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Supplementary Tables 

Table S1. Monthly water quality parameters measured in the southern coast of Korea from 

February to November 2023. 
Month Sites WTa 

(℃) 

DO 

(mg L-1) 

Salinity 

(psu) 

pH NO2
-+NO3

- 

(µM) 

NH4
+ 

(µM) 

PO4
3- 

(µM) 

SiO2 

(µM) 

Feb. S1 10 9.9 34 8.1 4.8 2.0 0.2 2.7 

 S2 8 10.2 33 8.2 1.7 0.6 0.1 3.6 

 S3 7 10.3 33 8.1 1.2 0.5 0.1 2.2 

 S4 11 9.7 34 8.1 3.4 1.9 0.4 6.5 

 S5 7 10.4 33 8.2 1.1 0.3 0.0 1.1 

 S6 7 10.7 31 8.0 17.0 3.1 0.3 17.2 

 S7 7 10.4 34 8.2 1.5 0.5 0.2 6.9 

 S8 8 10.1 34 8.1 3.9 1.0 0.4 5.7 

 S9 8 10.2 34 8.1 2.3 1.0 0.3 3.6 

 S10 8 10.1 34 8.3 2.1 0.4 0.2 1.1 

 S11 10 9.9 34 8.2 3.3 0.9 0.2 3.3 

 S12 8 10.2 34 8.1 2.3 1.0 0.3 3.6 

Apr. S1 15 8.1 34 8.2 2.3 1.6 0.3 8.6 

 S2 15 8.2 34 8.0 5.0 5.2 0.4 11.2 

 S3 15 8.2 34 7.9 2.8 3.3 0.3 9.0 

 S4 15 8.2 34 7.9 3.7 2.8 0.3 8.0 

 S5 15 8.3 33 8.0 1.5 1.2 0.1 5.0 

 S6 15 8.4 33 7.9 13.3 3.8 0.3 11.3 

 S7 17 7.9 34 7.9 0.5 0.8 0.2 18.7 

 S8 16 8.0 34 7.9 4.5 2.4 0.4 12.5 

 S9 16 8.2 34 7.9 4.4 5.3 0.7 12.1 

 S10 15 8.2 34 8.0 4.3 3.3 0.5 8.5 

 S11 15 8.2 34 8.0 1.7 1.3 0.2 6.5 

 S12 16 8.1 34 8.0 1.5 1.1 0.2 9.9 

May S1 19 7.9 32 8.2 2.1 1.1 0.1 10.2 

 S2 20 7.4 32 8.3 6.6 3.2 0.2 16.7 

 S3 20 7.4 32 8.0 5.6 7.6 0.2 6.4 

 S4 17 7.9 32 8.1 6.2 3.4 0.2 11.8 

 S5 20 7.6 32 8.1 3.7 5.1 0.4 11.1 

 S6 19 7.8 31 8.0 50.7 15.9 0.8 33.1 

 S7 22 7.3 33 8.1 6.8 1.4 0.5 7.3 

 S8 20 7.5 33 8.0 8.3 3.8 0.4 7.4 

 S9 18 7.8 31 8.0 12.8 5.9 0.5 14.7 

 S10 19 7.7 32 8.1 46.5 5.2 1.9 28.0 

 S11 18 7.7 33 8.1 39.1 2.8 0.6 20.7 

 S12 20 7.5 32 8.1 8.4 4.2 0.6 7.0 

Jun. S1 20 7.4 33 8.2 1.3 0.8 0.2 13.3 

 S2 23 7.1 33 8.2     

 S3 20 7.4 33 7.9 4.5 3.8 0.3 12.8 

 S4 21 7.4 33 8.1 1.7 6.6 0.2 7.9 

 S5 24 7.1 33 8.0 2.1 1.1 0.2 6.3 

 S6 23 7.1 32 8.0 10.2 8.4 1.0 10.9 

 S7 26 6.9 33 7.3 4.6 2.8 0.4 20.8 

 S8 23 7.1 33 8.0 7.1 5.4 0.6 18.2 

 S9 22 7.2 33 7.9 2.8 4.0 0.4 23.4 

 S10 22 7.2 33 8.0 13.5 2.4 0.6 22.6 

 S11 22 7.2 32 8.1 8.4 2.6 0.3 13.6 

 S12 23 7.1 32 8.1     

Jul. S1 26 7.5 17 8.5 29.7 4.1 0.5 67.7 
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 S2 29 7.2 17 8.5 26.8 0.7 0.2 38.1 

