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Vanadium Content of the Acid Hot Springs in Japan. I.

Tadashi ARAKI

Department of Chemistry, Faculty of Science, Tokyo Metropolitan University

An analysis of 68 samples of waters collected from the acid springs of Tamagawa in
Akita Prefecture, Kusatsu, Kagusa and Manza in Gumma Prefecture, and Tateyama-
jigokudani in Toyama Prefecture from 1955 to 1956, was carried out. Vanadium in the
water samples was determined by the colorimetric method, after it was extracted by a
n-benzoyl-n-phenyl-hydroxylamine—CHCIs solution. The vanadium contents of the hot
spring waters were as follows: Tamagawa, 0.013-0.48 mg//; Kusatsu 0.07-0.20 mg/!/; Kagusa,
1.07-1.27 mg/l; Manza, 0.001-0.51 mg/l; Tateyama-jigokudani, 0.008-1.14 mg/!.

The vanadium content of Yugama, acid crater lake of Volcano Shirane which showed
0.7 pH, was 0.67 mg/l. It was found that the vanadium content of water remarkably in-
creases as pH-value decreases below 2.0. Moreover, between vanadium and chloride con-
tents, and between vanadium and sulfate contents exist linear relationships. Also linear
relationships are between vanadium and iron contents, and between vanadium and alu-
minum contents. Therefore, it is reasonable to to suppose that vanadium, iron and
aluminum in the hot spring waters derived from rocks by the reaction between acid
solution containing hydrochloric acid and sulfuric acid, and its surrounding rocks, during
its ascent to the surface.
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UL, pH ZH@EETHIE L.

AP T KOSHEE, 3k Sandell? Ik B ) v X LT AT VEREIC X B EESEH S
Mic, ZOHFEEZRFRKOBEICERT 3 LEEXP RV EMETH S, 22 TE#Ex Priva-
darshini 35 X ¢ Tandon,® KX Ryan® 12k 3, N-RuUVAAVN-T o=t Ry
v (BUF BPA LEE3) EegALE

bbb 100~200ml DOERAKERFEIC LY, DEOREBEE ML, HERARKAET LR
FLUTRIET S, #kEmz, WH Ly A BE 2035, ABESWEASCL Y, Bery
VIR Y U ARIRER T LT, $RUAF YUY Ak F T Fe(lll), V(V) @b+ s. Fic
WREMA T, WRRENRIM 225 X5 CHEiT5. 2hic 0.1% BPA-7 v vk L AWK
10ml 2z <, 18MIKIE|YESE, AFPTre vk LaABIRMET3. KEiX 5ml
D7 wmaFRV AT 2EBES L, oML S, HER»0LEFERC 20ml L,
HEETRo/, ZOROMHEREREE2E L, 530my BB KESHT 5. WEIIZEY
B FPW-AZDEERER 2, S50 UDER LIBRER® S ST O Y AEEES RO,
7z Fe, Al, Cl, SO, 22 TRKRD LD hFETER L.

Fe, L10-7 = vz2w ) v&ERT3HaEERE LR

Al, 7= M FRFKEER L ARBELE LTI Lic 7 A BE R BT vE=7K
EA T Fe** tihic kb orbiEE o< v, EREET Fe,0p L ALO; ofuizkd, “h
XY Fe,0p 2EFTRkDTZ,

Cl, =— itk VER L.

SOy, BRMERIE BIFALAY 7 stk b BaSO, DOwlz >< WV EOE WL DR EREE, &
B O IEEY By TER L.

BRRUEBE

BONIBRAKD ATV Y LEFRE—FLTE 1~3 1WRY. EHBNRRIC BT,
EEJIFROFHERCFE T AT U EOBROSIHER LR 2 1B 7.

