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Abstract

Hokkaido is blessed by a lot of hot springs with a variety of water types. During history
the development of hot springs has changed greatly. Originally, hot springs developed by
the maintenance of natural hot springs in volcanic areas (N), later hot springs in the vicinity
of volcanic areas were developed by digging (shallow wells, F) and this has today developed
into drilling of wells more than 1,000 m (deep wells, WP). Therefore, it may be expected that
the quality of the hot springs and the water from the springs differs widely.

This paper shows the boron contents and its regional distribution in detail based on
data from 1,078 hot springs in Hokkaido. Further, the relationships between the boron
content, and its host rock, water type, and other components, etc. were investigated.

The results obtained are summarized as follows.

The overall mean value of the boron content was 49.6 mg/kg, the mean values of the N
type, F type and WP type hot springs were 77.7, 62.2 and 354 mg/kg, respectively. The
mean boron values of the hot springs of the N and F types exceeded the proposed Environ-
mental Standard for waste-water (40.5mg/kg, as HBO,). Many hot springs exceeding 40.5
mg/kg were acidic springs and Cl type springs of N type, whereas Cl type springs of F and
WP types were also numerous. There were 45 springs exceeding 5 times the standard (202.5
mg/kg) : 23 of the N type, 16 of the F type, and 6 WP type. From the characteristic of water
type and host rock, these are divided roughly into following three main groups, 1) Acidic
spring of high temperature originated from Quaternary volcanic rocks as host rock, 2) Bi-
carbonated spring of low temperature originated from Pre-Tertiary sedimentary rocks, 3)
Chlorurated spring abundant in Cl- and depleted in SO,*" originating from Neogene—Pre-
tertiary sedimentary rocks. The strongest positive correlation between B and Cl~
concentrations were in N-type springs. And, consistent positive correlations were recog-
nized for B and dissolved matter (excluding gaseous substances), Na, K, Cl, HCO;, NH, in the
N, F, and WP types. There was also a positive correlation for B and As in N and F types.
As the source of boron, in addition to the weathering of volcanic or sedimentary rocks,
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global cycles via subduction zones and accretionary complexes related to plate motion, and
organic matter (mostly plants) which deposited in ancient sea and lake bottoms may be
assumed.

The acronyms, N, F, and WP in this study show natural springs, water flowing after
drilling, and water extracted by machinery such as water pumps after drilling, respectively.

Key words : Boron concentrations, Hot spring water, Chemical composition, Distribution,
Origin, Hot springs in Hokkaido
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e HEE I IEK 250 DR &K 2,300 ROPFIRHH V(BRI HRBRER, 2009a), £ %
REEATAMBEPERLTWS. S OMRMROBBIERIERE T CICHRBEHOEIITITE
v, 1960 fELIRT O HARB T OEA T (RICHE), ZhUBRORRKEO RSN RVl T
VEHE (FCED), IWEEM MR R R Y T ORI X B, 1980 4F Lo 3 I ZEE 1,000
m Z BTSRRI L CELEL2RH S (R, 2010). L722%->C, EHHELRIEH
R & BARE L2l Z0iBo x4k e Lz, FERos sk« Tk e
LR Ic KRS s,

—J7, RIS HRHEOEELWEIERETRINEND6L %4, KREHHD IR X )R
AR T IR S OPKICD —EOHLENHEIN TS (P2, BREAE, 2001 5 W3,
2003). ZD—o2k LTHAYEDIHEL WHO OfF KD (WHO, 1998) 2% 12k L L #E
SNTWD, LALeAs, A7 RIFIRIZWUILLEE OB AT 238 £ {, 2001 F£Dk, —
e (DU, HHE) ICBZ, Bl e Eo@HPERIN-FFICE-> T2,

LK, R H (B) IZHRFUL 54 L, 5T 10mg/kg, #)117K T 0018 mg/kg, #EK T 45
mg/kg DLV THIEL TV A (FIAIX, W&, 2006). F72@% OEKTIE 1mg/kg DUF T
T D, BOLNIVOBEAIZKIHTF OB TR EERRLEB R, 75 A, =FANVITHnx
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EOHKRD» S DRAD DD & END (HAKEwS, 2001). 2LTC, A7 RIEHLI2HHMPICE -
THHILHETH % Z & (Warington, 1923) 254 < MH N, D 20 SO ICHMIANTO 5T L X)L
2B B5E], MoK FEEERE L &S REMISRIH SN TETwa (HP S, 2010).

INFTHRDBRADKFTRICOWTIIZ L OHENH ) (Bl 21X, RIEE, 1954 ; Pk, 1955 ;
WS, 1981 )1, 1983, 1984), FwwFEoGhw, EIEL EPBRSNTWE. /2, RIATIE
F7ZIRB L XV TORY BERPEE SN TWDE (BIZIE, WK, 2004 ; PEFS, 20055 KA,
2006). LA L7Zd e, SIEREINIZ LS IR h - THE LBz L A S,

CCTCIENTIRO R Y FRREL L) FEHICIEIET 2 HCHIIEE (BREH, AWML X0
J3) BNCHAS L, B CZ oM &SRB, FINREE 2 S TR EE % & & O BRI
WTHE L 72O THE T 5.

