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Abstract

Hot spring waters containing various kinds of ions cause such problems as scaling of
pipelines. The scale formation is related with separation of inorganic salts from super-
saturated solutions. Therefore, it becomes necessary to perform such maintenance to
clean the inner walls of pipelines by the chemical treatment using an acid treating device
or other chemicals, or by scraping mechanically. In order to develop a simple method to
protect the scaling, we have conducted the test on the scaling prevention using ceramic
fluid water treatment from the viewpoint of chemical analyses of hot-spring water and
scaling materials. In the experiment on the formation of CaCOs crystal, it was found that
particle sizes of CaCOjs crystals treated in the ceramic fluid water were smaller than those
treated in non-ceramic fluid water. The scaling prevention and the descaling tests were
conducted at two hot springs (Shiohitashi and Obama) using the ceramic fluid water
treatment. It was judged that at Shiohitashi hot spring, the scaling was reduced by the
inhibition of oxidation of Fe?', and at Obama hot spring, the descaling was recognized as
aresult of increase in calcium ion and suspended matters. In conclusion, the ceramic fluid
water treatment gives an effective influence to the descaling of hot spring waters.

Key words : hot spring, water treatment apparatus, fluidized ceramics, CaCO; crystals,
scale prevention, descaling
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HATEERE 0 ERSHEH S h, £2LOAXICHHENTWS, FHEE, RRORAN IR
SN, ZHORREEHRPERSNTVS. UL, BRKZRIEL OBREESBEEN TS
fodd, JREIC K - TEESEEICER L CRRES SR, ), REPXEFOZ Licky, 1k
FEAE T LTI 2R A N5, TR — v (57 %) LEEh, EREEsE
OEENITMNET 5700, IMEREZHAESH LB EOMEEZELCIE S, T Ca? P Mg i ED
TR R DEZ VWRB TR ZOHENKE V., Dk, I TIlclHr 0L kETFERL
INTWS, PIAE, 27— hEB LUK E LTE, ®) vy s THERERr — L2 YH
Iy & 94k (B, 1978 5 ik 5, 199D, BLE DMl Z 3 4 Vv A& S =5 2 5 Hik
(Donaldson, 1988), fEE/AKHHCHEY V) VvERED & R & Y ERIE & D R A — VB IEFI A E R
AT B4 (Fk S, 1987 ; Nancollas et al., 1981 ; B, 1998 ; Dalas and Koutsoukos, 1990) %2
HREP—EITH 20, BREHNOAN, IR MPAVFF VY RODT Hb LS EORENAE
CCWa, AFETRETANVF—PEKIX bOMEMP S, £5 3 v 7 ARHKUEEES ICEH L /2.
ARLEE (I EEHE T 2 v 7> v 2P HERIER T, KETEET 54, BP0V SH0nENS
Fleinid s, £ TREMERA T —VTHD, SBIUA VY Y LRDR T — VW AEEBHRE L
CEY, BRBSEEREMEITSRER &, RIFEREREVNEIDNERRED 2 » BT, ARE%
Huwic 27 —voBh1IE R OBRFICBT 23> W TR 21T - 7c.

2. EBRAE

2.1 KOELEE

AREBTHEALIE T 3y 7 RFEH/KUEEEE O % Fig. 1 1IORd. REEER 7 v L ABE
B FREEZ Mo cHY Y, BEEHY2mm Ohkt T 3w 7 ZEZIKFEITED 4~10cm/sec D
FEHTHRBSE2LOFEL, FThH» S FAZXOKKICLOKPTES 3 v 7 A05F%ES), #2Ed 5
CEITEk-T, KOWEZITS bDTH S, BésICHIE L bk 5 3 v 7 21d, SR
X 0EERT ARSI S — v 7 = L2 (Si70%, Al
20%) WL, bum D/ ¥ —Ric L, BEEH 2
mm 2T, #1,200°C TS E 260520
2 (5397 ZADE— AT 6.8, HE 2~25).
AMFICE B €5 3w 7 A DKNDEH IS
<, IKFDA + vk DORE M T & 2R LT
W5, 758 Fig. 1 FOREIIKDFHENEZRT.

