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Geochemical Studies on Mineral Springs

Part 10. Chemical Characteristics of Thermal Waters at Shirahama Spa

Yasushi Masuiko, Yasuo Kanrosi and Noboru Hosova
(Chemical Institute, Hot Spring Research Center)

The Shirahama Hot Springs are located on the south side of a promontory projecting
from the west coast of Kii Peninsula. At present there are about 26 thermal springs with
a total flow of about 11,520 t/day, of which the Mayuki Spring has the highest temperature
of about 88°C.

The authors recently conducted chemical analyses of 24 thermal springs, involving geo-
chemical studies on chemical composition, change in main components with lapse of years,
degree of contamination by sea water, etc. The results of these studies are summarized as
follows:

1) Thermal waters are classified into two groups by chemical nature. The first is common
salt spring, which is characterised by high content of sodium and chlorine ions. The
other is a sodium bicarbonate spring.

2) More than half of thermal springs contain a large amount of COs,.

3) Common salt springs are distributed in the northern part of Shirahama Spa, and so-
dium bicarbonate springs are in the southern and eastern parts of the Spa.

4) Majority of common salt springs of high salinity now were sodium bicarbonate springs
of low salinity in the past. The concentration of Na, Mg, Cl and SO, in common salt
springs has markedly increased in the last three decades. From the ratio between Mg
and Cl contents, as determined by the authors, contamination by sea water is quite
noticeable in these springs.

5) Mixing percentage of sea water is calculated by the following equation, provided that
the thermal waters of high salinity are supposed to be a mixture of original water, sim-
ilar to sodium bicarbonate spring water, and sea water.

100 (M—H)

S—H

Where S is the content of Na, Mg, Cl, or SO, in sea water, H is the content of the

same components in the original thermal water, M the content of the same components

in sampled thermal water. The highest value is about 50%—that of Tsukumoto Spring.
6) The decrease of the content of main components indicates that underground water has
mixed with thermal waters of these springs in the last several years.

Percentage of sea water =
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Table I, Analytical Results of Thermal Springs in Shirahama-Spa