2. A pr
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) DFETROGFHFERIZONT, KEAFHEPjILETED b7k o—fk#E 10mg/L (HBO. &
LT, 405mg/LIZHY) 2—20HZE LTHIT L. A7 REETT =y MEZHWTIE
L7z (BREEE AREREIN, 2002). 347 2 U O R E 340 TR 2 e ot o dr . b
MESLRES (NEP S, 2005) SFICHEMLL 72, F 70 FHRAOS bR I AbiEE AL - IRAR—Y v 73
TS (BRI, AblEE T HRESET, 2004 AR, 2010) A A GCERARZz. BEAR L oY
182 A FTIZ R IR BUIFIH SN TV B BUR O 8 FNTHYS L7z, &b, KX TR PR X
5% K B 720 Z TR &2 S OFRT O P 16 4241 (212 A F) TR

3. WRBIUEEZE

3.1 BHEERRIREBEL ZOEES

ENIRE OB HIEER & 7 % (HBO: & LTC) % Table 1, ZDMES i % Fig. 1 127" F. N, F,
WP 344 BRI, WA (A, B2 nR3. ZofR ENEEOFHMHIE 494 mg/ ke
ZRL, PEKkOREERZBZ Tz BHIBEINCA S & BREBEHOFEYMEAI R D & < 77.7mg/kg,
LUF, HW622mg/kg, B7J 354mg/kg DNET, HRKFEH L HECIIEELBZ Tz 40k
LN ENIRAE O TFIHMITFHLIEE IR ST, BARRLHEECHRE SN TV R LNV
i, 6.76 mg/L (KA, 2004), 285mg/L (il

3, 1981) EHRTHHSLICE D - 72, Table 1 Boron concentrations in hot spring waters
£ 7= HAOELK T Ok ™ 80T i 382 by type of hot spring in Hokkaido

[ (11 7} PR = .
mg/kg (GBS - W%, 1977) LHANTHE Total Ntype Ftype WP-type
Mol ITNEOERIIFHETRRDIURY Mean 494 777 62.2 354
LEHRNRS S L. idiogagyy 0 Median 209233 239 197
IZHT b 197~239mg/kg DHIHIZSH D Highest 1359 1359 629.6 856.5

. e e b ' Lowest 04 04 2 04
WER RO LG RIETH 57 — s ms o o6

i, e fE I H AR R I B W T 1,359 (ma/kg, 25 HBOY

T - <) R A , 2
mg/kg %78 L7272, :ﬂ kS T IS 3 N type : natural springs, F type : flowing after drilling,
TWBHARIZET A emfl, HEROHEIE WP type : extracted by machinery such as water
RO 554g/kg (BIR - %, 1977), K pumps after drilling.
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Fig. 1 Freguency distribution of boron content of hot spring waters in Hokkaido
N type : natural springs, F type : flowing after drilling, WP type : extracted by
machinery such as water pumps after drilling.
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Fig. 2 Regional distribution of boron content of hot spring waters (N type) in Hokkaido
N type : natural springs. The red line shows the Quaternary volcanic front (Sugimura, 1991).
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Fig. 3 Regional distribution of boron content of hot spring waters (F type) in Hokkaido
F type : flowing after drilling. The red line shows the Quaternary volcanic front (Sugimura,1991).
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Fig. 4 Regional distribution of boron content of hot spring waters (WP type) in Hokkaido
WP type : extracted by machinery such as water pumps after drilling. The red line shows
the Quaternary volcanic front (Sugimura, 1991).
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SIS RO KIIFE S & ORI, BRI B S R0 KRR S, AR &
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Fig. 5 The relationship between boron content and water type of hot spring waters in Hokkaido
N type : natural springs. F type : flowing after drilling. WP type : extracted by machinery such
as water pumps after drilling.
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BE), WPHRAR, FEERE, AL, WENT, REET, AR, ARBIEIMR R, E RN, AT
HER OSSR, RAE, RN, EEIGRG, Yo v FiE, VLT ViR, BmEr, RAHE
WRENRH L. Fofl, ZEbRFERE L3P RiBo iR, REAKEERE L TOdEHo R
SR, BEERMEIR & U CIIARETIRIR, BEESIRRA D 5.

EOE IR OB BIR, BRI OB & S, SR OB RIELR, BT G
), MENTE (BLR), MENN, FIBER, RER, SRR, YRTEcALhG, £/, %
NEOFBL AT ARFEIEFH U X )1, R THHEZROMRAE, HE=ROMREH,
PR ROMREHEB LOBEASE, =20 RKINFEEH, S KIS HY 2 & &R TR &
CER 5.

3.3.3 EH

IR & LTI T 1 AT, BER & LRI T 2 70T, WRIT (Homilg) &
TFmA TR 4 1 HFiH L2 TH S, KWL EORREE Y RICER L, FBHROEBLL, H
FFERET R L o), B, 440, & Fr, BJ7HEr, Ab T, B, IR
T, Lo, &INRE, FHNRR, RlER, HE, =2all, BAER, %o0RiER
JEFIRY, GhEW, Covbiigg, WHEMN, BN, ooy, PURINERER, AR, ERR
TERMIER, ARG, hREoBEN (EYyoxy, ya~xy), RERR, (ZACSER, #
EINT, AASRSE, ALBETT (RFIX, X, SR, FRRIX, AAX), IHARENT, SRR,
TRILET, RORMRIR, B, RIET, EERD, EKET, ARBNRSE, MOSGRE, WA, AR,
PRSI IR, SEWRAT, BUE Oy, RN, BN GEEIAR), RN, AHHNT, RS
MR, FA—v 7R, F AR, BEREERR, BLUER, SR, JIEKERENH L. Zofl,
FERKE R & Lo Eodiln, IO LM & IR, R R & L i
Wy, Aelr, SR, RIS, HELNT, R, HERE, EAHSRRSD L. SRk
L CIIPEROEEMA, hREoOMNT (KB ESEHE D 5. &8, IO 0O8R b IHERNIC
MR TH B.

