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Abstract

To investigate the impact of Submarine Groundwater Discharge (SGD) on Hwasun Bay,
surveys were conducted 13 times in total in Hwasun Bay, Jeju Island from January through
December 2019. Throughout the entire period, collecting submarine fresh groundwater,
submarine saline groundwater, bay water, and open water, the water temperature, salinity, and
the concentrations of Dissolved Inorganic Nitrogen (DIN), Dissolved Inorganic Phosphate
(DIP), Dissolved Silicate (DSi), and Dissolved Organic Carbon (DOC) were measured.
Nutrients showed significant negative correlations (DIN: 2= 0.82, DIP: r* = 0.63 DSi: r* =
0.82) in all the surveys, and there was an impact of Submarine Fresh Groundwater Discharge
(SFGD) in this bay. DOC showed a significant positive correlation (r*= 0.69) in all the surveys
and tended to increase to the open sea, so it is judged that there was an increase in concentration
due to biological activity, rather than depending on SFGD.

The residence time was calculated based on the tidal prism, and through the calculated result,
SFGD was estimated, using the DSi-mass balance model, and as a result, it was 1.2 X10° m?
d'. As a result of the estimation of the flux by multiplying the concentration of nutrients in the
groundwater and SFGD, DIN, DIP, and DSi were respectively 6.7 + 4.8, 0.004 & 0.003, 4.0 =
4.2X10°mol yr'. Also, as a result of the calculation of the nutrients-mass balance model, of
the total flux of nutritive salts supplied to Hwasun Bay, DIN, DIP, and DSi, supplied by SFGD
were respectively approximately 96, 25, and 80 %, and of them, about 49, 84, and 41 % were
removed by biological production, and 51, 16, and 59 % were mixed with the open sea water
and leaked.

As compared to the previous studies conducted in Hwasun Bay, in this study, as the
groundwater runoff decreased, and nutrient flux increased, it is judged that the groundwater is
depleted, and the contamination progresses. Currently, on Jeju Island, the contamination of the
groundwater is in progress, which must seriously be recognized. Thus, to understand the

behavior of SGD, it is necessary to trace the origins of substances, using various radioactive

Vii



isotopes, to conduct an extensive study of the spatial and temporal scales, including wider

areas and natural phenomena like typhoons, simultaneously and to continue to monitor them.
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et al. 2001; Taniguchi et al. 2002). tJ+T= Wt |FCZ2 F=5+= AMA FAsH
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Figure 1 A schematic diagram of hydrology and submarine groundwater discharge of coast.
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Table 1. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju Island
in January 2019 (n.d. = not detected).

Sample No. Tem[:erature Salinity DIN DIP DSi  DocC
[C] (uM]  [uM]  [uM]  [uM]

1 13.9 01 9483 4.1 1586 24

Fresh 2 12.9 0.1 11854 43 1225 22
Groundwater 3 12.9 0.1 1660.0 5.3 155.1 24
4 12.4 01 7734 44 1946 26

1 7.2 31 5144 54 2139 30

2 8.3 4.1 n.d. n.d. n.d. 33

3 8.1 59 5894 24 1103 30

4 8.4 73 6199 17 1158 23

5 9.7 93 8646 3.4 1486 28

6 11.6 10.2 9110 3.6 1579 30

7 9.4 135 6753 2.6 136.0 31

Saline 8 9.6 143 5232 28 1351 35
Groundwater 9 7.9 175 4815 23 896 33
10 9.2 194 3241 1.7 774 35

11 10.4 203 2464 14 774 48

12 10.8 21.4 2473 15 873 38

13 10.4 222 2442 30 447 nd.

14 10.2 222 2012 1.9 905 30

15 12.6 259 2821 21 96.0 52

16 11.7 28.7 1223 17 857 47

1 14.2 324 302 06 202 55

16.1 325 270 05 260 60

Bay Water B1 20.8 33.7 24 05 83 63
B2 21.6 33.9 16 04 76 70

B3 21.6 33.9 14 05 77 68

B4 22.7 34.0 01 04 73 61

Sea Water 1 17.3 32.9 4.3 0.2 10.4 73
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Table 2. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju Island
in February 2019 (n.d. = not detected).