3 [ 1 o ] | 1
Name Date T 4&' o Na+ K+ Caz+ JMg2+ Cl 1S(-_),;Z HC03 i C02 ; HzS
I of |“°™P4 pH ‘ggg S j - | (TR St
ring |Analysis 7 | |
pring ¥ | °C : Eé‘g mg/l | mg/l mg/l“ mg/l | mg/l mB/li mg/li mg/l | mg/l
| i | |
1| 1923% |58.0 z 1428 1249.8 | 87.4 | 2209 | 658.1
756% | 62.0 | 7.5 13001 3509 469.2 A14.1 [149.3 | 5260 | 850.21985
4 %5 | #59 |59.0 | 6.7 | 15510 5006 215.0 225.5 391.0 | 7645 | 943.21717 249.5  0.707
Suzushi | 760 | 58.0| 6.8 16260 5300 215.0 260.3 456.4 | 8198 | 981.01728 224.5 1.704
761 | 60.0 | 7.4 15796 5000 217.5 231.2 4435 8332 967.01851 187.5 1.23
2 #58%% | 47.9 | 8.0 | 5630 1036 | 52.52[341.5 [346.8 | 2672 | 255.0| 690.1
s | 789 | 58.0| 6.8 10760 3679 [169.5 212.4 1517 | 4748 | 482122196  [172.8 | 1.523
| 60 |59.2 | 7.0 10915 3850 |172.5 [167.4 222.8 | 5056 | 386.82333 (316.9 | 2.386
Kotani | »61 | 59.0 [1.6~7.7 10996| 3500 [157.5 |173.4 211.4 | 4880 | 521.0[2330 |248.5 | 1.92
3 #55%% | 76.0 | 7.5 | 10740 2441 |113.0 |306.4 230.4 | 3039 | 829.22465
2 56%4 7310 | 7.8 3000 173.0 [111.5 [160.4 | 2397 | 365.42562 | 1.5
L W | #59 | 76.0 | 8.0 | 9720 3111 132.5 [142.0 [142.9 | 3997 | 405.82241 | 36.13 1.274
Kamiersl 7 60 7.0~7.3 8990 3250 147.5 [112.7 [174.3 | 4035 | 709.42436 [110° | 2215
Yama ,61 | 67.0 | 7.8 | 9068 3050 125.0 | 55.1 183.9 | 4139 | 404.12503 | 18.75 0.72
»31% | 51.5 1433 [151.5 | 64.3 | 18.8 | 1172 | 173.822097
. »37% | 615 4993| 1411 [127.2 | 36.8 | 14.5 | 1196 |  3.52238
r55%% | 52.0 | 7.3 | 8535 2307 | 86.02217.9 | 57.1 | 3017 | 611.11743
is g | 756% 510 | 7.6 2800 146 |139.4 [131.9 | 3659 | 231.32745 6.8
A | 58k | 54.0 | 7.0 | 6815 1922 | 41.03333.1 [127.2 | 3482 | 259.0] 501.8316.7 | 6.002
Kakitani | 759 | 51.0 | 6.6 | 9540 3002 155.0 [205.5 |116.6 | 3930 | 334.22387 255.3 | 8.18
#60 |52.0 | 6.8 | 9710 3250 [101.5 [176.8 |177.0 | 4207 | 323.42514 257.8 | 8.93
761 | 5L.0| 7.2| 939 3200 145.0 [177.0 |166.9 | 4386 | 800.82556 6.8
|
ptn g | #56%Y 520 | 2038 154 147.4 [122.7 | 3574 | 242.02696 5.1
Ror2 | 459 540 | 6.9 | 8650 2921 181.5 169.7 | 96.19 3540 | 284.02398 272.7 | 5.151
No. 761 |55.0| 7.2 | 8709 2000 107.5 146.1 146.1 | 3965 | 317.72543 2485 | 9.21
|
6 »55%% | 63,0 | 7.4 | 12836| 1955 | 20.9411057 |572.1 | 2998 | 930.84705
JE/Y 3 | #59 | 63.0 | 7.2 | 5420 1919 [130.8 | 61.59 34.92| 1738 | 70.782327 | 77.74| 1.437
Kakitani-| 760 | 63.5 6.9~7.0 5520 2000 [102.0 | 80.43 44.69| 1894 | 176.92436 |198.1 | 2.045
No.3 #61 | 64.0 | 7.5 5542 1920 | 93.75 30.47 96.95 1917 | 102.12596 [164.1 | 2.530
5 »30% | 59.5 5200| 1433 |151.4 | 64.3 | 18.8 | 1172 | 173.82097 [134.9
#54% | 585 8.7 | 6559 2049 | 14.83 91.98| 23.22 2014 | 194.02158
K @ | 756V 580 | 7.8 1800 (103" | 67.7 | 59.8 | 1879 | 88.12538 | 4.4 |1.8
A AR | 58 | 58.0 | 7.6 | 6817 1532 | 40.01657.2 [159.5 | 3730 | 111.5( 367 1.797
Suishs | 759 |57.0| 6.8 | 5990 1915 [114.0 [101.1 | 58.05| 2126 | 145.72195 (265.8 | 1.573
761 |60 | 7.3 | 5984 2000 | 91.25 80.16 84.34| 2248 | 187.42596 [154.7 | 3.50
8 231 | 78.0 55000 1521 129.8 | 40.4 | 16.2 | 1065 | 116.02484
% b | #55 | 78.5 7.8 | 11956 3684 256.4  15.16 78.6 | 4401 | 936.32273
Hashiri | 59 | 78.0 | 7.2| 15408 4579 222.5 5929 229.3 | 7380 | 51681780 | 46.97
9 r28% | 82.0 1435 | 22.9 | 16.60) 12.20 §9.7  5.002395
oehy | 756730 7.6 6040 272.0 296.8 580.3 | 9946 (1292 1586
»59 | 75.0 | 7.4 | 19815 6289 225.5 286.6 547.2 | 9895 1295 1453 | 96.77 0.933
Tsuku | »60 | 73.0 [1§~(.9 19780 6350 (250.0 304.2 616.9 10105 | 945.61540 154.0 | 2.386
moto | #61 | 74.0 | 8.2 | 19088 6300 245.0 226.6 577.2 10231 1301 1478 | 46.88 0.94
| | |
10 | #58% | 75.0 | 8.0 | 2865 130.5 |604.1 315.4 | 6200 ‘1163 | 414.3
K 1| #59 | 73.0| 7.6 | 17765 6004 24310 213.3 4928 | 9715 1162 1453 | 80.70| 1.532
Yamato | #60 | 73.0 73~7.4 19410 6200 245.0 280.3 602.9 | 9963 1280 |1620 | 74.84 0.215
