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Abstract

High concentration events of suspended particulate matter (SPM) and sulfur dioxide
at the foot of Sakurajima volcano during 1992 and downtown of Kagoshima city for
five years since April 1993 were analyzed in connection with the wind data at high alti-
tudes, surface weather map and video records of the volcanic clouds. The SO: and SPM
data were provided by the Kagoshima city office as one-hour values throughout the
years. Strong winds around the altitude of the summit, blowing down the volcanic gas
with the ash clouds, were confirmed to be responsible for the high concentration events
of SO: at the foot of the volcano in the downwind direction. The SPM concentration
there in such cases were found to be high exhibiting strong correlation with the SO:
concentration. At the measuring stations located at the distances 10-15 km separated
from Sakurajima by the sea, strong winds were also found to be an important cause of
high concentration events of SO: and SPM. Another mechanism for the events at the
latter stations was the convection mixing in the daytime of good weather with mild or
weak upper winds around the heights of the volcanic plumes. These results indicate that
SPM and SO: from the volcano behave quite similarly, in contrast to the ash-fall from
the plume near the volcano. In the downtown, there exist a few candidates of the events
not attributed to the volcanic ejecta.
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mEWV)BNEZRL TS, E512, 7 A18H10B#IZ SO27%1230ppb, SPM %1080 g/ m3& \»
D EMIIBITLI92FEDENTNORKEEZRL TS, CORDOEBEDRK 6c 557 A18H 9
B ICEGELSM /s &V ) W RAATIRWT WA, IS LD, BMICHIT S SPM it SO: & kIS
BROWTEEICK X R EEZITTED, SO b2 & ) ZEHHEZRLTWAI b b, T/, &
2 Tix 7 H18H 108D SO, peak Ml iZxt LT, SPM peak fEDEEHIZED + 4 L K& v, Thiz—R,
F—HRTEEVEHITRZ S5, SO OREAEREEAIZ SPM @ peak 252 Z - T 5 728, #kii
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xK2. 1992FFEMICHIT3E SOBRESR

SO, SO, [H%t [BAEG | SPM |G %= |#Esk [PAss
E—-8% |E—ofl |60 (B2 [E—2il B (65 %)
1/28 19h 107] 4] 18 180] +1| 5] 18
2/3 21h 539] 2| 21 230]  +1] 2] 21
2/13 15h 113] 2| 15 90 of 4] 13
2/23 24h 406 2| 24 90 of 1] 24
2/24 3h 139] 1] 3 60 of 1] 3
2/27 19h 105| 3] 18 70 +1] 1] 20
3/1 8h 242] 3| 6 80 of 1] 8
3/5 16h 204] 2| 16 40 of o]-
3/15 12h 588] 12| 12 330 of 9| 11
3/18 12h 905] 12| 7 490 of 10/ 9
3/21 6h 945] 5| 4 500 of 71 2
3/23 21h 101] 5] 20 110  +1| 3] 21
4/1 14h 332] 2| 14 130] +1| 3] 13
4/2 16h 139] 1] 16 150 -2| 10[ 11
4/15 18h 491 50 15 2100 -5] 6] 13
4/22 6h 313] 4/ 5 270 of 6 2
4/30 6h 984| 5| 3 470 of 4] 4
5/30 14h 675] 11] 12 910 of 21] 11
6/7 12h 136] 2| 11 130 of 1| 12
6/11 1h 590 8| 24 2000 +3] 4] 1
6/12 17h 142 7| 14 150 of 4] 15
6/23 17h 559] 5] 14 110 of 2| 17
7/9 2h 895| 4| 24 330] -1 3 1
7/9 18h 453] 6| 14 2700  -2] 9] 11
7/10 19h 231] 4| 18 170 of 4 19
7/15 11h 481 13] 8 210,  +4] 7| 14
7/18 10h 1230] 14| 7] 1080 +4] 13| 8
7/19 4h 732 7| 3 1200 +1] 7] 4
7/19 13h 203] 8] 12 130 of 5] 12
8/1 14h 112] 4] 13 160] +2| 3] 15
8/8 13h 289 11} 12 120 +2| 2| 14
9/25 8h 389 5| 7[xiA
10/23 22h 172 2| 22 500 -1 1] 21
11/20 4h 13| 1| 4 30 ofl o
12/10 21h 263] 2| 21 110]  +1] 1] 22
12/13 12h 379 3] 11 110]  +1] 1] 13

