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Geochemical Observation on the 2004 Eruption of Asama Volcano
through Analysis of Water-soluble Components on the Ash

*,

Kenji Nocamr*, Shin’ya ONizawa™** and Jun-ichi HirABAYASHT*

Monitoring of volcanic gases will provide us with important information on volcanic activity and contributes
towards reduction of volcanic disasters. However, approach to an erupting volcano considerably involves danger.
Analysis of water-leachates of pristine ash is also available for estimating composition of volcanic gases. Itis a
safe and effective method for monitoring of eruptive activity without having to use a particular equipment.

Asama volcano lies about 150 km northwest of Tokyo and it is one of the most violent volcanoes in Japan.
After about 20 years dormancy, the three-months-long eruptive activity commenced on September 1, 2004 with
vulcanian explosion. Non-explosive strombolian eruptions with ash emission followed the explosion, and new
lava effused at the bottom of the summit crater. After that, vulcanian explosions produced ash fall and bombs at
intervals.

We examined change in water-soluble F, Cl and SO, contents of volcanic ash in the sequence of the 2004
eruption of Asama volcano. The 2004 eruptive activity was divided into three phases according to the mode of
the volcanic activity. The ash in Phase I issued by vulcanian explosions before the effusion of new lava was an
aggregate of rock fragments altered under acidic conditions. The contents of water-soluble Na, K, Ca, Mg, Fe,
Al, F, Cl, and SO4 were noticeably high. This is mainly attributed to fluoride, chloride and sulfate alteration
products formed by reaction of rock fragments within the summit crater with HF, HCI and SO, in volcanic gases
before the 2004 eruption. Although molar ratio of ClI to SO, in the ash leachates was not equivalent to HC1/SO,
of eruptive gases in this phase, increase in the CI/SO, in the ash leachates in the late of this phase suggests that
volcanic gases significantly became hot.

In Phase II, new lava effused at the crater bottom and the ash was extremely fresh. The contents of the
water-soluble components of the ash in this phase were significantly less than those of the ash in Phase I. The Cl/
SO, in the ash leachates was equivalent to the HC1/SO, ratio in the plume observed by FT-IR. This result indicats
that water vapor in plume did not condense into droplets of water. Owing to reaction of the ash particles with
volcanic gases at high temperature without condensation of water vapor, the contents of the water-soluble
components of the ash were very low. While, the F/Cl values of the ash leachates were significantly higher than
that of plume, which was due to selective fixation of HF on the ash particles.

In Phase III, the contents of the water-soluble components of the ash were clearly more than those of the ash
in Phase II, which suggests that the lava effused in Phase II was gradually altered by volcanic gases. Although
molar ratio of CI to SOy in the ash leachates is probably not equivalent to that of the eruptive gases in this phase,
the C1/SO, in the ash leachates mirrored temperature of the hot region at the crater bottom.
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1. FL®BIC

THENT I T B KL 1888 HEDBIRIERIT L B
25 T OHZIET OBINE b > TR E L, HRE
JEEhZ oI, HRAE), BSAT), REELE, e
BEHATTON TV S, KGR IYVE D RS E) %
EHBRTH Y, KUF R~ < oian 298
O TR bHECHIEITEST 22 05, KiEEHIz> L
TZ AL DOIFWM TN S DL FHIACPIREE, RHESF O
i o@ELBoNS, KLUF X, HO & CO, HS,
SO,, HCl, HF 73 & OFEEle!: #7 255y, He, H,, Ar, N,
8 EDT VA VIFIRICANA IS KD 518 5. Twasakiet al.
(1966) (£, AFEHID KL 2 DRPHERICESNT,
KA 2R, Rl A R AR A LR IC L - T
SELTVE, Thick b L, BEKEEL 100C EEO
BA, RIS 2 DS IE CO, HaS ThH 505, HED E
HI 515N TS0, HClL HE BEEN S L DI,
INSDEENEL 155,