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Name 1 Date lTem 4(-5 @2’ Na+ K+ iCaH Mg2+‘ @l SO42 HCO3 ’ COg HzS
of of P pH |82® || BESEES S N 7% S ity
Spring ‘Ana]ysis oC %% g8 | \ fii
\ 5 | mell mg/l‘i mg/l | mg/l | mg/l | mgfl mg/l mg/l | mg/l
a 7\ o | N I ‘
| | E S - T - i
11 | 1985* | 57.0 3848 1341 | 84.7 | 46.7 145 w9 1.2 869.1 \
| #50% | 79.0 | 8.2 | 14079 4542 195.7 | 58.5 | 24.0 | 7152 193.0 1830 |
L 25 | #56%* 75.0 | 8.0 | | 4441 208 181.3 [394.4 | 7064 861.7 2014 .
Mabuya | 759 | 75.0 | 7.6 | 10923 3748 171.5 255.7 [190.9 | 4928 630.4 1790 | 45.16 0.307
NyS | #60 | 75.5 | 8.3 | 12595 4050 175.0 436.6 171.3 5914 369.5 2063 | 66.02 2.215
2| 461 | 73.0 | 7.7 | 11838 3700 155 379.3 303.2 5720 672.4 2197 | 58.60 1.45
12 //56***1 7.5 | 2135 | 67.0 [103.6 | 65.8 | 1390 | 5.8014200 | 15.4
W 4 | #59 | 30.5| 6.9 | 5925/ 1924 | 71.50(109.2 K 42.73 1244 | 26.343981 211.6 | 0.17
Handai | »61 | 29.0 7.6 | 5726 2000 | 60.0 114.5 | 54.80 1311 | 10.704087 [140.6 | 1.16
- » 36% 5100 1432 |151.4 | 54.8 ‘ 19.8 | 1172 [182.5 2089 |
#56%% 52.0 | 7.5 | 1450 | 81.0 | 55.8 | 25.3 | 1170 | 5.8 2257 | 8.8 | 1.0
7§ 4 | #59 | 48.0| 7.0 | 4083 1197 | 84.8 | 51.08 24.12 1113 | 22.222195 181.4 | 0.603
Nishidani| ”60 | 47.8 [19~7,0 4210 1612 | 80.0 | 11.27 29.91 1279 | 35.392197 143.0 | 1.365
761 | 65.0 | 7.5 3302 1260 | 65.0 | 47.24 21.73 944.3| 0.531970 | 32.82 1.30
14 1 \
ﬁiNLll\ »59 \ 84.5 ‘ 7.8 ] 4390 1516 ’ 94.20‘ 29.12] 15.57 1114 ‘ 37.04;2610 ’ 88.31! 0.10
i No, 2| #28% | 93.0 1412 | 89.45 14.14) 2.63| 1150 | 70.582049 !
% 455wk | 88.0 | 8.3 | 6063 50.9488.8 | 88.17487.97 1278 [125.4 12677 | 1.53
Miyuki | , 60 7.8~7.9 4710 1700 | 86.0 | 20.31| 24.25| 1349 | 34.57]2574 1.36
No.2| y61 |87.8[s8~5.4 4771|1640 | 90.0 | 10.72 27.61 1320 | 39.922703 | 1.45
15 [ 1 ‘ [ |
7% No.3| »59 |85.5| 7.8| 4665 1691 | 86.0 30.41 16.59? 1250 | 43. 62(2492 | ‘ 1.467
Miyuki | #61 | 835 8.4| 4779 1700 | 96.0 | 35.22 23.77 1402  dd. 44‘2729 |18 75 1.16
No. 3 \ ‘ | | f | ‘
16 @ | »59 | 63.5| 7.8 | 5332 1862 | 92.5 [202.2 ’ 18.18) 2021 |177.4 1711 [143.0 ‘ 0.696
Shirakawa| »60 | 65.3 5685 1900 | 92.5 112.4 105.7 | 2316 200 1711 [176.0 |
| — e e
- # 36%% | 86.0 4285| 1217 | 87.29) 70.60| 11.08| 1226 | 8.5(81533
#55% | 69.0 | 8.2 | 5557 3.5380.5 | 62.86511.7 | 1101 |152.7 (2623
w o | 756%% 75.0 | 8.3 1625 95.0 | 31.9 |14.0 | 1078 | 1.6 2745 1.0
#OK | 459 | 72,0 | 7.9| 4070 1740 | 86.0 | 22.43 10.3 | 1002 | 15.642389 0.596
Yunotani| 760 |74-0| 7.9| 3940 1740 26.03 11.82 9744 10.702297 | 1.875
unotant| , 61 | 77.0 8.3~8.4 4080 1510 | 86.0 | 34.13 8.82 1050 2563 | 14.06 1.09
18 » 36% 1461 | 72.20 36.74 0. 90| 28.702467 ‘
Lo | #56%% 655 | 8.2 | 07.0 61.0 | 17.90 5.700 673.0 3.301793
R & | ,50 |67.0] 7.0 2790 9.5 59.0 | 12.88 4.50 3.2 1.641635 | £6.91 0.469
Higashi | »60 | 67.0 | 7.0 | 2730 1010 | 56.0 | 17.15 6.21 @4.0 7.4071725 \ 44.01 1.704
dani | +61 |47.5| 8.0 | 2628 040 |53.5 15.30 58I 579 2081744 117.2 ] 1.10
o #52%% | 62.5 | 8.4 | 1365 742.9 |121.4 | 30.4 | 1004.(675.3 [2745
» 5GE 7.4 1475 | 90.0 | 39.8 | 16.6 | 1014 | 0.8 2586 | 7.7 2.2
# 3 | +59 |63.0 6.9| 3990 1376 | 90.4 45.11 8.8 0.3 15.642362 [223.6 | 0.873
Wakaha | 760 | 64.0 69~7.0 8990 1440 | 76.0 | 38.96 16.16 0B 37042384 |136.4 | 1.193
axaba | , g1 | 63. 5| 7.5 \ 3911/ 1390 | 80.0 ‘ 41.91 12.02  977.5 41142556 |[178.1 | 1.30
| | | I | |
o #525% | 785 | 8.2 \ 1251 1640.7 | 64.1 | 20.0 | 1001 194.9 2623 ‘
# 5 8.1 1500 \ 87.0 1 20.9 | 10.9 | 1043 | 0.8 2501
E 4 | #59 | 77.0| 7.1 3995 1376 | 80.20 22.85 8.4l 1004 | 19.762272 | 43.19
Chosei | 760 | 80.0| 7.3 | 3970 1560 | 82.80 858 0.801 1047 49333488 | 52.81| 1.704
osel | ,61 |78.5 7.6~7.7 3963 1480 | 80.0 \ 2980 804 1024 | 8.232476 | 37.50 1.45
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Table I.  Analytical Results of Thermal Spring in Shirahama Spa

