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Determination of Concentration of Total Sulfur Species and Estimation of Concentration
of Poly-thionate Ions in Yugama, a Crater Lake of Kusatsu-Shirane Volcano

Yoshikazu Kikawapa*, Hideki Fukunara™®, Sawako Nomura™®, Noriko Kikawa™,

Aya INoUE*, Takao Or* and Joyo Ossaka™**

We compared two analytical values for sulfur species in water samples of Yugama, a crater lake of the
Kusatsu-Shirane volcano, collected between 1966 and 1995. One analytical method was ion chromatograph, by
which concentrations of the sulfate ion (SO,*") were determined. The other was gravimetric analysis preceded
by oxidation of the samples, by which total concentrations of sulfur species (7-SO.* ) were determined. The
concentration differences between the two were in good accordance with the total concentration of poly-thionates
reported by Takano and Watanuki (1990) through the whole period studied. This suggested that the concentra-
tion difference between SO,*~ and T-SO.*~ can be used to estimate the concentrations of dissolved poly-thionates.

In this way we can grasp very easily the secular change of the total concentration of poly-thionates without any
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special analytical conditions and/or instruments.
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PERFETEHRETIERFE L GET 1965 HFICHEIR
JEPEEBIC (L 3 5 B AR L o HIERA b i B
HABA L. (LTEKO# O A 3 1966 £ & 0 BIAS
n, D & bE 1 ROBRKFHENSHE Tish T
W3, oM, FEEARLTRILTEKO#OKSE (1976
) L5 (1982 HE & 1983 4E) 126 W\ TKFRSIRTEDS
e Utz /NI e Ml (1997) 13, 1966 FELISR D B2 D%
TS IR DAL & KILEh & ORIk =R L, 16
{4 A v EWRERA A v IREOEE S K LITEE) DB EIC
HELTWA T EAEFERL TWA. —J, Takano (1987)
BB OREE A A+ v DA OETERELEREE LT
R FA4 VRS AV OBEBEEEERA A, KR\ T Takano

and Watanuki (1990) 1235\ T % OFAFEZA L& B HIC i
L, BV FA VAL VEBOE=5 ) v 0K
KFENCETLTONS ZEAIERMLTVWSE, R F4 v~
A A RO, HEOESALA, 5D S0, B &
U H,S A A A8 78 & TNT SO./H,S Hp B i# S L ¢
BY, KIERDIERIGITLES SO, /7 2 & DX HIIE N
DAY F A VA A ORRERESE S EZLONT
W% (Takano and Watanuki, 1990). HifE, ®V F4 V[
14 v OFAERZGZEDADOKOMIcB W T RSN T
BYO, kKOMcoXKLEENCBET 2 EEBEFROD &£
ELCEHisn>odH % (B|A1E, Pasternack and Varekamp,
1997).
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Fig. 1.
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TIEBALALEE U 7oK R OREE 1 4 viIREEA “2hi
e S LTk TVWA, Lichi-> Tk b 1966 O
ARG AP & 0 EEbK A m R Lk FEK P Tk & BFRK
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Mo, NR 197y IcBWTA A v a7 57
k0Bl WA A YT RBEEIhFETIIRDONT
W5 2 EEICEHS A EEMED LN, I
R FA VEEA L VICERLTVS ETEI N
(Kikawada et al., 2004). R F4 VA A v OER (FHE
BRAb2ER Rt O — ey s b2k sy & 13875, HPLC %5
EHWICEH O Y 2 7 & LSS LA LR
TH5D, ThITHL "2l EEE TR A 7 EE
FERAEENEOEE L AN A 4+ v 7u<2 b5
TICE->TRDONB., Lihi->T “WHlE BEE b
A 42" EENS KR T4 VA A VIAERERETET
BT ENTENE, RV FA VERAA VIEEEE L
ELTEDLOTERBAHETH S, T TARTIE, 2
Wilg” & “BilE A 4 v OREEN S RY F4 VEEA A v
IREEHEET 5 C DRI > W TR L 72,

2. BEHKEH

RHFFEIC O 2K 2, 3 OB 2R X 55
P D EIIER TdH 5 U-1 1I2B VLTRSS 1 (Fig. 1),
—doSTicfta nictk,  FERYE T RRC RS

A map around the Yugama crater lake and the sampling location (@) of water samples.
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LT OREHKERKEEHZ, BRI IR AL 4 i
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(BRI X 0 ik O A ER S LA 3 2 THRR 1 A+ ~
KfbsnsEEZoNTWSE Y, KETESNSH
BB A A v IR R I A7 3 5 Bt LaEfE s & TRt
4 Z Y ThH-T ERE LGS OWERA A Vv IBEETH
5. INET TR “ERBIEE (T-S04)” LIEST &
95, BRLAIE LRG0 @ig Lk Fk %
AWz 2, 300 %RE TKEBZKDOHAEDEDN
HushTuws,

AR IRERRIK D W o A2 BT, Bk 4D
St LIRS, FRbKIC U CER LI 217 - 2R IcE
BRI L0 2MRIEEORER TR A 2. BRILAITE,
FKkEBZIKOHAGDLEEF V.

