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Arsenic Content of the Hot Spring Waters in Narugo and Onikobe
Districts, Miyagi Prefecture

By Kimio NogUCHI and Ryozo NAKAGAWA

Department of Chemistry, Faculty of Science,
Tokyo Metropolitan University

Forty-seven samples of hot spring waters were collected from Narugo and Onikobe
districts in 1966, 1967 and 1968, and analyzed for arsenic, boric acid, chloride, sulfate and
hydrogen sulfide. The highest values of temperature and chemical components of the
waters were as follows: Temperature 100°C, pH-value 9.8 (the lowest value 2.3), arsenic
1.62 mg/l, HBO, 97.6 mg/!, C1~ 1050 mg/!, SO2~ 1108 mg/l and H,S 105 mg//.

Arsenic was high in the alkaline waters and the acid waters which contained much
hydrochloric acid, but low in the acid waters which contained much sulfuric acid. The
waters from Baba, Onishi and Kanshichi Springs were distinctly high in arsenic. These
waters were rich in methane and other organic substances. It is possible that arsenic
might be derived with organic matters from the sedimentary rocks through which thermal
water ascended. By the HBO,/Cl ratio, the thermal waters in Narugo and Onikobe
districts were classified into three groups, Nakayama, Narugo and Onikobe Hot Springs.
As for the formation mechanism of acid waters in Narugo, the following explanation
might be possible: The thermal water from the greater depths are alkaline and rich in
chloride, arsenic, boric acid and hydrogen sulfide. When these alkaline waters ascend
near surface, and boil due to the diminishing pressure, part of the water changes to
steam and part of it remains in a liquid state. Hydrogen sulfide partly evaporated from
the solution and oxidized on contact with air to sulfuric acid. By dissolution of sulfuric
acid in shallow ground water, an acid solution may be formed. Acid waters of Megama
Ogama in Onikobe are richer in hydrochloric acid than sulfuric acid, and also richer in
arsenic and boric acid. These waters are believed to emerge from greater depths and,
for that reason, quite different from those acid spring waters in Narugo and from the
acid water of Katanuma Lake.
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1) BEENEICX 1 EE OREAKSIEER LI 1/10 B HKEREER 26 H Lic

2) pH WIBICIBMClEREZERMA L.

3) CI~ iatklk & Hittic L% Mohr {5 CER Lz, fH LK ORiLKE 2D IC BT,
)

4) SOL OMEICIERMEIC LTHEAY v Az, SO2 % BaSOs & LCbE+¥T
%, ThesRLEEECTERE L.

5 H,S ofilRicikstblks 100m! OB e ARkEdnk 5EELTL Y, REE
BRI AEMz, HSS 2Rkl FI v AL LTEELTH, TATERE~ELRY, 37
FEHEETHILKEEER& L.

6) FAUBOREICEYr=y MEERALK.

7) Ca BXO Mg nafi: EDTABEEICX VR,

8) Na BIU K BRIESIEC LV ER L.

9) bREOSIHEE, T TESKOEZEN O0pg UTLhsL5ERKEZLED, ZhIT
BRI MR E Mz 7 =T K1) ZHMTLTHTAD UL 2L, KEBMLFE SO
oL %, O, KkbhorZEREECIhEHETSE. ZOWREEAHL, TEHELTHE 6N
EREZ Nz TREBCERE LY S, RICZhEREBEY 722t Ah, Wk 2g 2Nz, —&
BOERBT Y 7 2RWIEE I vEO I VLI ) U ABEROA S ZRINE L TIE 7T 2 =
ERET S, eERKR e kFEL Y, KRLEXCRET S, vILKFEORBEI K STED
BRNE c—FERDOEY 77V B—t FIVUVREEML, BREROEHEBT MV U A&z T
BHoTwbavRERFETLTREEALAT, RKIZZhE ISHEAKB ETED TRAESES,
THERHBA 275 22t A, REKT—ERLAELEE S0my # TR HEE
Bl ZOFECI 2 eHEOERERER 10 UTThok.