EOCEIZ BN, MEPTE, ALY, AR, (ZAUSERTASR, FOREIEANICEE
W %Fx &, Na'b5g/kg, Cl'85g/kg U EDETHMANM TH -7, T, TNOOFEMAEITE
BERMRGE, RS ROMMEE, IE=2ROKIUIRHEEEDS X UCHBAGED? O ko T,

3.4 BHENRVFREEETERTEKL S CICRES EDOREF

Figure 6-1~6-3 (2 HIERENNC & 7 FiRE o IL#E2 H4e 2, ENRROTEER A+ >, Cl,
SO, HCOs” oMmAl A ZAMT/RY. HRFILOERIZI=MEAS CLAE L HCO; BIDTH K
DAL, SOL H D\ ik HCO, oFEIE DA R wIKH, Cl, SO, HCO; MoRAICKI SN S, ik
PLETI3ED HCO; B FHIA5e 2% < 2 0, HCOs OFGD R VIEBIZE T T 5. —HITK
HE B OEEMER S T~ 7 < IRO HS & % Wik SO, AVKICHEM L TH L7z SOL ICE &, HEGGE)
DL S R B2 A - THEIZ SO, M, CIA, HCO; BINZEA LT 5 & 3N 5 (UM - K,
1999). S OMAENRE LZHRBHREDO D B, R LORYFE2 GHRREOL G KILEE
RET I E0s, TRILRFZEOCH T ROBEPL LRV OEEZI LN, E-HMOLLE
Blix CLEIOTEL & SO MOEE DV VERAB L ZEN S OEHEICH 575, K7 FKz2HLEMEDE

FHiR I CLROTHR S L CIZZOEHIEMT A2 H 5. T LT, B TIIHEBLIZIZF
L&) @M HALNL b OO0, FEEMEY EoFTFEE2GOilRIE CLRTEK, SO o#EG» P %

WA & E NS OIS A, Fl 4 DR Z k9 KILE L ES T O R PH R R O EF T
DRFEIHNC X IR D AOND. F72, HIERERLUR OB 4 YHIRIRD 55, BHEWE
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or (N-Type) cor

® DMz 1mgkg

® DM<1mglkg

[~] o [~ [~ o
Heo; sof . e v HCO;3
HBO, Total HBO,=40.5mg/kg
(n=228) (n=98)

Fig. 6-1 The relationship between boron content and proportion (mea., %) of main anions
Cl7, SO and HCOs™ of hot spring waters in Hokkaido
N type : natural springs.

cr ( F‘Typ e) or

B DMz 1mgkg

" DM<1mgkg

o o o o o
Weo; soF @ > % % HCO3

HBO, Total HBO,=40.5mg/kg

(n=204) (n=75)

Fig. 6-2 The relationship between boron content and proportion (mea., %) of main anions
Cl~, SO+~ and HCOs™ of hot spring waters in Hokkaido
F type : flowing after sprigs.

e 1 g/kg RO HAIRIE, SRS 55 % 2R, SRFEEEMD EORTRLIZLEAL
GELVIENINSO=ZARDIS LRIBEING.

WIS FRE L Cl-, SO & OR% Fig 7187, HRERICBT 2 CUREORS
fEE I O 7,349 mg/kg, DL 32-7.349mg/kg TH - 72. —Ji, SOF BEDRKEMHIZE
T (BHEEIR) @ 9031 mg/kg 2B E, ZOHPHIL0~2972mg/kg TH -7z, IEHEED 5 5L
LR O Cl BEOREMIZSE T O 7349 me/kg, AWK EiRE O 303.0mg/kg TH - 7-.
F 72 SO B EE O R I E PR O 6404 mg/kg, RAMEIZABIBER IR O Omg/kg TH o7z, £
LC, RBMEY Lo FzEER, SOL A& ML SN WiRR I 4TI o7 R, B RR,
RAIER S, BRI, ®RBhCTALN.
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cr (WP-Type) cr

A O B DM=1mgkeg

- N = DM<Imglkg
ANSE Y
o Lo SERTAENS
0 \": ¢ " ? 0
sof 7 % % % % %o sor
HBO, Total HBO,=40.5mg/kg
(n=646) (n=155)

Fig. 6-3 The relationship between boron content and proportion (mea., %) of main anions
Cl~, SO/ and HCOs™ of hot spring waters in Hokkaido
WP type : extracted by machinery such as Water Pumps after drilling.

L0000 N-Type (HBO,<40.5mg/kg)
mgg“’mm (n=130) 00 N-Type (HBO, = 40.5mg/kg)
R Boono a8 HBO; i
E %00 % 0000 | e (1) a05mg/hes :
£ 50004 5000 ! O(II}WS.MWM}:
+ (I 81 mg/kg S, 2025mg/kg>
I 40 i 4000 | & (V) 0SmeaS, Simpha> |
S 30004Esan Sea water =1, 3000 [ ae it it I
B gonn % 2000 Sea water (n=98)
1000 1000 hibetsu
5 Horokanai 3 o . .
0 10000 30000 40000 0 10000 20000 30000 40000
Cl™(mg/kg) Cl™(mg/kg)
¥ F- 0,=40.5
2000 F-Type (HBO,<40.5mg/kg) - Type (HBO, mg/kg)
(n=129) 80001 (n=75)
50007
40001 Midorimachi
3000 Hakodate Kamoenai
20001 Urausu
1000 Namarikawa
T 0
0 10000 20000 30000 40000 0 10000 20000 30000 40000
- WP-Type (HBO,<40.5mg/kg) it WP-Type (HBO, = 40.56mg/kg)
(n=491) B #Shubeten (n=155)
#Sapporo(Shiroishi)

