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Comparison between Major Chemical Components of
Tap Waters and Simple Hot Springs besides Hot Springs
with Not Available Hot Spring Type in Hokkaido, Japan

Keishi Takano”

Abstract

The concentrations of the major chemical component of the hot springs with total
dissoluble matter below 1,000mg/kg without gaseous components (low TDM hot springs)
were determined and compared with those of tap water to clarify the bathing and drinking
effects of the low TDM hot springs on human health. The major component concentrations
of tap water were measured after collecting 59 samples distributed by waterworks in
Hokkaido, Japan, and those of low TDM hot spring waters were obtained with reference to
the hot spring analysis sheets issued by the authorized analytical laboratories in 2014-2023.
While 90% of the tap water samples contained major component concentrations of less than
200 mg/kg, only 6% of the low TDM hot spring waters contained component concentrations
below that value. Further, while 93% of the tap water samples were in the neutral region
between pH 6.5 and 7.5, 78% of the low TDM hot spring waters were in weakly alkaline or
alkaline above pH 7.5. The average concentration of each major component was compared
by Welch t test between the tap water and low TDM hot spring waters. The concentrations
other than magnesium in the low TDM hot spring waters were significantly higher than
those in the tap water samples.

An absolute difference was found between the component concentrations in the tap water
samples and the low TDM hot spring waters in this study. For human health, an increase
in body temperature could be expected by bathing in low TDM hot springs rather than in
tap waters. In addition, improvements in hyperuricemia and gastrointestinal disease could
also be expected after drinking the low TDM hot spring waters.
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H ARG % e F e ISR IR E 1,000 mg/kg R ois (I TDM ) OnHEiEB X
ORISR ZW S PICT A E2HME LT, TESHRDEEZNEL, KEKE L7
HKEAIZIHEDOKEFEEDL LMK ENT WS B9 2K L, EEESHRSZ 00 L7 K
TDM iR (& 2014~2023 23847 & N7z ALHEE N O LR AT 2 S R BEH K % i
N7z KEKRD EEEH R REOAFHME (TDM #EE) &, 200mg/kg AKiiiAT 90% % 5T
WzoZxF L, K TDM iR 1d 6% % 5072129 &3, HOE 2K TDM iR O A EH - 72.
KIEARD pH 1x 65~75 OHPEINIZ 93% 23 L TWwWzolZxk L, K TDM iR 1359 7 v A Y
Pl 7N A ) I 78% MEFR LTz, FEBSMEEOTFIEOLIKTIE, ¥~ 7 AT T a4
F VBV RS T, KK E R TDM R OFIC Welch t BUEIC & A B0 bz,

INHEDZ ENDL, KEKEK TDM R OEAERGIIAKE SRR, B TARES
FEOHMH CIEERBIER BHOEBOUEIIN LT, BEOHIFEIRKEVEEL SR
5.

F—T—FKGEAK, WA, SREASOPR VIR, SHMS, TDM (SfF¥WE), pH

1. LU &I

HATIHRRES LRI VIR OERDTFLINTEY, BRIIHEUIhTVE0DH b,
I ICEFARE L WG CTE2MR e MR L ER LTS BT, 1978). SR HEdEst (B
A HARERBE, 2014) TiE, BERZ 10O R EICHHEINTEBY, ZRZENORE» S
AEMMENENEZEB L OEBENED HNLTWD (R, 2015). HEEROPT, T AW
PEILWIEEWE (LUF, TDM : total dissolved matter) #EEAS 1,000mg/kg (Ziii727% <, #
IR OIEHED S B HUR 25C UL E & 72 3 i & MR & 20 5N T b, SR REAMER W
720, BRI R OIS LTIV H ) PEAHER TR WAL, o R EogksE
WRED D MNRISHT 2 I ETIZILERINEE VW e Z 2 5ND . TORMTIC L ABICAEIC I, HRER
O— MM BIAE M 2, BHAREARERE, AIRES X)) DIREAREY L, 5 1385 ik
TERFIC L 8BRS N BIERTH A (FEH, 1994). F 72, FERIC TDM #E2% 1,000mg/kg
KT, UL X ORI b AR o2 W2 ST, WROREOKELN/ZT D DIZONT
WRBEADOP R VIR L S (BREE HREREE, 2014), #ISEICHEY T 2HE 2 —E %W,
—7, KEAKRZIZ LD LT MR DAOFKE F72IKIZ & 2 AR SR O — M@ IAE 1
b o ESEH, BREER, FERRO NS (K&, 2001). Foz0, HilGERZED
v TDM IREOTRNDOABIL, REICBT2EFOABEELL LV ERRINE ZE AR
ETIERWwEEDbDNS.