HA7IE SOz (ppb), SPM (ug/ni), peak R%|D 7 (hour), ZhZh Dk
F#fE (hour) 7 & WNIZBASAMEZI (o'clock). —id peak % & & % ho -l
RIBIE7T— % KA.
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(a) 4H2~3H
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8, 3h 8, Sh 8,15h 8,21h 9, 3h 9, Sh 9,15h 9,21h

7 s T e Yo v qg by g g

(c) T7H17~18H
17, 3h 17, 9h 17, 15h 17,21h 18, 3h 18, Sh 18,15h 18,21h
@ « + v ¥ e +— + 7

19 15 13 16
M6 ®ER (925hPa) m1992Fn 2 B MG, HMFIIEKERAZE (m/s) .
a. 482~3H b. 7H8~9H c. 7A17~18H

13 16

1400
1200 |

1000 |

@®
o
o

SPM(u g/m®)
[=.]
[=]
o

200 | . o%,

P o o

. o .

0 200 400 600 800 1000 1200 1400
SO,(ppb)

7. 19925 E# SO2& SPM D peak fEDER (RIRISEIFERR)

5. EREMEHMICHIIB3I7OVILE SO.SREEROR

5. 1 EREM#HMICHIIZIEEEBROFEEAN=IL

F 31219934F 4 A ~19984E 3 Ao 5 EM DR B B17 5 SO & SPM EiREFREZRT
& 3 Tlid SOz peak BEZIZ B T W EFHI 0 925hPa & 850hPa (#3k#1500m) D EBE T — % L &
REBRERBESCIZAN AL ERLTH S, BEA N =X LIE, RABRPEED C 7+ Mg
WEDHERLZHOT, WEICL2b0L, FREAICLE2D00 2 EEIHRTE



AT 2B A4 D REKILEBIZE TS5 L7 00 E A X DREIRERER OB 23

x3. EREHHEMOSRESER

(&R
SO, SO, |Re#k|BASS| SPM | B2 |RESE |BA%S | 925hPa | 850hPa |*H=XL
E—oBg [E—2f |5 |8 lc—om Aol EAETERE AL T EEY
93/06/08 04h 178] 3| 3 100 o 1| 4 97| 16l 141] 11| =m
93/08/09 08h 101 10 4 60 +3 1 11] 102] 27} 108} 31 Eﬁﬂ.
94/08/17 20h 148] 3] 18 150 o 1] 20 96| 10| 100] 9| z&m
95/07/09 21h 190] 3] 21 61 ol 1] 21] 236] 3| 241] 8 |
95/09/18 15h 124 5] 14 83 +3 5 14} 328 3| 354 5| ERS
97/08/17 21h 109 71 17 61 0 1 21] 1071 16} 112} 19 ﬁlﬂ
97/09/15 12h 105 9 9|- - - - 102] 21] 106] 24 ﬁﬂ.
(2) g3t
S0, SO, |[#e#k(BA%R| SPM |B&Z3E [#k#k (MM25 | 925hPa | 850nPa [*Hh=XL
E—sB5 |E—5i |5 |6 | E—oil 1 | o 3 (TR L B (e o
97/09/15 04h 126] 10] 23 87 0 1 4] 90| 24| 88| 28 M
@&
S0, SO, |fef|BAE| SPM |B5%I3E Rk |PA%E | 925hPa | 850hPa |*H=XL
E—oBg |E—of|5m |8 | C—oiE BT | B 30 | L 10 2 L ) Lo
93/04/14 13h 138] 5] 11]- - - = 313] 3
93/07/21 11h 121] 8] 9 80 +2| 5| 12| 72| 11| 35| 2| =&m
93/07/24 14h 150 9| 8 90 ol 6] 1o 80| 2| 3| 3WEES
93/11/11 17h 1468] 6] 14 70 +1| 1| 18] 82| 10| 327 1| =&m
94/07/18 11h 111 4 10 90 0 6 71 69 3] 74 7| WHRES
94/10/24 17h 114 8] 12 70 -4 1] 3] 7l 1l 71] 3| HMREER
95/09/19 16h 139] 8| 11|XM 57| 2| 70| 3| &M
96/05/13 12h 124 3] 11}- - - - 65 5] 32 5 %E;E'S‘

