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Study on Water of Public Seawater Bath in Busan
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Abstract

This study was performed to investigate the characteristic of the water of public seawater bath in Busan. Also we evaluated
comparative analysis with coastal seawaters and spawaters. According to the investigation, seawater bath mostly used
groundwater estimated seawater intrusion except 2 sites. In considering that the average value of pH was 7.5 in 30 sampling
sites, the pH value of the standards for seawater bath must be adjusted to that of standards for general public bath or water for
living. Total coliforms in the water of seawater bath using original seawater appeared high value, so they are require a
sufficient pretreatment facility. Because the average electrical conductivity(EC) was over 2,000 4S/cm and the concentration
of EC, CI, SO+?, Na*, Mg~and K* were highly correlated in the water of seawater bath, that could be estimated seawater
intrusion and was also similar to composition of seawater. The water of seawater bath contains abundunt ion substances, so it

will be good for health.
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Table 1. Sampling sites of public seawater bath in Busan
Sample No. Location Description Sample No. Location Description
1 Seo—gu Seo—1 16 Nam—gu Nam—7
2 Seo—2 17 Haeundae—gu Haeundae—1
3 Dong—gu Deng—1 18 Haeundae—2
4 Dong—2 19 Haeundae—3
5 Dong— 20 Saha—gu Saha—1
6 Youngdo—gu Youngdo—1 21 Saha—2
7 Busanjin—gu Busanjin—1 22 Saha—3
8 Busanjin—2 23 Saha—4
9 Busanjin—3 24 Saha—>5b
10 Nam—gu Nam-—1 25 Saha—6
11 Nam—2 26 Saha—7
12 Nam—3 27 Suy oung—gu Suyoung—1
13 Nam—4 28 Suyoung—2
14 Nam—5 29 Suy oung—
15 Nam—6 30 Sasang —gu Sasang —1
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Fig. 1. Location of public seawater bath in Busan.

Table 2. Analytical condition of ICP/MS

ALY A5 Table 0] eRRRlom, Aoy Bt
Fig. 19 thehgic

Fig. 191 Lhehet s} o] cj] = vleke} Q1 3t X1¢] o o
Fgo] REE] 9SS & 4 k. 53] AskTet YA
(L] m B o) 29 gos, arura} A

&
o

O MODEL : Agilent 7500a ICP —MS

ITEM VALUE
m/z 7 89 205
Range @ 20,000 50,000 20,000
Sensitivity Count : 13,057 24592 15953
Mean @ 13,021 24,569 15,975
RSD% @ 1.10 1.15 1.16

Plasma Condition

RFPower : 1100 W
Carrier Gas : 1.17 L/min
Makeup Gas : 0 L/min
Peri Pump : 0.1 rps

S/C Temp : 2 degC

lon Lenses

Extact1: —160.7V
Extract2: =32V
Eirzel 1,3: =130V
Eirzel 2 : 10 V

QP Focus 1 4.3V

Q-—pole Parameter

AMU Gain : 140
AMU offset 1 123
Axis Gain : 1.0013
Axis offset 1 —0.07
QP Bias : 1.5V

Detector Parameter

Discriminator : 8 mV
Analog HV : 1620V
Pulse HV 1 1150V
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Table 3. Standards for public bath water in Korea
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Description Color Turbidity pH KMnOs Consumption Total Coliforms
Raw water 5 do below 1 NTU' below 58 ~ 86 10 mg/L below ND?/100mL —
Bath water 5 do below 1.6 NTU below 58 ~ 86 25 mg/L below — 1 below/1 mL

