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Behavior of Arsenic in Yukawa River of the Kusatsu
Hot Spring Resource Area, Gunma Prefecture, Japan
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Abstract

Concentrations of trivalent inorganic arsenic and pentavalent inorganic arsenic dis-
solved in hot spring and river waters in the Kusatsu hot spring area, Gunma, Japan were
determined to discuss the influence of the river water neutralization system working in
the area on the mobility of arsenic originated from the hot springs. The water of Yukawa
River, into which the hot springs in the Kusatsu spa resort flow, contained a remarkable
amount of pentavalent arsenic. By contrast, the dissolved arsenic in the hot springs was
mostly trivalent arsenic just after the hot spring gushed out. These observations indicate
that trivalent arsenic originated from the hot springs was gradually oxidized to penta-
valent arsenic as the river flowed down. Pentavalent arsenic in the river was almost com-
pletely coprecipitated probably with ferric hydroxide as neutralization products after the
river water was subjected to the neutralization treatment. The remaining arsenic, mostly
trivalent arsenic, having escaped the coprecipitation, was oxidized to pentavalent arsenic
with the water flowing down, and eventually adsorbed on neutralization products.

Key words : arsenic, river water neutralization system, Kusatsu hot spring, suspended
substances, pyrrolidinedithiocarbamate
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2HIE Lz, ARAEOEBAI X 2 E]JIPFIEESTTON TV S0, HIKFLEOEARKICIE
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W L, 0P ITRBREN SBT3 C EhvRa Nz, HIBOMIIKICE N BIALFRED b
FRFIFFE As () OATHED, TD As () dLIHOEINDF FicfE->T As (V) ~NEER
(LB, BARENTBZDIEEA EDBTFIESYINEIR 0 IAEN, HREEEL L. Tkb
B, WO TICED As (D 25 As (V) ~NOIERED, EHFT 5 b BORIIEREICEH
HLTwAZEARLTWS,
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HEREARROFEFIROO Lo, HRILERTIE, 1980 FACEE S 1990 AT T
TR L BEENAEIC R L (Kikawada et al,, 2004 ; KJIH S, 2006), BIIEDEF L BT
1980 FERPIDITER T 7 S SIEDFHEE L1 > TWE, ZOFMRILRR GERREROPTHRADHE
HeErRL, 40 v Y PIEO e /FIRAKE & b icBEEFc s Tcw s CRIINES, 2006 ;
Kikawada et al., 2008b). JFELFER%EZ I U &3 2 FAREROMEHELICEH T 2 FROE
&, RAAERK, FERERORES I E SIRRETOERNZGINICED SN0, FRHED
EREFENEN LT RREBNSEIh TV S, BEEROMET 2 HFRARIIEETE, &I, &
RN, KIRJDSENIKR AR L TR0, Aol btk ORIk 2 W IZFEKDRAD 125
KR TH . ToOBIIKRIZELIGEE I K BEEIERHPEEONR L >TVWE, 0
PN OER, BIEZRN 2 ERERO £ #id, PRAERIICRE L, TORENTROSAKS
LTHIFIAERI & & bIicHEREd 5 (Kikawada et al., 2008b).
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Z DD PEFEGIMERICRBS N RREITENT 2HERTH S EAMEE > TV 5,

AT OFE S ERIKEFIC KRS © T pH 2RIE Lz, T 22m)Ikog5E, KR koxvy 5y
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D F A AN 3 VEBEILIEE (PDC LD % Bk A0 s L 72,
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Fig. 1 Map of the river system around the Kusatsu hot spring area with sampling locations.
Sampling locations are marked with closed circles for hot springs and open circles for
river waters. Neutralization points are marked with stars.
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VTS VT 4 vy —TlERL, B E T OUERE TN TN IR > TUIBROSTICHE L e, TRE
IO e ZRBED» S As (ID B, Fio, EROeRBEED S As (V) BEXZThZT KD
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ThHb., INREFHEEICHE TS Fe (1) & Fe () &DEEHEBEHTH 5. —F, LG
ERBEEE ECEE, TRIWERPEFRIICEV ERRBEEZRL, FERSMICEROEEEOSR
HASRICERE SICH~6EEVEREEEZAE LTV 5, JTRELHERIGEAR R OFER O TH
HEPRGZ L, COHIROFIINCHHE SN 2 FURERO e R0 13 & A EDFEENNICTTABLIFRH
kTdh 2% (Kikawada et al., 2008a, b).