Fiticnz, —EEakhc o WL AT IcF
D % % ICP FL4#T (ICP-AES) 1T & 0 T 84 1E % 5K
Y, EEFEICKD LRBREE OEEME s KLk
ICP-AES RIcHEoir & L THEIEEEZ KD 5 7120, £ D
EREEPKh O 2ME L EEFRE M 5139 T
»H5.

EVIRIRE 2R 25Uk O, EETFEE Fig. 2
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Yugama sample
i !
Oxidation by Br, / aqua regia or Determination of sulfur as the
H,0, total concentration of sulfur
l species (7-SO,2) by ICP-AES
Evaporation to dryness followed

by keeping at 110°C for 2to 4 hin
a drying oven

| Dissolution with HCI and filtration |

Precipitate (Si) Filtrate

Heating to near boiling followed by
neutralization with NH,OH and

filtration
I
! v
Precipitate (Fe. Al, etc.) Filtrate
4

| Heating to near boiling and acidifying with HCI [

| Addition of BaCl, aq. followed by fitration |

[
' '

Precipitate (BaSO,) Filtrate

l Incineration followed by weighing ]

I] Calculation of total concentration of sulfur species (7-S0O,%) ||

Fig. 2. The experimental procedure for determination
of total concentration of sulfur species (T-SO.*").
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MBI DFEIK D A 8131 T > TS,

—J, /NI At (1997) T, BRKBREEE LTV
1966 =PI D 528 M7k aEHT 5 W T 1993 4R 75 & TNIT
1995 4EICA A v 7 a= b 75 71X DIRERA A v 4R
DERET-> TV, ZOEEIRETEEKOFHRD
AHfTbN, TN OFELE I —YIINA S Tvis
W, SlalEriaic, BRPKO BEIRGEICHE S MR 4 v
FEDZEALETER S 2 120, —ifabkhc > W TR—#FIC
X BAEANT 2T - 7.

4. 2HEETBAL VBREELRUFF VEAAY
BEELOHE

ko & 51z LTRD Stz 1966 KD “LhiER A"
(T-SO27) 15 5 UNT “Bifk A A ~4FE” (SO ™) % Table
1 B LU Fig. 3129, 1982 FLIRTOHIKEEHZ B W T
4, BRILLRS IcEREIC & » T LN R
tAA v v 7IckAEBEERICE-TESR
1o Bl A A v BEE “E ORI S I EDRED S h,
Bl A A ¥ Tl WIRELFRE & A SN B EG S#K
HICHEAEL TV T E2R LTV A, 1966 4 TIR C
DEEZ13 6,000mgdm > 2z TEH O, BKPITHEE
L TV B ORI WREE A 4 v LIS OLEERETE

Table 1. The analytical values of the concentration of sulfate ion (SO.* )
and the total concentration of sulfur species (7-SO,> ) in mg dm .

Samplingdate  $O,2? T-SO,*? Samplingdate  $O,2? T-SO,*?
1966  4-Jul 5460 11790 1981 27-Jul 2050 5625
1967  11-Jul 4470 9890 1982 30-Dec 3120 4952
1968 4-Aug 4920 8730 1983  31-Jul 3350 4344
1969  28-Jul 4090 8980 1984 3-Aug 4040 3566
1970 22-Jul 3510 8240 1985 26-Jul 3390 3207
1971 29-Jul 3510 7730 1986 29-Jul 3170 3268
1972 28-Jul 2840 6720 1987  25-Jul 2860  ***2957
1973  23-Jul 2570 6047 1988 27-Jul 2390 2550
1974 29-Jul 2560 6210 1989 3-Aug 1900 2000
1975  25-Jul 2070 5522 1990 6-Aug 1660 1740
1976 2-Aug 2510 6302 1991  29-Jul 1800 **1845
1977 29-Jul 2520 6689 1992 29-Jul *2170 **2314
1978  27-Jul 2250 6747 1993 28-Jul *2210 ***3000
1979 31-Jul 2410 6559 1994 27-Jul  ****2600 ****3360
1980 29-Jul 2230 6348 1995 28-Jul  ****1790 ****2410

Sampling location: U-1 (see Figure 1)

# The data cited from Ossaka et al. (1997) except those in 1992 - 1995. The data

were obtained by ion chromatograph.