 S3 28 7.3 18 8.4 39.1 0.8 0.1 68.6 

 S4 27 6.8 18 8.5 18.7 0.9 0.2 49.4 

 S5 28 6.8 20 8.4 13.2 7.4 0.4 31.2 

 S6 28 7.0 21 8.0 21.2 3.6 0.2 37.4 

 S7 27 7.1 27 8.1 2.8 1.4 0.1 11.4 

 S8 26 7.0 29 7.8 10.6 1.8 0.4 23.5 

 S9 29 7.3 13 8.4 37.5 5.3 0.4 65.2 

 S10 29 7.1 17 8.7 10.6 1.6 0.1 17.1 

 S11 27 7.0 27 8.0 5.6 2.9 0.2 16.7 

 S12 27 7.0 27 8.1 9.5 5.3 0.5 15.7 

Aug. S1 27 8.4 27 8.1 7.6 1.4 0.2 15.5 

 S2 29 9.5 24 8.1 5.7 3.3 0.2 12.3 

 S3 28 8.8 26 8.0     

 S4 29 12.0 18 8.5     

 S5 29 8.6 25 8.2 2.3 2.2 0.2 2.7 

 S6 28 8.6 21 8.2 25.3 3.2 0.1 32.6 

 S7 30 9.5 29 8.0 3.5 1.7 0.1 4.5 

 S8 29 7.2 30 7.9 12.3 4.4 0.5 13.1 

 S9 29 9.2 23 8.1 7.5 4.1 0.2 27.9 

 S10 28 8.6 28 8.0 8.6 3.7 0.3 19.5 

 S11 29 8.1 30 8.0 9.5 3.4 0.4 13.2 

 S12 29 10.3 29 8.0 73.1 12.5 1.3 69.2 

 S13 24 7.0 28 8.1 1.0 3.2 0.6 24.0 

Sep.. S1 25 7.0 28 8.1 1.7 3.7 0.3 14.6 

 S2 25 5.6 28 7.9 2.6 5.2 0.2 4.8 

 S3 23 7.2 19 8.0 54.7 3.0 0.9 73.3 

 S4 25 5.5 28 7.9 8.4 3.0 0.5 16.9 

 S5 23 7.0 22 8.0 30.8 3.8 0.4 32.5 

 S6 26 7.1 30 8.0 5.2 1.8 0.4 13.4 

 S7 26 5.6 31 7.9 14.9 2.3 1.1 32.8 

 S8 25 5.4 28 7.8 20.5 4.6 1.2 39.1 

 S9 25 5.5 30 7.8 16.2 3.6 1.0 29.9 

 S10 25 6.8 30 8.1 12.3 1.3 0.5 24.3 

 S11 26 5.3 30 7.9 33.3 5.5 1.3 49.8 

 S12 16 7.5 34 7.4 9.5 1.4 0.7 19.5 

Nov. S1 16 8.4 34 7.6 5.6 2.0 0.5 25.5 

 S2 15 7.6 33 7.5 3.4 1.0 0.5 6.6 

 S3 14 7.5 34 7.5 9.3 1.9 0.8 19.9 

 S4 16 7.9 33 7.4 3.9 2.1 0.7 12.4 

 S5 16 8.5 33 7.5 2.6 1.7 0.6 29.9 

 S6 15 8.4 34 7.5 1.4 0.6 0.3 5.9 

 S7 17 7.6 34 7.6 10.0 2.3 0.8 21.5 

 S8 16 7.7 34 7.5 14.3 3.5 1.0 26.1 

 S9 16 7.4 34 7.5 12.8 2.2 0.8 23.7 

 S10 17 7.9 35 7.6 6.5 2.1 0.6 18.5 

 S11 17 7.7 34 7.6 1.9 0.5 0.2 16.0 

 S12 10 9.9 34 8.1 4.8 2.0 0.2 2.7 
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Table S2. Instrumental conditions for the analysis of lipophilic marine toxins in biological 