Water flow

TP-2—

2.2 CaCO; DiERHEEER

CaCOs fE B DR AV ¥ 5 2 5 — VDS E
ICRELS BT LLEEZ 5NDDT, CaCOs Ak
ENO®35 3y 7 AREIEIKOFEIC S W TN

Fig. 1 Schematic diagram of a water treat-

7c. Na,COsaq & CaClyaq & adlB/K i THIRIZ T ment apparatus with fluidized ceramics.
TWIRA LB EHE, CaCOs DRI FaHrk s 7. The arrow indicates the water flow.

= - . Sk B ~ Sampling points : Water ; S-1 (non-treat-
UBUKIT /KBRS ASKIE IR L 72 & 00 & R ed), S-2 (treated) Scales ; TP-1(non-treat-

DbDAEHB W, FAERK 10 ml 12 0.1 mol/l CaCl, ed), TP-2 (treated)
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aq & 0.1 mol/l Na, CO;s aq &= * 11 Table 1  Components in hot spring waters.
Zh2ml >oMA L F5E4 RS Shiohitashi Obama
5EHl. 20Kk, FARITHSLE Hot Spring”  Hot Spring™
fE3t (BECKMANN DU 650) % fj\» Cation (mg/kg)
<, Wik LR oy N 210.0 2,:315.0
ZAL A& KP OB Y 1T B i 350 EH 4‘;’2 26;2
nm &V CEOHE TN kR 02 5 50
i DR % 045 um D A ¥ T 5 v Ca?' 129 0 129 2
T4 F—TAHBL, TORTOKE Fe?' 1.8 0.8
S ZEAREFAMEE (HIZ S4100 Anion (mg/kg)
-M) THIZE L, EmRhoRFRE L — F- 0.3 0.5
H — (B3R R o A ) E R E (5 cr 172.0 4,588.0
SALD-2000) % I\ CHllE L 72 Br 1.0 7.2
S0z 93.8 337.0
o PO, 0.3 0.4
2.3 USRS HCO;~ 1,068.0 130.4
HIR A — T3 2838 E J 57 COs~ 0.6 15.0
DT, #$EEURBKFIERTH 518 NO;~ 0.1 0.0
iR (R R A R DA Bl T 2 1 Metasilicate (mg/kg) 245.6 232.4
3607 kERHAR] 1996 224 H 25 H~8 H pH 6.7 7.8
20 H) &, GIRE R 7 — wnskepk - Temperature (°C) 53.5 66.0
HLPdTWF M)A —ERTH Residue on
evaporation (g/kg) 1.448 8.881

Z/NEERIR (RIGE R =R A NEHTIE
AKHT 934 FRERHART 1997 £ 1 H 16 H~ *Kagoshima Environmental Research and Service (Oct.
o L . 1994)

. N -2 /2. 7.
l)ﬂ 2: ED‘;\C’ Eiﬂj‘i%?{j 7 :{i **Nagasaki Prefectual Institute of Public Health and
B, RAKSIE Table 1IT/RY. A% Environmental Sciences (Jul. 1994)
B3, FHR»SHEE TORERDOR
HUCERIE L 7o, RiERig O/KEZLE
B2 7291, Fig. 1 MR (S-1) SEL (S-2, ) THRKET- 7. 27 — W PEIRILOE
BEITHIHIT, 7R N E-RZEER (TP-D &% (TP-2) iKY e

2.4 KB

LEBEARDOKEDNITIEE, A EEZLTICRT. pH UREEED U-10) 34 5 A &EMRET,
BRUEER (EC) 3KEF = v h — GEEEER U-10) 2O CHIE L7z, SRB—IR LEREAIIT
LRt tEA (ORP, HHiEEM PHL-10) %, 75 F FEMIC L - THIE L 7z. BREYE (SS)
13 JISK0101 T2ERKEREIC L DITo /e, REkB L O Fe BEIE 7 =5 v b o) VIREEEE
(BECKMANN DU 650) THliE L7z, SiOy 13® Y 77 v HBEE R (BECKMANN DU 650) I
-7, Ca*t 1F 7 v — AETWoEE (HZEYEHT 2800) Ick » CTER L7z, 58, EL Db 2k
IZOWVWTIE, &8k, Fe?m & Cat i3 045um DX v 75 v 7 4 vy —ick->THl L THIEL 7.