® The analytical data by gravimetric analysis preceded by oxidation of the sample
waters analyzed in the sampling year except those in 1989 - 1995 and 1987.

(Unpublished data)

* The revised data of Ossaka et al. (1997).
** Analyzed in 2003.

*** Analyzed in 2004.

**** Analyzed in 1995.
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NS 18D, 1984 FELIAETIZZ DEREEN I E A LT
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Takano and Watanuki (1990) 1T & 2 il 1 A > &R 13
SO, T, ANF A VA A& VIR OREED O L
TR 23 EIC & > TR, Fig. 317wy kL, C
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Fig. 3. Comparison of the analytical values between
this work (filled marks) and Takano and
Watanuki (1990) (open marks). @, SO,
(this work; ion chromatograph); l, T-SO.’
(this work; gravimetric analysis); O, SO~
(Takano and Watanuki, 1990); [], T-SO,*
(Takano and Watanuki, 1990; the sum of
concentrations of SO.*~, Si0¢*", SsO¢’  and
350527 as 80427).

Table 2.

Comparison of the concentration of SO,*” and T-SO,*  in mg dm ™~

Takano and Watanuki (1990) O¥R5E & THEEZK H As8[E—
DHDEHE L& T A (Table 2), HiZZEHHTE
W—EER Lz, 1982 4F 10 A 5 1983 4F 12 Alch
THERBLZSOOKESIBIKZZ DKL 03,
Takano (1987) ¥ & UF Takano and Watanuki (1990) Tl
1982 FEDIEBIBAAATIC 2T R Y F 4 VA 4 VB
(BAEENIE) DD LT\ T Eh D, R F4 VA A
VIREOEBERA B T ETHEOEATFHINARETH
LEfELTVA, ThiTHind 2 EEFF A iRk 72
SRR & CTRERA A 27 DIEEEEN S TS &
ns.

5. REABICEIIETBEELTEBA L+ VRED
R

Table 1 DHHHEICE VT, LHERER XKD O K
EEEI TSN EDTHBDITHL, Wik1 4
VIR DSE, PIHOBROKER T3 BKD» 59 E Tl
30FIC B LTV, B F4 Vg1 A4 v I3 ERIEA
FTIEd ZEELEITHEL D 5 EEbN 50, KNEH
WCIIALEBALFRTH O, FEICHKRE, L
W, WA A VSRS 5. TRbb R F A4 VERDSY
fRICE DL BRI A A vic kb, REEkEEh o
A A VIEEIIESL B AEEZ SN, & OO BUATR
B, TERLRE OERIC X 0 IAERE LR AR O R
R0, RETKRD 2 LHHREEMETT2EE525
N5, Lichs-> TRERED BRSO R ) 7 4 Vg
A4 VIEEAWET B EICBELDEGNRHEL LD E
FHasns., T oREKREIC LTI R E VT
AW 21T > 72fE R % Table 3 IZ/R

Table 3 7 5 (&, THlEEA A v =R O EREIE 1993 4F,
1995 FFE D i ATtk L ¢, 9 10 % @ 2004 1
1T e ER O F WS D ITEWMEEZ R LT D,
30 RERIIC R ) 7 4 Y ERO—EDSHRERIC R L 72

3

between our analytical values and the values cited from Takano and
Watanuki (1990) of the sample waters collected on the same date.

s lina dat This work Takano and Watanuki (1990)
amplin ate
ping S0Z? T-8072D SOZ 800  S.0% T-80.29
1966 4-Jul 5460 11790 5230 1240 1830 10784
1967  11-Jul 4470 9890 4180 1110 1670 9212
1979  31-Jul 2410 6559 3050 620 1380 6698
1982 30-Dec 3120 4952 2910 570 470 4767
1983  31-Jul 3350 4344 3160 170 440 4276

3 The data cited from Ossaka et al. (1997). The data were obtained by ion chromatograph.
® The analytical data by gravimetric analysis preceded by oxidation of the sample waters.