SampleNo, | PerAU® iy DIN DIP DSi - DOC

[C] Ml [uM]  [uM]  [pM]

1 145 0. 10187 43 1386 22

Fresh 2 15.1 01 nd. 37 2041 19
Groundwater

3 15.4 01 13152 36 1376 22

1 12.1 12  nd 67 2219 23

2 13.1 78 12050 6.4 1787 40

3 13.1 83 6003 25 1891 46

4 12.1 97 5595 25 1555 31

5 126 114 5621 12 1120 nd.

6 124 144 2814 20 822 nd

Saline 7 130 152 6687 45 828 41
Groundwater

8 122 165 9793 48 157.8 30

9 136 189 4684 41 1101 43

10 140 192 5405 nd. 1528 42

11 121 208 5238 41 1359 49

12 112 240 2941 34 1004 64

13 116 264 989 18 921 61

1 150 308 328 09 351 61

2 149 324 240 13 nd. 64

151 334 261 07 nd. 60

Bay Water Bl 20.8 33.7 2.4 0.5 8.3 63

B2 216 339 16 04 76 70

B3 216 339 14 05 77 68

B4 227 340 01 04 73 61

Sea Water 1 15.6 33.3 8.4 0.6 11.9 62
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Table 3. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju Island
in March 2019 (n.d. = not detected).

Temperature . DIN DIP DSi DOC

Sample No. rcl Salinity MMl [UM] [M]  [M]
Fresh 1 14.8 0.1 17071 44 2417 29
Groundwater 2 14.7 0.1 14614 43 3219 20
1 13.9 0.5 nd nd 3015 19

2 13.9 1.0 nd 40 3905 22

3 13.8 1.4 nd nd 321.2 26

4 13.6 34 9242 nd. 2914 33

5 13.9 5.3 nd 13 2402 30

6 14.2 7.0 11620 3.6 2858 44

7 13.6 84 7253 3.0 2770 44

8 14.3 91 9209 29 2593 55

9 13.6 105 4602 51 2775 34

10 15.1 11.1 1396.6 6.2 2844 29

11 13.3 12,6 7293 35 270.1 52

Saline 12 14.6 13.6 11521 nd. 215.0 56
Groundwater 13 14.1 13.7 8413 32 216.7 61
14 14.1 147 5639 35 191.2 55

15 14.5 16,5 9993 7.8 2138 45

16 14.3 17.0 13421 7.7 239.1 44

17 13.6 19.8 8028 6.8 110.7 50

18 15.1 204 3431 40 973 45

19 13.3 21.9 3991 38 926 55

20 13.7 23.7 5509 45 120.1 50

21 13.4 249 2681 45 127.1 64

22 14.1 273 3778 36 129.0 63

23 13.9 28.4 3306 3.7 146.7 61

24 13.9 332 662 47 1385 61

1 14.9 328 276 nd.  nd. 65

Bay Water 2 14.4 25.3 26.7 n.d. n.d. 59
B1 20.8 33.7 24 05 83 63
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B2 21.6 33.9 1.6 0.4 7.6 70
B3 21.6 33.9 1.4 0.5 7.7 68
B4 22.7 34.0 0.1 0.4 7.3 61
Sea Water 1 15.6 32.7 5.7 0.3 6.7 62
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Table 4. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju Island
in April 2019 (n.d. = not detected).

