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Identification and determination of sulfur compounds dissolved in water from

volcanic ashes of Mt. Oyama in Miyake island and their effect to the environment
Sachiko WakasuGI', Miho TANAKA' and Masaru MAEDA'

" Tokyo University of Fisheries, 4 -5 -7, Konan, Minato-ku, Tokyo 108 - 8477
(Received 8 May 2003, Accepted 15 September 2003)

In order to estimate influences on the environment of the Miyake Island by sulfur compounds
emitted by volcanic activity in 2000, volcanic ash of Mt. Oyama was washed with Mill-Q water.
The contents and chemical forms of the sulfur, mainly originating in sulfur dioxide adsorbed on
the ash, in the washed water were determined by ion chromatography and the turbidimetry
using the precipitation of barium sulfate. Ton chromatography showed that the washed water
contained only sulfate and chloride anions. The concentration of the sulfate ion dissolved in
the washed water maintained the same value after hydrogen peroxide was added to it. By tur-
bidimetry, sulfate ion was identified in the water. These results suggest that only the sulfate ion
existed in the washed water. Most of the sulfate jon was extracted to the water immediately
when the volcanic ash and the water were contacted. The pH values of the water also decreased
immediately upon contact. Then, the concentrations of sulfate ion and proton, together, were
slightly increased according to the contact time. By washing volcanic ashes with Milli-Q water,
more than 23% of the total sulfur in the volcanic ash was quickly extracted out as the sulfate ion.
This result suggested a possibility that the volcanic ash may result in serious problems involving
the reconstruction of daily lives on the Miyake Island, e.g. to get the city water.

Keywords : sulfate ion; ion chromatography; turbidimetry; volcanic ashes ; Miyake island.
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ERETERLZ#MEDLHZY. KILKFIZIE gypsum
(CaSO4-2H,0), thenardite (Na,SO,), epsomite (MgSOs-
TH:0) %5 ORBEE S OFAENTEH, 55 WIdKES
TWBDT?, KINFEWBLEA, S OB HERTIHEHHE D
OFRBNLEWICE LERA A v oAPHl o TED,
WA F VS MO ELEWOFEEDOTREE D W TE 5
RSN T hbholtb vz b,

EESIE, KEOHMAREMIC X > TKILKD S KIZHE
THLTL DA RA T VIOV TERET LI L, BHIZZ
NEDA 4 ¥ 2 EHLANED L) BB HY, L0k
CESEICREY S A AP RARD RN EBERE L
Tw5h, ARETEH=ZEEOKILKRE KIEMIELL &
2, KUK ORELLEWHRED X ) RILFHT, LR
B, EDXH %Ny = TRICBET A2 E2RIHRE
W& 5.

2 % B%

2-1 & #

=B KILKIE, 20004 8 A TR =EEMEITH
EYHDE CHEHIC & D RS h - fAEOKDOBEE X
T WKIRDOREEE 2V, chiHwviz, AFLAK
WREFA T VEDLLZWTHEL, KEZE63um LT D
R T E S 2 I ERS R L. $ 72, SEBAILK
LT A0, AHRILO 2000 4 3 A OMEKERICICH
Wy 7K LB O B E TR S i KILKoR 4% 521,
BIEEICH W,

B, ZEBEXKIUKRD 63 um L TOEFIZOWT, K
KPR BRTFEE X BOW (PIXE) HICX ) ERS L6
HEXFWEINTVS, 63 um T OE GOV TIEAKIZE
BHREENLZ2ABOSHEROEDETHRESIALTY
27, F#RETIE, 63~ 1000 um D SF O ER 5T EEIZ
1983 FEKD AT T DEFNYL K —FK 22k,
RIEBEEH I 212 o TPIXE ETHRIITE 5 KLk
WFEBOWMEOBREHIF LB LA (40mg/g 5 18
mg/g™) JEVREBINTVS.