II. SiEREIVEDEER

BIEREREYE 1 FRT. FISEERIC W TAKIER 72.0~99.0°C, pH 5.1~9.3, H,S 0~
37 mg/l, ClI- 2.0~109 mg/l, SO 14~82 mg/l, As 0.074~0.31mg/l # X' HBO, 0.5~
2mgll PEBNT, BEOERERSTHHLELLNTSHEE, vHE, SVBCEET
NITE2RBIOE3IRIcRTEY Cl & HBO,, Cl & As ofic, $5 X FIEDHEBEMNE
oM, TOZLFPLRICEL T, Y, vk, AVBICECHED R —DEKICH
TAPBETHZLICE->T, FREKDBERENDZEERTLOTHS, EAIEHEL
TV BIETEAR T V0% L R BREFEOE L 2T 5 &, BiE KR 76.0°C, pH 5.1 Z7R
TR 2 mg/l THITKDOfEE KEAL, eRERVSVBOGE LDV, HEFIX99°C
R LD CHRIRTH 21328k, v#, sUvE, EKBCEATYS. o THIFC
B TIEITETR» S LR T 3BEOBKIE 7T H VT, HibKSE, ik, sV, vk
CEH, T OKEFESHBRAET ~LERA LI BEEAOKTIC X W KZ—KER LY, TV
BV HEOBGKR OREKTE, ©FE, RUVBRELZO—MERKk» LEMLTERL, ZhbR
HWTAKEBAL TELRBRKPBFRATLVOGETH S LGS 5.

B FIETEHIR DR S I oV TikkiR 32.6~100°C, pH 2.3~9.8, H,S 0~105 mg//, CI-
23~690 mg/l, SO.2~ 54~1108 mg/l, As 0.030~0.80 mg/l ¥ k0t HBO, 4.0~98 mg/l Z»
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No. Locality Date T°C pH rl;lljl r?llg/l Sn?éjl rﬁgs/l I;In]?éc/)f
1 Pl gk s 5 o 1968, 1, 24 76.0 5.1 9.9 2 18 0.074 0.5
2 ro R BR R OE " 99.0 8.4 17.6 109 82 0.31  42.0
3 ” BOH R -1 ” 99.0 9.3 37.1 64 54 0.22 24.8
4 ” ” -2 ” 99.0 8.5 32.0 30 58 0.086 5.9
5 ” 1l = g " 94.0 8.7 10.2 37 41 0.10 10.4
6 ” 2 ) B ” 72.0 8.4 0 7 14 0.12 0.5
7 " o /N 1 " 82.0 8.4 0 8 14 0.11 0.6
8 ;%Eéé’ WO -1 1968, 1,25 41.2 2.4 26.9 23 806 0.10 4.0
9 ” " -2 1966, 9, 3 44.6 2.3 75 49 1043 0.080 14.0
10 ” W E E-l ” 95.0 9.1 &9 608 836 0.68 86.2
11 ” ” -2 ” 9.5 9.5 75 565 869 0.80 75.8
12 ” ” -3 ” 93.0 8.0 105 210 379 0.11 25.9
13 ” e 0 xR ” 89.0 9.8 89 398 732 0.23 55.8
14 ” B x50 ” 44.4 2.3 5.6 108 1108 0.13 19.6
15 ” R -1 1966, 9, 4 99.0 9.3 2.9 630 388 0.27 90.6
16 ” ” -2 ” 51.0 3.4 80 112, 561 0.074 17.8
17 ” ” -3 1968, 1, 26 36.0 3.2 24.5 69 328 0.096 8.6
18 " % E-1196, 9, 4 97.2 87 20 500 284 0.20 72.0
19 ” ” -2 ” 72.0 7.0 82 430 469 0.16 69.3