samples using UPLC-MS/MS. 
Instrument HPLC: Agilent Infinity 1290 Ⅱ 

MS/MS: Agilent 6470 triple quadrupole mass spectrometer 

Column Waters X-Bridge C18, 3.0 mm × 150 mm, 5.0 µm 

Column temperature 25 ℃ 

Mobile phase (A): 0.05% NH4OH in water; (B): 0.05% NH4OH in 90% ACN 

Mobile phase gradient 
Time (min) 

Mobile phase 

A (%) B (%) 

0.0 70 30 

0.5 70 30 

4.0 45 55 

5.0 0 100 

8.0 0 100 

8.8 70 30 

10.0 70 30 
 

Injection volume 5 µL 

Flow rate 0.4 mL min-1 

Ion source ESI (electrospray ionization) 

Polarity Positive and negative 

Ion spray voltage 4000 V (positive) and –4500 V (negative) 

Gas temperature 350 ℃ 

Sheath gas temperature 350 ℃ 

Nebulizer gas N2 (25 psi) 

Sheath Gas N2 (11 psi) 
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Table S3. Optimized MS/MS parameters of the tandem mass spectrometry for the quantification of 19 lipophilic marine toxins  
Compounds Molecular weight RT 

(min) 

Precursor ion 

(m/z) 

Product ion 

(m/z) 

Fragmentor 

(volts) 

CE 

(volts) 

YTX 1143.3 1.3 570.3 [M-2H]2- 467.1 

501.4 

165 35 

25 

hYTX 1157.4 2.9 577.2 [M-2H]2- 472.2 

508.8 

165 32 

24 

PTX2 859.07 7.8 876.5 [M+NH4]+ 823.4 

841.4 

176 26 

22 

PTX11 875.05 7.6 892.4 [M+NH4]+ 839.2 

821.3 

173 26 

26 

OA 805.02 2.8 803.46 [M-H]- 255.0 

563.2 

245 50 

50 

DTX1 819.03 4.0 817.47 [M-H]- 255.0 

563.0 

245 50 

45 

DTX2 805.02 3.2 803.46 [M-H]- 255.0 

113.0 

255 50 

60 

AZA1 842.08 6.8 842.52 [M+H]+ 824.3 

806.3 

199 32 

36 

AZA2 856.11 6.9 856.52 [M+H]+ 838.3 

820.3 

209 35 

45 

AZA3 828.05 6.1 828.49 [M+H]+ 810.3 

792.2 

198 35 

45 

AZA4 844.05 5.8 844.48 [M+H]+ 826.2 

808.2 

202 35 

50 

AZA5 844.05 5.1 844.48 [M+H]+ 826.3 

808.2 

202 30 

40 

BTX1 867.07 8.4 867.5 [M+H]+ 849.6 

355.3 

155 10 

20 

BTX2 895.08 8.1 895.5 [M+H]+ 249.3 

877.6 

135 

255 

35 

15 

BTX3 897.10 7.5 897.5 [M+H]+ 879.8 

725.5 

155 15 

20 

BTX5 911.2 4.7 911.5 [M+H]+ 893.8 

875.5 

155 20 

15 

GYM 507.7 7.2 508.3 [M+H]+ 490.5 

136.1 

155 25 

45 

SPX 691.9 7.5 692.4 [M+H]+ 164.2 

674.7 

205 55 

30 

DA 311.3 1.5 312.1[M+H]+ 266.3 

248.3 

110 15 

15 
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Table S4. Linearity (R2), limit of detection (LOD), limit of quantification (LOQ), recovery rates, and precision (CV) for 19 lipophilic 

marine toxins determined using UPLC-MS/MS. 
Compounds Linear range 

(ng mL–1) 

R2 LOD 

(ng g–1 ww) 