1. ZNEERSLUVZOHEDRR

E)IRERFER A O ZERE LTI 60 Tv5, ZOERT, BEBEEZEL,
ELLER, FBCEATCS, APy AgEE, v#EJIEER 0.48meg/l, K 0.40mg/l,
ANE 0.45mgfl, BEMULRIVETHS., L LEJIRRACECTLREL Y EfROEL
MIREF SR, BEBcEOKE pH2.0, A5Y ¥ 4585 0.21mg/l 2R L, s /S0,
— AR R pH 3.0, ZKDEi: pH2.4~2.8 34725, M bk s Omg/l ThH Y,
R A EDKTH B2, NF YU A8, BiEik 0.02~0.04mg/l, %1% 0.018~0.044 mg/l
EORTICEE v,

2. ERERRUEEERR

FERRE, BRUFEZORRT X, pHIONE K, R, B LELLELTYS
RTHLN TS, ATV v aERER, 1.02~1.2Tmg/l 27RL, EJIRREE LOSAIER
CAEY 5. EHRRAONRROFUR, B pH 1.9, HE, FRicEL s, ~F Vv aEE0.20
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# 1 FJINEREFEOE O FET OIRRO{LEFK
o _ Q
# B %%m@)% B‘ Twec| pH | Fe | A Vo i | oel
IR R OKR 1%/1966.11. 4 98.0| 1.2 89.6 | 151 0.40 3074 | 1158
/N b " 97.5| 1.2 102 180 0.45 3438 | 1312
e 1R R " 96.0 | 1.2 80.4 | 148 0.39 2664 | 1135
" 11957.11.24 1.2 101 130 0.48 2830 | 1512
m o H1955.11.13 1.2 96.4 | 147 0.41 2822 | 1478
WA 79 {1)1961.10.17 1.3 20.1| 86.5| 0.12 3500
oAb W " 36.2| 1.8 29.8| 70.0| 0.13 2300
e 7% 1966.11. 4 33.2| 1.6 37.5| 62.8| 0.15 1250 539
BRE BN " 82.8| 2.0 17.4 0.21 ~0 | 5271
A #£201961.10.17) 50.8 | 2.1 1.0 6.3 | 0.020 516
% 4B HHE R No. 1 1966.11. 5/ 97.5| 3.0 4.2 0.040 ~0 592
2 RER)|. 65.0 | 3.0 9.6 0.013
# 0o B No. 1 1961.10.18 90.8| 2.5 85| 16.5| 0.018 220
2 |1966.11. 5 88.5| 2.4 9.0 0.032
3 " 89.0 | 2.8 9.0 0.044 ~0
FONE R 1966.11. 6| 43.0| 2.6 1.9 0.007 32
T ruaERF+H~ P ” 98.0 | 8.4 <0.1 0.014 299 119
& IR R " 98.2 | 8.5 <0.1 <0.001 306
B OEE R " 47.5| 8.4 <0.1 <0.001 80
£ 2-1 EERRKUE ORI ORRO{LFRRS
# # ke Tv Cl B | 08 | by | g | men | med
e S o (1964, 8,12 67.0| 1.9 20.8 | 131 0.16 640 | 1520
s bl P 66.5| 1.9 21.2 | 138 0.20 622 | 1442
R o 38 [1964. 8.13  65.0 | 2.0 22.0 | 144 0.15 622 | 1470
B KR BE 1964, 8.120 50.0| 2.0 21.9 | 149 0.17 508 | 1206
8 DR 36 ” 31.2| 2.1 15.5 74.4 | 0.070 231 579
! " 62.1| 1.9 18.1 | 116 0.20 492 | 1412
EARILES 1964. 8.14 27.2| 0.7 | 166 421 0.67 4768 | 4297
FEE R =8 1964. 8.13 52.0 | 1.6 | 323 569 1.07 3128 | 3394
= " 64.0| 1.6 | 304 521 1.02 2894 | 3624
10 &= ” 63.0| 1.4 |381 640 1.27 4005 | 2812
JoE B R = 1964, 8.11] 72.0| 7.5 0.037| tr. 0.004 322 616
e o5 B ” 66.0| 7.5 0.030, ~ 0.002 322 612
N s SR " 35.1| 8.3 0.045 0.001 13| 1055
oo B ” 33.0 | 8.3 0.022 0.002 47 | 1425
wbEGES B FF fF |1964. 8.12 54.0 | 7.4 0.030, 0.002 249 690
R R EREsT v p 47.0| 7.8 0.016 # 0.001 224 510
JES T IR SR " 51.0| 7.3 0.045 » 0.002 121 402
BoYRRE B R H " 71.4 | 8.2 0.052 0.001 247 518
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S B AmAE|Twec| | e, 1 AL Vo Sl e