2:2 EHRE )
BHEORBENL B/ 5 —Y) 2BBTL720ODE
BEUTOLI)CATo7, RE65um LTFOKILKS g
RO O L, 50ml O Milli-Q ks k32 (h72F&0
RYLF L V) HEE AN BERAL HEIEY,
FERICIRE 5 ZBAMA L. REX 222C & L7 KE
Befih X o, BEEICFE L3RR R R E D R 0 FRR
DFEBEL, 0% IR ICEEEEZ 1 ARDHL,
pH JEH, MEFE (ADVANTEC Cellulose Acetate 0.45
um) KXo TKIK LMz oL 72, Sz A+
voaw b 574 ="""RUOTHBRNY T LICELEHEE
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RIS 2 g A2 RtEE Y1 X 2 mELEw
OFEERVERIIH L.

BHEBEOFHEZMRT L7201, FRICRE LA 12
BRE 5 SE-BERAR T A+ 7ur b T T4 —
THIRTOWIRA 4 > L E LA 4 v 2 WET 5 EBRT B
DSEL7z. BERILKILKICOWT D FBEOERE T 7.
ZBKIKIZOWTIE, BIZF v T Y —BXIKENEIS
IO EBAACZHEL:. EEIRKEETFE CAPA-
3300 & v 7-.

KR ARSI bS5 L2 BEL, 2
BREOBHTHHENED X I ICELT 02 ME L7,
ZEEXRIUKREFAWT LR E ARICHRE L 2280 K&
R A 12 BRIRE O %, MO EERTRILKR S ZEH
A S SEER L 72, —EBoKILKFE S 2 RILEICANL
T%, FUF—F—HNTEHRIELE, QWO T Milli-Q K
50ml ZhNZ, 12BEEIRE 5 Lz, 52D OKIIKFR ZITI
o 72IREED  F CHOT Milli-Q K 50 ml ZAMZ, 12 F
MidRE 5 L7z, pHBEIER, EHEEZMEF#IC LD o8
BUX L, BEgA 4+ > 2 E& L7z

Bl A 4 V2 F TRAL IR TR WEIEEF B HERTH
LNFHICHEET AMEEEAE 2, BHERTRHELNL
P BERILARFTEKREMZ, A4 o0~ 7T 7 THilR
L4 VBERIELZ. L7zdoT, WA+ v i bH
EMARVE XIS, Wi B bR RE{LE
MOFEERET 5.

2:3 KIUIRPDOFR DR
KINKBOLEFHHERLRET 272012, KUK 05g %
BO Lo L, BEEE 7 v (LKERTORLEL, Rl
LW EFEA 4 2 O L7, 50 ml OFIRRREBIC L
rbORBRAF U NS T THELE.

2:4 ERDPH

KK O FE R IEIRTH 57 12 & - TPIXE #iZ &
LERNRESNTVA, MniZBL T, BEKEST
X< (ICP) E&7#HEP (Shimadzu ICPM-8500) 12 & o
THE L7

2.5 HIERHG

AF>rua< b7 I 7%, BEE PIA-1000 B X—V F
WA FTTFITAF—, ST LCRARTEES T L
Shim-pack IC-A3 (S) (2.0 mmID, 150 mm), { # ¥ 7 H
2 Mo 7 OMESLEIZHEE 0.2 ml/min, HEREZ
35C &L, W—FA v Tz —%HNT20uEAL
7.

W B R IC BB UV-2450 BRI ORREERT 2 FH Wz,
F73R1 4B ISR240A TREA SR B3 E (PI4E 60 mm,
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Fig. 1 Time dependence of pH values of the solution
extracted from ash

@ : first time(pH 9); & second time(pH 5.7); -
third time (pH 5.7); O fourth time(pH 8)

A BaSO, B3) # w7, #ARKIC SO HREL M
A THRERANY) 7 2L 2@ EED, BELX L5709
WCHSREMBL, WORRER (460nm) THEIEL, B
A+ v OREERD .