HOZAIHIFINC & - CTESHHIER A~ T & 20k
Ko KTk, KiUH 2 2EFRITE L0, 7
KM FEE O 7o KILA 2 OEBERE S THhhTv
5. UTAE, 7 — ) T BRARRAS RS ET (FT-IR) 1<
X - TEHKDKILT 2 % FERHICHETE 2 & 917
0 (B1Z12, Loveet al., 1998; Mori et al., 1993 ; Mori and
Notsu, 1997; #F « Bp7, 2005; /N  fth, 1997), ‘KiliA
2 DEBMPHEZ SN B &L HITT8 - 72, mRRIIE 28]
RS ROHIR R S0, E oL EB 21X 5 C
ELARETH B8, Ik & KILENCHES R4 15
fERERBTE 5. TS 3KLT 2 ZEGILD & E#E
PR Btk & D L CW B TH D, FI-IRIC
LBkl 2 RS KILEEOE=5 ) v 7 O—FR%EHE
IbDERVICHIRFE NS,

MR - ThtH & 0 2 KIS KL A 2 i o 7Kz
PEF, ClL, SO &G ENTVWA T EFHELS oL NTY
% (BA1F, #AkE « =52, 1935). 19554 10 ALk~
I 2K AT TV BB T, BIKOKEERDDE
WRSich iz > THTa TV B (FIA I, Sk, 1982; 4
M, 1957, 1980; ¥oc, 1994). ‘KiLi#H =/ kLfKE, # =
R, KK oRiE, R, RISKORESFICK - T
IR B BB 4 5 53, IKIENERSY D Cl/SO, 1313
1E IR I RS HISIE R L T O 72 I o HCL/SO, DY
s L —BLTWAB T EHVNI « /NR (1975) 1k -
TSI Nz, I, BREKOZ VR KA
PERK S D Cl/SOs 1FRE <, W IEFR I DD v & &
ITiE D/ <, KBRS D Cl/SO, (3B FEDIEL
&R E) L C W B T & A3 Hirabayashi et al. (1982)
Wk > RSN, THISH LT, IKEKUERICES

HYIREHEO LY Th v, BEHIFNT KO
Ak LT W FoKIEE K IASEYI B YT & £ 0 A 858
bdH b, BIAE, HIBE 1988-1989 AEIE-K (3 1988 4F 12
H 16 HITKZESIEHKTHE Y, T Ivh /K<
VIKERIRFANEFITL, BFIL19894E3 A5 HE T
RIRENITHE W72 (Katsui et al,, 1990). T O—HDIEKIT
O BIKEZ BOKEHRS EEA TV UNIK - il
1998). W D KE 5 13 KON O &5 A0 KL R
Lo TEEEMEZ T bDTHD (Ikedaet al.,, 1990),
BRI D IR T VER A T e 2 R TAERK L 7o aKIA K
LAYk 2 bOoBHYRSEN TV EELS
nTWwsb UMK - fih, 1998). fit- T, KiEHRS D Cl/
SO, (49" L S KIFD K114 2 D HCI/S0, & —H L
s, BHEYIE TRS NIZE KR r — )L (Katsui et al.,
1990) EFHFOATICATI L ONIR « fth, 1998), ~ 7 <MK
ORBINTIR A AR U, &7, JLiEEs » Fid 1996
BT 56 R ITE KL, T D% 1998 & & 2000 £ 12/
BRI AT L2, WIFn bKESIERTH - 72
()il « fth, 2001). C DRFICREIKDIKIAENE SO mIFTK S

SEALLIE D 5 ohs, IKEYECILE IR L7, R,
2000 FEICFA LI 4[RO AD S B, KEEESO Cl/
SO, DS - 1K TIE, 1998 FE £ TORFIKIZIZERS 5
niip -t XOEFORBEWKT 25K bKRE SN
TW . THIF, 2000 FEIT 1 - TRE M ER £ THE
L, R HROERT ADEZENER LIcEEZEZ SN
T3 (Fl] « ftl, 2001). Th5OFERIT, BEIKDIKE
PERSY D Cl/S Hld kA 2 fisk o Z b2 A4, KILiE
Foe=4 1) v JICAERBIEETHE T EERL TV A,