Sample No, | CPerat® o iy DIN  DIP - DSi - DOC
[C] [wuM]  [uM]  [uM]  [uM]

Fresh 1 157 01 14758 45 3332 19
Groundwater 2 163 01 19452 48 3819 22
1 171 25 10450 83 3226 29

2 190 34 13191 62 2383 24

3 17.8 54 13067 52 2639 35

4 174 63 16161 7.3 2593 31

5 186 88 16851 53 2634 36

6 18.3 98 8515 35 1863 37

7 174 129 11045 74 2750 37

8 189 131 12796 65 2485 33

9 194 143 11364 85 2910 37

_ 10 194 154 9791 69 3031 40
é?'o'ﬂf] water 11 180 177 9169 68 2802 36
12 180 202 6584 50 247.9 48

13 176 210 5511 52 2404 43

14 196 240 4944 57 2361 63

15 181 248 4165 42 1582 51

16 182 258 387.0 52 2305 53

17 211 270 1680 30 1683 57

18 179 271 2876 33 1146 53

19 213 291 2250 15 592 68

20 200 305 1723 17 565 65

21 200 317 763 15 610 66

1 194 294 365 13 nd 60

196 200 nd 10 nd 60

soywater B 208 337 24 05 83 63
B2 216 339 16 04 76 70

B3 216 339 14 05 77 68

B4 227 340 01 04 73 61
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Sea Water

1

16.0

32.7

5.9

0.7

5.1

65
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Table 5. Temperature, salinity, and concentrations of inorganic nutrients, and DOC
in fresh groundwater, saline groundwater, bay water, and sea water in Hwasun,
Jeju Island in May 2019 (n.d. = not detected).

SampleNo, AW gy DN DIP DSi - DOC
[C] [uM]  [uM]  [uM]  [uM]

1 17.6 01 27237 75 6539 28

Fresh 2 17.2 01 23816 52 4771 26
Groundwater 3 17.2 01 23224 49 5056 23
4 17.2 01 25130 58 4903 28

1 20.2 49 15913 7.6 289.8 44

2 22.1 51 24557 62 397.6 46

3 20.5 65 12416 61 3151 49

4 213 108 5331 20 2538 39

5 259 112 17516 2.9 2046 39

6 221 156 6871 22 3004 37

7 222 163 15783 39 3352 39

_ 8 223 172 12691 32 2817 43
é?!ﬂﬁ dwater 205 216 4503 25 1627 41
10 212 230 157 24 1224 46

11 215 236 5584 27 1510 51

12 210 241 3115 31 2376 49

13 210 250 5900 36 1692 57

14 216 268 4223 2.8 1393 54

15 217 272 4460 27 1380 53

16 208 302 85 18 613 57

17 207 310 1531 25 1399 53

1 20 309 531 08 307 68

195 315 nd 09 329 70

saywaer B 208 337 24 05 83 63
B2 216 339 16 04 76 70

B3 216 339 14 05 77 68

B4 227 30 01 04 73 61

SeaWater 1 173 336 107 04 99 65
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Table 6. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju Island
in June 2019 (n.d. = not detected).

sampleNo, | PerAWe iy DIN DIP - DSi - DOC

[C] [uM]  [uM]  [uM]  [uM]

1 18 0.1 2880 35 3581 27

Fresh 2 18.1 01 2875 36 3791 27
Groundwater

3 18.4 0.1 2887 36 2784 28

1 21.0 32 2059 103 3037 30

2 21.9 6.8 2696 56 3233 36

3 21.6 77 2880 85 3092 36

4 22.2 83 2826 60 3253 39

5 225 120 2777 76 3511 40

6 226 126 2781 39 2823 43

7 222 137 2888 59 3085 31

_ 8 230 156 2734 56 2708 52

(S;gﬂf] dwater 2 233 166 2577 33 2646 41

10 233 188 2276 27 2808 45

11 235 192 2222 39 2757 47

12 236 205 2344 38 2701 48

13 240 226 1938 23 1701 45

14 241 260 853 25 2249 59

15 245 266 977 27 2162 53

16 246 278 721 36 2090 62

17 246 281 692 30 1795 64

1 23.6 31.0 n.d. 01 175 78
2 23.5 311 127 0.2 136 77
3 23.4 31.2 4.0 01 111 80
4 23.2 31.2 2.3 0.0 n.d. 77
5 23.4 31.2 5.7 02 128 76
6