20000 30000 40000 0 10000 20000 30000 40000

Fig. 7 The relationship among boron, CI~ and SO+~ concentrations of hot spring waters in
Hokkai with data for sea water
Data for sea water are quoted from Tsunogai and Noriki (1983)
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FIRGIC BT 2 Cl i o sl o 35,300 me/kg, #iPHIE 35-35300mg/kg Th-7:. 72
SO L FE o 5 B Al IR IT IR 0 1,993 mg/kg, Z D #PHIL 0~1993mg/kg Th -7z, —Jf, kv
FIREAILMEAE O 5 5D Lo EIHENTT, MENA, HIBRER, BB, SRR, FET o
BIEREHPLICA LN S, ZOHTHIINRRE & BN 2 B < moRE Tld SO el mibsh
LBhrole FlodvEeI M EEDH, SO el G N wiiiid 14 o4 igs, e,
PUMENT, BEZRMY, SEMATS, R@Nr, MEPSTE, FONNT, aR)ATE, RSENT, B LBENY, SEEENT, SHENT,
FIRET D 20 A CTALNE. INOOEMBAIREE =R, FEZR HE=RBIUOHE=R
OREDETHIAEN D o T 5.

I BT 5 Cl REOREMITALBET (HAKX) @ 20970 mg/kg, £ DHPHIL 5.7~20970 mg/
kg ThHotz. —F, SO B DR IXE AN 6,358 mg/kg, = DHEPHIE 0~6,358 mg/kg TH -
72 MO 5B EORBITEET (FYaxy, yaxy) 2L, #ERNT, 1ZATSIRE,
R, AT (X, X)) oOMEERETAONS,. FOHMTEEN (Eya~Ny) LiLig
1 (X)) ZBMMoRRE TR SOL e s N heh o7z, Ty EEEMYU LD,
SO WELEFENL W& 32 HTH, VEEOANG NN, KI5ERNY, HFAA, FENT, ddedf
OFENT, BENT (Faxy), KRN, Iy, gy, H-Enng, 154k, SRR, &5,
SEILNT, IRAZENT, AL (PRX, B, FRIX, M), [HESRET, #oghy, a5)ail, &5y,
MY, AT, FEBHT, BT, E o L@y, SN, AT, BIEHT, M, BT,
AT, AT DR 49 A CTHOND.

L2 L, BAEERETHILEMERMBORRDAONS. INOHREKEHKDRET A Y fFiEiZT
oy bER, g‘i_ﬁgk@?ﬁé‘ﬁi%i LN L EEFILED O &/METT,  [HEEHER, [HEILIT, [HAZE
WY, EAET, HERIT OO 7 v — 7D, SO A4 < Mt 2 e W gIlgsh, S8, FLBLH (LX),
MR OO 7NV —T @), ELHT OB D 7NV — TR KRN I NIz, KTV —T DR Fik
XD, @, @DMEIZ 153~366, 234~398, 82~279mg/kg DHPIZDH > 72, OIEFE A M A
v, BlZIENa", Ca*, Mg FEDHMRERN»S QBB ARKOBANRIERSINS. F7-kfELEL
DR T, [ CHISEO B IR R AUKFE - BRE RIS DR R 2 & BuKICBITE DMK SR A L
TV EHEINTBY (RIESDS, 1978), ZOEZIREINS.

Figure 8 12 & 7 HKigE & Cl°, HCOy L OBFRE/RT. HARBHO HCO; DK HIX
TEERAE D 6323mg/kg Th o7z, &7 RBEIRAEMO 5 75D Lo O HCO, B O Helfif
IR SR DB IR & R IR & B & 2 Bl 0 280.7mg/kg Tdh - 7z,

HW o HCOs™ #EHE O e I MNIT O 7251 mg/kg, = D#iPHIL 0~7251mg/kg THo72. F
SRR 5 A5 LN EofR O HCOs IO SAEITHENTI O 6,615 mg/kg, SRR IR R D55
MR 2R & EEITO 756 mg/kg TH- 7.

o HCOs 2 JE D EiiE KIENT 3,319 mg/kg, D #HiPHIZ 0~3319mg/kg TH 7. F 72
IHEMED 5 F5 DL EOiRIE O HCO, iRE O S EIZHEAN T @ 2,196 mg/kg, wHIZIZTA SRR O
99.7mg/kg TH - 7.

Table 2 IZENTE WA Y ZiEE (2025mg/kg VL) #HE L72ERIZOWT, I TIZHRN
TE/EMRREE, FERBA 4+ 2Nz, #Hi72 R (Temp.), pH, & A5 % B BAAWHE (DM,
FEGA 4+ VR EDOWHRERERT. 72720, BHEEHINIZFE i THEED 2 56 13t %
FEOWROAZTL L7z, TOME, IO RRE, BHBA»S KT L LRk =2, 1) HARHH
OB BN &R B IR S NS KINPEO B KILERY 2 /5 L 3 2 miRoOBEER, 2) B
IR OV LR, BRI EINDLEZROMB G Z A & 3 AIIRO RIER DR,
3) HWE g OMENT, FIET, [TATSERFITRE SN HE=ARD S LE =R OHER