FBE & RIS 5 FRILIE N & 0 IR ICERHY
fekiiE LTHSNTVS, 1911 EICREATHIOTD
KIS G DA HE S 1, AR GHAES
& EFEATE TR IC £ > TRILEREEG 16 % - 12
(1H, 2005). 1933 £ 13 B EREHUE TS AT b TR
i & U TKILBIET S R DIE DR ICHAL S N, W
SKEDENT B B FREER K LS 0—> & 75 -
TWV5,

EE (2003) 12k B &, ERILIE 20 tHATRTE, #1930
FERD S 40 FERBIEFISTTREAER T, HE DRI
KL TWE, 2Dk, 1954~19554F, 1958 4F, 1961 4FiC
KK & - 7h3, 1950 FEA & 60 FEADTEBRI IE
BELCEiETd - 7o 1973 HEIT/K 1 (1935) 1T &k % 5340
TBLLED~= 7 <K, 1982 4F, 1983 4F T 1990 4F
I3/ RIS IR FE D B - 72 & DD, 1970 FFE~90 AL
b KILTEE) T ISREEIC & - 72,

2000 9 ALK, HIERES) E 0 RIERIRETHERS L
Tz, 200246 H» 6 9 iz id—Kfgic H 1400 [a]%
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A ZHIEDFAEL, 200382 AN 5 4 Hicld 4 Ao
AT L7z, 2003457 A2 5 10 Hi b H 1600 [A]%
A DHENFELTWSE (KRFF, 2003c). KK
M S FLENA C LI o = W IREEAS 2002 £F 6 A St &,
2003 4E 5 J T 3 K DR IC 642°C 109 5 7REUR
REOHT - SIESILHER S LTV B (KR, 20034, ¢)
2, [G4E 10 H ol TR 300C £ TEF LTV (BF
FF, 2003b). SO, fHIER 1E 1983 A DIEK LI 1995 U
£ TIIHE 100~200 b~ THER L, 2002 44> 5 2003 4F
DIEFNIAIC 1 HE 400~1000 b 2 IZHNL 72258, £ D%
BRETTOLNVITETLTWS CERR « fl, 2004).

2004 4 1 ALK, KIOE O Sl sEsk o it (344 4 1<
LTV, 4 I3 KON O REEEE 1 420°C 1 |
F LT (KGEFF, 2004a,b, ¢, d). EEEEINTETRIC
75 - 7 A MK DR O Sl fis s — R g ik U
KOED iR 1 524°C i FR- U7z, 7 H 25 HA#£ 9
I 26 3 EEIC K I ORGH 8 km ORI TR INERT 1<%
BEINTOVWAEEH # 5T 30 BIEREDKMAIREZ S
NTVA, KEABR S D12 20024E9 ALk TH
% (KZFF, 2004e). F712, 7 HARITIE GPS il
MOEEEOMUNEN S, <27/ <OBANK - 72 &R
RahTwd GEA -, 2005). # 8 Hic b KEDE
A DS—HFICIE R T 2 BIR B S W, KOEO&
EREE S7T0°C £ TEAL, SBEN A 5 THIGEHNS
KA 2 HEZ S TWi (KR, 2004f).

C DRI KILTER) 3 0 R iEFE IDIRREIC H 5 1, 2004 4
9 H 1 B 8 IRF 2 SIS FEAE L, T DIRKY
3 » AT 72 o TRIKPME A % 0 S i~ & </
PR AR RS N, A/NGRTLE, HEFRTICEREL L
Te B DKM Sy D 2L BN & KILITEE) & DBz oW T
WES 5.

2. 2004 FFEXEESBROBE

2004 E9 H 1 HA R 8 RE 2 43I 8B L 7o h BB 72 7
WAy RIEKATPE S 1R 3, BRIk D o bdbEHy 25
km OFEBEEAENICH 5, Bl TERFERHEAR AL
BT ORI C A 7. IBEREER> S 1LES—ET
& 2 BRI 59 5 R O BAHT T L i 2N 4
H o BB AR A 7208, EEOE S 9A, IR
REERHETE B -7, 2Ok, ERILHEEL St
BB CTHRIGHEZ1TV, KIOOJLER 9km D E
B M7 LB IR D TR K AR L 7o, Rk L
ERHIM 0N 146 SEO IR0 & EB « BEBIREIHTIC
T EICE R cm O KILBESZEIE TN LT,
AR« Ath (2005) 1 LN, KILEORAER G KON
5 4km (L TH 10em 72 - 72, EELCILELLUE £ ©