Bay Water
23.6 31.3 2.3 0.1 n.d. 77
Bl 20.8 33.7 2.4 0.5 8.3 63
B2 21.6 33.9 1.6 0.4 7.6 70
B3 21.6 33.9 1.4 0.5 7.7 68
B4 22.7 34.0 0.1 0.4 7.3 61
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Sea Water

1

20.3

324

3.2

0.1

6.8

87
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Table 7. Temperature, salinity, and concentrati7ons of inorganic nutrients, and DOC in
fresh groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju
Island in July 2019 (n.d. = not detected).

sampleNo, | PerAWe iy DIN DIP - DSi - DOC

[C] [uM]  [uM]  [uM]  [uM]

1 16.5 0.1 3047 47 4797 36

Fresh 2 16.8 01 3132 63 6627 32
Groundwater

3 17.4 0.1 3039 44 5563 34

1 20.7 37 2986 59 2475 41

2 21.4 56 2980 27 1889 32

3 23.1 86 2933 39 2088 44

4 21.1 93 3057 59 3178 43

5 239 109 2889 37 2106 48

6 222 112 2886 32 2123 45

7 241 121 2937 35 2200 50

8 216 130 2791 30 1868 45

9 230 142 2834 30 1778 49

Saline 10 232 151 2902 33 2060 49

Groundwater 11 229 162 2789 2.7 1597 49

12 229 172 2667 31 1912 54

13 234 184 2805 30 2093 52

14 223 193 2614 30 1905 50

15 222 205 2747 39 2415 58

16 222 218 2166 31 1935 67

17 229 228 2039 28 1572 56

18 224 231 1555 28 1600 60

19 225 249 1938 37 1964 62

20 220 250 1677 31 1776 66

1 24 29.5 n.d. 04 241 74
2 23.8 30.1 n.d. 04 224 72
3 23.8 30.1 n.d. 0.4 n.d 73
Bay Water 4 23.8 30.3 n.d. 04 341 70
5 23.6 309 205 02 352 73
6 23.8 31.0 284 03 241 72
Bl 20.8 33.7 2.4 05 8.3 63
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B2 21.6 33.9 1.6 0.4 7.6 70
B3 21.6 33.9 1.4 0.5 7.7 68
B4 22.7 34.0 0.1 0.4 7.3 61
Sea Water 1 21.7 32.0 7.3 0.2 9.9 71
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Table 8. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju Island
in August 2019 (n.d. = not detected).

sampleNo, | PerAWe iy DIN DIP - DSi - DOC
[C] [uM]  [uM]  [uM]  [uM]
1 174 01 3045 25 3529 29
Fresh 2 174 01 3021 24 2017 25
Groundwater 3 173 01 3034 24 3710 33
4 173 01 3028 24 1645 35
1 220 57 642 21 1681 29
2 233 64 272 19 1647 35
3 229 83 279 15 1305 46
4 221 90 596 11 1288 33
5 223 106 308 09 1272 41
6 241 119 517 21 1826 38
Saline 7 234 129 489 08 1491 44
Groundwater g 236 132 687 07 1396 nd.
9 227 147 432 14 1561 48
10 232 156 766 14 1569 42
11 237 169 724 16 1426 44
12 233 172 699 15 1661 46
13 236 189 1300 14 1568 46
14 238 196 1381 16 1410 43
1 245 250 nd. 09 508 75
2 247 264 nd. 07 372 76
3 244 247 nd. 03 382 75
4 255 283 123 03 254 80
5 252 283 140 03 217 78
6 248 255 nd. 05 596 76
Bay Water
7 246 257 nd. 06 561 78
8 246 284 403 04 305 79
9 247 280 400 04 391 80
10 246 276 nd. 05 371 79
11 243 249 nd. 07 706 79
12 261 288 75 02 104 84
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13 25.8 29.5 8.9 02 119 85
Bl 20.8 33.7 2.4 0.5 8.3 63
B2 21.6 33.9 1.6 0.4 7.6 70
B3 21.6 33.9 14 0.5 7.7 68
B4 22.7 34.0 0.1 0.4 7.3 61
Sea Water 1 26.9 30.5 04 0.2 13.0 91
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Table 9. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju Island
in 10 September 2019 (n.d. = not detected).