AFECix, TDM #FE 1,000 mg/kg A DR & KEKROEH RS % LB L, BHERGOL RN
MREPAET 5 MR T ARICOVWTHERT A2 L2 HIWE Lz, 4B, A TIE TDM L,
PRI R &S, EERSEEOERTE LTELE, 22 Tw) BERS L1E, HTFKET
FEWGE SN 9GDHE (B, 1994), R TIIERHNE SN2 WHEEA + v 2R E,
MRAKTRERETERTT DI ENDHEATIIIRERIEA Y 2MAT2DDOTHL. L7MEK
G, SRR I N R ORBIEHE 0 ) b (BEEEE HARBEE, 2014), *
P R RV R LT A,
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2. MRPETE

2.1 KEKDB

HK LB O KB KRR 2020-2023 4E12, bifEE 46 TIHTR, 59 » Fi OKEFHES SRAK S
T AR F 72 IR EERE ORI SRR L7z, Fible o 72508HE, SEm airikdaslt (BRss
BHRBREER, 2014) F 7203 BAGRERD: (HAKER S, 2021) (2# L, Es2ille L7z pH i
BRI pH 2 —%— (M-12, B80E08), S hUva4F Y (Na) BLXOH Y7244~ (K)
FIOEBEERIC X Y B FIOBRERT (AA-7000, EEEEITE), 257 48 (S0 &EY 77
YA O =X o THIBBERE (U-1500, HI#EFTR), HWALWA 4+~ (C1) BLUOBmEA +
v (SO&) &, 4+ v 2zu~x 257 (Prominence HIC-SP, Bt B/EiTHEL), % & &7 (HBO,)
BFEREE T T A —HmoMi (CAPQ, ¥ —F 74 v ¥ ¥ —H A TV AH) 2ZNFNRHNT
WELZ. ANV ILALF Y (Ca¥) BIOR T AV A4F Y (Mg®) 3% L — Mg (EDTA
P XD L REEKFEA A Y (HCO) BIURMA 4+ (COS) &, 7uEZ LY —
VT = AF VLY FRAEMHRZIFRFEEL LT 001l mol/L MEMIEHIZX > THELXIT, pHB
X IR BR OB E B Tl CTHIL L7z,

2.2 HMBERPLIUVRELI OPEVERDEERIDRAE

TR OFRMEF L 10 FETLITRBEIME RGO ONTWD 20 (REEEITHO— % QET
BB, P19 4R 228 ), 10 AEMICTAT SMZIRR O EZNDL 2 & T, FIZEToREIH
FOBHEIEOND EEZHND. 2014~2023 4 FEIEAT S N ALIEEN ORI 53T E 45 5 TDM
IEE 1,000mg/kg AW O (LLF, K TDM i) Z#R L, pH GHMbGHT), EEWRGL LT
BiA A+ Vs (Na', K, Ca® 38X O"Mg”), A+ v (Cl, SO&, HCOs BL T COS ) B XU
JEFRBEVEIR ST 5 HSI0s 3B & O HBO, (Z 0 215550138 pH DA IZEA F Vo & Bd)
ARz e BIRATRBIENCRAT S NIRRT, 8, ERORES SRS TRAS
N7z o, [H—RELLED R LIS N2D ONRPEBEDO LN, TS5 5I2H
CHEEOGH T 5 & R SN ATRSITEF IS E OMIE G5 6 —h 2 R L7

3. MRBLUVEBE

3.1 K#EKSLVE TDM BROBE

ARG & L72KEADERIE, FIFRADERD 58% % Hd, ROWTHITK, HANED o7z,
FNLAE, AR 1 o, FRAKE T ROBERLHMTREBEROBERE, HEOKEEE
KeETHHDIE o572 (Fig. 1).

2014-2023 EFEICHAT SN, [W—D5H & B Sz b 0% v 2R 854 1,104 fETH
D, Z05 HE TDM il i3 307 1T, 4o 28% % 572 (Fig. 2a). 307 b 5L, ML
WRET VA ) PEHHMERSZIZRBAAEL, RAEEOTEERD 74 % 257, HERICEY L%
WD RO VIR 18% & K, FoMh, AR, BALE B X OCHAIERIE R 08
VEAFAE L 72 (Fig. 2b).