2.5 RH—ILOBR
2 = )V ORIMEER A2 EERE M (B8 ET S4100-M) TfTw, [EOET7o—7 X
7 F 74+ — (EPMA, WEEWEA EMAX-5770) 12X 0, BIEMICETHR%E 100 PPIEBS L, X
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OEREZ RO ILHEI 2T - 12, R =V OFEREMIC > VT, XA (EEERK RAD-2R)
T, iy =4y b, EHET 0KV, EHEK 10mA OLAETRT L .

3. EBRERE

3.1 5%y U RRIBUEIKIZKS CaCO; DFEREMNDE

2= VERKRSE L THIGN TV S CaCO; DAERLZBGIET 5 7212, CaCO; D ik E % 1
& %A Higashitani et al. (1992) 1Tk » THRE SN TW B, 2 Tillikdi© CaCO; 240K
S, T DRSS 2B D W TH T, CaCOs AR % DL & OB D2 L%
Fig. 2 1T/R 9. @MLK, OMEAIE/KOFERAR L TWa, RIBHE 230 ¥ % T, MEALEEK &AL
KOS ITIZIE & A EENR SNV, 240 FORGE, HELFEKIZBOEE BT Ligw, 270
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Fig. 2 Change of absorbance for suspensions of CaCO; particles (at 350 nm) with time. @ : treated
water, O : non-treated water

15.08kV

Fig. 3 Scanning electron micrographs of crystals of CaCQOs.
Left : treated water, Right : non-treated water
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1% 0.359 abs & 75 D AEFRDOILIENEE T - 72, Z A0k LILERKIE 270 B & <, ORRE L 2.02
abs & Z bp375 <, 300 A8 X T 0339 abs & S O IBEMSAE U T EME D St ER LK
CaCOs b T O EARE THEMIEEE % Fig. 3 1T/Rd. MEUKFTAR L 72 CaCOsfEq (BHE
75 d, DK (BEA) AN TRFENVNS WEBb» S, i, RESmHC X 0RIE L
T O SPIR 213, WK T 5.959um, fEMLEK T 6.316um TH -7z, LLEoT &k, WE
KA CHERK L 72 CaCOs DFEARIT-1F, MMLER/KgrCARL L 7 & DIcb T, fEEdvNE < ks
bY, PEEEEDE N EBbh s T,

3.2 IERBRTDEER

HEIRIER BRBKRIER T, BRI 45°C TH Y, BHERRBECSHTH 255, KET 2 L1
fil & TR Dk A A v W ESRIL S N, EICE LT 5. TDIDRBED R 7 — v dSints
MICAET %, BEE 140mm, 5 800mm ORZRICE T ¥ v 7 2 3kg AN, HEMES 381 (Fik
45cm/sec) THUHEL 727 R/KZ, EEE50mm O EEIC K - TIRIZHE DIREETHIENICEA L
o, BB B B MEERT% O/KEZE L% Table 2 12789, MUFESREE 2 5E L 75 WIRS OB D
KEF, FOHEER IO treated ISR, BHEEZROKE EHAT, pH & SS AN, EC,
saCa?" & 2FkIFED L, BENTRZ—MELTWE T EARLTOVS, ki3I GEHE
%), 3.10~14.73mg/l (V5656 mg/l, 1EHE(RZ 4.22) SEEOEEFNKE M 7. FRBEHLT
D ORLERZE - THEITITS TN THO BN R r — b L TW5 T E2vbrb, HERIER
DAT = VOEEADETH 5 & A2THR Lz, WMPEEE 2 5E L /258, NIER OB OKE X
Si0, (37, pH 384N, EC RFAEFHEUEN, ORP 3, ZEKE - 203l 2. 4
FRBE A B3 d 5 S DDV 2.05 mg/l (BEHEMRZE 1.78) <, NUIHRETORFEDOIRE 1.78mg/l £ b