77 OEEE R Ok 3 [1964. 8.14) 67.0 | 2.3 17.3 39.3 0.065} 156 | 1031
A o) " 87.0| 2.6 1.90| 21.0| 0.025 197 780

e 0B " 58.0 | 2.3 5.18 | 37.1| 0.049 146 828

ral- 4 " 8.0 7.3 1.10 tr. |<0.001 186

ERITEE " 93.5| 2.6 | 175 162 0.51 35| 3267

z i " 1.4 14.5 | 220 0.40 1080 | 4386

L] " 4.3 0.97 | 9.3 | 0.004 139 439

Y77 R IR ” 57.5| 3.0 0.58| 9.9 | 0.005 85 395

= 3 SEIUHERE DIEIR ORI

|
#® 8 | B%mkEsa Twee| om | Fe | ALV L S| e
ST LT HERRA 3 1936.10.16\‘ 91.3| 2.2 9.2 33 0.035 | ~0 784
” 5 " 67.0 | 2.1 36.8 0.11 | ~0 2402
” 6 " 91.3| 0.7 68.6 840 0.57 | 12340 1314
” 7 " 8.7 0.7 63.1 697 0.65 | 10840 1192
” 8 " 80.3| 2.0 27.9 0.11 17 1960
” 9 ” 88.4| 1.9 8.8 0.0357 116 1315
" 10 " 78.9. [ 19 12.0 80 0.083 314 1178
” 11 " 90.0 | 2.0 4.8 0.083 5.4 1248
” 12 ” 90.0| 2.4 0.9 0.051 333 382
" 13 ” 82.0| 2.5 1.6 24 0.027 37 148
” 14 ” 90.7 | 2.4 4.1 0.008 79 488
" 15 ” 48.2 | 2.4 2.0 0.009 7.3 340
" 16 " 91.0 | 2.4 6.4 0.034 8.0 508
" 19 " 72.0| 2.1 8.0 251 0.032 7.5 900
" 22 " 58.0| 3.3 0.3 0.028 150
" 23 ” 88.4| 2.2 3.0 0.021 812
" 25 11936.10.17 59.0 1.2 241 712 1.14 5273 2958
" 26 ” 38.6| 1.2 208 567 1.10 4420 2533
” 27 " 28.2| 1.8 9.3 128 0.15 328 1600
" 28 4 46.8| 1.8 14.6 115 0.099 162 1812
” 30 " 76.3| 1.8 b 0.065 413 1351
” 31 " 63.2 | 1.7 33.5 821 0.066 - 3381 2021
" 32 " 29.0| 2.1 22.3 011 440 560

mg/l Z7RL, EEEREL LTRELRKEVETSHS 23, BJER, FEERI VISV, %
EBUEOBELSOKE, pHO.7 2R, FELIER, MBICEALTYS2, ZOKDAST
U agER 0.67mg/l T, ALPREFEERI VRS,
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3. A E B R

Zemsix, pH 1.4, Cl 1083mg/l, SO, 4386mg/l #>17 L, ELHER, WHRICEL TS,
ZOFEBOAF YT AERIT 040mg/l TH B, FoAWIEEE L, EiERT pH 2.6, C135
mg/l, SO, 3267mg/l % RTHAERBAEDORRTH B, TOAFV T AERIT 0.51
mg/l T, FHEEETREBHEEZTR L., LRALIASOEE, EEERE IV KREL, FJIESR
LEYELL, FERERI VIS, TERRORIRHFERETH 55T, pH 2.6, Cl 197
mg/l, SO, 780mg/l T, W, FMOEGEIZERER I VX PPy, BFEERI,
FHLLBifbkFEICE T (HS 500mgfl) ek ismbhTws, pH 1T 3.0 27RL, R,
BEEDRL, A FY U LAEED 0.006mg/l CHid T