14



#4561 % (2011) WIHITERERNIC R 7B PRR R D R ¥ RIS

N-Type (HBO,<40.5mg/kg) N-Type (HBO, = 40.5mg/kg)
o ) =Ry .. e emeese o - |
s I B conc. as HBO, |
B (n=130) B | & (1) 405mp/kes !
% 60 ehfn I @ ([)2025mg/kgS. 405mg/ke>> |
E g | # (I8 me/keS, 2025me/ks> |
T a0 I | ® (V) 405mphas. Bimpkg> |
8‘ Bjbai 8;‘ __________________
o 2o %ﬂ Rausu Hnmkanai = Aabiatin (n=98)
[ 10000 20000 30000 40000 20000 80000 40000
Cl-(mg/kg) Cl-(mg/kg)
_ F-Type (HBO,<40.5mg/kg) _— F-Type (HBO, = 40.5mg/kg)
i +Shiriuchi =
(n=129) +Wakkanai (n=75)
Shmmma]u o
4000 4000 <Rishiri Sl
Hs.kod.ate /Shimamaki
2000 1 %, #Taoyotomi Namarikawa
Kushiro Noboribetsu \
2.0 0 e o o U
& / . 0 ‘M/‘ g rausu
10000 20000 30000 40000 0 10000 20000 30000 40000
- WP-Type (HBO,<40.5mg/kg) WP-Type (HBO,=40.5mg/kg)
(n=491) Yakumo(Kaminoyu) (n=155)
h ki Rusutsu
imamaki G Toyotomi
Kutchan @V Teshio
Ebetsu Nanporo a8
Wakkanai
Enbetsu -
2000 / odate Sappaen
A TN ¢ Ste & Tomakmlnai 0 _.A.n,.ﬁ.a 4o
10000 20000 30000 40000 0 10000 20000 30000 40000

Fig. 8 The relationship among boron, CI~ and HCOs~ concentrations of hot spring waters in Hokkaido

GRERELET L CLICEA, SO MEE A EHM SN VIR S %5 2 LR EN
%.

3.5 EBHEEBANFIRBELSERDTBRESZ L DREF

—RIZH T IZB W TER L TV A IR KO SR RIE IR0 (AW E &), fFcikae
OMEANEH, AW &AM OMENER, pH LB b ITTEAM I LB, Wi oy AL
FHEE, FAEELZELLOERICL VIR EINTVWS., —F, "R EAF VRNV, A
FVRT VY MARECRED D ), KHTld pH fﬁ‘ﬂi&wi%a B(OH); 28E#& L, pH 25EWIGA,
B(OH), 2"FEEREA 4 v & LTHAET S (Blz1E, Georghiou and Pashalidis, 2007 : 7 X,
2007).

BEHIERENIC R FEE ClRELZSCIZB/CLEIVILE DM % Fig 9127”77, B/ClLENVILIZX
ClBLU B M % EEKREOH TR SAERK L2 ook T, ClmEIZmARICHRTIER
IR, ZoOIRBBEHR L TV a2 aaofBEIcHs L Twad (K8, 1992). 2L T, KiliaH

A id 0.01~01 R, R OMEMEHMEGEOLE I 01~10BEDHEZ ZhEIURT LS
B, —J, WR~ACAHAKRIFEOH T KDSL EICRAT % HKRTIE0.001~001 FEITKL 25
LE3NG. EBROFLLFHEIANALDOEZKRE, ARBHTIIKILAHD59.0%, HEf S H)T

15



SR

i

NEPRIG, EUIER, RS, il

"YJ0J JTUBD[OA © A ‘YO0I AIRIUIWIPIS : S YI0I JAISNIUI ATNII T, : 1], ‘ATRUINENY) © {9 'QUIF0IN : N QU098

CJ Arenae—a1d ¢ I ‘Sulup I19)je sdund I9jem Se [ONs AI_durgorwl A paldoeInxa : adA) JM ‘SuruIp J19je Surmop : odAy} J ‘sgurrds [eanjeu : adA) N
gepz  ¥8LL 00 60601 8625 IsFT L9F 6229 €81 €L 692 ANSN (myongd) otoddes  Jp
geLe  8TY €91 0811  86I1 V6 206 0¥SL 10z 28 T SN WU am
ggee g6z 00 0ZITT 9008 ¢elr 9011 <829 9881 9L 00F  SN'AN TWOALy] IM
TeE 166 00 L6GHT 0Pl 67 IL1 cge9 ¥eve 8L 06 sLd eaiduog am