19934 4 H~19984F 3 Ao 5 £ ORIEE I B1) 5 SO2& SPM HiREHER.
HALE& 2 12 L, AmE#EIEEnZN °, m/s. —id peak fli% & & o 72R,
RARIE 7 — & R4A.
5. 1. 1 BEICLITEESSR
AL o TRELBREFRDS L, WK TODI9934 6 H 8 H 4K, 19938 A9 H 8
B, 19944F 8 H17H208F, AILZFTRTO19934 7 A21 H11KE, 19934E11 B 11H17RIZD VT, Hi
%3HM D SO SPM OE#E%ZKI8a, b, ¢, d, elZRT, HERMDIEGH S HABDER
(M 8a) IXMAIICIEAELH Y, 6H 8 H 3KEAY S WA HRNHEEIK X 1h, R
BB I ONTAMAIKRIZEDL > TWnb, TN HIZFMERZID 3 KT, #FRH 3B THS
EPOLEMTE L, 935E8 H 9 H8RDHR (K8b) IEMI6FVHEELTEY), 8AIHD
9 RED O RWH, TRFTARNEEIZEGEASRNTVRS, TS ITHRERBPLRIC L - THEE
WCEKHBETE S, BILDIET A21HIIROFER (M8d) dEAEOHEL T THILAMIZ
BEEAIKV TV 5, 93FEILAIIHITROES (K8e) XEBADEMAAILLE —FHL T
WEHICERZAD, ZOH%O2BOFEERIANE, EHI8Sm/s THAHDT, MEIEIRVEED
5,
Wb, BRESCEAEDOEEICL > T, HBINTERSE (925hPa) TZRZhOFERICH Ao



24 BRBRKFZHFEFIMELE BRBFEE $50% (1999)

THEWANSIKRNTED, TOREIIES>TSO. & SPMBEEHLA-bDEEbhb, EERD &M,
K & BT 5 L EDOSE, EIROTIA SO, % SPM DREICKE CBKRT L E0vhh 5,

200 140 .
180 1 s02 {(a) 1993/6/81— 120 s02 . Lb)1993/8/9

160 v SPM B | SPM :

3 2100

3140 3 /j\

2120 Z 80

= N @

['% ‘. :

$100 |——v 2 60 I

3 LN 5 :

o 80 |~ 2 i s

2 ‘s Q 40 < 'Y

o' 60 <N l >IN

B BB
160 140
|| $02
140 (c) 1994/8/17 120 |— 502 {(a)1903/7/21
R [ NN sPMy w1 e SPM
#2120 P
» £100
3100 3
= = 80
a 8o § K h
2 3 60 -
Al
& 3 ; " s « A
N TS Y [N B AT S
20 ks w0l LN TN vnA
T St AN . L e v
0= = __/./\/'N\,J VL—H\/\'
0 : . -

08/16/00 08/16/12 08/17/00 08/17/12 08/18/00 08/18/12 08/19/00
07/20/00 07/20/12 07/21/00 07/21/12 07/22/00 07/22/12 07/23/00

1 .
8 E@Sgiosgﬁigﬁgi;%i%g%%(:alj :z_ soz [@msari/itH
. . R
(Peak ORI 3EM) S
=
a. 1993%F6A8H 4K (HRFR) 2" [}
b. 1993%8A9H8HK (THiZFR) - ST [7 \
C. 199458 A17H208 (THEFR) S A 5 N
d. 1993%F 7 21118 (BILXFIR) »
e. 1993F11BEITH (SLKFE) o\} v\""“ 2o
11/10/0011/10/1211/11/0011/11/!211/12/0011/12/1211/13/00
=]

5. 1. 2 NRESICLITRESR

FRBEICE o TRELZEHE SN L EREFRIL, WXHFETIZ19954 9 H18H 15K, £l
ZHTIRTIZ19934F 7 24 H 145, 19944F 7 H1SH11KE, 19944E10H 24 H178F, 19964 5 H13H 12K
Th b, MEADEHE L RIS, HIREFEROMHE 3 HO SO:& SPM Oz 9a, b, ¢, d, e
WCRT o CROHITHPOFRARFISEZ > TV A7-ORNRREICL2DDEEZIOLND, WTHHE
IS ERHHTH 5 DOT, EIBHE LAZKIUTARZRZROMERFEIC® > g% sh,
ZOMICHERMEOME T CHREF B LTELZL D LEZ NG, 2L 21E, HEFDS