20 ” W & 5 v 1968, 1, 26 72.0 6.4  86.9 402 866 0.24 78.4

21 ” =R o %-119%6, 9, 4 78.0 6.5 28 114 896 0.030 19.6

22 ” ” -2 ” 32.6 3.8 0 26 54 0.060 9.6

23 ” M o ¥ 197, 6, 2 99.0 8.2 13.8 511 784 0.20 63.6

24 ” WALKIET43ks 1968, 1, 28 68.2 8.9 20.8 441 912 0.23 89.4

25 " b = % 1966, 9, 4 100 8.0 0 690 574 0.35 97.6

26 ” & B Jk AF 1968, 1, 28 94.0 8.6 2.9 279 558 0.082 58.9

27 s BT E R ,/ 64.0 5.8 0.5 92 595 0.076 9.4
28 =) B 1967, 6, 2 14.6 1.9 5 1011 0.005 0.5

29 R B OB r 1968, 1, 27 86.0 9.0 4.5 293 426 0.096 56.4

30 ” W ot ik 8F ” 50.0 6.5 2.9 47 5 0.65 6.1

31 | P oHE P OE R " 52.0 6.4 3.5 51 10 0.25 7.0

32 ” B OR Kk f8 ” 7250 &.7 5.8 41 44 0.25 73

33 oo R R ” 66.5 6.9 0.5 74 292 0.12 8.8

34 B % B B " 51.0 6.7 0 48 8 1.43 6.6

35 K H R OB ” 48.5 6.8 0.5 16 25 1.62 2.6

36 JII ¥ EH K S fiF 1958, 1,26 57.0 7.3 15.4 29 124 0.13 5.2

37 ” =5 & J=xy ” 5332 »7.3 14.1 30 137 0.11 4.7

38 ” o % P ” 51.0 7.3 8.0 30 31 0.094 4.3

39 ” HE ## =3 ” 47.0 7.4 12.5 40 35 0.16 5.6

40 ” B oA K & ” 57.2,-7.3 8.0 31 118 0.11 5.2

41 ” WO ik £ " 50.0 7.3 12.5 31 115 0.10 5.2

42 B ¥ SR KR 196, 9, 5 81.0 8.4 0 428 83 0.25 28.8

43 o R R R OB " 99.0 8.1 0 480 77 0.30 42.2

44 v OR DB " 98.5 8.0 0 = 348 57 QL 5 E31L

45 " 4 BEE-1 ” 94.0 3.0 0 531 348 0.80 30.6
46 ” ” -2 ” 99.0 2.4 0 890 592 1.33 52.0
47 ” ” -3 1967, 6, 2 89.0 2.5 0 960 595 1.42 53.3
48 " ” 95.0 2.6 0 1050 629 1.26 55.0
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BB, BELE 20 BROS L6 FERABERTH 7. 72 Cl & HBO, Cl &
As LoBRERT 3 LE2, SRICTRTM< AICEOERBERARLT 5. HL, EER®
Bt As b Cl LoEHEFKREI Y LR Wll~FE- T3, ZOREIAHTHS. Pl
SEOER RS 280k, As/Cli, CI/HBO, At osvkozh b3R5, £t
#EI1IRCBCTHEEIE m OBEHCBEHT2EOE LEEROB L 2T 5 L, AiHEL
BRIRME AR T AVKIEIE S, B, vEHE, AUBICZ L. BEIBT AL VEERL, K
EERED THE L, KOWECZEE L, KEROESIC X G 2 ARk LT 502
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Bahic, £, AUk, vRICER, FLKZELEZ Y, - TZoHEbPLFEICR
BT AR T D% &R EREEOE L Ok & T EEE» 5 ER T 280KE T v D
HEOHK TS - THIM, R, VB, FKBCER, PRI ~LAE LEESN
DR TIC X VBRDO—MREAL L TAER EE o TERERAL, ZHICEREDOATYE, vELE
TFEAE L TRED, BT L 7 VIS b —E5L L T LR T 5 B 0BAR/I L ekt
ARBIT LG TBILENTHBEZEL, ZORBAERZRVICEMTZ Lt s, T~
HWTFARMBALTHEHLZLOMEOE @IER) ThseELONE. P IEETLIET
WX OBRERITITRERY T 5. EEBIER OBHAME MR L 70 7 U R OBEHALE
VBT L, ¥, WOBKHTICR—D v 7 &7 v EEoR A pH 23EEE L Ficafiic
BT B0 EHRUERESE, pHERZUDES @b L, BE 1.0~1.8m o TH/ME 1.4
R Uiz, EICEESETR D pH EiEidfic#EAil, & 11m i2Tix pHI.0 25317,
HEH-2 LHREE-1 LoBFROEDE L EHE DS & OMRICEL T 5,

1.6 *h
14 59
S i
W I 57, A
R PR R LT
3 exl™

BEkEiz, #2, 4RICFETEGD BT OBRRKZHRD 747 V) HEOBKBZHITK
THD BT, FEROEBRKDERENT D LRI,

B DI DV TR 14.9°C, pH 1.9, Cl- 5mg/l, SO+ 1011 mg/l, As 0.005mg/! 5
X O HBO, 0.5mg/l &b hic. BROKDOKREIC O TIIEBIAXAMTHY, £0ET
ICIEKRIER, TALASE, RV 2 2 8L SR EE L R VEIPLSRICEHR LTS, 0
BRI ENSFALKENLZR TSN THREZAT, ZOMBEHFKL I CETOHT
KBBELTHEERLEZ L O TCEAKIBHL VAV E2E2 NS, BB IV KER SO
DEEHOREPETHR OEOB-2 B LB T VOBERICRS LR TEBHT L, &
7oHEFn 22 45 11 A 8 HIBWEA pH 2.0 257 L, [I4ERIA 6 ABFA7 K25 pH 1.3,
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4% pH 1.8 R L7cZ EHILIRE X Y IO CAKBETTICEH L Tw 2 HRix, BED
KRO—FHBFE L THILICBEH T2 L5512 2 HHER .