WA ZRIE & O SR DK 1E 1983 44 8 HLIR
Ths (KFEFT, 2004g). 5] EEILALEED S K
O OJLEHY 40km O LRERE O [ CREIGETE 2170,
= LIS RT R O TR T2 SRERAT TR 2 BRI L 72, &
o, JUEHY 30km OEFH (BIEREZEND) N2 AFT TR
WS N7 PRI EEZEREL DRI L TTHO /. B
DS 4 TSR O 2 BART 0 RPREED O TR IEALPEES
W EEE - BEHDH D, OB TEKER DRI
PHE LN AEKT Lz, 20k, 9 H 14 HE THAIES
H U787 5 7208, SO B IZIREE Ickain L, 9 H 3 Hic
13 H& 1020~1350 b >, 9 H 8 HIT I3 H&E 2200~2600
bUITEL . TALIE 1973 R 19821983 HE O E E AL
D SO, [ HIE (HEH7 1000 ~ ) ZEET 5 CEM - fih
2004).

9 H 15 HDERFi» & 13/ NS IE K 2R T XD
WIS (EA - fth, 2005), BAEEAKE SELL .
16 FIREHD & 13/ IR A2 K 03 133 I 2B L, [6]
BT O NIz B AR L — & — i & > T
2N = FROMIZSKOERILRICH 7icTtETwa T
ENMERS N TV A OROK - fth, 2005). F7, [ER» S
17 HORIZHA T TIE R b o v R ) KK L - THRE
Los st s N OB R & N, e h 78/ N s
KIZ1THOY S E Thi e, 7 D% b/ NEREE K h3H
9 HRWE 18 HK F The\ 7o (KZIT, 2004g). D
—iHOWEKIEETE & L TKODMHE-SFEH G I K
HOREIKRH D, BHRETNT I ERIL 72,

9 H 18 HERLIK IS O A H58kE L TW7chs, 9
H 23 B & 29 Hicd#iisz, 10 A 10 i< i3/MRES 7
s AMEKBFEE L 7e (REUT, 2004g, h). ThoHD
MK C LS AT B IRT, RS & kO odbE A~k
LR TR D - 728, WFNEWKI -7z, 10 H 19
H& 28 HICd T/ 7ov 71 7 K e S D
D WEIKHSFEE O A ET P B HRIT el s h (R
¥, 2004h), 28 HOFEIK =B RETATERINL 72, =D
%, FOEELE LDV T WA, 11 H 14 H 20
59 5312 9 H 29 ALkl 7 v A 2 K3 F A
L7c (KT, 20041). &4 « fil (2005) 12k % &, kil
HORAERIT KO 5K 43km TT7.5cm 7 - 72, &
HiiT OREPICRIE bR T, KEODOHK 45km O[T
D SRIETIC A CRIKIRE 21TV, BTN 5 T
HRIETA CTRIK AR L 7. T OIEKIT X > TKIODHR
~TALH AN IR & - 7o s, KD S O REEEDS 25
km DUE T HRKEITH T OWELLEL > ENHS
MITIE > TWD (FHA « fth, 2005). Z OMEKE SO, Kt
B3 HE 2000~2900 b ¥ EIEEICE WIREEDSHEGE L T
W7z (BT, 20040, 12 A 9 HIT T < /NS 15 I K A3 5
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Fig. 1.

location of the summit crater of Asama volcano.

samples listed in Table 1.