. . . . . . . 4 (nsyaqoIes)
9vLY LT 00 1867 6L yoe I'eg ¥69¢ oIt 9L 8% SN o10f0 . IM
1268 %Iz 00 A 62L1  VOLI 258 g ¥9  ¥re SN o IM
. . . . . . . . (nsy1aqorestureyy)
59c8 0681 8€6 2005 68¢ L9z 88z 1287 el 28 €Ie SN 01080 IM
769z €L6 00 ogeer 2ok 87 6 9.69 6vse gL ore  sd ueqng d
gegz 029 199 16906 1621 QLT LI9T  8SSLT  162% 69 9LL  ILSN  eAeyueuEy d
6062 0%e8 el FO¥E 96 z61 2012 119  816L S8 6L SO EMEHOBIN d
ge6c  9CL 00 80611 ¥¥19 LLE 068 $<69 800z 6L 96k SN ewmueseN d
LS ¥l 00 0801  62L8 291 GG pGee el 9L 9€e SN oI0qel d
Z19¢ L6SF ST 098€ 1998 L0%Z LT 0691 @k LL 909 AN reuLOwIEY| d
(1
0Ty €199 00 2068 SIS 692 1.2 <808 62vc 9L ¥¥E SN hﬁﬂ%& d
A 3
gLEC ArANr At 9129 VEL zee oS slh 69T 8L L8 SN aaﬂ%owﬁ%m H) d
9629  L7S 985 eL €T S0I £ze 6gee 60T 2L 0€8 D NS1OqLIOGON d
0712 6602 00 pLIT  8SE gar 78 sl Wes  TL L9 sd ouuey| N
09¢2 00 0L¢  0€0g 006 008 00€ 026 — 8z TSC  AD ofenny N
LLET €zz  6E0E <1z VIS ¥8OI  SOLI 690 1128 @9 el AN EIRIETe) N
It L0se  €¥E 2286 18 £9 1'9¢ 9159 — g9 g S BweA ] N
9292 921 026 926Y yel L2001 6.2 9019 6882 99 97 SLd HIgsauUL] N
672 871 7€ QYT 922 I'6 ) I 9gFP 89 99C  sd  OAMSPAUENYS N
g€z 00 ¥ 079 w0c €162 T6IT  2¥01 @yl 199 T 86 AD NS1aqLOGON N
619v L2900 6veL 9Ll 509 291 S69% geer 9L g2l SLd nspqYSY N
Ge7s QT FIL L€56 ¢zl gzl Vv €926 6% 0L 68 sLd eMBoL N
00eT  0SIS 06k 9zl 0%<Cl 0%6¢ 0882 8¥er — 99 999 SN eIeMeY] N
6eel €€y 7E0p S C A s 98%F  ¥6El 6208 €9 99 18 sLd 0IESISIN N
Eusw) EFu) GuEw) GURW @UEW GV GURD GURD B0 () oo swdsig
‘OdH  ‘O0H 0S8 10 €D 3N b N B%@ q ¢ dusr s 10 weN A&y TP M

OpIeXMOH 0 sla1em Sullds 104 ayl Ul SUOITRIIUSOUOD U0Jod YSIY YlIM SSUlds 104 JO S1Nsal [RollAlRUY 2 9|qe ]

16



H61%& (2011) TBHTZRERNC W 72 R PIR R O v L

100
A / O Sea water
N-type /,/ /,/ T ® Unknown
10 /./' L ’ /;./ ) @ Voleanic rocks and
3 / /’ 5 ﬂ;ﬂ yd sedimentary rocks
E 4 | // PN, ol S ® Volcanic rocks
o O,,_xg/_ g /. i:"/“'i / ya ® Sedimentary rocks
7 BB 7 o Ruerwater
01 1 .\,//'{ '.‘/‘;e"'", /y ya =+=+. Mixture line of sea water
(’}}' o 3 / //,/’ and river water
¥ Ay
001 1 /p,x,/ o &
Q@/ @cf 6@"/ (n=228)
2 M=
ooot K2 .
0.01 01 1 10 100 1000
Cl{mmol)
100 100
/
F. g
10 type rd // / 2 10 A
= 7 ‘,/. // =
P K E .
5 D i .’)%.0_!1-_"-’ r L \_E’
S| BT A @
X A A 'f,.//. / 01
g?’;/'// / §
001 4 4 / 001 4 4 P&
¢/ 57 @/ > >
& q)cy' ok (n=204) & '@&& (n=646)
0001 L ik 0,001 4= b il A .
001 0.1 1 10 100 1000 0.01 01 1 10 100 1000
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Fig. 9 The relationship between B and CI- mol concentration of hot spring waters in Hokkaido
with data for sea and river water
Data for sea and river water are quoted from Masuzawa (2006).

39.1%, WiJAS1.9%, EIWETIEKIEHEAS 31.6%, HERE 2125 582%, Mi)A%10.1%, Bl cid kil
FHAT217%, HERUAEEAT56.9%, WA 205% 25K & ko Tz HALMA Y AEL R BIC
oh, HAKEH, AW, BHONEIZ B/ClEVESK TS 2EANALNS. ZHIZHAREIRO
Z FRKREREL, BWEE), FRCEINZHEARD L IMEABKOREZ B ZTTVWEH0
NBEVZERRIEL TS,

H K TN o 3% o Wil R @ B/CLEIVIE 55 ##E5ic, 05~1.0 12K g, T8 kiR
0.1~05 |[ZARPIBR IR, FRPRE, FRMER, IR, RKABERR, JLERER, MATY
i, X7 NAT Y VIR, 001~01 (@ LR, B, JEEER, ISR % &Y
b5 i RYFREIECD, #B/CIENVLERT 2HR DL, T0EEADTHR
WTh o7 puk, WHET, SEM, KGN, ST, R EORAENOIR TA L.
IO EF, ARTOFRTEOEIKEEO R T FLEWE LTHEREL, TOMBEIIHY D 5w
ZFER MR DR ~OREICHET 5 ) E2 (FES, 2006) LHRAMTDH 5.