WFGEIT L VT, JIEERE T Skm KoMICTRAE)NICR - TR, BAd, B5F, Bk
FUCREDOFBREPFET S, ThdORREF, REOEIIIKE 86.0°C, pH 9.0, CI-
293 mg/l, SO2 426 mg/l, X HBO, 56 mg/l #RL, Z0fo 6 FROKE 48.5~
72.0°C, pH 6.5~7.7, Cl- 16~74 mg/l, SO 5~292 mg/l, HBO, 2.6~8.8mg/l »Z&1 <
Bz, ZhbolRERzowT Cl b HBO, 0BE#T 5 L8 2 KIcmk+1m EE o
BREF—EHR LIS TS, 202 LEFRER L JITEICE 2 B 3 3 ERKE
KRFIZBCTETHE 12 ER—RHIC BT 28KBER LT3 2 L 27T LOTHAH .
—F5 As b Cl LoBFEHRT S LK, B, BtoBieREBEORRELRL, M
CHEIEHEL T—oDRRHEFERL Twa. ZhODRRBITA X AL EFEYELES
TLEHZTORKBESA TS, fto THITER? & LR LBk VKA B 2885 25, K
AP OEEDE > TEH L LD BB EN S, £ RO RREEAREE 5 v 55
EhieboTdhHsH,

EEMRBERERGORRE RERE L RLY, vk C LtoBReRT3LE3IN
R TH X ORR & F—EHE i EN T3, 202 2k 2 OEESHENIC T
WXz & 2 EETE, BEESHS. '

BEERE, AKX, RE, BROTAVIVERELEBEHEOBERLCbTBRE, *
DB —IHTHIEROEY Th 5. B d/kiE 81.0~99.0°C, pH 8.0~8.4, Cl~ 348~480
mg/l, SO 57~83 mg/l, As 0.17~0.30 mg//, HBO, 28.5~42.2 mg/l, %% 13/kiE 89.0~
99.0°C, pH 2.4~3.0, Cl~ 531~1050 mg/l, SO 348~629 mg/l, As 0.80~1.42 mg/l,
HBO; 30.6~55.0mg/l T& 2. ¥ HBO; & Cl toMFREHmT 5 L, &2 KIRTM &L
ZFEEOBMERLER, REMED 77V HEREPFER—ERECEIIShTBY, 20
HBO,/Cl lidngTEREBEOEEREL S, %72 As L Cl oBRICOW T, BEBLEDH
KD As/Cl LZER, WEDOTAH VIEROMELEETRR S, HBEIETRREE T ER—
DIEZRTFEIER SIS, As & pH oBREBRT 2 LFEARTR T ER, KEHRR
FHIRTFIRREIE LA F— Eicliidl &, pH2AREVEELHEEREIKRE V., Ei0, 745
KWERICELTRAKR DHO/R S W DIREERSENKE ., £, ZoEREIT SO
XY Cl- 5N, ZoPCERPRE, #-T, R Y ERICE SEBRIEOBUK ST b
EHAL, THICEFTTHTAMBALZL OT, BHETHTICELTs8EOK, T7habb
WA X V133 0 SRR IS E T RRRmRtE 0, MR CAR SN b O LR ENIC R 5 2
EHRFICERICMET S, 6o TZ ORRMERITRER S ThuE, FRERE)INERICEET % 5808
BIRTR

e
e

&

1) WSFREHTT OEFKOIRER X OMEERS OB KEIROEY TH 5. AR 100°C,
pH 9.8 (F/ME 2.3), H,S 105mg/l, Cl- 1050 mg/l, SO,*~ 1108 mg/I, As 1.62 mg/l, HBO,
97.6 mg/l.

2) As BTN VEOBUKIZEZ L EEN T 51Eh, HEBEEMEZRTHEKICL LV &,
T RBERE R TIRE OK, EoOBCEb v BRI Lk,
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3) B, KW, BEEOERCEILRPEFELLZLEEINA TSR, Th b ORRKITIEA
BURAREDEEHNEL BTN ZL2EETNE, ChoDBRBAFOLFERIELLT
BOK 2 EA- @@ L 7oKREIC RT3 b0 Th A D,

4) BT, WEHEOEREKE HBOY/CL i X - T, LEPIUEREE, BERE, Wy
ERHEO SHEICHEHESNS.

5 WEFETCHR OBMEROKKEIC WX, Wk, v, sUE, BbKFBCELT L
BV HEOBUKPE L Y ERL, FREQICELL L EEADKTICL ) Bvko—EingbL
TKER LR > TEAL, BERILKFEO—IBLEIL T hictEy, ZhREKTR®RiLEh
THMEAEL, ZHCERCHITRNESE L TBEKEERLZ O LEGHRERS, 20Xk
IR E Lo 23 b, ©FE, SUvBICZ Ly, BEOKE pH 1.9 2R3 38 bmEL,
HTKEELL, T0ESBEIINCETS.

6) BE, XEBFLOMERIIERBIETH - T, vE, RUVBICES, BFHEORER
BIUBBOKE IAEHCRER S, ZOREZKEREERRRICELTS.
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