" Nephelometric Turbidity units

Table 4. Standards for public seawater-bath water in Korea

¥ Not detectable

Description pH COD Total Coliforms
Raw water 7.8 ~ 8.3 2 mg/L below 1000 below/100mL
Bath water 7.8 ~ 8.3 4 mg/L below 1000 below/100mL
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Table 5. Analytical results of water samples of public seawater bath (EC : xS/cm, COD, Anion, Cation : mg/L)
Total
Description Term pH COD EC Cl SO Na' Mg ¢ Ca'? K B
Coliforms
L e s 1st half 8.0 0.3 2,025 963 110 400 94 132 6 15
0 ond half 8.1 12 1,779 808 70 263 52 87 7 22
e s 1st half 75 12 33530 15247 1,800 8320 6% 2630 16 0
« ond half 7.4 12 29810 11621 1,650 5971  53% 1857 14 0
. : 1st half 7.4 12 21510 95% 1,190 5674 459 191 84 0
voowons ond half 7.4 12 1930 7,75 1000 4915 367 160 65 0
b , 1st half 7.4 08 23460 10472 1150 5714 476 200 80 0
ons ond half 7.3 12 2580 10018 1300 683 538 276 148 8
1st half 7.3 16 7847 2911 410 2481 12 51 62 0
5 Deng— .
ond half 7.3 16 7501 4488 400 2013 92 54 59 0
1st half 7.3 12 24160 98% 1270 2120 5% 1960 132 0
6 Youngdo—1 )
ond half 7.2 0.3 2303 10316 1300 1710 4% 1715 80 0
1st half 76 12 16640 5630 1,150 4070 340 89 159 0
7 Busanjin—1 )
ond half 7.5 12 15520 5658 1250 3345 13 37 81 0
1st half 75 12 18530 7632 1,130 4191 352 130 188 0
8 Bwanjin—2 )
ond half 7.4 16 15380 5771 850 323 163 44 13 0
1st half 75 12 23690 8875 1320 569 373 32 116 0
9 Buwanjin—3 )
ond half 7.5 16 22360 8643 1,150 4541 217 57 103 0
o a1 1st half 7.4 12 29150 12641 2200 7406 730 64 75 0
am ond half 7.4 12 26920 10252 2100 658 627 633 68 0
1st half 7.3 16 4318 2,23 210 814 53 51 15 0
11 Nam-—2 )
ond bl 7.6 16 4012 1,879 180 693 48 48 10 23
o e s 1st half 7.0 16 38510 16755 2,400 8522 1308 1217 12 0
amee ond half 6.8 20 3480 14676 2250 7115 1227 1018 114 0
N 1st half 7.4 12 13290 5543 950 283 23 69 81 0
oonam ond half 7.2 12 15060 6112 1,100 2920 267 84 87 9
1st half 7.3 12 15470 6340 1,150 3,140 254 88 91 0
14 Nam-—5 )
ond half 7.8 12 13645 5225 980 2855 23 74 93 0
e e 1st half 75 12 26950 9866 2,100 6209 9% 460 78 0
am ond half 7.5 12 28830 11429 2250 6761 1,120 4% 113 25
6 N 1st half 7.0 12 32550 14533 1,750 6235 6% 515 84 0
am ond half 7.1 12 28910 12166 1500 5416 676 452 59
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Table 6. Analytical results of water samples of public seawater bath (EC: 4S/cm, COD, Anion, Cation : mg/L)
) ‘ . . Total
Description Term pH COD EC Cl” SOs° Na Mg Ca ” .
Coliforms
1st half 6.9 1.2 27,230 11,362 1,700 6,925 974 701 217 0
17 Haeundae—1 )
2nd half 6.7 1.6 22,580 9,054 1,550 5,644 822 549 149 0
1st half 7.7 1.2 43,550 18,815 2500 10226 1,134 948 361 0
18 Haeundae—2 )
2nd half 7.5 1.2 42,760 18,647 2,400 9,667 1,356 1,153 215 0
1st half - - - - - - - - - -
19 Haeundae—3 ) o . e } . o o
2nd half 7.8 1.6 43,910 18576 2,500 10,253 1,013 155 309 980
50 Saha_1 1st half 7.3 0.8 31,330 13277 1,510 7,696 1,000 1,168 67 0
ana 2nd half 7.2 0.4 27,670 11,720 1,400 5,351 800 959 84 0
0] Suhao 1st half 7.7 1.2 12,140 3,911 530 1,763 272 782 23 0
ana 2nd half 7.7 1.2 12,970 5,041 600 1,871 374 661 28 0
oo . 1st half 7.2 0.8 35,230 15,904 2,030 5,756 960 2,788 16 0
2 Saha—3
ahaTe 2nd half 7.3 0.4 30,790 13,783 1,900 4,689 333 1,882 38 0
03 Saha_d 1st half 7.8 0.8 12,560 4,062 620 1,750 168 204 20 26
N ana 2nd half 7.8 0.8 14,260 5,247 1,000 2,636 307 315 43 43
04 Suha5 1st half 8.0 1.2 45,220 18,755 2,540 10,510 844 215 393 385
ana 2nd half 7.9 1.2 44,430 18,845 2,500 8,880 853 150 300 460
o . 1st half 7.2 1.2 44,150 18,602 2,300 10,120 1,384 500 232
p SC 576
ane 2nd half 7.1 0.8 41,330 17,583 2,100 3,656 1,025 452 235 0
1st half - - - - - - - - - -
26 Saha—7 )
2nd half 7.2 0.8 17,900 7,118 310 2,463 371 877 a4 0
1st half 7.7 1.6 8,125 2,307 620 2,346 250 115 79 0
27 Suyoung—1 .
2nd half 7.6 1.6 7,271 2,205 550 1,623 142 77 38 0
1st half 7.8 1.2 38,560 18,830 2,150 10,420 1,082 332 283 0
28 Suyoung—2 ) o . o . ) . .
2nd half 7.8 0.8 26,750 12,054 1,650 6,783 702 463 87 0
1st half 7.8 1.2 42,740 19,300 2,540 10,050 1,078 313 517 0
29 Swoung—3 )
ond half  — - - - - - - - - -
1st half 7.7 0.8 20,550 8515 1,300 2,834 381 890 41
30 Sasang —1 )
2nd half 7.6 0.8 18,950 7,501 1,150 2,625 356 823 24 0
average 7.5 1.2 23,292 9,949 1,396 5,095 582 582 114 35
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Table 7. Comparison of electrical conductivity(EC) with the kinds of water