3.2 IJKEXKEE TDM BRDLILE
HKIBKD TDM 1L, 90% 7% 200mg/kg Kiii T, EMHIX 257 mg/kg TH -7z, FNIIHL
THE TDM i3 1%, 600~800 mg/kg DB /375 26% L kb % < K%, 200mg/kg KAt 6 % &4 7%
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Fig. 1 Source of tap water in Hokkaido, Japan.
X 1 dEEICE T BKEKDEK

o7z (Fig. 3).

KBARDpH I, ABEAREELEBEASIUESEUTLEEDOLNTVEIELHY, 93%065~75
DOHPHNT, RILT60, WEHTT7 THorz. ZHIIH LT TDM iR TIE, 85~90D 7 V7
VO SA R Z L, BT VA UM (75 BLE 85 Ki) 1234 %, 7oA UM (85 LLE) 12 44%
BEBL, PUHVM R A 75 205 %Rk L7 (Fig 4).

KEKB LR KDEA F D 1kg FOLBEEZHTHR, IEHEOBA 4V BIUBEA 4V (B
HA ) B Lz ZoEEAF Y HEOEER Fig 5 1SR L7z, KiBAKOESEA + i,
Na " Thozdbnl. Ca¥" THo72bDONENENBB L E T H07/- #5EA 4+ Vi, HCO;
THo2bDH 2% %5, BHIZCl THo7z K TDM R TIE, BELBA 4+ Y IENa THo
725 DH91% %D, FEDIXIFIFCa¥ THo7z #BEEA T VITHCO, THo72d DA58% %
B, KWTCl D 25%, SO D 10% ThH-o7z. xR (2008) DHHFIZE 2 &, KAKHKDH
TAKIZ CaHCO BN <, fEERMEDOREZ % %1512 E Na-Cl OKREITELT 52 &
DREEN TS, KEKITETRKDFEKTH 5 HE0% <, K TDM HERAKITEET > S5 LT
WA D 5720, FEELHA T VOECYHLEEZ LN,

RFEAR & AK TDM i O EEEH O3 % Table 1 ISR L7z 1ZE A EDORGME 4~7 5,
MR DFDERETH o 720 Na 138 12 R O FVEVIRETH 72, Ca™ BLU Mg™ 13 2
BRI TH o7, Ca¥ B LU Mg” 2BV ICB VT, Welch t % (Welch, 1938) 12X » T
HEIKHE 0.1% THRIE &R DRI EDTED S7zhs, Ca” 134 BAKE 1% TENRD LN, Mg”
T EKEES % TEDPRD SN Eho 7.

3.3 4% TDM iBEHEVES

TDM i 23 LS 10 £ 4% TDM L5t 2 O, Table 2 12 pH, T E&A RO HEEDS L 075
HaR L7z 1040 TDM #2113 63.3~1666 mg/kg DFEFANTH - 72, KBAKDTFY TDM g
12 1265mg/kg TH Y, TN LD QILEFETH > 72K TDM IRRIZ 1 DA TH -7z, TDM i
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(a)

3 ,/ //, i

Fig. 2 Portion of the low TDM hot springs with TDM concentration
below 1,000 mg/kg (a) and their hot spring gualities (b) in
Hokkaido, Japan

X 2 dtiBHEICHTZETDMEROESE (a) ERE (b)

W b Ao 7ot i, pHAY38 OFMEMERTH D, KK & T84 % pHIRICEETN/. HAR
T3 pHA~5 DIREAMRD TH 7% < (FHE, 1990), 20 pHIBITIE W2 &2 HAb#EBIc B W TH
PRBRO—DTHHEELZONS. 100K TDM R D9 b 2 75 pH 3 Kimometks, 31
BT UA VMR, 2HRT VA )VERTHo72. TOZ DS, 2 TDM BESME VRO 8
BIHKEARE 2% 2 pHIBIZE EN. EABMRER, HAEEER O SO #REE2Y 100 mg/kg DA
LeEhotz. F7-, WEADVOV G WIEIZET HSIO; A3 50mg/kg DL 24 L, MmiEHE 4%
MFEIZED SNz HSIOs DIEHIC X ) RIS T 2R TH o 72,
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Fig. 3 Histogram of TDM concentration for tap waters (a) and low TDM
hot springs (b) in Hokkaido, Japan