Table 2 Change of hot spring water qualities by a water treatment

EC* (Temp. C) ORP** (Temp. C)
Time after pH (mS/cm) (mV)
installation
(h) trrtleg?(;d treated non-treated treated non-treated treated
0 6.24 6.35 2.39 (44.6) 2.267(44.3) 220 (44.6) —
7 6.25 6.49 2.36 (46.1) 2.27 (44.9) 209 (46.1) 249 (44.9)
24 6.22 6.28 2.35 (46.2) 2.27(43.9) 234 (46.2) 146 (43.9)
32 6.31 6.34 2.32(46.2) 2.44 (45.0) 248 (46.2) 127 (45.0)
48 6.18 6.37 2.42 (45.8) 2.30 (44.8) 275 (45.8) 256 (44.8)
56 6.27 6.39 2.38 (46.8) 2.33(46.7) 192 (46.8) 250 (46.7)
72 6.30 6.35 2.39 (45.9) 2.50 (43.1) 242 (45.9) 232 (43.1)
95 6.34 6.44 2.43 (45.1) 2.18 (41.0) 20 (45.1) 151 (41.0)
120 6.40 6.49 2.34 (46.1) 2.33(42.1) 214 (46.1) 240 (42.1)
215 6.28 6.39 3.30 (47.5) 2.27 (45.4) 224 (47.5) 229 (45.4)
264 6.13 6.16 2.32(48.3) 2.30 (44.8) 201 (48.3) 249 (44.8)
384 6.53 6.38 2.38 (46.8) 2.27 (44.2) 241 (46.8) 260 (44.2)
528 6.48 6.50 2.35(45.3) 2.28 (42.2) 260 (45.3) 231 (42.2)
Average 6.30 6.38 2.44 2.31 210 221
S.D. 0.11 0.10 0.26 0.08 64 49

*This value is eliminated for the calculation of the average. **S.D. denotes standard deviation.
EC*, ORP** and SS*** denote electric conductivity, oxidation reduction potential and suspended solid,
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HTHND, 27 —VoEEMSPIEshTws EEbNn s, Fig 4 13, HREROWUHEFIHOH%D
PEALREE D ES % Fe? ' /T-Iron (&) TELZbDTH S, WERTZINIE 089 TH - 72 b Dhspl
FHEZ 0.96 1275 - 72, £ 72, ZRBI/KAELELER Sme/l 1278 5 & S WREEsk (1) /KA cIgEE L 7k
ZHWTIT - 72 EE T & UUBRT 0.84 2SR 0921278 572, 2D E LD, £F v I 7 RIEELEE
12D Fe?* @ Fe?™ NOBLKIGSIIHIE N TWADTRE WA EEZ SN, HEHE% 3.Tme/l
TdH -7 SS 13, MUFROBRE GEER 0 D treated) T3 20.0mg/ ITHEIL, WFE% OB
T3 1.0~33mg/L TP L7z, THUSIIRER, i OB PEERERNIC IR PR L2 En s

biERINTV 3,

Table 3 1T13 R — VAR T L ohb B
Znd. JUEEfR, Fe,05 & CaO OE|&MHT
BEANL, Na,O & MgO 33 EAEEDLLT
Sioy 3D L7z, 27 — o XERET 7 o
7 4 — )% Fig. 51T/ d. ORI DARL
TR — i3, WER OB TH - 72,
Fig. 6 ICHERIZROEND R 7r — VITER
WREEZ/RY. NE25 mm (4906
mm?) OF Z b E—2DEOROEIE, HEiE
E 17 Ak, BRI 44 mm?® H 5 0L
R MM 9l mm* IR L THB Y, R
I HATHLERR 1, BAZERM 1/21272 D,
T AN E—= 2D R = IfIE R

1 8 .
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Fig. 4 Time-dependence of Fe’" component in total
iron in Shiohitashi hot spring water. @ : treated
water, O : non-treated water

apparatus with the fluidized ceramics in Shiohitashi hot spring.