kel ‘ |
(5] = —_ -
Name Daite’’ | Temp; £ .| Nat | K+ | Car+ Mgrt| Cl- |SO2- HCOy CO; | HiS
of of pH ‘gggﬂfw, SNSRI IERDS W15 6 . :
Spri Analysi =
priag jhndlysiy %G Eg mg/l | mg/l| mg/l | mg/l meg/l | mg/l| mg/l| mgl | mgl
21 1952%# | 67.0 | 7.4 | 5660 1081 692.7 |178.5 | 17.4 1029 | 16.1 | 2299
7 56%F% 62.0 | 7.4 1357 | 77.0|37.8 | 18.3 11035 | 1.6|2135| 9.9 1.0
% Bk | #59 | 61.0 7.0 | 3760 1178 120.0 | 36.93 18.0 1058 | 9.88 1869 192.7 | 0.536
Moniya | 760 | 62.0| 6.9 | 3740 1440 | 71.0 $.826 19.931119 1.646) 1928 | 1.534
Wy 761 62.3 | 7.4 3589 1400 | 72.0 | 75.11 16.281118 %7m‘1990‘152.4J11.6
22 »55 | 53.0| 7.0 3014 | 801. 0‘36 49| 30.71] 15.71 415. 5117 5| 1530
B 7 | #59 | 53.0| 6.9 | 3035 1028 | 62.20 38.51 15. 06, 872.6 23.86 1396 [141.1
Shiraishi | #61 5~5.5 7.2 | 2659 900 | 53.0 | 26. 84 14. 06 783.7  6.5%4 1438 |126.6 | 1.09