HIE Tl 05~1.0 [ZPEHO-LHIT, 0.1~05 ICH ORI, WA, 0.01~0.1 (ZPHEBOFE
R, EINER, FodiRR, SoRERR, HKEN, B8R, RIERR, sEANA, BRER
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W REE
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BT, FEFINT 722 & DR 53
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JE BB, 05~1.0 IZHREOFNFHFHAR, 0.1~05 OWERO-LAHT, Al
(A FRAT, Fritimin, Whstima,
LEVNIER

‘iﬂﬁmﬁﬂﬂm}i PrEls, ki

Bal_.%%HIT BRI, W
VIRCHITE
AN, EoBiig,

Table 3 The relationship of boron concentrations and the concentrations of other components
etc., in the three types of hot spring waters at Hokkaido hot springs

Total N-type F-type WP-type
r n r n r n r n
Temp. * 0137 1078 * 0.160 228 * 0.343 204 -0.012 646
pH * —0.165 1078 —0.051 228 * —(0.269 204 —0.106 646
D.M. *0.349 1036 * 0.622 202 * 0520 204 * 0.387 630
Na * 0334 1078 * 0.721 228 *  0.564 204 * 0406 646
K * 0281 1078 * 0522 228 * 0400 204 * 0177 646
Mg *0.092 1078 *  0.263 228 0.132 204 0.093 646
Ca * 0102 1078 0.055 228 0.141 204 * 0198 646
Cl *0.289 1078 * 0.642 228 * 0479 204 * 0372 646
SO —-0.029 1078 -0.082 228 0.077 204 0.012 646
HCOs * 0.357 1078 * 0499 228 *0.290 204 * 0.265 646
NH, *0.229 949 *  0.545 190 * 0421 182 *0.230 577
Fe —-0.015 1070 -0.042 228 0.061 203 0.057 639
Al —0.008 1022 —0.055 204 0.015 202 0.005 616
Mn -0.012 1029 -0.076 202 0.040 202 0.046 625
F —0.058 1036 —-0.002 202 —0.092 204 —0.058 630
HS —-0.038 1078 -0.082 228 -0.057 204 —0.058 646
S:0; 0.007 1067 -0.025 227 -0.010 200 0.020 640
COs 0.011 1078 —0.063 228 —0.043 204 * 0162 646
HPO, —-0.015 925 0.107 181 -0.195 177 —0.030 567
H:SiOs * 0119 1036 0.143 202 * 0.290 204 -0.014 630
CO. *  0.236 1078 *  0.268 228 0.146 204 0.080 646
H.S 0.025 1078 -0.016 228 —-0.040 204 0.006 646
As * 0.528 1078 *  0.609 228 * 0.592 204 0.082 646
Cu -0.013 1035 -0.042 202 * 0.269 203 —0.006 630
Zn 0.083 521 —-0.046 108 0.189 83 *0.200 330
Cd —-0.016 468 -0.083 96 -0.134 72 0.005 300
Hg 0.126 1033 0.026 222 0.026 201 * 0.253 610
Rn 0.007 220 —0.004 74 -0.230 22 0.105 124
Humic Acid -0.113 307 -0.123 75 —-0.088 35 —0.090 197

N type : natural springs, F type : flowing after drilling, WP type : extracted by machinery such as water
pumps after drilling. * : significantly different with p<<0.01 (Hasebe and Ohzeki, 1971).

springs.
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DEEL TSI EEREL TS, ClE AT EDOBCIEOME S ILICTHEEOTLETH Y, K-
FTAMEERL LR EERBELTWS, HCO; & NH DWW T, RHARELZ VN, v HE
ke, Wb EY i) (AR ShisEsh sl LBl TBY, #ikds 7L — b
TEEY B L 22 R BR O, BESIOEREE COMERI S L 22 AR O RS rsE 2 ohb. &
TZHRKBEHE HBICHR ST, A 7#FEE Temp, As D TIEOMBERH 7. I bidFvEzEE As
BRIEDBIKICHRT 2 ILETH D LEDEZH LEET L. Zof, HRBHICRY, FvFEL
Mg, CO,, HB{IZBY, K FEE HSIOs, Cu, BIJICHY, F7F L Ca COs Zn, Hg E OB TV
TNHIEOMBE, HEBIZRY, FxYFEE pH L OBEOMENH 72, 2O X HIKIUEDIRRE IS
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My DR TR S N DB AT IO B L, ClICE A LA K TSRS 5
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% CONTE T, FFIZCaCO: % EDFM M HHE M L TV AW RESEZOND. FAIKEDRS
WO NI R FEROFNF AT 0 HCOs 128 Tl T L Lok Eo M SN Tn 5.
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20



5561 % (2011) WIHITERERNIC R 7B PRR R D R ¥ RIS

RECTHB SN EG bR o7, —HIEEZEZ IR ORE DS (I AKE L OELYR, &
Mo, BREA, HWE B o YR TA LR

T 72, —HAEAED 52 2 70 AR T 9 THTAY O FF 23 SRR, HREI E BT 9 I
Al 16 LR, B) TS WM OF 7T RiEH o7z TNLHIRE, BHEORE»HSRO=D, 1) FHIUiL
DRI 2 B &9 5 SO MRMER, 2) SBH=ROHERIEEZ BEa & 2 K o 5 R Ol
W, 3) WE=R DEEZROMRUGEE RS & 2 MEUR BAROBALY R ITRB S hz.

Z LT, AV RRE LM DIRES & O TIE, BHIEEICMRD ST, FvF%KE DM, Na, K, Cl,
HCO;, NH, HZABEHE AWK T F#HE Temp. & As OHE TN S IEOMHBAA SNz BN
WO R Y FEORPUZO W TR EFHL KA BEILITMA, 7L — MEBIIHE ) & FE 2R
L7207 L — b ok dardbas, Ak, HERU A L2268 (RICHY) »5 0% 508
WASIIR IS K o> TENEN R o T D Z EAHEE S N7z

KL £ LHHIIH720, WHANIED S THORTHW 2 (Bk) BV Y > 750 R AR i
K, ER EZE 1A G AL F—) SHRERKICEH P L L.

5| 3k

fRH B (1985) : HARDF 7 HEIR L KB AT RIR—ZD 1. HWEH=2—X, 370, 28-44.