S Ca®" SiO, Total iron Fe’"
(mg/1) (mg/1) (mg/) (mg/1) (mg/1)
e | treated | (90 | weated | (MO | treated | MO8 | treated | (200 | treated
3.7 20.07 120.3 118.1% 85.7 — 4.86 1.78° 4.86 1.78°
7.0 2.7 121.9 116.5 85.0 83.9 3.10 0.68 3.05 0.61
5.5 1.3 121.5 117.6 104.8 83.5 5.10 2.46 3.26 2.46
5.3 1.0 121.9 119.1 — — 4.70 1.01 3.57 0.82
10.2 2.4 122.7 119.8 83.9 83.1 13.20 1.16 13.20 1.16
6.3 2.3 122.7 119.3 — — 3.58 2.35 3.58 2.35
5.1 1.1 125.8 115.6 82.2 81.9 3.39 0.79 3.39 0.79
6.0 1.0 123.9 132.9 85.7 82.4 3.65 2.76 3.14 2.76
14.2 1.8 — — — — 12.11 6.70 — —
4.6 1.9 126.6 131.5 84.6 85.4 4.04 2.20 3.88 2.20
12.4 2.0 98.1 124.6 86.4 85.4 6.28 0.48 6.05 0.39
12.0 3.3 98.9 134.6 84.1 84.0 14.73 0.28 8.71 0.28
17.7 1.7 125.0 121.5 84.6 — — — — —
8.9 3.3 119.1 123.0 86.7 83.7 6.56 2.05 5.18 1.43
4.3 5.1 9.8 6.9 6.5 1.3 4.22 1.78 3.07 0.92

respectively.
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LTWa I Enbhroi.

3.3 NERRTODEER

INERRIEF Ny AR T
T ) o EEIHOSTH 5. IR
RIKDIREEE, HHER G 90C Rl
TH BN, BHETIIHA0CTH - 72,
BHLUKERKE LEY v 712,
v binkEE TORERORFIC
IR ARE L., 53076
kg #EZ 166 mm, =& 1,100mm D
el AN, WEESY 90~1107 (FiiR
85cm/sec) THLFEL 7. &£ D%, IRR
/K13 50 mm DI EE TIRITIEE DR
RECIRMENICE A L/, Table 412,
R B 0 2 WUERRTR O KEZ
LA /RLTCWA, JUER% T, ECIZ
HEOENE SN, ORP ZFHT
HEIMER SR S Ntz Si0, & ki,
IERIZR THh T O ZIR LN -
fo. pH 3AUEREE, HERIBREFEITD
HFRAD L. THI3EE (90°C) 3
KR LT 28T, KREREO/LYF
etz b4 & &, HEHL
T A S ECIclERKPIzE TN
fe TR LRI KE T TIRIE A L v Y
AERIGLT, Ca?t MBS 270
TRV NEEZSNS. Table 2 &
D, Ca’' BEEDSILEER, RIEBRAIICRE
CHEINLTWA., b, Ca Ry —
WOHEEE LTV AERETIRIS W
LEZ NG, PREERERZ, B
LBEPT, vy EliTRIEEAL
ZALM IS > 12 SS 13, BEE B ER,
WK HET 2B N E Nk, <
nd, X7 —isE RN B
RRITED, BrLHESNWERTH
LrEEOLN S,

Table 31T/R L 27 — VDRSS E
S, 24— LD CaO & Fey
O DEIGHEENL, Si0, & MgO OE|
EBMRD Utz Fig. 7 O XEREHRESR

R

Table 3 Components in scale determined by elect-
ron probe microanalyzer.

