T, 1T
13 0.0492mg/L Tdh - 7. IMEIERR O RIL, SHEREOREKIZB VTS Cl, Br, [ 1L
GLERDPUERTHL I L &m Lz, WEKOBMOATHEATE % ICP-OES HHEMERIL, 16
DORHEIFFEET D) 7 MRICHANERIREFEHETH D, ICHEL Y oM 2 BEITfTH 2 &A%
BETHDH. LdoT, BREDHICEVTIRESITETER Wb 0D, ZROWKD S LER 5y
LA L RN T H72DDA 7 ) —= v Fh LI RESRAMEIDHZ L EZONS. $72,
ICP-OES (& —HIDRES A 7 )V TEILHFKZ BRI E 723 FARICOM TR TH 5720, SEA
YiREE L AEEBEATHIIC CL Br, 1IREZ RO D Z LB WRETH 5. AEEF, ERILERKILEIS
BUI 07 T MBI T — Y OREIFGFTL2HD0THLEERLND.

BeRFEEICIZIE, ICP-OESIC X 25k A 4 v 0ERICHL, 2 L4545 OMREIAELT
W2RREFE L7 F72, B BN T2 TFY VAR SIE, AWFZE TR L7z ICP-OES 24 (SII,
SPS3520UVDD) D¥EBEHHZL S IIARL—2 3V 7 b 27T 5 ERE SR -75 X
Fl CCWKERLTHEEZRLET. T2 ZAOBEREREP OIEEEPOBRNL: ZEA,
SR WL E, AREPBEYICHET LI EATEE LA ELHILEL BIFET

5 A 3k

Chen, Y. Akimoto, K. and Kikawada, Y. (2025) : Simple, quick, and precise determination of
fluoride ions in high-aluminum volcanic hydrothermal water by ion selective electrode with
complexing agent-added TISAB : A case study of Yugama crater lake, Kusatsu-Shirane
volcano. Journal of Hot Spring Sciences, 75. (accepted, in press)

B (1971) @ bAEO I — FEF. WE=2—2X, 199, 1-23.

AN Kk (1967) @ RIKKF D7 v FOGHACENE L. 5 L%, 16, 1259-1265.

Hurwitz, S., Mariner, R.H., Fehn, U. and Snyder, G.T. (2005) : Systematics of halogen elements
and their radioisotopes in thermal springs of the Cascade Range, Central Oregon, Western
USA. Earth and Planetary Science Letters, 235 (3-4), 700-714.

TUPAC (1978) : Nomenclature, symbols, units and their usage in spectrochemical analysis—II.
data interpretation Analytical chemistry division. Spectrochimica Acta Part B : Atomic
Spectroscopy, 33 (6), 241-245.

AR, BB, BOTEAT, SFIE# (1957) @ AFBKILOMERILFEMIIZE (2o 41) KiliEd

42



B75% (2025) HZESSNREBRARIN L 2iBEREA 7 7 X BASEIC & B kILTEEVK O Cl, Br, I OE &

O¥FE. HALEH, 78 (1), 164-172

B (2014) : SRR HT RS (PR 26 4EXLET).

Kikawada, Y., Ono, T. Ogawa, K., Fukai, M. and Oi, T. (2017) : Chemical geothermometry studies
on a geothermal system in Manza Hot Springs near Kusatsu-Shirane Volcano, Japan. Procedia
Earth and Planetary Science, 17, 253-256.

Kikkawa, K., Shiga, S. (1966) : Relation between halogen contents of hot spring water [I]. Special
Contributions of the Geophysical Institute Kyoto University, 6, 173-185.

MacDougall, D., Crummett, W.B,, and et a/. (1980) : Guidelines for data acquisition and data quality
evaluation in environmental chemistry. Analytical Chemistry, 52 (14), 2242-2249.

MAGEL (1988) @ IAKHOFEEE-I VKRV B-OfF > r7ux v 7574 —I12X 5% & iRE.
KERGHAEREE 23 (1), 64-71

B ORHI, EAEFEAT (2023) RSB EOATRE 2R & LIRS T E O S ERA. R
g, 72, 220-238.

LA, W (1988) 1 A4 v ua NI 74 =K BMBAKFORFEAF v, I TFEA
T roEg (D. TRBFEMEERZERE, 12, 50-52.

PR, NEFEWE (1989) : A+ v 7u~ b7 4 —ICXBERKPORFZAF Y, IVHEA
T rvoEsE (1), FREBEEMEEIZEERY, 13, 40-43.

HABESERIE (2017) @ L3EHKER) % (JIS K 0101).

HARESERBE (2019) + THHERHER) B (JIS K 0102).

K ®(2022) o KILEGRAR. #ERIEE, 56, 64-75.

RIBIEAT, /A, GRELE (1999) @ INRENRREAKPORFER Ty EoEsE. INFEHEA
KNEZEER, 43, 1-4.

A, H s (1987) LB/ A 4 v oa< b 7T 7 4 =12 X KRB ofE 7 v 1L
A+ v oEE. 5H L, 36 (3), 169-173.

AN, AN, EARIE—, RIRRETE, ORI R, B REE, RINHEE—, WEEmE,
i, WIRIEH (1997) @ MEBIREH PO 58" OKEZbE KINGE). Ikt
31 (2), 119-128.

SIL - F 777 7ay—fHatt (2011) @ ICP FAEaArEEE SPS3500DD Hkqi il # 0403-135-
102 Ver. 2.0.

EEHGE (2021) A B B EKEM R O I oL A 4 VIEE. bl EZER R, 71,
19-22.

Uhroveik, J. (2014) : Strategy for determination of LOD and LOQ values—Some basic aspects.
Talanta, 119, 178-180.

RZEHOG, IR (1960) iR OILFIRIZE (58 51~54 ) (55 53 ) MRAKPOIER, RE,
U RIIOWT. HAMLEGEE, 81 (3), 405-413.

Wu, P, Wu, X., Hou, X,, Young, C.G. and Jones B.T. (2009) : Inductively Coupled Plasma Optical
Emission Spectrometry in the Vacuum Ultraviolet Region, Applied Spectroscopy Reviews,
44 (6), 507-533.

IEFE 3L, ANRATT, KRS, ARLT (1995) @ BEEEB LSRR KF o e 7 b 4
F v ORE. BARLFERE (b T3LT), 1995 (8), 656-659.

FIE (2008) 1 ARAHMIRD SN TWDE Z L. AR—ZORSE L Bili— 46, 1-12

FIASZ, EEEG, A LET (1965) : BURFiEREIC BT 5 IR OLFEME (20 3) BREL 3

43



PR R0, ARINHE— R ARE
V¥ RoWRiRAREZE M, 16, 32-35.

Zharkov, R.V. (2019) : Thermal springs of the Ushishir volcano (Russia). IOP Conf. Ser. : Earth
Environ. Sci,, 324, 012021.

44