LOQ 

(ng g–1 ww) 

Recovery of spike test 

(n = 4, mean ± SD) 

Coefficient of 

variation (n = 4) 

YTX 1–50 0.994 0.33 1.05 96 ± 0.11 5.3 

hYTX 1–50 0.996 0.35 1.12 96 ± 0.11 5.6 

PTX2 1–50 0.996 0.36 1.13 95 ± 0.11 5.9 

PTX11 1–50 0.996 0.49 1.59 92 ± 0.16 8.2 

OA 1–50 0.997 0.41 1.23 91 ± 0.13 5.7 

DTX1 1–50 0.997 0.36 1.13 93 ± 0.11 5.6 

DTX2 1–50 0.999 0.35 1.12 94 ± 0.11 7.1 

AZA1 1–50 0.999 0.34 1.07 94 ± 0.1 5.6 

AZA2 1–50 0.999 0.35 1.12 96 ± 0.11 5.6 

AZA3 1–50 0.999 0.36 1.14 95 ± 0.11 5.9 

AZA4 1–50 0.999 0.3 0.96 96 ± 0.09 4.9 

AZA5 1–50 0.999 0.51 1.61 96 ± 0.16 8.2 

BTX1 5–200 0.999 2.75 8.75 86.7 ± 0.79 5.9 

BTX2 5–200 0.999 1.72 5.46 88.7 ± 0.54 2.5 

BTX3 5–200 0.999 3.49 11.1 85.6 ± 1.1 7.6 

BTX5 5–200 0.999 3.61 11.4 92.3 ± 1.2 7.7 

GYM 1–50 0.999 0.21 0.67 87.3 ± 0.87 6.1 

SPX 1–50 0.999 0.27 0.85 90.1 ± 0.56 5.6 

DA 1–50 0.999 0.45 1.41 76.1 ± 2.1 7.6 
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Table S5. Abundance of phytoplanktons identified in the southern coast of Korea from February to November 2023. 

Month Sites 
Abundance of phytoplankton (×103 cells L–1) 

Bacillariophyceae Dinophyceae Cryptophyceae Dictyochophyceae Raphidophyceae Others 

Feb. S1 1076 25 7.1 NDa ND 16 

 S2 776 14 1.6 ND ND 23 

 S3 555 20 ND ND ND ND 

 S4 188 1.4 5.7 ND ND ND 

 S5 543 8.0 11 ND ND ND 

 S6 14 11 32 ND ND 35 

 S7 11 1.2 21 ND ND ND 

 S8 34 5.5 23 ND ND 2.7 

 S9 258 3.0 29 ND ND ND 

 S10 240 0.94 19 ND ND ND 

 S11 524 0.80 6.4 0.40 ND 0.40 

 S12 94 4.8 107 ND ND 6.1 

Apr. S1 18 2.9 98 ND ND 50 

 S2 36 35 35 ND ND ND 

 S3 4.3 19 1.7 0.43 ND ND 

 S4 22 2.0 6.4 0.4 ND ND 

 S5 4.9 32 7.6 ND ND 18 

 S6 5.7 10 15 ND ND 10 

 S7 12 4.2 84 ND ND 14 

 S8 2.9 4.9 42 ND ND ND 

 S9 2.1 2.5 43 ND ND ND 

 S10 3.9 15 26 ND ND ND 

 S11 38 28 68 0.44 ND ND 

 S12 137 19 115 1 ND ND 

May S1 1673 53 23 1.2 ND ND 

 S2 45 861 183 0.43 ND 1.3 

 S3 346 80 38 0.40 ND ND 

 S4 1178 77 35 1.4 ND ND 

 S5 122 75 29 ND ND ND 

 S6 53 77 65 ND ND 355 

 S7 115 8.6 93 ND ND 17 

 S8 40 12 91 ND ND ND 

 S9 86 24 65 ND ND ND 

 S10 27 8.0 53 ND ND ND 

 S11 154 25 124 ND ND ND 

 S12 505 21 62 ND ND ND 

Jun. S1 29 138 176 1.3 ND 0.9 
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 S2 4.7 446 110 0.4 ND ND 