Shiohitashi Obama

(Wt%) (Wt%)
Non- Non-
Component Treated treated Treated treated
Na,O 0.76 0.75 3.63 3.96
MgO 3.49 3.34 12.70 2.59
SiO, 20.33 17.8 26.27 8.49
C.0 4.51 5.01 54.54 85.25
Fe, 0, 71.12 73.11 0.9 1.94
Cl 0 0 0.98 0.53

2.0
215
j~% i
@
£
Z10] |
= 1.0
£ WWW
s %mewmmmu

0 . Eiasaias
20 40 60 80
26 (deg)

Fig.

5 Result of X-ray diffraction pattern of scale in Shioh-
itashi hot spring.
(Cu target, tube voltage : 30kV, tube current : 10 mA)

Fig. 6 Micrograph of scales deposited from Shiohitashi
hot spring water after 1 month on the pipes of the
water treatment apparatus.

Left : treated, Right : non-treated
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o275 —=—niE, 7T5ITFA4 O
CaCO; TH » 7z. & 7 Fig. 8 (3R 2.0
FilG 3 » HIRDIEERIRDO T R b £ —

AEETHD. MBEHOFZE—2 & 15
=2
BEBETHEO Ry —ARZRIMNE B
LTWLBA, Mg r—vomns £ 10
KoroamicEbL, EREEE 2 l‘ l
Wbz ti->TH D, TILERIERL 0.5 ‘ ’
7. | | ' r
| tl#; HIL
s T : h b
CaCOs; DITH DO E AW 2 7~ d faf 05 [ 2|0 WW“’};-&«\JLM s Al AL
60
e ¥ (Sat. Ind) DHE 2 HZEF 20 (deg)
- /\u_:
(1968) i Ot?’ pRH (4 Table 1 O Fig. 7 Result of X-ray diffraction pattern of scale in Obama
EHEHOWTIT> & T A, HEHM0.3 hot spring.
PIF, /NER1S5FHBTH-72. O (Cu target, tube voltage : 30KV, tube current : 10 mA)

&k, /J\(ﬁﬂ%Ci CaCO3 R 1 —
WO EPTVWKETH S LD
»o .

4. & =

73 v 7 RFREKIEREFT - 7oK
thco, CaCOs#bfmikEnD, RUHED
Koz &Rz EEL, RFES/N
S E ot AESIRAE DR OSHED
[ U, KA © O DHE/Q& Ci
TAE DIAIRIE 15 & O WS

THEBSNZLELOND aﬂm,
1976). CaCOs IT35d 2 AR O LR Fig. 8 Micrograph of scales deposited from Obama hot
DEEER T, WLEK O VR DS EEILER K tsrzg?ngie\;vzls;ae;:iaursi? months on the pipes of the water
AT, BHTEREL LA EMEZRL Left : treated , Right : non-treated
fois, o o>2&EMKREL, MEHEEE S
z&ﬂﬁ%@@ot L LKL

, KD S 2 ORI 1 2L A £ T, CaCOs D/KITXd BIAMRE I E A5 X TWE DT
Hﬁ¢%zf“6.ih,&£%®Z7—W@§Li,ﬁ¥%@ﬁ%éiﬁ TR FERPIR KR
ELFEb->TVEEEDLNTVSY, SHDFEER), S BIRROEVERHT I LR TE U, 7.