H(RRT, 2004) L7, LIRS kb
T2 T, BAE (008 4F 1 AR IFE B £ THISIE
KIBFEELTOE N,

WERO KK S W T b, FREORAD L O
k9T, WITEDOZ VBRSO 7o o o e
EYErh oo iy, EEE 2 b i Eh SR, B
OIS % Fig. 1107k

3. KIIKER DS

ST 3T N TR R A O, KBRS — 1 4 v
UK 2 BT A 4 v B E MR REE R Tl
Barnstead NANOpure I Z{fiff]) Ic kDL cb D%
MW7z, 100ml #'5 2 € —# — 1k IREE 2 R L
CHITHERDKR 2 INA 7o, K980 CITfR-7chy b T L —
b ET—BENET 5. Enk, ChEART7 IR
SCEMt I L, BEUKCTERICLicboENT L.
KO Na, K 3 TG, Ca, Mg, Fe, Alld
ICP ¥k, CL SO 34+ v 2 u~hs57, Fi
Tsuchiya et al. (1985) Ik 5 b ) * F v ) WALZERE—

139°21

Map showing spatial distribution of the ash sampling sites (O) in this study. Star (%) indicates the

Numbers beside the sampling sites correspond to the

A A VBEREEmEIC X > TER L2, O Lok
LR & B DI D & K ILIK 1kg & 72 © DKz
KA A K 72 (Table 1).

KIKEEID 5 5, HRIZ8ICRINTE /e b DIz
WCRFERD UL X O TE CER L, 7,
SREEE (LOL) (FEEE TR 7243, FeO O Fe,03 D
(LIS EREMC > W TIRAIE L TV, Sk
H% Table 2 IZ/R7.

4. TEKEENEIKAMR S DEED

2004 FEOME K iEB R & 2 OZE(LITES VW TIRD 3
S ® Phase 1257 F 7z, Phase 1 : W KBAIAD S g E 4
e /IR K DS E 2 £ T (9 1 H~14 H), Phase
I SEAEIEE 2 A S /NI K ke L T W B0 (9 A
15 H~18 H), Phase I: Phase T VI[% (9 H 19 H~).
4-1 Phase I DFENEE) & IKB MRS

9 H 1 HE& 14 HOMEIKIZ T ITHEIK B O B 735 55 Ve
WF, AR, FHEAPEEG 7S & ol L 7ok 5T
EN T (54 « fih, 2005). T ® Phase DK (31
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Table 2. Chemical composition of the ash issued by the 2004 eruption of Asama volcano.
Phase | | | ] ] [ [ Il [
Major

Elements (wt%) 1 2 3 1 13 20 22 23 24
Sio2 6063 5047 6064 6139 6220 6056 60.19 6020 5088
Tio2 069 0.69 0.69 073 0.75 069 0.70 0.7 065
Al203 13.64 1341 1357 1589 1591 1645 15.26 15.01 1552
Fe203* 481 478 494 6.93 6.46 6.22 745 781 6.70
MnO 0.06 0.06 0.06 0.10 0.10 0.08 0.1 0.12 0.10
MgO 219 21 225 368 300 281 410 452 329
Ca0 594 6.09 599 6.34 5.90 6.92 6.48 6.49 6.64
Na20 228 228 232 3.02 318 309 292 289 299
K20 117 118 1.18 1.30 147 1.33 1.28 124 132
P205 0.1 0.11 011 0.1 0.12 0.13 0.12 0.12 0.12
Total 91.53 90.18 91.76 9950 99.08 98.28 98.62 99.11 97.24
sobk*- F (mg/ke) 270 300 283 109 203 498 163 102 235
sobk- Cl (mg/ke) 2610 2590 2010 931 233 2320 834 239 1420
sobk*- S04 (mg/ke) 34600 33000 33300 2980 618 13200 5470 2090 9780
LObkkk(wt %) nd. 1270 nd. nd. 0.14 093 nd. nd. 0.79

Fe203*: total iron as Fe203 solx*: water-soluble

LOl##: a percentage of the weight loss on ignition without correction for oxidation of FeO to Fe203