3.2 BIDAEESR
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DRSS N TV AHIETH S, Table l ZRTH2EEED, OHEOBEINIARENIC T RELE
RBKkzDbDTHS, 2L, TRILFRTREEFZOLTH As (I THEHDITXHL, [WEEH]
Tld As (V) PHAEESEINTED, BHE (WEEH] ~EFET Z2ETOMIC As () O
EDsEEFT LTV B C LR S NS, FEIREIC, #kITBWVW TS Fe (1) 75 Fe (I ~OR{LAGED
YR

Z 0%, BINBIRREROEHLERNL T O 1555, BEEASHFRZ 1 U &4 2o FRK E
BRED S DBREEEAR D AA THIHENEEST Z, O, b REEOSOHRILERKAN, t
FZOBEEDERVEREOFERBKICEDFHERENS T &It b, HRIMSERTO [ KEDOER (Y2)
TORBEFERBEE 1~2mg/L Th 35, ZOEIFTARILERKD [0 5 ] O e RBEOHK
D1 THS. Lyl, MHidulciiAT

5 B EREFE R ICENNERESRETH 10 9 — . 2

fter

5. SEIOSTHER» S’ [WaEH] & , 8r i neutralization T
[KiEDEE | &£ T, As (V) & As (ID), B 2 6 s Bre 1, 2
LU Fe (D) & Fe (ID) OEFIIEHS A o 4f : o P
EOERBILETET, ‘]ﬂ“l@‘]ﬁ?b:ﬁf’) = 2._ Eeelfj?rraelization i 'AS =
7o As (I) & Fe (I OFRAILIZEAETIZ 0 ] o 0
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0.2~03mg/L &7 b, HPRIFHTENTRE
RO DR 5N B (Fig. 2a). &EF
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Lt Tdh s, b, FIKICREY 5% . .
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Fig. 2 The plots of (a) concentrations of iron (open cir-

IREEHTHI10% DL EMEENE T &2
T TICIH L ITE - T A (Kikawada et
al., 2008b). il OEF £ R IEHH S i

cle) and arsenic (closed circle), (b) molar propor-
tions of Fe (lll) (open circle) and As (V) (closed cir-
cle) to 7-Fe and T-As, respectively, and (c) pH in
Yukawa River waters before and after neutralization.
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As (ID) BEEMTH Y, As (V) F LD LTOE T E0S (Fig. 2b), HHIERYICIE As
(V) DSERENCH AT N TV S b D SN 5. [HEHE ] TOBRMERDHIRITIE, HRIF O
ANTEBHNV Yy AREEO LR E, TRIIEBIOERICE 2 7V 3 =9 A% X UEHEE ORDHEA
BcENTED, BETH81EEF Fe (1) OATHB I 05 Fe (D) »KEELY) (&Y %
HEURER SN S (Fig. 2b). #kD A F IKER{ILYIA As (V) DA FVERZWET 5 EI3LLA
5NTHY (fz& 213, Pierce and Moore, 1982), L7:73-> T, HFNC L DA U7 Fe () DO/KER
(LD T As (V) ZHIESHTVWEEZEZONS. T As (D 75 As (V) ~NZE
SIEB(LIZW > D ELcbDTHEH, Fe (1) MBEA LA, Fe (D ~OZEXH{LE Fe
(D) KEEALI DA As (T D As (V) ~OEALZ(EHET 5 T EBFERIICHE,P D SN THED
(FH S, 2004), DX 57 v 20EIKQ» S0 e ROREE XD IRNITIT>T0WE 50
EbEAONS.

FRIBOBINNEE SR FL, WA 2B THRRI, KRINEEGHRT 5. BIOLAKS L~
DOWMALICH 725 AR YO T, SFFeREZER 01mg/L 2 TFEY, FAKRYLICHAT
ZENIKICIIBFEREO L ZIZIEEAEGTN TV L, As (V) & As (I OEFEERS &, &
FREEREDLDTEVDDOD As (D) HEEHI &7 > T 0 (Figs 2a, 2b), [HEHE] 25 [ FARKE]
NEFRTT2EET, IAEREE L TEEL TV As (I MERAIC As (V) ~ERbxh, oofn
HEBINCE T 5 C ETRIIDKP OB E RBEZ—EBE FSETVLEbDLEEZL SN 5.
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BEBIRE AR R OJRRKE X OJRRKBRAT 2B OBFEREEAE As (DD & As (V) &
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TERIKDSG 8, T N9 28T As (I O—&BAs As (V) IZifbxh, BIomJIKTiE As (V)
DIFEFENICIEING 5. B)IlCldBREF I FIREEIc X 2 GIKFIIC X 213 Thb T D, As
(V) AN B D A E M 5 C & CRBRENEBITT 5. Tl As (V) ZHD5A
LR Z M, Fe (D OKBIIITH 2 EEZ SN D, FHKROBINCEBIRGET 2/ DED As (T
3, IFEEBITAs (V) ~NERfbEsN 2 & TRBR TICH AT NS b &R Sn, dfIFiic
13 1~2mg/L Th - 125 || D7 b ZRREE T RAXNIC 0.l mg/L 2 T {HICE TR T35, 0
&, FEREED £ DI EA EDRIEINTEPRIESYNICH D AZ N, BIOFEKRP A S A
ICihESH 5 W IdHERE T 5 2 L2 EIRT 5.
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FEGERIA 7 2 K EE TR I B HERIC S - 7o, BARSALICE LB L i £ 4.
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