BMER T, © 5 3y 7 AREPKLEZTS < & TR, /NEMRR TR 7 — VSEITHd 2
IR R S e, MiERAKD Ca®t EEEIZ 120 mg/l iR TIEEA L ENR LNV, 2ikiE
B3, HRIER T 339~1473mg/l LIREM S S ZFHRE <, /NERRIE 1mg/l LI LRV
ETREL TV, (BT 527 —vid, WRTEE NETEI VYT 2RERSTHE, O
EOICFEILEED Ca HNEFNTVTS, A7 —MEVWLS 2ERE LTI, 1) pH (GRER
(3 6.37 LugMRME, /N3 7.85 LE§T VA VM), EHIRE, ARG S ETRR O YBER LER B
WS T &, 2) CaCO; DITHIEEAS W ZFHIIS 5 BaFFEED, HRRER TR 03T TH B DITxtL
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Table 4 Change of hot spring water qualities by a water treatment

EC* (Temp. C) ORP** (Temp. C)
Time after pH (mS/cm) (mV)
installation
(h) non-treated  treated non-treated treated non-treated treated
0 7.92 7.88" 15.4 (32.0) 15.8%31.8) 204 (32.0) 231%(31.8)
1/6 7.95 7.80 15.6 (31.0) 15.6 (34.8) 190 (31.0) 233 (34.8)
1 8.01 7.85 15.8 (34.2) 14.9 (34.5) 187 (34.2) 192 (34.5)
2 8.00 7.95 15.7 (35.3) 15.5 (31.6) 183 (35.3) 208 (31.6)
3 7.99 7.80 15.6 (35.1) 14.8 (34.2) 169 (35.1) 198 (34.2)
4 7.99 7.83 15.9 (34.1) 14.9 (34.7) 176 (34.1) 182 (34.7)
5 7.95 7.86 16.0 (34.5) 15.0 (34.5) 138 (34.5) 191 (34.5)
6 8.06 7.84 16.1 (34.6) 15.6 (35.0) 175 (34.6) 193 (35.0)
7 7.90 7.80 15.4 (31.3) 15.0 (31.2) 182 (31.3) 197 (31.2)
24 7.72 7.64 16.6 (30.4) 15.6 (20.2) 170 (30.4) 180 (202)
28 7.75 7.88 16.1 (34.0) 16.2 (29.0) 166 (34.0) 149 (29.0)
32 7.68 7.60 15.9 (28.3) 15.6 (33.1) 193 (28.3) 202 (33.1)
48 7.72 7.88 16.2 (29.7) 16.0 (25.2) 225 (29.7) 151 (25.2)
56 7.73 7.75 15.9 (34.9) 15.6 (35.0) 164 (34.9) 184 (35.0)
72 7.84 7.92 16.6 (34.2) 15.6 (29.1) 199 (34.2) 193 (29.1)
80 7.88 7.82 16.3 (36.2) 15.6 (33.5) 175 (36.2) 199 (33.5)
96 7.74 7.77 16.2 (35.0) 15.2 (25.8) 198 (35.0) 207 (25.8)
104 7.55 7.67 15.4 (32.8) 15.8 (34.0) 134 (32.8) 168 (34.0)
120 7.96 7.95 15.0 (35.2) 14.6 (31.3) 209 (35.2) 192 (31.3)
128 7.90 7.91 14.7 (35.4) 14.6 (34.9) 194 (35.4) 182 (34.9)
144 7.62 7.90 15.3 (32.1) 14.8 (28.1) 203 (32.1) 192 (28.1)
Average 7.85 7.82 15.8 15.4 182 190
S.D.** 0.15 0.10 0.06 0.45 22 19

*This value is eliminated for the calculation of the average. “*S.D. denotes standard deviation.
EC*, ORP** and SS*** denote electric conductivity, oxidation reduction potential and suspended solid,

T, /NER LSRR TH S T &, 3) HRIERTIREMLELRD 2 7 — v, /NERRIE CaCOs D R 7 — b
WHER LI ERENEZ NS,

HRRR TIRERIER OB E - 72, TRk 4 VBRSNS W2, WHETS T &
Ik - T Fe?' @ Fel" NORLIEIFIS N, 64 & ¥ IZKNDOIERE S E O Fe?™ OIREETHE
L, BLKERLs: (D) DARLAENIEIT 272012, ERKPOBEMESFL L, X7 — ok
WA Hiz & EZL 5N 5.