@ Phase DFIK L O bIKBEHEKR D L BICEA TV S
(Table 1; Fig. 2). %7z, LOI OEI& 3K IZE  (Table
2), ZENELL#EATWEIEEZRLTVS., Thb
&, AT ERMESR I R A 2521 TRl 1973
EMEK O DORRIK UK « ftl, 1973) $, 1982-1983 4E
WK DIEIK UM« SEAR, 1983), B 1988-1989 4EIF
KOBEK UMK+ fil, 1998) DOfL2ERIHEE L EELLL TO
5. EREILTIE 93 FELRE~ 7 ~ES B Lo &
DTS IE K 1E 72 < (I« fth, 2005), 1983 FEDIE K>
54O K F T 20 FERNT I & < /INFEBE LI K I
Hlold > e bo o, KILFEE) FILTHAK O S BEEEAS e
TV B 72 o I E RIS IREEDS R W T vz, 9 A 1
HOME K TAEYE & HM© X 23 v IR G H &
NTWw3 (=% - fth, 2005; IBE « {th, 2005) 0D, T
@ Phase DFFIKDFEE1E, KIONPKEEHD TV 728
£ DrEE) D W HIP A K BE GG ET O SR I KL =i
& o CTHHAEIFHAZ T bDTHDEEEZONS.
W-T, BIKICEEN TV IZBOKENERS 132 O
MR EEIEZE T E - THERR L 7okt KL i
K B EHEE SN, 1, TOMIKIBIKAENF, ClE
ZEICEATVSEZ E» 5, HF, HCl 28 A ERD K
A 2B K> SRS N TV EARLTED,
KFNCKONCERBESADEllsnTwicC & E8E
HITdh 5.

IH 14 HOREIKIZI A1 HDOREIKE D &2 kst
%5y % & A, FRICKIAMEF, ClEOINNEEE Th %
(Table 1; Fig. 2). F/Cl DZALIFEIFE TIEE WA, Cl/

SO, FHLMITEL B> TWA, ORI, 91 HD
KPR KL A 2 51D HE/SO,, HC1/SO, 75 F&- L 72
2 &%RLTHD, HF, HCl 3 &SRO KA 2 I E#
WX TH B EDS, I AEEN ER LA EER
B9 %, 9 H 1 HLIKE® SO, i RO 2 s iéin & Ot
T, TS BKITEHOERLOIEZ s e L b SN B,
4-2 Phase IT OFENEEN & AR S

9 H 15 H~18 HOMEIKIIH it /75 2GR E 5,
FATHIPI K S RIB L e 5 RER T E IS AT 5 2D
& L ik S 515 305, 17 HOY LI, 75 2
BRI L7z, 16 BT KOS A S OB H SR
SINTEY, INSOBKRFICER L= <ich
KT HBAEYETH 5 LHrc x5 (FHA - th, 2005).
Z @ Phase DEIKIZE £ N 5 IKiENELS) 13 Phase T O
JRITHEARTH 5 232775 W (Table 1; Fig. 2). 1973 4EiE
KDBE G EIKASFHELS & DI 1278 B & IKEIER A 13
F LR Le UNR « SR, 1983). %72, LOI OEIG
BIEFIELS, REHETHS T EARLTVS (Table 2).
EHH (1975) 13 150~850°C OHEIPHTAILH R &E £k
KaKIES 4 2 FEEE2ITV, 600°C LIETIRKAENEF, Cl
BIE» LA L0, EENES B> T
NSRRI 52 &AW S Lz, R, 200C LR
Tl A KAE Cl o L g, Kilim 2hokiEs
DEFIC & 2K DKDBEG L CWv 2 algel 2R L7z,
R TRZELD BT 5 &, SO, ITHNTKIH~DE
FRRE A3 BRI T8\ HCI 287K 1S S IR IS T iR < B 72 D,
TEE D HC1/SO, 13 < 75 % (Burton et al., 2001) 73, [&
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KD KA BEEIN L, CI/SO, i3S BB EEZ D
N5, 9H 16 HF4IC FT-IR 12 L A EHITH S h g
JED HCI/SO, 13 0. 2 F2RE (Ff « FFi, 2005) TH v, <
@ Phase OFIIADHEFEREICLE S BRIK (#10, #11, #12)
DIKIEMERL Sy D C1/S0, (0.1~0.2) D & 1FIF—F L T
W5, ZOfERNS, T Phase TIRIEEFRTKILA X
FOIKESIIESE L S > 1o EHMTX 5. /65T, K
LLBRBLT- & KL 2 DG ZIRIAD K ASBES: L 75w i
HIEE TR s EEZ 5N, TDIDITEIKDIKIENM
ARSI - f S S N B,