* Analysed by the Osaka Imperial Hygenic Laboratory.
** Analysed by the Wakayama Public Health Institute.
***Hisayoshi Nakamura et al.: Bull. Geol. Survey Japan, 9, No. 5 (1958).

YU h, HE, MBEA A VORTENELLEML, REPEERrLOABRICELLIZT
L b, InREE O ERECEREMTR VS, BRBESIOCTERSEELIHEINLT
Wwa, ZhicKL, BEa 13), 17 (14,15), Hon (A7), HA (18) L oEE RIS
B, FERS OHENE, LFEERICELVEMBLZLREV. ZOXSIARTLSE, HE
BROICERSG OREETRDIGED S L, FTERSPELLHEMT S LA, REMS
BEERPOLEBRRCEDLO—HE, RAPFIHELETRTELALEDLY DR VWL
HHDH T ET, FIBETHBED D WA EICIEWDIERBWCERBSHLTED, BKD
BADBCOREE L TEGEZDLND ELATHD

PLERARIZZ 20, HL»OEETHHERICH T, BIGHELZ L HEDREL KRN L
7ebDTH 5, FICREREMOGIIERZMMZ T, BET LN 24 FTm COMERSE
LZEEL < BRF L.

%?,ﬁm4f/@ﬁﬁLﬁ%MLtﬁmi £ O, MF (@), ki @), EF @),

2% (5), D 8), 2<b& (9), AMA0), BHAE (22) LETHS. ThLOERITE
4¢V®ivx»%f(m>4mm~ﬂ&ﬁbﬁﬁ%f@5

BHRA A VOWUEHENEEAEEDL LR VR WD L-ERIZ, HA3E (6), BA
(13), 173 (14~15), BofH A7), WA (18), HIAE (19), KL (20) £Tbs, ZhHR
RBIE, HRAIEBEHREBRAA VDIV A% T HCO >Cl- L VEWRTHL.

MR A v OMENEIHE MU R AL, &8 1), 34 @), £D 8), 2<3 & 9), W
% (1) EThD., ChBIERERTHLP, AR, kW, EA 25T OV TIIHRSIED
XDl

WA A+ v OMSTENEL SRS LB R, EA3E (6), mHE (13), HAE (18), HI;E
(19), £&£ (20), A (22) &7, HCO, > Cl- HoBEHWRTETLLOB%L\,

b FrREEA & VOIS ESEL SHMUZERIE, &8 1O, A~ 2), K 10) T
BV, LML LB BLNBFERIE, EA @), K& (1), 7%, Bon A7) T, =%
BPLIcEAbND DD, EA2E 6), W35 6), £ 8), <& (9), #HHAL,
WA (18), #IE (19), @D, BF (22) T, B4 20) BT AEELE L Thinwn,
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bR RREAL A VI, BE, R 4 VTS L RROESREIE EEL s,
FRVT A HAVYARIRR SR VY LAOENEOHEBIL, BE MEEA A4 VOBKE
FERCTHS. ‘
FRFEFREN A UICRRITEA 35 (6), A (13), A (18), xc¥k (21) ©, #H#E (19),
B (20), HAZ2E (6) MITEAEELLE