2:6 #H E

1Fr7ux b7 70BEHEIEER ICMAS-1 (8
mM p-t FO X RZEFRE/3.2mM EX MY R) %, fEHi
REBW (PO, F, €17, NO:~, Br, NOs~, SO.37)
& [ %t # ANION STANDARD SOLUTION for ION
CHROMATOGRAPHY (Part Number: 228-33603-91) %
10 RFICHRL TRV, iBEicBg 2R3 #4L
FIRFE SO, HRE (NYva-aof FHEK) 28
V, BEBEIIIEES MY Y A (NasSO,) % v iz,
FEBRICHEALBEITRCBEMERE (B
Ultrapur, % EE{L% 83 TamapureAA-100), Kiz$ T
BEARIUR7HEMI-QIZ X AMAZFHEL. KFET
WBHERALATXToKIE, IURTOMBREETKEKRE
P, Milli-Q SPIZk o TREL, Hk%E3 CICHW
TEBREIT- /2. KRE/BLE, HIEPAT18.3 mQ cm 258
LNTWB I ERMERL. EBRICHEE L2 Milli-Q Ko
FIBAEED pH IE 5.7~9 DM TEIL L 7=,

3 MRLER

31 pH Z{LOBFE&KEFEM
ZEBDOKIKIZOWTOBEMERIZBIT S pH O
ZAb% Fig. 11IR L7z, 1 [EHOFEBIZIE pH 9 O Milli-Q
KeROHELEZBE L. 2B B DEOERIE, 12
BHEIRE ) LEBOBROBIHMEZHRT 57201217
7z, 2, SEIBOERIZIE pH 5.7 D Milli-Q 7K, 4@EH®
EERIZIZ pH8 O MilliQ AKEFH LA, ZORIIBWT,

A, HYP, B ZEBKILKD SKICEL T AHBALEWOMEL ERRUOREICRIZTHE 999

1EHOEBRTI, IRE HIEZRDKD pH IZHRE I HTD 9
MPH58IZTHoTEY, ZOHLRIESD% pH ORBAH
Rohiz, 12 BMIRE 9 S0 O HEP - 2RI
pH45~5.7 DETELDENRLN-Z L T Lo
AH—HIZEBEEZOND, Doz ik, KFEA
FUBERLTWE I EPHATE. B 12 KB
IREHITL BEHERZFIRILOKILIKE FVTITo 704
R, pHIEFH 69 &%, ZZBEOKINKE KN, kFE
A Y OERDP LN LB Gh oz, BIC—EEHER
Ao ZEBOKINKEF > r— 4 —NTHE/RSE, B
P12 KRS ) SEALLEDpHIT 48 L o7z FIIC,
—EEHEREZITo 2 KIWKE R ST R VT, dhTn
HIRET Milli-Q K50 ml IR T I12BEMIRE 9 S8/
EDpHIEB4 Rk, ZOZELY, —ERALREI
DT, TEBELZZKURS S SBUOREBOKES + &~
PWEHLTWBEZ L HHATET.

KRB TIE, 5g DFEEL72KILKD S 50 ml ® Milli-Q
KICBHREE-70 b OBOBEZUTOL S TRD
AR

Milli-Q K@ pH i, KILKA» 5D 7T b OBEBIC &
9, pH9, 5.7, 86 pH45~5.7~t & b L7z, HH
DEE RS 5T, pH6 55 pH5 ~pH B EIL Lz L%
25 &, (107°~107° mol/1 X 50/1000 = 4.5 X 10~ mol
DT rHPERL-LEZONRS, LL, BEDLEK
HE % LTWAEKRIL (AEZILE) OBAICE, AUE
BREMIZBWT, B L2KIE pHS 25 pH 6.8 ~NE1L
LTHEh, BRLATO M ORIE75%10 " mol BET
HY, ZEBEOKILK,»SIXLVEEOT T b U AEHL
TWwBEHITES., Lo T, ZZEOKIKD S
M) ORPERT LI EHNHHEL, TOZLR=ZFEED
KIWKDFERTH DL EZRLTWV S,