 S3 252 23 92 0.8 ND 29 

 S4 97 35 18 0.9 ND 11 

 S5 87 34 34 2.1 ND 58 

 S6 179 30 9.1 ND ND ND 

 S7 123 248 50 ND ND 1.9 

 S8 35 37 5.0 ND ND 1.7 

 S9 91 89 38 ND ND ND 

 S10 16 50 407 1.2 ND 248 

 S11 55 40 51 0.5 ND ND 

 S12 78 145 128 0.4 ND ND 

Jul. S1 902 509 17 ND ND 3432 

 S2 556 285 11 ND ND 4272 

 S3 96 150 28 ND ND 38139 

 S4 964 73 78 ND ND 321 

 S5 140 55 21 ND ND 15 

 S6 56 119 425 ND ND 834 

 S7 855 27 139 ND ND 80 

 S8 86 165 287 ND ND 36 

 S9 2756 16 124 ND ND 28 

 S10 5802 21 193 ND ND 135 

 S11 63 39 20 ND ND ND 

 S12 517 41 18 ND ND 6.2 

Aug. S1 1703 219 6.3 ND 0.8 ND 

 S2 591 519 2.5 ND 2.1 ND 

 S3 1565 36 1.7 ND 0.9 ND 

 S4 6653 121 3.9 ND 5.5 ND 

 S5 977 56 ND ND ND ND 

 S6 59 241 15 ND ND ND 

 S7 652 69 5.3 ND ND ND 

 S8 918 42 1.3 ND ND ND 

 S9 553 138 3.7 ND ND 5264 

 S10 1814 17 ND ND 0.4 0.42 

 S11 77 46 6.1 ND ND 3.5 

 S12 25 47 5.0 ND ND 963 

Sep. S1 906 27 ND ND ND ND 

 S2 1368 25 ND ND 0.5 ND 

 S3 3943 23 ND ND 0.4 ND 

 S4 545 37 35 ND ND 49 

 S5 686 106 ND ND ND 1.2 
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 S6 301 8.6 4.3 ND ND ND 

 S7 1522 19 4.0 ND 0.4 ND 

 S8 28 28 5.3 ND ND 280 

 S9 352 52 390 ND ND ND 

 S10 313 7.0 17 ND 5.2 30 

 S11 138 15 72 ND ND ND 

 S12 16 30 168 ND 499 ND 

Nov. S1 11 13 25 ND ND ND 

 S2 17 102 27 ND ND ND 

 S3 201 2.2 30 ND ND 1.7 

 S4 5.1 13 192 ND ND 27 

 S5 5.9 1.1 175 ND ND 23 

 S6 809 4.1 4 ND ND ND 

 S7 134 3.7 6 ND ND ND 

 S8 7.9 4.8 56 0.4 ND ND 

 S9 3.6 5.3 286 0.4 ND 44 

 S10 ND 3.4 277 ND ND ND 

 S11 21 5.1 9 ND ND ND 

 S12 1234 2.5 17 0.4 ND ND 
a ND: Not detected.   
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Table S6. Abundance of causative microalgae of marine biotoxins in the southern coast of Korea from February to November 2023. 
Month Sites Pseudo-nitzchia spp. 

(cells L–1) 

Alexandrium spp. 

(cells L–1) 

G. spinifera 

(cells L–1) 

D. acuminata 

(cells L–1) 

Karenia brevis 

(cells L-1) 