2 BERIERIEOEZE) IR o o, W7 AB VERBRRALNE A, ThdD
NPy aERF, 0.001~0.004 mg/l T, BER L VEL NS CAEREL MR 577,

4. rilbEARR

SEHHIRRR R R I, ZSROBERAEETS. ZhiZ oML TEET, pH X 0.7~3.0 T4
5. AELPT, No. 6,7, 25, 26 13IEEE, FRIMRICELHBMBMRT, NFU Y LAREIL, *
LR 0.57mg/l, 0.65mg/l, 1.14mg/l, 1.10mg/l Tk - T, MOEEITH_B LEL LK
T, EEBBESELR, RBAECERLEOPRONS. ThAbEMh L pH X
2 IYVREL, NIV T LAERLEEPICOE,

RNFVY LE, 2~ EORFME &Y, WM ATRETEL LTl abhTns, A
T LBREEOWEEREF> T2 b, HHIHEL D b, BERCT L h JHEOERIC

mg /1
1.2}
1.0
v  0.8F
DSEJQ?E%E&
:H:: _ELji\ {/\
0.6 VS o
o TIEME
&7 LR A TR
0.4
0.2+
0.0 oo =
0 4 5 6 7 8

pH
X 1. ERAKD pH & V 2 olG%
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mg /1
1.5f¢
o
1.0
v
o FJEIR
Ogéfﬂuri
0.5 e 73‘@2{51)}1 .
: A S HIER AR
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o FFHER
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BEPRECZ RTINS,

SEFRE LICBROSET OV TERTIE, EFE2 BIUR 1 X9, AFO v LR
BEERERME, THERKOB/T AN VERIV S, BREBEROEFN IS PICREVE LB3S5,
BRI pH 22 2 XD QNS RBIEHE, AN PP U AERBITAMICHERTE 2 2 BH LM TR
<371_

WICTRMEEIRIZB T 2TV T A L@ e OfRER 2 IR L, AFP 7L LEE ORI,
RIEFCBCCTEDCEMMBRERI TS, 7250 pH 23 2 X W K& 1318w ORI

mg 1
1.0
V [}
0.1F & 2
o
o o
0.04 10 100 1000 Too00 &1
cl
X 4. EEEESREKTO V & Cl E o
mg, 1
1.0
.
0.1k
[e]
0.01 ! mg 1
100 1000 10000

SCM
5. BRMEESRKTO V& S04 & o
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N3, EEAFOULALTAI=VALOMOBKRER 3 T L, TOHED, MILHRE
No. 6, 7, 31 #flk&+hiT, SOBA LFE BL 2 EOERERPKILT S Z LBRD L
nz. 4 V/Fe kU V/Al hoRHEEZRD S &, Theh 3.5x107%, 1.7X107° TH -
iz,

SEIFE Lo, R TZILEIHETH 5. EJINESMHE TR L I ZILAIC >
W, Si0,, Fe, V mE&GITL, & 4 OREIPHELNI.

% 4 EJIERHBE LIS OSHTE (%)

Rk SiOe \Fe (Total)l A | v

0.08 58.99 \ 4.70 \ 9.32 ‘ 0.015

ZoERED ViFe ERG V/AL Bz, zhzh 32x107%, 1.6x107° Thote, 4RicZ
ETEIED VIFe kRO V/Al b fiFEs €5 LT, Zh b OERRIERRAD V/Fe
W, V/AL BiziEv. 37 5—2%%E Hv V/Fe i, V/Al lbaRw 2 &, wiER 3.2X
1073, 483513 2.0x107% L7 Y. Zi b OMEIXERTER OEICHRD TV .

KICAF VY b LIEZOROBGEEE 4 17T, HERSE 100mg/l PUT OWERIIHIR#
PEDELETH B H LRI IE, oA CECEBERSESI TS, £ ATV Y L LHERO
BGEEE 5 iRd. - oEak SO, SEMTh b 100mg/l LLETH 225, FERSHENT
E, ATV T ALY sz L BPERICED O RS,

o rix, EBRRORRIC X - THRBMEY 2T 280Kk, BEOEAEEML, STYY
MEChD OBIBROEAICHTAEMIC X - TaAP DIEH L b LERE S,
BRUOTAI =T AL AF VY A LECHEZRTZ LEEETILE, b DI b HEER,
MR OBAEICT 2B Lo THEH L LR TH S D,

wyiz, TOWMERTEICYY, KL OMIEER Ve Y, REENLREEE, B
AE=HEEIRICE #ALE L ET 5.
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