F 72, 9H 16 H % O IEJE D HF/HCI 1 0.03 F2
725 7o (F « BFEE, 2005) 723, JKIEMERSY O F/ClL OfElE
Nk bEAEE D - /o (Table 1; Fig. 2). FHH « fih
(1968) & & U5 H (1975) 13 HF, HCl 2 & 4SR0S
HZEKIEEDRIEFER» S, FIEClLD bEAIC
i EESN AN DOH 5 EAALNTLTEBD, C
N5 OfERE, HF, HCl % &8 il O EIEAH K (LR T-
LRI L7254, HF 13 HCHIZ AR TRILKANRE S
LTV EERLTVA, > THEED F/ClLL D HK
VBIHER Y D F/CL YR E VW13, FF « T (2005) bI5HE
LTWwWa ko, MEERD HF 23K LKISERITIC S
L7izC&ickbEELZOLND,

Phase I ORMIDIEIK (#13, #14, #15, #16, #17) (3911
DG ICLE S FEIK (#10, #11, #12) 1ITH~TRENME:
SO, D L, F, CIAE L < HINL TW5 (Table 1;
Fig. 2). T OfERIE, BRIKERIGL 72 KILA 2 @ HE/
SO,, HCI/SO, 8 FR LT EERLTVB EEZ LN,
Phase T ARKNICEIA ZEERIEFICED» - & E2R
B4z, CHRERLCR b v R ) RIEAFE LT
Wl EEBENTH 5.

4-3 Phase ITI OFEXEEN & KBRS

9 23 H LUK D FEIK 3 31T B IR (0 D 3808 75 5 T B AL
T LR TR S N, DRSS AER TR ST,
KON OGRS/ 5, T D Phase OREIKIZ A A H
Liciaaorcd 2 e, KEYETH 280
NS ZERTOEE S NP KEICHED L Tw 3
(A« fth, 2005). 10 A 28 HDB#IK L Phase 1T ORFIK
W HANCKIEME SO, KIBEWEIEA 4+ YN EZ A
T (Table 1; Fig. 2), KONOH L WinaEn kil
HALK > TIRAREE LB TWAE I EEZRLTOL
%. 2004 ££ 10 H 1 HicfrbNn/ FT-IR I X 28] Gk -
FFEE, 2005) TR O HCI/SO, 13 0.17 T, 9 A 16 H&
DHENLTORY, ZOXEBIE,ITH L. LT A,
10 A 28 H OF#IK D /KiE MRk 5y D C1/SOs (F Phase 1T i
HANTEL KT LTV (Table 1; Fig. 2). T OFEE
1, KA 2 @ HCI/SO, 45 10 ARIAILIEICE L KR
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Fig. 2. Temporal change in contents of water-soluble
anions and F/Cl and Cl/SO, molar ratios. Solid
circles, open circles and solid diamonds indicate
the ash samples collected in Phase I, Phase II and
Phase III, respectively.

LSS cE 9, A REEOK NERET 5.,
K D Fersnila 13 2004 £ 10 H 1 HOJPE T 517°C
7Eotis, 10 H28 HOWETIE3TSCE TR FNLTE
b (KZRIT, 20041), KBRS OE » S S 1L 5K
LA 2R OZAL IR B OFER & —H LT,
IR O PHIBIE K & 72 5 72 11 A 14 HORIKE, Phase
T ORI TR 3 L < 2B L TV ns,
LOI (32 Tldd 2548 L TV 5 (Table 2). 72, 10
H 28 HORFIK & FIRRE QKBRS 2 & ATV 5 (Table
1; Fig. 2) T &5, ThoDRERIE, KON DEEED
TEPEBEEIHEATHWS I EARLTVWS, OO
F&IK DIKIETERR 7Y D C1/S0, 13 0.31~0.41 T, 10 H 28 H
DFFIKITIHLARTRIGIC EF L TH D (Table 1; Fig. 2),
10 H 28 HLIREIT K1 #H 2 D HCL/SO, 783 L < BEhn L
2l EEIRLTOVBEEZ SN, ih REEOZES
HAAERETEHDTH DL, KONDHREIE L T OIFEK
DEHZD 2004 5 11 H 17 HOWE TIE 464°C 12 LH L
IKIBEMERR Y DZA L SHEE S 0 5 KL AT R IRE DL
BEBNORREE—FH LTV, 20 1% 24 H



76 By LA - SHERE - SEAIE—

DOHIETREREREERLE L 571C LI EICEL 2 (KEFT,
2004i).