sampleNo, | PerAWe iy DIN DIP - DSi - DOC
[C] [uM]  [uM]  [uM]  [uM]
1 186 01 3097 24 3871 32
Fresh 2 189 01 3085 24 4500 31
Groundwater 3 194 01 3088 25 3955 32
4 184 01 3085 25 4331 36
1 236 69 1974 06 1400 47
2 242 73 2659 15 2261 49
3 246 85 2754 12 1108 57
4 253 108 2141 13 1427 46
5 238 115 2732 17 3171 67
6 249 121 1817 09 1008 54
7 262 123 2600 15 2935 68
Saline
e e B 261 125 849 08 1169 49
9 253 138 2080 15 1460 54
10 252 141 1692 09 1545 49
11 253 157 834 08 1534 48
12 258 162 1089 11 1361 42
13 264 182 677 08 1135 45
14 254 195 1282 12 1469 51
15 255 209 957 10 951 50

1 26.9 23.4 n.d. 09 66.1 73
2 27.9 23.9 n.d. 0.7 784 81
3 27.8 25.0 n.d. 0.7 60.7 84
4 26.8 271 443 03 281 78
5 28.5 28.0 216 03 175 93
6

Bay Water
28.1 28.0 146 0.2 10.6 87
B1 20.8 33.7 2.4 0.5 8.3 63
B2 21.6 33.9 1.6 0.4 7.6 70
B3 21.6 33.9 14 0.5 7.7 68
B4 22.7 34.0 0.1 0.4 7.3 61
Sea Water 1 24.6 31.1 0.6 0.1 4.0 85
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Table 10. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in
fresh groundwater, saline groundwater, bay water, and sea water in Hwasun,
Jeju Island in 24 September 2019 (n.d. = not detected).

sampleNo. | Po W' ooliniey DIN - DIP - DSi - DOC

[C] [uM]  [uM]  [uM]  [uM]

1 16.4 01 2212 48 3373 47

Fresh 2 17.1 01 5195 22 1980 35

Groundwater 3 17.3 01 4135 20 1623 36

4 17.7 09 5191 23 2286 41

1 20.0 28 1823 16 1991 50

2 19.3 34 1282 21 1765 68

3 22.4 47 1966 12 2346 61

4 20.0 53 1418 13 185 80

5 20.5 6.4 1497 10 1848 54

6 209 109 954 30 1164 64

7 216 123 946 10 1362 73

8 206 139 1459 12 1547 87

9 246 146 1292 14 1422 73

Saline 10 228 171 nd. 12 1313 65
Groundwater

11 212 187 1094 09 1523 71

12 246 197 1059 1.9 1789 60

13 249 211 1237 13 1284 58

14 228 223 733 17 1418 75

15 205 238 635 10 1577 70

16 214 240 828 11 1096 67

17 236 259 793 12 1119 65

18 252 283 255 03 274 76

19 259 294 203 03 310 81

1 25.6 29.8 120 05 152 85
2 254 295 189 0.6 183 84
3 24.8 295 203 0.6 15.6 75
Bay Water 4 244 2711 717 0.5 489 75
5 24.2 27.3 86.5 0.6 67.0 81
6 25.1 29.1 36.5 04 326 77
7 24.8 306 30.1 02 16.0 85
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8 24.7 30.6 20.8 0.2 116 91
Bl 20.8 33.7 2.4 0.5 8.3 63
B2 21.6 33.9 1.6 0.4 7.6 70
B3 21.6 33.9 1.4 0.5 7.7 68
B4 22.7 34.0 0.1 0.4 7.3 61
Sea Water 1 24.6 31.1 0.6 0.1 4.0 98
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Table 11. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in
fresh groundwater, saline groundwater, bay water, and sea water in Hwasun,
Jeju Island in October 2019 (n.d. = not detected).