AT P2 A &4 BKILEADBICBITEZTa VN IH ADERERER OB 25

9 H18HISKEDHS (K 9a) IZEENITAMMICEEIZE N H o724, TOHIZIEH T ) EAD
B ole 9 A18H D 3REHMD LR T HEANDZ ) FFGWEALSRNTE Y, @o < xS
N6, FRBEEICL - THERMEE CEfisnzb 0L Bbhd, 2BREABIIFROHF
ICELTRCEETIH, ZOEBMERBBICOBIRLEIONS,

sS02 (a)1995/9/18

-

20

o
o

SO,(ppb).SPM( & /m”)
@®
o

p .
LS
0

BB

I

...... SPM ©)1994/7/18

n
o

8

D
o

SO,(ppb).SPM( 2 g/m*)
8

<
~
e

e \g‘_"_/w\
0 T T r T T
07/17/00 07/17/12 07/18/00 07/18/12 07/19/00 07/19/12 07/20/00

Be¥

9 MREBICL>TREUVICERESERIC
133 SO2& SPM DRdfF
(Peak oH®#I# 3 HRE)

1995 9 B18H156% (THiXFAR)

1993% 7 B24R1485 (BIUSFRR)
1994 7 B18A118 (HIUZFRR)
1994F10H248178 (SIUZFAR)
19965 5 B13R128 (BIUXFRE)

0000w

5. 2 KM EIEXILEDER!

160
140 S02 [®)199377/24 ]
------- SPM
%120
»

"
8
e ] ——]

= ) .1
AR
é 80 .‘- .\ "
2 60 2 N
= N
& 40 ; . ] -
20 \-\_/‘/A‘ .
0 X , . . :
07/23/00 07/23/12 07/24/00 07/24/12 07/25/00 07/25/12 07/26/00
=154
120
S02 (d)1994/10/24
72100 R SPM
g0
3
g
% 60
3
Q
240
N
o
(%]
20
0 , ; : . .
10/23/00 10/23/12 10/24/00 10/24/12 10/25/00 10/25/12 10/26/00
=15
140
so2
120 | 1996/5/13
P o N Pu {te) 1996/5/13—
E
€100
3
= 80 $
o
[}
2 60
[ ’
& s Fy .
Q' 40 to - G
L ORI B S P
20 ‘ n 2 \’:‘J ‘uAL
0 = .

05/12/00 05/12/12 05/13/00 05/13/12 05/14/00 05/14/12 05/15/00
BEF

BERBTHEMICEITS SOz & SPM 21T 5 &, SO: HIREHSR L SPM O{RSEME & [H
LEIBdboR, ZNREITELD SO:2%100ppb # 82 TH SPM ® peak fEA60ug/m % #k 2 72 W
$)BERLIH 572, T T THAICI995%E 7 A 9 H21ED SO HiEHRICHNT 5 SO2 & SPM @
FEMZMAZRI0E LTRL, 19944 8 H17H208 (K 8c), 19954 9 H18HI5H (M 9a) &L b



26 BREBREHF AL E BARER $50% (1999)

KT 5, W8c, M9allBnTid, BHMFICBIFSH SO& SPM OMBREFLLHIZ, Fhb

DEBHHDP R Y PT VS0, KIIEObDTHEUWEENENEBbI s, ERICEMOY 74
THARFT BB T RFOHERTE 2, L LEI0ICB W TiE SOz & SPM 3£ %
BrlbicLTBo3, KILED SOz L SPM OB EIERR>TWE I LAbh b, F2HHED
R ORI Z AR TATD, A2 HERMAMICRVTE LT, BB Y7+ T BB TR
HZELHEN R VO HERTE S, INHIIKILEDHOBERTER INDDOTH S Z LAt
W3Nns,

§02 1995/1/9

\

& 100 l
“ |
' |

\

’ Xt PR
l"l ¥ x'.,l ¢ " . P .
20 .l L i 5 2 )!" A
B <, v l\/\
T T T ‘v

07/08/00 07/08/12 07/09/00 07/09412 07/10/00 07/10/12 07/11/00
A

o

B410 19955 7 A 9 H21850) SOSRERRI(CIT 3 SPM OBRHZ(E

6 HDHOIC

ARFZEI BT, 19924F O BARE £ 19934 ~19974 £ CORE R EHH (HEFTHlER, 1%
WHER, IR © SO: HREERIINT 2 SPM BEOBRICOWTHEITERAAT. T
RRUT D L) SibwmEB7,