Hem (1995} Cleary(1990)

Kinds of water
EC( S/cm)

Pure water(distilled water} 0.05 05~ 2
Snow melt 2~ 42
Fresh water 50 ~ 500
Mineralizing water 500 ~ 1,000
Industrial waste water 10,000 >
Seawater 41,500 >

Brine225,000
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Fig. 4. Distribution of anion concentration vs EC at water of 30
seawater-baths.
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Fig. 5. Distribution of cation concentration vs EC at water of 30
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Table 8. Matrix of correlation coefficients among EC and ion substances for the water of seawater bath

EC [l S04+ Na' Mg'*® Ca'® K'
EC 1.000
Cl” 0.9480 1.000
SOs7° 09048 0.9314 1.000
Na' 0.8983 0.9329 09130 1.000
Mg 0.8829 0.9006 0.8978 0.8702 1.000
Ca'® 0.2947 0.4065 0.3388 0.1947 0.4164 1.000
K' 0.7043 0.6803 0.6560 0.7281 0.5761 -01632 1.000
Table 9. Analytical results of water samples at coastal seawater in Busan (EC : xS/cm, COD, Anion, Cation : mg/L)
Total
Description Term pH COD EC Cl SO4° Na' Mg '? Ca'? K »
Coliforms
Seawater—1 1st half 8.0 1.2 48,230 19,683 2,400 10,645 1126 356 312 30
(Ory uk do) 2nd half 8.2 2.0 49,710 20,419 2,600 10,870 1,058 3838 348 14
Seawater—2 1st half 8.0 2.0 47,350 18125 2,600 10,710 1,283 350 287 900
(Dadaepo) 2nd half 8.0 1.6 46,710 17,817 2,450 10,624 1,247 389 302 170
Seawater—3 1st half 8.1 0.8 48,150 19,320 2,400 10,748 1,210 330 326 130
(Haeundae) 2nd half 8.2 0.8 49,500 20,263 2,500 11,260 1,127 302 342 34
average 8.1 1.4 48,275 19,271 2,458 10,810 1,175 353 320 213
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Fig. 6. Comparison of pH and COD between water of seawater
bath and coastal seawater.
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Fig. 7. Comparison of ion concentration between water of
seawater bath and coastal seawater.
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Table 10. Analytical results of water samples at spawater in Busan
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(EC : #S/cm, COD, Anion, Cation : mg/L)

Description Term pH CcOD EC Cl SOs~ Na' Mg '® Ca'® K C;iofjrlms
Spawater—1 1st half 7.3 1.2 6,536 2,144 132 650 45 341 42 0
(Haeundae) 2nd half 7.4 1.2 6,292 2,130 120 616 34 329 40 0
Spawater—2 1st half — — — — — — — — — —
(Dongrae} 2nd half 8.1 0.8 2,140 394 90 303 46 37 13 0
Spawater—3 1st half 7.8 0.8 2,065 342 91 250 13 23 10 0
(Nokcheon} 2nd half 7.8 1.2 2,157 348 100 259 14 25 11 0
Spawater—4 1st half 7.7 0.8 7,325 2514 478 916 53 353 39 0
(Taejongdae} 2nd half 7.7 0.4 7,006 2,432 450 842 50 327 28 0
average 7.7 0.9 4,789 1,472 548 209 36 205 26 0
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Fig. 8. Comparison of pH and COD between water of seawater
bath and spawater.

Fig. 9. Comparison of ion concentration between water of
seawater bath and spawater.
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