3.2 WAILEVDORELR

3:2:1 AF>7O%bT57 1 —DFEERVREEBR
I EERTH SN -IFIR % Milli-Q K T 500 f5IZAR L 72
BREAAy70= 757 THELR. FOREEsiiR:
Fig. 2 1I/RY. REFRH 5 0L 14 5BYDETAHITE—
IWRONTZ, A F—FOE—27 LB L7525,
RAFIEE 5 500 ) D & 2 AT Y — 2 254 F >,
145BYDLZHICHAY— 27 3HEBA A+ > Thb, H
TNV ORECEYEIER A 4+ OB THEITELTW S
EER, AF U MNTTI T4 =BT BTHBA A LD
ERORELBRBBRREREI D,

AZ YT —FEI0BCHRLZDO% 10 B - 728
EHRPOBELRDD L, Table 1 DX H 2k o, &
DFERLY, 41X 7u~ N5 742X BHHEEA A
REOHEL, WOTERBIBVI L2597, L
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L, FREFICHE LS ACHEES + v oY — 72k
BENBORBESGOBEL 21, MBEMIEL 2o,
ZHEA T LIIRETCELHFREEZEATLEY, AT
ETHITLERBVBITA-DICRIBEEZOND. &R
WEREANHEOY — 27 58 5N 2B X 20 ppm LLFTH
ofz. TOZTEXY, RERIIBWTIEY VTV ORREEA
* ViR 20 ppm LTFIC2 5 & ) IHRL THIE L 72,

a)

u8/c

10
Elapsed time/min
b)
u8/cn

Elapsed time/min

Fig. 2 a) The ion chromatograph chart of standard
solution by dilution the 10 times. b) The ion chro-
matograph chart of the extracted solution by the dilu-
tion 500 times. Only chloride and sulfate ions could
be observed in the chart
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SO (L HSO,) A4 yru=btrs74—TRKH
X TEZRWVA, pHE TIRIZL A LB+ THEHD
T, WA 4 > DEER, SO, DEEE L.

322 WA A LN OHANCEYDOHE  BHHE
BRCHEONAIFRIERILKFEKREZMZ, 1+ 7u< b
757 CHREEA A ViBEANE LR, MR 2H0OmER
A OBRELBREOHBANTHLAE., 02D,
WA & Y UM ORECEWIFEL 2o EZION
5.

323 MANEEICKIWERA A BEORTERER
BHEBRTELNZIFRE 10 BICHFRLT, HREES + >~
BELHEL:. BRELOMERRE Fig. 3I1IRL7.
AFrraw 757 COF—% LRREEICOTF—%
AW L7297 % Fig. 4 R L7z, BRRERHIL S
WA 4 VIBEOERIZBVTY, WHA+ v OBREIRE
AXrru<w b 7574 —0OHELRELL, SO DRE
EL7. Fig. 4 XAt rru= 7574 —LBGEE
ETHONEROMEIR 0996 & &2 o7z, HEPIER
WCHRWZENDL, YU TNVHRDAF VIdHHEA 4 2 Thb
LFETE, POFMICERTELLHKNINS.

3:2:4 WREEA A > OBRHOBBKFE Gk A+ >
BEOEHNREIC X 521 % Fig. 5 IR L7z, pH DB
B ERBOEMIC R -7 Thbb, KK HKIZE

&

g

&

g
-
.

1000

Sulfate ion/ppm
8 8
< <

e
-]
=3

»
=1
=3

o

°
o

10 15 20 25 30
Extracted time/h

Fig. 3 Time dependence of the concentration of sul-
fate ion determined in extracted sample solution by
turbidimetry

Table 1 The accuracy of this measurements

Anion Time,/min Star.ldz.ird Certified value/ Concentration/ Standard deviation
deviation ppm ppm
HoPO,~ 3.45 0.002 3.00 2.98 0.011
F 4.00 0.003 0.50 0.51 0.004
Cl 5.60 0.003 1.00 1.01 0.007
NO;~ 7.53 0.003 1.50 1.51 0.009
Br~ 9.06 0.003 1.00 1.00 0.005
NOs; 109 0.003 3.00 3.01 0.011
SO.°~ 14.4 0.007 4.00 4.00 0.003