Sample No. Temp:erature Salinity DIN - DIP DSi - DOC
[C] [uM]  [pM]  [uM]  [uM]

Fresh 1 17 01 3218 42 6674 36
Groundwater 2 17 0.1 3024 24 3680 37
1 16.8 05 3004 46 3245 45

2 18.7 15 3150 1.4 4733 11

3 19.5 35 3184 15 4628 18

4 19.5 45 3072 07 3538 18

5 19.3 55 2904 39 257.8 72

6 19.5 9.3 2938 09 377.6 31

7 18.9 104 2009 0.8 2768 27

8 20.7 112 2363 15 2029 55

9 20.8 133 1527 1.8 234.8 67

10 20.8 144 1947 22 2317 68

Saline 11 21.0 152 2832 3.0 305.2 80
Groundwater 12 21.2 16.8 2225 19 2426 80
13 21.6 17.7 2340 25 2705 72

14 21.9 184 853 1.7 1823 53

15 21.4 194 1298 1.4 1750 61

16 21.9 20.3 1760 1.7 2055 57

17 22.2 215 2161 33 3018 83

18 21.9 233 1452 1.7 1751 70

19 22.5 249 1309 2.0 1973 61

20 22.6 258 1196 17 1843 66

21 22.5 272 661 12 1401 63

22 22.9 29.7 617 22 1759 59

1 25.0 309 144 04 413 68
2 25.1 31.3 7.2 04 16.6 70
3 25.0 30.2 181 0.6 109 68
Bay Water
4 23.7 26.9 n.d. 09 121 60
5 23.7 26.7 n.d. 08 754 62
6

24.3 30.1 n.d. 06 28.8 69
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25.0 312 145 03 115 74

244 315 251 05 107 76

Bl 20.8 33.7 2.4 0.5 8.3 63

B2 21.6 33.9 1.6 0.4 7.6 70

B3 21.6 33.9 1.4 0.5 7.7 68

B4 22.7 34.0 0.1 0.4 7.3 61

Sea Water 1 24.6 321 0.3 0.2 3.6 80

=32 -



Table 12 Temperature, salinity, and concentrations of inorganic nutrients, and DOC in fresh
groundwater, saline groundwater, bay water, and sea water in Hwasun, Jeju
Island in November 2019 (n.d. = not detected).

sampleNo, | PerAWe iy DIN DIP - DSi - DOC
[C] [uM]  [uM]  [uM]  [uM]

Fresh 1 16.1 01 3052 33 3668 29
Groundwater 2 16.1 0.1 3083 31 3725 24
1 14.4 38 2705 21 2903 41

2 16.8 56 2838 26 3786 18

3 15.7 62 2741 2.7 4392 65

4 16.4 75 2778 24 3720 25

5 16.6 83 1746 15 4022 53

6 16.6 90 2832 31 3550 25

7 146 109 1884 21 1639 48

8 157 112 2261 31 2251 55

_ 9 144 119 1974 27 1983 49
(S;gﬂf] dwater 10 159 129 2796 21 1720 27
11 159 150 1244 19 1352 41

12 158 169 2434 18 1441 33

13 161 170 889 14 1111 48

14 156 175 2382 33 2227 42

15 172 181 2175 13 1177 35

16 165 235 1392 12 1030 40

17 171 284 655 11 877 52

18 171 301 436 13 949 50

19 171 313 261 10 762 57

1 18.9 315 n.d. 0.4 n.d. 71
2 17.9 221 n.d. 11 n.d. 55
3 18.5 23.2 n.d. 0.9 n.d. 52
4 19.2 30.9 n.d. 0.4 n.d. 62
)
6