5 ¥ & ®

AR 2004 FERK GRS 13 2004 49 H 1 HIcHA: L
IR AR INE K I F 0, R A8 LR &
SN K DR L fctk, 2 b e v &) ki
Lo THRE L oG a i Ui, C oMK 1973 411
KD =7 <EKIE >, T D%, hEE~ I /MR
T s RIEKDHEORE N, 12 7 9 H O/ k%
BRI KRB 3/ NEIRRE L 12 0, £ D% 3T OIREE
DB HMREL TV 5.

2004 FEOMEKIGEN 2, #ale T OZ LIS WT, K’
@ 35O Phase IZ/ 7. 9 A 1 HOWEKBRIAED & i
WA 2 RE 5 /NEBEE K D3I & 5 £ ©O Phase 1 TlE, %
DRFIKDFEE 1, KON KB LIS T o KIS
AR OBKATOFERINC KL 212 & - TR
MEZIcboT, ZRICEENTOIIKEERD 1,
Z OB TRIEAE I - THER L T 7ok KL
FEEYNchkd 5 SRS NS, D7 T D Phase D
IR DK IAEVER S B2 F/CL, C1/SO, 13444 L b I K
@ KILA 2 O HF/HCL, HC1/SO, & —F L3 WAs, D
At 513 9 H 1 HEIR IS 7 2 8D LR L 7o S
s, [ERHO SO, A EOE L WignE ff¢ <, kil
IEEOIERILOIREAE L TV EEZ LN B,

RIS /NS K A3kAE L C W B[] Phase
0T, TORKIEH7ZICER Lic~ 7 <IcHRdT 2
DTHEES AR TH D, KA1 Phase T OFFIKIC
HARTELL DM o1, FT-IR ICX 3B TE SN
I D HC1/SO, (LIKIEMERS D C1/S0, & 131F—F L T
W5 EpS, MEEERT AL R DK BEE L 75
Mot LHIITE 2. KA EAVDIS I 5 12D,
KRR & K1 A 2 O RS SR it 2 0, #
TRKDKDBIG Lt - 7 T & ICiERd 2 SR E N 3.
—J7, IKEMRS D F/CLIE FT-IR IC X 2BHITE O
D F/Cl & 0 b8 -7, HFRGEHED
FOGHICE D tos, B K LIKICERC RS L
bDOEEZSNB. T D Phase KMITIZIKIAENE F, Cl&
NELLC ERLTBY, s h oo kilLg 2 oRE
FIEFICED 5 /e T EARET 5. [EEHHICZ b o R
VA FAELCTBD, RAHREEENTH 5.

Phase I112%t< Phase M ORKIGKAEEO SR A A ~
ARlaA + vl EZRICEAT O, TR
W L 7oA S DK AT R IC X » TIRA WA LIESH T
WA EERLTEYD, KOHNTIE 2004 FEME K LIFT &
FIRE DRI FHRENTVWE I EEEKST 2. 20

Phase @ gk D /KA 53 & % C1/S0, & BRIMEZAH I
& - THR L 7oK KLY OB 22T T\ B 1
BAF L B KEED KA 2 D HCI/SO, & —FH LEw
D, ZOEAD SHEE SN B LA 2 EE OISR
HOFEFEE —Z L T,

it 3

BB IEEE R R FEEE D ) 4 1 13K OFRIKTS R %
FRIHREAE L Cnicidnic, o BEEREBOT ~ 13k
KA LTOziiWie, £, Baa Dl & i
MREM O3RN CERA WV AL TEL
B L L 5.
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