3 BEICHITBKEK (a) EETDMIER (b) O TDMBEENEX T T A

3.4 JKEKEWLEL TETDMBRICHFIN S AFADRR

TDM #EEAY 1,000 mg/kg VL EO G272 3, AW X ) Ra»EEICHETsZ LT
PR - ARSI S NS, BIH (2021) 13, HEALF U AAT01% A5 4% F TERBEIYICIR
KRB L, ABHEORIR AR EZFIRHER, BEFSVIEIEEIKREP - E2HEL
72. TDM #EEEAH 1,000 mg/kg Al DWIR 7210 & x5 & L7250 T b RO A5 1 5 fEk L
WS, KK &AL TDM 51213 TDM RIS S 12 EmRRBo N6 2 95 (Fig 3), &
TDM IR D FAKEK L D AR AR RS RD SN TRETEEVWEEZ NS,

Fig. 4 2R L7z pH 04 A 5, EBUCER L Tw B KEKREZEAZ D, K TDMERIZT VA
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Fig. 4 Histogram of pH for tap waters (a) and low TDM hot springs (b) in Hokkaido, Japan
X 4 deiEEICHTZIKEK (a) EETDMEBR (b) ODpHDEX NI T L

VHROMENLED L EEZEZOENL. TIA)EROBHICE 5 ME~OEEZ, FKEOIRER A
B2Emd s LK BENMBRIBTSND (B, 2021). 7uh Y HREOKRE, FIUREH
2 & DR - SRR IE OSEPSRAISHf S s & LCHER S TR Y (Fk, 1977), BHICHME
W B L OHE T IREEEICHIRESH B L3 (KIR, 2007), 25 IZERK SO REEKEE (&
W) XA EEZSNTWS (A%, 1971). M5 (2008) & Na-HCO: B> 7 v 7 1) M
MR 2 VT, BRI K 2NEREORRETNR, BNOREIIRD SN h 572205, BHoiGEii
B X ORBEMBHE ORHIARO SN2 L2 WE L TnDE. ZoWETIE, 7V ) HEHMR
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Mg2* 2%

) Mg?* 1%
cation -

Tap water Hot spring

Fig. 5 Portion of dominant cation and anion for tap waters and low TDM hot springs
in Hokkaido, Japan

5 dLBEDE TDMIERICH T I KEKS LK TDM BERODBSHAF 5LV
[ k=

RO X 2R HRE, DBICBI2EMEOEBENENZ L, MENO pH (83) 12D
pH 25 Z & A DIFERAE I b > TV 5B T EATRBENT WS,

TABILE b ORECK L CRAEOWMETH Y, TORZITERMBOLFEDORKIZR S L)
HINTWBE (Martin, 2007). 72, ¥ A BEZ L ELRREOHKAFMIL, HEOLERHRD
FANCHRTH D ZLARBEIN TS (HAD, 2017). 4, dLifEEIcBwT, REAFOH»
72 W O HLSIOs tFE O iEIE 711 me/kg TH Y, 50me/kg DL EEHT S LIC X 5 TR
WZEEMT BB 55 46 1h & 8 EEBA Tz, bkl o KB KK 0 H.SiOs L  # 3 41
o725 19175, RBEELNETEDONTWALREIETH S 50me/kg L ETH 7285 #
BB OPRGIIR O FHKEAK I D & HSIO: i EDOFHMITH 2 fmro72. HEAAD1HOD
HGEKDFIHEIE L 1281 & BfED 5N T B D28 L (Ohno, ef al, 2018), iRFEKIZHRA 500
mL, 7 vt A+ R e KRR LICEA LA, 500mL T E 5. 1 HOMK
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Table 1 Comparison of averages of major component
concentrations between tap waters and low TDM hot
springs in Hokkaido, Japan

£ 1 LBEICETZKEKERTDM BROFESEHERDEE

THEDEE

Tap water Hot spring Significant

(mg/kg) (mg/kg) level
Na* 10.8 124.8 **
K* 1.6 6.1 o
Ca?* 10.0 14.8 *
Mg2+ 3.1 3.4 ns
Cl- 11.4 717.3 **
SO2- 11.2 54.0 e
HCO,4~ 40.0 170.9 **
H,Si0, 36.8 104.6 **
HBO, 1.6 7.6 wx
Total 126.5 579.1 w*