Georghiou, G. and Pashalidis, I. (2007) : Boron in groundwaters of Nicosia (Cyprus) and its treat-
ment by reverse osmosis. Desalination, 215, 104-110.

Bailig, KBEFEEK (1971) : #E5t#ob o F L. il o4 b3 525 (H AR5 b aduifEi =0
i), pp. 41-82, {LFFA, HUAR.

el ERARA T R (2002) @ LD RIANELINE) EZA—T ATV F - 7T—7—DHiEk
REFE 40 p, JbiRE R AT, AL

el B W FERTR (2004) @ ALHEET A OBk - RRA - 77— FH 220 p. dbiE
fF7erT, AL

FORMER, AFRIE—, FTHLES (2009) ¢ AiEEIRE IS BT B R IR LA RS O R E &
F U A ORESE. MRS, 118, 700-716.

T ~N7 A (2007) @ FAAARHERAL - O FEHE, FIHFEH, IREH TR, p.6l, 2 7) v h— - Tvy
A

BRIEE (2001) : HEKIL#ER ED 2 ARG O—EWIET 284 CFK 13 48 7 H #dT).

BREER FHARERBERM (2009a) : SFIE 20 4FEE iR FIRIR, BRBEA, AL

BREEE HAREREERME (2000b) : SR ATt @i 7 F A+, pp. 10-11, BREEA, WL

BREEH HAREREEIRME (2002) @ SEALA0ATIREE, BREEA, Rl

NI 3 (1983) © Wl Ic BT IR AKP O K 7 HOMBMLARMZE (55 18) B - k7 v
AR K. HERIES:, 17, 48-58.

JNET % (1984) @ HR 512 B BIRRAKF O R 7 ROMIRILAIIIGE (55 2 ) Sl - 55 AT,
PUJT A oifgK. HERIESE, 18, 55-64.

AN SE, HEHIET] (1999) @ HASIEIZBI HiE - BORERWIZOWT, 4 7 ViSRS, 4,
121-128.

ZE B, MEREE HFE O (2006) : ARF ST REOGA LILATBEICE T 058 EF & EH,
122, 497-503.

i

21



NEPRIG, EUIER, RS, il W REE

BT (2006) @ AEWOITTHERML , LY ERILY: (RIIHEYS - A5 WIS3T30M) . pp. 32-67, H%JAfE,
HL.

AP (2010) : SR - HBVEUR, HARH T HVEES 1. dbigdE iy (H AR = 2M), 435-441, W)
BENE, WL

MG, W ¥, EHO R, % E (1978) : dbilE oS & 5 2K I W T o RALE
fbrmi Ay, RILORF IR et 47, 55-67.

SOPRE, RAPAINE, LR, MR (2009) 0 AT EE AR T THERBAROFS O
LD —74 VEVET L — b OLAAAR L UNOENFKINTET—. HEREERZE S,
2009 R EHE TS (THFEA v 1), J240-16.

Muraoka H., Gunnlaugsson, E., Song., Y., Lund, J., Blomly, C. and Rybach, L. (2010) : International
Database of Hydrothermal Chemistry : a Case of Task—A of Annex VIII of IEA—GIA.
Proceedings World Geothermal Congress, Bali, Indonesia, 25-29, April.

RiE 5 (1954) KRBT LMFEEL S ETHAEORE (1), HARILFAHEES, 75, 407-410.

HAOME [Heifp@Ei )] wWERZESH (1993) : HAOME 1 JbigE s, p. 80, Lz Hihk,
s

AAOKE 2 (2001) @ FKGRERTTE: @i 2001 450K, p. 366, HAKIERZ, Hut.

VEASHER (1955) : imsR DALFERIRIZE (55 30 ) IR DR 7 HREGEIZOWT. HAMLFHERS, 76,
584-588.

KBTS, WA, FEER, sl (2006) @ BHIRIC BT 2 87 FEAMBEIIOVT. #
59 Il H AR A F AR E#EERE, p. &

T (2003) © RPEARBIHNZOWT. AR 53, 33-47.

BH=T (1981) : HERToORBEKFORY #EE. BEFHE 31, 128-138,

R (1992) @ BUK OB HIRILFT— I o FMT 5. HH=2— X, 457, 16-33.

A B (1991) @ 7L — MEBOFE. ERFHA, 41, 187-208.

BERIEE (2010) @ HERS A 7 A BRBE(LSE pp. 168-203, HHUARFEHIMRE, AL

M B, a7, BEE il (2010) @ AEWIC BT 2 & 7 Bk O 55 T-H8HE & . A bas, 82,
367-377.

Y, FeARF—IR (1983) 4B 10 MEERBE AL & BT 5 7002, i bE—L
Foipe < (WAHES W), p. 4. p b4, PESERE, Wl

PSR, AR, HUIERE (2005) : LiEQRB O K, FU R, RO7 v RKRE. 458 [l
HATR R A R B4, p. 49.

WNEFG, FUNER, WKL, #IERSCH (2005) @ L@ RS, A E L AT ZERT, ALBE.

RA B (2004) @ REARVR ORI O R 7 FKiE (55 2#). REARRIREBRSERAIF7ei i, 33,
79-82.

WG = - WEREREL (1977) © iR, pp. 151-192, HOAEHE, BN

Warington K. (1923) : The effect of boric acid and borax on the broad bean and certain other
plants. Ann. Bot., 37, 629-672.

World Health Organization (1998) : Born, Environment Health Criteria Monograph No. 204, WHO,
IPCS, Geneva.

(ARFw3CIE, 201049 H 14 H, HAMRBEFFEE 63 MRS THE)

22