The experiment was examined for standard solution and was repeated at least 10 times by ion chromatography.
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Fig. 4 The relationship between the obtained values
by ion chromatography and turbidmetry

The data by ion chromatography were good accor-
dance with those by turbidmetry within the error. 4:
sulfate ion in the extracted solution

BEIZ SO AL, ZOHOBERAICE 2EHEOH
MOBREID 007z FBOBHERY FERILO KK
BT o 728558, 12 MRS 5 BROFROFKRE A A+
VIREIZTY 30 ppm LR D, ZBEOKILKTHEZIFR
DFEFEA 4 IR 1635 ppm & N, BREEA 4 > DB
B EDGhrol. TOZERPLY, ZEEOKILK
DOBEBBIIZAERILOBHEIZIEN, @270 0ViEET
TREEABEHREND Z LG h o, BIZ—EHRHEREIT
SZEBORKINKEZ FVr— 4 —NTERSE, B
12 Bk E ) SE72L SORBA 4 ~REI 1670 ppm
o B, —ERHERAITo KK RS S
3, AR TV SIKREET Milli-Q K 50 ml ZH0 2 T 12 BRR
&) SEL EOHREA F VBB 487 ppm L o 72,
1 M B OEERTKRILIKF TR L2 KOREE S + ~iBES
ZELGIC L 428 ppm L o7, TOZE XY, KUK
POMBRIET L, —BKICHERML, BEEAS + %%
HUZKIKTYH, BOKICEMT 5L, HEES 4 v HE
B s, Lal, ERRELEBRECREENT 2HER/
T UvOREBERRL /. T L, —EMKE EICAR
THR LKL SEMIZIIEIFEREOWREEA 4 255 H L
TL AR A RIET 5.

3-25 JOMCOBEEBEIOM O F D0
T 5gDFBELZAKLKAS 50 ml @ Milli-Q K
WML7Z70 o828 % L2 RO L DI, Milli-
QKD pH DEALR S, KIWK»SLEM LT b2 R
BbaL, 45x10 "mol DT UAEH LI ELL
na. Lal, BIESHEAESHLZ LTS A% (A%
E) DBFETHE, FiEROLIICEHRLZ7a R
75X 10 " mol BETH Y, ZLEDOKIK»HLHARD %

&, WP, B ZEBKUKSSKICERT ARELEYORE L ERBRUREICRIZTEE 1001
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Fig. 5 Time dependence of the concentration of sul-

fate ion in the extracted sample solution obtained by
ion chromatography

@ : first time; & second time; : third time; O:
fourth time

KOTO b yPBEHLTVEEEZLNS.

—h, KERTHONLBHRBROBKEA + v 2313
1500 ppm TH ), JLW A + > 5550 ppm BETH 5 Z
Do, WAL V2T EERT S L, 1500/96 X 107° X
50="7.8x10 "mol {24 T 5. 70 b DA+ VidhE
A+ (LOBOEAMA L) THDLEMETE S,

BAA DL, FRNERLERLENEAF VDBEICD
WTlX, Na 91ppm, Ca 631 ppm, Mg 66 ppm, K 11
ppm, Mn 6ppm L HIE S 7. ThOEDHEE, S,
(Na+K): 42%10 °%50=21%10 *mol, (Ca+Mg):
1883 x107°x50=9.15%10 *mol &%V, (3T, T/
FUERRETEBAF VEAN Y IALF VAR ET
BEA X OBEHREN—F L. LizdsoT, GREEA 4~
DORAF VEFEIZANTTAALF U ThHBEHREL.