**: p<0.001, *: p<0.01,ns: p>0.05
No applicable example: 0.01 = p=0.05

TR A BROBEIUIREAR L TR HA TEDNSWEEZSNLAY, 1 H472 ) O Tldidr
D HBAKERZHRHAT LD BT AROMEZZFHTELLEIALITHS. L Leds,
TFAFIEGPICE~EE ppm OF =S —TEINTVHE I EEH ) (HES, 1993), dmAKK
MTr A B%E% CHERT 52 L1282 MENOHMIERSROBGESLEE Bbh b,

AGEARIZFK &L R TEREDIREDPRE SRR D565 5. FEOHFKLIIZL Y, FAKD
GHBGD) Bk, ST BIETVEZT LA F VEOREMET LY, WA+ >R
WA 4 CEOWBENTIMT 26035 ), HRLHOTED FOKOKEIZE W EkA THD (HS,
2014). AKBJEK &K TDM {2 B L 72356y, ARORR L R LW RENED D 5 7%, AFTIE
—ROFRETHHNHEN T 2K Z/-EL TE Y, KEKIETFEARD SRML 728K %2 S5 e L
72 F72, HATIIAKEAKOEAKEEICKEERZR S ) 7 22X 5H#HESITHOITEY (HAK
Blhex, 2008), HEBRAERY THL )T XY VN OffBEOWENAR S NS, KEKEE
HIZEY, INHOREIIMEIMR SN TN 2205, BHIKERZ MM L7226, 5 L HER
A AT I L, R EE R T T RIS S 5 2 E bW I N T D (I=, 2022).
—7J5, R LEFHNC L BWHFIITONTHBE I ERH Y, KEAKEHEHLZABERLUEETDH
DYa e s, BT, MREOKEIC X o TREFANS X B HBTFRRIVN S WEEOREDH] S 2
E0, REICHE L HBESRE - EEShTwsS (S, 2018 &5, 2024).
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Table 2 Major component concentrations in the ten hot springs with remarkably low TDM
concentration in Hokkaido, Japan (Unit of component concentrations: mg/kg)

x 2 dBEICHIT RIS TDMEENE, >/ 10 BROEESHERSEE (B, mgkg)

Order pH (I;I%Z Cl- SO02-  HCO4~  CO4%- H,Si0; HBO, Total Qualtity
Mg2+

1 38 123 114 219 0.0 0.0 16.9 08 633 Simple
2 74 171 28 2.0 42.8 0.0 63.6 09 1292  Noname
3 2.9 8.7 31 1034 0.0 0.0 30.0 05  145.7  Simple acid
4 70 199 81 9.9 34.2 0.0 76.2 05 1488  Noname
5 93 849 40 19.8 12.9 23.2 60.4 00  155.2 As]f‘;:)‘f;e
6 83 216 49 3.3 61.1 0.8 57.2 22 1571  Noname
7 84 242 41 15.0 41.1 0.5 71.1 21 1581  Noname
8 80 200 78 6.0 36.0 0.3 90.7 08 1616 Simple
9 2.9 8.7 34 102.0 0.0 0.0 456 04 1644  Simple acid
10 85 218 1.0 3.0 45.8 6.0 87.9 11 1666  Noname

T & O

AR, LHEEICBWTABB L OHABME L CRERE K TDM iR 2 FIH L 72Bo Ak
NOEBEOENERLPICT L0, TRNENOEAERGZNE L. ZORKE, KEkE K
TDM iiiif Ti& TDM i EEASH & 2R B O FiH3E <, pH D5 A IEKEK A PR, K TDM iz
BT NI IPEIE T > Tz, EEEARGEEIL, Mg ZRWARG THEENRD SNz
NSO EHNS, KEKRZEFMT S XD AL TDM LR %2 AU L2728 MRS L TR B 5,
EREEIMAE S X OV OB ESOMBEIWEFINL L Z 2 5h.

E B
ISR AT IS RLR S N7 BB O 2 BF T 72 72 7 B8 T B o0 B4R 3 &AL 35 X OUKGER D
AEHRIUZ SH W72 220 7 KEF SRR D BIRE S0 L D BB L 5. I/, BEAHo&kSs
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