OB ILED SPM & SOz & FIRIEE DO HE % 5 1), IBILETIE SO2 & 2% ) BEELL 7228

Brrd,

QBERETHHICBIT 2 KLU SPM BBREFROBAFFITBEIIC L2 b0L, MRREAICLS

bOD 2 EEIMERTE 7
O IRBET#E O SPM IZEREARCHHBED A # = XA TR o 7284, WEILE L FREIZ SO &

BEL L 7= {61 % 0,

SE O TIL SO A HIRE TH HHFIC SPM LD & ) M ZRT » 2R, Lal, i
P, BB, ZIIZ BV TIE SO MKBETH 512D 0 0b 53 SPM SHIBREIC R 256D 5.
ZIT, 3HIBICBWTIESPM BiBEICH LTSO: A ED X ) 2 RTH O L TWwE 2,
&5, SOz, SPM OEBREESRNH5bNLADANLHEEBGOBIT HIT RV EEZ T
%,



KT PB4t EKRILEBIZBT AT a Ve LT XD BEEROHBNT 27

3

RERROBELT— 5 2R L THCZERBHERRREROBBEMLICEHLET,
DIFED & 0T &k Bifme L THWAERR—K (BEBRESE > ¥ — /BNt HER &) -
2R (BRBRIMEER &, #EE - #BIL 2 THC 2B IR B RZE T2 O RKE A B #0E%
EHFEF S ATREH LT

1)

2)

3)
4)

5)
6)

7)
8)
9)
10)
11)
12)
13)
14)
15)
16)

17)
18)

SEXH

AR, WEEMFEIT OV, BEE, 1982;

EfEE M, WA 7 oYV, BEE, 1984

KEH— A, “ELREBHERNIC X 2 KINESE O, BEESERKILS#ERE, 1988, p.406.
BEHE— - S S - KE—1, bAEICBT 2 KIEEO ZBIKEORMBEOR, KRBREA
ik, 27, 336, 1992.

WTFHEI, JEF M RIFRIZET 2 ®RE SOM5 RO, KRGHRFERE 26, 320, 1991.

ARET - TR - ARHMESE - ERMEE] - BEAREL - MEHMEREE, ZMEEIZBT S KRABH-S0.8 &
Cr7aV Vo -, HEIRARJGERAREHERE TR, p.246, 1990 ; HKEFET - BEFEE - HRMF -
FEHERER, ZAMEE TN S N7z SO.L =7 vV IVHEL, BRid,  1997.

ATHRIE - REFET - HEF - BEHEE, / 7EHERIC L 2EHHOKIEERT L RARET -5 &0
i, BARYE— MYy o FEREEAMHER KW E, 1997, p.122.

K. Kinoshita, N. Iino, I. Uno, A. Mori, and J. Kohno, Day and Night Detection of Volcanic Clouds
and Aerosol by NOAA/AVHRR Data, Proc. International Symposium on The Atmospheric Correction
of Satellite Data and Its Application to Global Environment, Chiba 1998, p.37.

EILEH - RTALE - Ml —ER, NI BIT 5 Kil7r 2 RE#RX OB, K&, 40, 671, 1993.
AR~ - KEAE - SHEE—ER - FEELL - BHGA, EFEERBEICBT 5 SO.MREREROMAT,
B RS TR 7E 8, 40, 1, 1994

Priusgfe, €K%, GHBE EREKLUBEBWICETLIME GBIH), BEEERRELY ¥ -
#, 5, 61, 1989, K UG[HICHK.

TR, PR, AHE ERBRICBIIRATLTUYVOBBIIHET L% (1), EEBRR
it v ¥ —FTER, 9, 41, 1993.

ATHRIE - SFHB - SMER, KBILEICB )2 B HRESBEROER, HIBEREATLYY P RY
7 A, 1994, p.79.

ATHRIE - S&MiER - SHAB, BB Z2KUTABRTORR LN, [KRFRIVINEKFRETRE,
p. 231

ATHRIE - M8 —5F - @iiER - EILEY - S8, SREXKLTZAOBE L RREME, BARKER
FIRFEV X SR - R 22, 133, 1998.

BRBHHRRRER, BEBTOREE (P9 FH), 1997.
BREMRBERER, KRBRET— 5 A#, 1992-1998.

KRBT, HEKARBMER, 1991-1997.

ARTHRIE, &REOEME L MWEAHEDE 74BN, THILHEH, 15, Suppl-2, 117, 1995.

AKEFERE BT, REKIL»SOZHL, + 7 oftitiE, KINEXFHEE S, 67, 76, 1997.
BREB SRR E, EMAKILHER —&E—, 1993-1998.

ARTHRIE - &N - HEFETF, &P ATEE, HEEBLZOT—IRX—220{oT, BEREK
FREHHLE L~ & —h#, 12, 17, 1999.