4. REOE(ELBKDEA

BRI X ST, HREROBEOREIASLEMIIE E RS AERTE 2L TH
D, ZHWIEWRITWKBEBALIZIDITREI DD EHEIND. Z OYEIKDEA ORIE
WEbThy, BRCRR 528 Br-Cl X DBELTV5. ARICXUE, BAEROEERICOWT
Br-Cl Wa5HELABERITIEEAE—ET, TOEIEKITIENT L5, BEEROPTHE
FRE DR IR BT RPBEA L TWEH T &2 RFE L7 A@,%%am?otzzﬁﬁm
BCOSME (17 34 &) »5 Br-Cl a5 LR % Table I i0ikd. T4bb,
F DfEIE 3.25~4.02%10-2 @a;;g[ﬂif BIE—E L BT T w:mz, YEk OfE 3.42x10-2 1T
FEWDDRBE. LirLkrkd, Hos A7), BEa (18), i%(m)®i9¥L%%@#m
<, B HCOs X4 T 5EWRD Br-Cl HIWKCEWEZRLTED, Zhbo

Table II. Br Contents and Br/Cl, Mg/Cl Ratios.

No. Name of Sprmg Br (mg/l) Br/Cl X 10Z Mg/Cl x 102
1 “*+ ] Suzushl 26 5 3.46 5.12
2 N A ¥ Kotani 16.9 3.56 3.14
3 E ] Kamiyama 14.7 3.67 3.58
4 tH #  Kakitani 14.4 3.67 2.95
5 H4A 2B  Kakitani-No. 2 12.8 3.62 2.71
6 IE4y 3% Kakitani-No. 3 6.24 3.59 2.01
7 7k 5 Suisho 8.43 3.96 2.72
8 sE b (28 2 ) Hashiri-No. 2 26.9 3.65 3.12
9 < % &  Tsukumoto 36.9 3.72 5.53

10 K F1 Yamato 32.5 3.34 5.08
11 WS (2 &) Mabuyu-No. 2 20.0 3.70 4.18
12 H + Handai 4.69 3.78 3.47
13 78 %+ Nishidani 4.38 3.95 2.17
14 #5218 Miyuki No. 1 4.06 3.66 1.41
15 47233 Miyuki No. 3 4.69 375 1133
16 =] Ji]  Shirakawa 8.13 4.02 0.89
17 ¥ 4 Yunotani 3.44 3.44 1.03
18 W 4+ Higashidani 2.19 3.57 0.73
19 = 1 Wakaba 3575, 3.86 0.91
20 = 4= Chosei 3.75 3. 0.87
21 AL %% Monju 3.44 3.25 1.7
22 F1Fi 13 Shiraishi No. 1 3.76 4.31 1.72
3.42 6.85
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Table M. Mixed Percentage (a*) of Sea Water

= e : | Components 1_1?6& e B 7777;:651;137?)6nernt§:1‘isga: 2
No Name of Spring for Calculation M ean‘:! for Calculation Mean

' Na | Mg | c1 | so, i Na | Mg | ¢ | so,
9| ©<%s Tsukumoto | 54 | 55 | 50 | 50 | 52 li 52 | 41 | 49 | 49 | 48
10| % #f1 Yamato | 51 | 48 | 48 | 44 | 48 | 49 | 37 | 48 | 4 | 45
1| 4 # Suzushi |40 | 38 | 37 | 36 | 38 | 38 |29 3% | 3B | 3B
8| & h» Hashiri | 35 22 36 19 28 \ 33 16 35 15 25
11| 7 (28)MabuyuNo.2 | 25 | 14 | 22 | 24 | 21 % 23 | 14 | 20 | 23 | 20
AN 7 Kotani 25 11 21 19 ‘ 19 ; 23 10 19 17 17
3| F 1 Kamiyama 19 | 10|17 | 15 ] 15 | 16 10 15 | 14 | 14
4| 8 2 Kakitani 18 8 | 16 | 12 | 14 “ 15 8 | 15 | 15| 13
5| fE4 (2%8)Kakitani-No.2 17 7| 14| 10| 12| 14 | 6| 12 | 10 | 10
71 s # Suishd 6 4 5| 5| 2.3 3 5 4 4
16| & 7 Shirakawa 6 [+— 6 6 6| — | — 4 5 5

Original Thermal Water: \ Original Thermal Water:
Chosei (f4) { Miyuki (4732)

100(M — H)

Equation: a (%) = S _mH

# Calculated from Analytical Results of 1959 in Table I.

S:

Content of Na, Mg, Cl or SO4 in Sea Water.