/NIRRT IR, RRKIIEE L, RREYEE SRESEIML, 27—V PEERIIHEIS N
to. F7o, Cat DEEMSEIRINCKECEHL, 27— VOHEIAFELTVWEEEZEZ LN, I
S, MK TR L 7 CaCOs IZRITREM/INE S FlitEns b 2 12, WA, Bk & L
THREND T ETRTr —VOAEREIFILIcEEZEZ NS, L, Ca¥t DEEOEH)L, 27—
WAL L 72 CaCOs DR EZ S, €5 3 v 7 ABENFEEE O EDOATH S EFEVTING
WS DB D, SHROMFTIREEEZEZ TV 5,
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apparatus with the fluidized ceramics in Obama hot spring.
S Ca*' SiO, Total iron
(mg/1) (mg/1) (mg/) (mg/1)
non-treated treated |non-treated| treated |non-treated| treated non-treated | treated
6.2 6.47 148 1467 49.1 50.1° 0.26 0.59°
4.9 23.5 132 172 48.8 51.5 0.15 0.48
6.0 5.0 35 367 — — 0.35 0.34
6.0 6.8 — — — — 0.51 0.48
5.2 4.6 — — 47.1 50.2 0.34 0.42
5.3 4.5 233 412 — — 0.51 0.36
9.4 4.2 650 141 — — 1.18 0.19
6.2 4.7 212 272 47.5 48.7 0.28 0.28
3.7 8.0 249 895 37.5 34.4 0.25 0.25
5.8 5.7 153 396 — — 0.31 0.39
6.2 5.2 204 171 — — 0.47 0.42
5.3 77.0 186 187 47.5 37.4 0.22 1.44
6.5 30.7 118 141 47.9 49.3 0.31 0.49
5.3 7.5 166 91 48.8 46.9 0.56 0.10
5.1 12.8 94 665 31.1 34.7 0.24 0.10
6.8 5.7 123 557 39.8 39.8 0.67 0.37
5.5 55.7 133 132 37.5 36.2 0.14 0.71
4.7 8.0 134 182 38.0 48.7 0.29 0.06
6.0 41.9 142 423 47.5 49.0 0.42 0.93
5.7 6.2 376 605 47.3 48.6 0.34 0.33
5.8 6.5 179 127 49.2 47.8 0.53 0.21
5.8 16.2 196 330 44.0 44.5 0.41 0.42
1.1 20.1 135 228 5.9 6.4 0.23 0.32
respectively.
5. ¥ & &

ALEE 1L, KEEFH L TCOKMIETH 2720, BJICET 232 b REEAEIPNLLT, o
HEMELISWIED £ v 5 v 2R BMHEE L, F7, KLEEEDFEORESRD 2 — vt
DPhIEEN, €53 v 7 ZADEDOENERbET I v 7 ANDOEE LBV, BROKSNDE
BHITWE WS FEH,H 5.

REEBRITBWT, €73y 7 AREKLIEEZITS &, 7R E=2DR7 — VIEBESH O/
LD, R —VBEOB IR TE 20, 27 —VREISH L TRIERKFO A 4 B
M SRBEEN2720 T, MIEICRTEEhL - A%, KD 27 — VTERDRD * /1 = X 4
IO WTARBHDOEMZ VDT, REKFDOA 4 v & OFESEDIHIICKRIN 21T FETH 5.

BB, €73y 7 AMEKLEEERE L, AHARESERAStOF@Eo2HMicks VW, b
1 VORAAENIEE LT, ERLSh TV,
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AFEERTER LT, MBIOBEHEEZX > TWikrl&F L, BESEKEMGRERELEORE LU
Rl NERT =22 RIRHE T () (REFBAGRE O, /ool L THax 9 @U)7s THRE s v
% L e B KA EBIREERN e S X EIR R EIZREHEH A IEC BB L £ 7. S5
12, BT RN 2P TIREA TS VE L 2ZOBEFDOHIT, LLOBILHLDFET.
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