3:2:6 KIWWXKPOLFHRE Z=BHELOKERE
X, ZREEEELN TV, SEOHEKIIBVTIE, K
WIRIZEZHSL DR —AR=INIHEIN TS XS I,
ZRAEPHK T, B2, BAZH, BRI (CaSO,
EZOXRMY) ERRETIMLEW I OKS & ShTn
b, KBIFEICHVZKLIK (63 um BAF) O EBRAHEKIC
DWW, HIHS "I wtkh DB T MgO 3.8 wik, AlOs
132 wt%o, SiOp 472 wt%o, K;O 5.7 wt%, CaO 109 wt%o;
TiO: 11.3 wt%, MnO 2.1 wt%, Fe,Os 129 wt%, SOs/SO,
100/120 wthe EHRBE L TV B, TN 6D %D T Si0,,
AlOs, FesO3, CaO, SO; IZ L Tk, HEHHYBHEED
RRERE L 7.

KK % BETHR L 728 % 1000 fEICHFRL-Db 0%
AFXrru< 777 THEL:. BohFREwDO
Bk A 4 > B 0.509 ppm & 0.492 ppm Th o7z, &
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NOSOFEHEEZRCTKILKTOEHRERELFET S
&, 0017ppm &% % (ZOMEERERA A+ VICBRET S &
0.050 ppm IZHH4 T 2).

3:2:7 IRBEAADOHEA A+ OET BHERCS
FAIRE BB OBEOY IV, o hKEEMLT
HIEE I L 725588 4 4 ~ OB EIL 1160 ppm TH o 7.
COMEIZKIKF DO E D 23% 2HREBEA 4+ v & LTHEH
THIELIHY TS, ZofEix b L ICREKR~NORERA 4
YOEMEEZLEES, 4, RICKIK 1 g B oEmy
LWREEA 4 V1200116 g TH Y, KK TXTH—T,
KIK DO BB L CHEEA 4+ o H WMl T 5 EIRET 5
&, 20004E8 H 28 HETIZ3300 H h Yozl 3T
WAWDT, 382800 b OWEEA F AT A Z &I
b, BIZ—EREKICX > THEEA 4 255l LKl
IRHEEHE L, FBOREKICHEMT S L 382800 b~ DR
AF U HBFRBTEIEIZRS. :

ZEBEOHEKIT 56 km® THY, HLOREREDEH
Mk EiZ 2831 mm/EDTHAHDT, ZOfEED LICZE
BORBKELZRE TS LEM16%10°m® DAL Z &
W% b, —J5, 200056 A5 200048 A 29 HETD
MIKEIL 3300 5 F > THAYDT, KIWKDPEIFED D
A S, KIUWKORREZWAPHENLTVE, 33007 b~
ORINKIZHAYHET S ERET S, —HT5gDKILK
5 50 ml DKIZ 1500 ppm OFEEEA A ¥ HSHH L 72 EER
HEPZETLE, HMEIECEBRKILK1gII0 LTEHE
HATRE R TREE A 4 VA% 15X 10 *g@ENhDHT &R DHD
T, 3300 5 F Y OKINKICHBET B L, P L d 495X
10" g DHBA F v G EhB BB SNhD, ThefEH
RekE 16X 10" IS L EZ B L, WA+ Vi
31g/1HEINBIELITRD.

HADWINIZ BV THBA 4 > i 10.6 mg/1 25FHE"
Lah, KEAF OPKEED pH58~86 LED LI
Twb., ZEEOKNKOAGHBISEMERE T, X550
IR A EASRL I LTRSS, pHIZHBMTIIR
{, BMAGBERIMERATALEZONSAY, pHICHL
THEBA A Y LU LS CERETE, RRA A V271 g
IZ1X10 "mol BENBDT, 2X10 "mol/l DT T k¥
BREBENRLEI EICRE. 2L, IhbooKIDKIE 1
EROFRATHLYND LDOTIEARVDT, ZOHFIIH
MZRABD ERED, ZEEOKLKIE 1 BIAKICHEHR
XETH, BRI, 1HEOKOBHEAKEL
RERERDLNT, TNHOBRRIZLESHE, Re2F54
EXd 5.

BHEERICBIT S pH ORERR> L4555 X )1, K
WK &R L7 KIEBE IS R o TW A D, KIKICE E
NBZEEBVPBEHRL TV ATERENEY. 22T, FIZH
HLLLZHEESBRTHAI NI, 8, eEERLICH
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