H: Content of Na, Mg, Cl or SO, in Original Thermal Water.
M: Content of Na, Mg, Cl or SO, in Sampled Thermal Water (1959).

FRIIBED L VEEKIC K L_NNTEKDORBARD IRV LI hs. £ 2T Br-Cl 1t

O, LIELIEEKOEBADHE I Drbihvd Mg-Cl iz i15E L7 (Table. III

Zhbbdnd T ki, ko Mg-Cl M
6.85 X 102 TH 1, ZDOEICEWERIL,

2<% L (9, &\ 1), X 10), WLEH
AN ZoHEEREOKLZFERTHD, BHE
(13), 73 (14~15), BoA A7), ERE
(1 %oEHRIX, WRkIVEFLIhhit
EExoTw5, 2T, Mg-Cl lE7&RE
BHEOBREL%RYT S5 L, Fig. 12 1TRT X
SICHEDOEITITITEDHEE «RBAEd5H T &
DD, Lens2T, RFEEELIEDOMHE
AB/BBHDHF VYT A, RIFVT L, EE,
WA A A vd Mg-Cl (b L fHR « R d %
CEREEIND,

-,
ZR).

L

1o 20 (3/2)

Evaporated Residue

Fig. 12. Relationship between Evaporated

Residue and Mg-Cl Ratio (mg ratio)
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5. HBKDERAROHEE

B L7cX 5T, £BQ), £V @®), 2<1:09) DX IRBREENELL, 7 LI v 4,
WEAIRD L THEEMI, F PV YA, e FeREA+ vEIRS ET5EE RIS
BALZZDDLALLEL., 20X 5, BHEBHLTWARESPRICD EORR LKED
T ROBEATH D EEETIUE, WRKOBRARZMHHEICGHET 2 2 L8P Hks., BERD
11 FRITOVWTZ DEER T AR ifE5% Table. I 7R 7.

FHEEIROBY TH 5.

LYK DOBEARE a (%) &1 5.

YEKDDLIFEORSWEEEZ S L35,

ER (DEOERTCITIEEER) OMUKGEEY H 95,

BAEGHELTVWHARAOAURGOEEZ M L35,

BAR (@ %) BRRICE kDD EH®s.

100(M — H)

S—H

Yk ORFIEE S OEIEMER (1959) FIHOMEEHEALA. 7o, M ICREM 34 4
BEOSHERFER L, cociEsns0irH, $hbb, dEORRMISTHDOT, 2T
TIE, BEBHLTWHEROHFT, (LERS D> DL TEKOBEADBD THIEEH LD
7 (14,15), B4 (20) OX SBEEREZMALC. EHECHAVERSEF Y v 4,
<R VYA, BERBIUHEA A VTDE, LEBECHEITDE D #lis < RO THEMkKD
LW T2HE L.

Table. III OFEED D, R OWIKEARIE, <&, KM, £EE--- -HROHICAEL
mY, EORSERVTEHEL TS E1T%E, BEMLORRELEORALLTD, Bbh
LEEERIT IR A, IRAR IR Fig. 13 10RT X SICIEQHB « MR35 D, K
DORAZDOSFIFEFREBED S AN (Fig. 2) LRAUEAZRT IO EEbNS.