Bay Water 20.3 331 n.d. 0.2 106 68
21 334  nd. 02 100 63

B1 20.8 33.7 24 0.5 8.3 63

B2 21.6 33.9 1.6 0.4 7.6 70

B3 21.6 33.9 14 05 7.7 68
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B4 22.7 34.0 0.1 0.4 7.3 61

Sea Water 1 217 33.0 0.9 0.5 7.2 75
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Table 13. Temperature, salinity, and concentrations of inorganic nutrients, and DOC in
fresh groundwater, saline groundwater, bay water, and sea water in Hwasun,
Jeju Island in December 2019 (n.d. = not detected).

sampleNo, | PerAWe iy DIN DIP - DSi - DOC
[C] [uM]  [uM]  [uM]  [uM]

1 14.2 01 3047 23 1222 26

grﬁjs:ndwater 2 14.5 0.1 3048 23 1780 28
3 15 01 3058 23 2155 28

1 116 114 1304 20 657 79

2 12.1 9.8 1466 22 1437 78

3 11.4 80 1719 13 1118 56

4 11.8 129 1580 26 586 48

5 122 131 1720 21 1401 34

6 120 150 1585 2.1 1027 34

7 117 175 1451 18 991 42

8 119 195 1135 16 752 33

9 11.8 184 1298 14 703 41

10 115 206 1201 11 673 42

saline 11 117 154 1813 10 661 36
Groundwater 12 117 270 549 08 545 49
13 116 256 568 09 557 45

14 114 271 457 09 577 53

15 116 239 1011 10 600 54

16 120 162 1673 08 490 33

17 109 228 720 06 491 40

18 12.1 45 1566 15 1710 46

19 12,5 40 2287 22 1613 50

20 130 110 1594 27 996 60

21 12.0 50 2044 13 1991 43

22 12.4 70 1529 16 1743 40

161 327 74 04 157 67

158 336 45 03 101 65

Bay Water 3 151 337 46 02 99 67
156 334 45 02 98 68

B1 208 337 24 05 83 63
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B2 21.6 33.9 1.6 0.4 7.6 70
B3 21.6 33.9 14 0.5 7.7 68
B4 22.7 34.0 0.1 0.4 7.3 61
Sea Water 1 19.1 33.0 1.9 0.2 8.6 75
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Figure 4 Correlations between salinity and DIN in Hwasun Bay, Jeju Island in 2019. The dotted lines indicate the correlation slope between salinity
and DIN.
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Figure S Correlations between salinity and DSi in Hwasun Bay, Jeju Island in 2019. The dotted lines indicate the correlation slope between salinity
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Residence Time

Value (unit)

January February March April May June July August September Septzefrlber October November December

Apot(m?)  1.9X107 1.9x107 1.9%X107 1.9%X107 1.9%X107 1.9x10" 1.9x10" 1.9x10" 1.9%X107 1.9%X107 1.9x10" 1.9%X107 1.9%10’

Vs(m®)  1.3X10% 1.5X10% 1.5X10% 1.5X10°% 1.3X10% 1.3Xx10% 1.3X10°% 1.4x10% 1.3x10*® 1.3X10% 1.4Xx10® 1.5X10® 1.5X108
T (day) 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52
H (m) 1.08 2.87 2.77 2.58 1.15 0.91 0.96 1.65 1.03 0.89 1.44 243 2.72
Z (m) 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0

P (m?) 2.1X107 54x107 53X107 4.9x107 2.2x10" 1.7X10" 1.8X107 3.1X107 2.0X10" 1.7X107 2.7X10" 4.6x10" 5.2X10’
Tr(day) 2.6 1.4 1.5 1.6 1.9 3.6 2.6 1.8 3.5 4.0 2.6 1.6 1.5

Table. 14 Values for each notation in residence time in Hwasun Bay, Jeju Island in 2019. Apoy is the bottom area of the bay, Vs is the volume of bay

water, T is period of tide, H is the range of tide, Z is the average depth of the bay, P is tidal prism, and Ty is residence time of bay.
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DSi-mass balance model

Value (unit) 10. 24.