9 The sum of SO,* and S, 0> as SO,2.
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Table 3. Comparison of the concentrations of SO,*” and T-SO,* in
Yugama water between the analysis in 2004 and the former analysis.

LT EEE DERE £ ) F 4 VIR A 4 VIAERDHETE

S0,* /mg dm™ T-S0,% / mg dm™

Sampling date

2004  former ® Difference © /% 20049  former @ Difference ” /%
1967 11-Jul 5330 4470 +19.2 9368 9890 -5.3
1969 28-Jul 6110 4090 +49.4 8273 8980 -7.9
1973 23-Jul 3420 2570 +33.1 5849 6047 -3.3
1980 29-Jul 3960 2230 +77.6 6036 6348 -4.9
1993 28-Jul 2620 2210 +18.6 3066 3000 +2.2
1994 27-Jul 2920 2600 +12.3 3272 3360 -2.6
1995 28-Jul 2010 1790 +12.3 2398 2410 -0.5

139

3 9 Analyzed in 2004.

o Analyzed in 1993 (the samples between 1967 and 1993) or in 1995.

9(a)-b))/a)x 100
& Analyzed in the sampling year.
D(d)y-e))/d)x 100

Table 4. Comparison of the determined values of 7-SO,* in Yugama

water samples between the gravimetric analysis and ICP-AES.

Gravimetric analysis

ICP-AES *

Sampling date Label Concentration / mg dm™ Concentration / mg dm

1st 2nd 3rd 4th Average CV/% 1st 2nd 3rd Average CV /%
2004 1-Aug A 1468 1493 1556 1567 1521 3.2 1515 1366 1754 1545 127
2004 1-Aug B 1576 1556 1562 - 1565 0.7 1560 1639 1826 1675 8.2
2004 1-Aug C 1550 1601 1616 - 1589 22 1566 1421 1751 1579 105
2004 1-Aug D 1641 1650 1607 1602 1625 1.5 1493 1463 1677 1544 7.5
2004 1-Aug E 1509 1590 1563 - 1554 2.7 1473 1394 1619 1495 7.6

* Analyzed by purging the inside of the detector with N, gas.
CENRES NG, —, BMRIEEOLEITIE 30 RE FMHT 2 ENTE B,

Ak S N iziaEkTH - TH, FKYHEE EBEDOH
OB E OICZ IR EREBERED SNEh - T
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HR L& LTH, oA NRICHES 2 EEEK
OBLIER I B WL TN EEBBbEs N5 720, 26
PRIEE DN EIC 3EEE RSBV D EEZL LN
5. Fio, R)FA VBONFICK D ET B R L
BRI L TEE D, [RE LTRbN RIS
TEBGRETLABVEEZLSNG, KB HEER
FIBITAT » - TS RIS B0 C b TR IR & ik 1
T VIBELORICEREEESEDLONSE VS T L
13, BKYIRROESEHIKICISEHE S hizE% A5
EOMHBLIREOIELAY), TbbERY F4 Vi
A4 VYDBEFEL TV EWD T LT B,

B EOFERIZ, BRHKIT I A BB AR L
FHEAIT ) F A VA A v ORERABAEELTL
FOMREE LRI L TV B, LA LA S, FKEITHL
£0.025um DA v 757 4 vF—=TAHBLIHIKE
BHBEITD I - 12K & TRMBEERE CElIcEEE
DERD 5T, T MIKICE Fh 5 BB 5 D

6. ICP EIXDFTICL D EHEEREDSHT

CINFE TORRIC X SRIRIRE O STiERY, 5%
KDL DZELICB W TEESEEO VD E>TH
HTERASHhTHE. LrLENS, B{LEEER
FEOMEE %M 5 2HREERIREE O 0 Tk 3R ES P P
i cH D, bAEEOSITEITb kD ONE. IIT
O LR EEOERZ, WkTIcEE T 2me ks
YaBERHBIEEAHETH B0, TEMITHD
ICP %540 (ICP-AES) 4 W C &FiiEEE 2 fEE R
CEERTENETBVAIHRENRRE L 5D, TN T
JEAS KR EiI8{Ld 5 C EATAIRETH 5. £ T THA
I —BFTEMD @ SPS7700 % ICP Fo e ratic
T 181.966 nm D /TR % Fl W TGk © 2 it tg
BEOERLRS I, OB, BZERAEOKETlEZE
KU OEEIRIC X 2 FROWINPAEL 5 7w, HEED/HE
B LU AER N X TESRL .

Table 4 I [FER{LALERRL D EE &k & ICP-AES I & A1
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