Table. Il OfFERE»S, o< b & (9), Kf1 (10) T 50 BERE WHRMEAL T

. BT, ThEREE»DRE LTS

io L&, 2L &, RANTREMNTFE 73°C &/
BThdb, K& (20), 73 (14~15)13 80°~

g 88°C ThBH LhD, 4 TEDOIOK
MEORBIEABTOEFERALTOLD

b L, BLVIIKOX SRR D& T

1 U, YEKOEEE 60°C B OEE Tk <
TR B, ¥EkOEER 20°C §igTd
205, RE»LEZNE, HECERIE
e WREWKDOEERTHD LHEMItEZSD T
0 . S LICWRETOFE DS L STBDLIS. L
L B mted Rase PLEPD, FEELEIMTIILL I ERT
Fig. 13 Relationship between Evaporated Z5< 100°C WD DOTH D, FES

Reidue and Mixed Percentage of Sea

water. TARERD D MEINT (FA~E 50°C

a (%) =
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o

Seo. Water
1

w
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Mixed Percentage of
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6. REZ{EORE

BBERIT, WhW L BIHES SN TERBWVIZEBEL TWeERE, FilRL-X5Ta
ERIIA LN, IUDTEERSETE LA ERECEBHEOE ILICHET
LER Q) THEHEZEBOIERPSHEEIND. BRES SHFBEML, ZhitX>2T4dE
TOHBEPELRL, BHOWMEEITITEAEPHILL BER2L5THS. KE 14 £
U D TEBHERC 430 m BB OEE T 93°C KETABESAHEE LY. chRBEEOS
18, 2BTHOC, BHEERZASDET 2000 /m %#x, SRMOFROLFHES
135 L EDLEBRBERTH O, L0, FROBIIRETH ML, ZhicfEoTHE
SRELCOBBEDIMAL, B 16 FEITIIERBE 33, BHE (42.5~87C “ni
™) 13000 //min T 7. Zhpl, BRICEETHOT, BRI L, W 35 FEHTE,
VR%E 25, MREHE 8000 //min ¢H 5. BIBL7cX 51T, WEMOMME G, BIERICE
ERERVCEBERIFEESTEYRTHD, B 25 EUBOGIHE CTHD THSERED
KEVWEERPER LA LTS, Tivbh, WKOEAIEM 10 LB RIS,
TDT EMD, WKOBA, WRE, MIEE BREBESEOHMACLILO>TREOHE
FPMET L7ciodi e 27 DL Bbhs. fERkOBEAL Fig. 2 OERRBBEOS M) b HEE
XNs X5, 2<bE (9) HEERHLE L TIURIZEESOTED, B UL obf s
(14,15) %8 (21) Db 5 BT CIREKDOBAINE LA EEL SRV, Thit, o<
B EFETIENEE A DR EHTHSDITHL, SIEMTIERICIRNE WEER A
DTRED, FEOGHTREFEZCILL TSV, BKOBARESTHLHZ LICED
POLEEXLNS. LA, EAIE 6), BA (13), FF (18), THEZIIERRBEEL
BT HEACD 525, DO IS HL T K E KRB E WAIRIC & 5 7o Db Tk D&
AL DTRENNESL OO EHEEIND. B EOX5ICHEX L, BERRISERE
RS, BE, <AZETERESEATIIRRKFRECHEDIL, FHEX Dkd 5 WIdHT
KDOBANRELLED2THLTHSI.
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RN 34 £ X 0 36 fEICH T THEEROREEHEOWE S X CMEERSG OG5 &2\,
BEOERZEEL L TRE, ROOEREREROBAOCHER S TRIL, KofEH
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L FrREEAA VETERS L, BERIVESBEONIVEERRTHS.

(2) REOREETIIAIIEOBMSIEICD 5 TRRANITICERET S, TEERADORE
BFEERTHD. RBIOMEX VEMOFITHT THENEIROHEN OSB3 D TS,

(3) ELBEE ERBEHE) ORDLVHIBIEHILEORT, BRERVODL LI RH
BT, TREFRLELTEDOGHIMRELLTWS, F MY A, HE 7RV Y A, 5
A 4 VORTRARBRBELRUERTH S, b FeREEA 4 vOSHITRRBEE LM T
HIOHHE R (12) HEESEERETHS.
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(4) R LZRFRRE, FERSOMICIIEE «REBD LN, KRBELF ) Y
by, ANTVY L, XTFVY A R, RBELF VOMICIIEEARERBDLN 5.
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TEERIPELLSEINT 3 LA, REPEURrSEBERCEbO—#L, TERS
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LLTEZLNG.
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