September  September October November December

January February March April May June July August

(mnﬁgilﬂd'l) 9.5X10" 9.5x10" 9.5x10" 9.5X10" 9.5X10" 9.5xX10" 95x10" 95x10" 9.5x10" 9.5x10" 9.5x10" 95x10" 9.5x10’

(mn?g?vrvn-s) 174 194 333 359 478 404 417 249 337 236 446 383 173

(mm%ﬁxm_g) 25 1.3 1.1 2.6 5.8 4.0 9.1 175 25.3 17.4 16.3 1.4 1.0
i (09) 0.38 0.71 0.67 0.63 0.52 0.28 0.38 0.56 0.29 0.25 0.38 0.63 0.67
SFGD

(m*d) 52X10° 6.3X10° 8.3x10° 3.6x10° 5.3X10° 2.8X10* 6.1X10° 50x10° 26x10° 2.0x10° 1.7x10° 3.2X10° 2.7X10°

Table. 15 Values for each notation in the DSi mass balance model measured in Hwasun Bay, Jeju Island in 2019.
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Region SGD DIN DIP DSi Methods References
cmd? mol yr!
United States
Loxahatchee River Estuary 20~74 - 3.6+4.3x10° - Ra and 2%2Rn mass balance model (Szvg)%rg)enskl etal
Pamet River Estuary 77 1.6 ~6.6x107 1.2 ~5x10°8 - Ra based three end member model ~ Charette. (2007)
Tempa Bay 02~15 4.7~327 x 107 0.7~5.1x107 3.3~22.6x10" Raand ???Rn mass balance model (Szvg]%r;:)nskl etal
Lynch Cove, Hood Canal 85.0 + 84.0 1.8~2.2x107 8~9.5x%x10° 1.1~1.3X10® Raand %2Rn mass balance model (S;E/J%r;s)nskl etal
. Charette and
- 7 6 - -
Elizabeth Estuary 18~3.2 7.7X10 2.7X10 Ra based three end-member model Buesseler. (2004)
China
Bamen Bay 15 + 22 57£92 X107 6.2 + 14 X 108 44+67x107 Ramassbalance model Silicaand g o 5 (2011
e o e e 222Rn mass balance models ’
Laoye lagoon 10~ 20 6.2 X107 1.9x10% 1.9%x107 Raand silica mass balance model  Ji et al. (2012)
Plove cove, Hong Kong 20~43 45~95%10° 1~2x10* 6.8 ~14x10° 222Rn mass balance model Tse and Jiao (2008)
Tolo Harbor 16.6 4.0x108 5.1x108 5.1X108 Ramass balance model Lee et al. (2012)
Wanquan River Estuary 05 + 05 3.4+3.3x108 0.7 £1.1x10* 9.5+ 10.2%X10° Ra mass balance model Su et al. (2011)
Korea
ili 222,
Bangdu Bay 27 1.4X 108 4.1Xx10° 5.1 108 ;‘é‘g:la”d Rn mass balance Kim et al. (2011)
Gamak Bay 8.0 ~12.0 48~66%X10°  55-~124x108 - Ra mass balance model Silicaand 0 ot a1 (2010)
Rn mass balance model

Yeoja Bay 8.1 1.0x10° 4.4x106 1.0X10° Raand silica mass balance model Hwang et al. (2005b)
Hwasun Bay 12 1.1x108 - - 222Rn mass balance model Kim et al. (2013)
Hwasun Bay 6.4 2.5x108 1.4x10° 1.5x108  Silica mass balance model This study

Table. 16 The summaries of the geochemical-tracer based SGD estimates and the associated nutrient fluxes to the coast zones.
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