Feb. S1 10690 450 NDa ND ND 

 S2 12870 ND ND 400 ND 

 S3 80030 ND ND ND ND 

 S4 2850 ND ND ND ND 

 S5 58920 ND ND ND ND 

 S6 840 ND ND ND ND 

 S7 1210 ND ND ND ND 

 S8 780 ND ND ND ND 

 S9 750 ND ND ND ND 

 S10 2810 ND ND ND ND 

 S11 1600 ND ND ND ND 

 S12 1750 ND ND ND ND 

Apr. S1 1660 ND ND ND ND 

 S2 1870 470 ND 470 ND 

 S3 1280 ND ND ND ND 

 S4 1600 ND ND ND ND 

 S5 1140 3430 ND 760 ND 

 S6 2190 870 ND ND ND 

 S7 1270 ND ND ND ND 

 S8 820 ND ND ND ND 

 S9 830 ND ND ND ND 

 S10 1730 430 ND ND ND 

 S11 2660 ND ND ND ND 

 S12 1880 ND ND 1500 ND 

May S1 1592390 400 ND 400 ND 

 S2 36140 16580 1700 14030 ND 

 S3 334730 400 ND 400 ND 

 S4 1126080 ND ND ND ND 

 S5 120180 ND ND 750 ND 

 S6 52010 ND ND ND ND 

 S7 13150 ND ND ND ND 

 S8 17720 ND ND ND ND 

 S9 64450 ND ND ND ND 

 S10 1260 ND ND 420 ND 

 S11 116430 ND 380 380 ND 

 S12 368870 ND ND ND ND 

Jun. S1 7020 ND ND 440 ND 
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 S2 ND 5100 ND 1570 ND 

 S3 3210 ND ND 800 ND 

 S4 33570 ND ND 860 ND 

 S5 36430 860 ND ND ND 

 S6 ND ND ND ND ND 

 S7 ND ND ND ND ND 

 S8 4160 1660 ND 420 ND 

 S9 62450 2170 ND 430 ND 

 S10 780 ND ND 1960 ND 

 S11 2910 ND ND ND ND 

 S12 2200 ND ND ND ND 

Jul. S1 31850 800 ND ND ND 

 S2 41380 ND ND ND ND 

 S3 15880 ND ND ND ND 

 S4 35280 ND ND ND ND 

 S5 108270 430 ND ND ND 

 S6 6410 920 ND ND ND 

 S7 526290 ND ND ND ND 

 S8 20890 ND ND 420 ND 

 S9 ND ND ND ND ND 

 S10 16820 1260 ND ND ND 

 S11 24840 ND ND ND ND 

 S12 99000 410 ND 410 ND 

Aug. S1 774270 390 ND ND ND 

 S2 444290 ND ND 410 410 

 S3 1487010 ND ND ND 430 

 S4 1459740 ND ND ND 1180 

 S5 766500 ND ND ND ND 

 S6 22610 ND ND ND 810 

 S7 427110 ND ND ND 380 

 S8 62780 ND ND ND ND 

 S9 43860 ND ND ND 370 

 S10 138680 ND ND 420 ND 

 S11 2600 ND ND ND 430 

 S12 1260 ND ND ND ND 

Sep. S1 613140 ND ND ND ND 

 S2 515810 480 ND ND ND 

 S3 1834150 380 ND ND ND 

 S4 517550 ND ND 420 ND 

 S5 537470 4730 ND ND ND 
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 S6 188120 ND ND ND ND 

 S7 1269910 ND ND ND ND 

 S8 19540 ND ND ND ND 

 S9 36540 ND ND ND ND 

 S10 72130 ND ND ND ND 

 S11 37270 ND ND ND 440 

 S12 860 430 ND ND ND 

Nov. S1 2710 ND ND ND ND 

 S2 11580 ND ND ND ND 

 S3 62480 ND ND ND ND 

 S4 850 ND ND ND ND 

 S5 1840 ND ND ND ND 

 S6 3650 ND ND ND ND 

 S7 14910 ND ND ND ND 

 S8 1310 ND ND ND ND 

 S9 1210 ND ND ND ND 

 S10 ND ND ND ND ND 

 S11 420 ND ND ND ND 

 S12 830 ND ND ND ND 
a ND: Not detected.   
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Table S7. Concentrations of LMTs in phytoplanktons (20–200 µm SPM) collected from the southern coast of Korea from February to 

November 2023. 

Month Sites 
Concentrations of LMTs in phytoplankton (ng g–1 ww) 

YTX hYTX PTX2 PTX11 AZA1 AZA2 AZA3 AZA4 AZA5 OA DTX1 DTX2 BTX1 BTX2 BTX3 BTX5 GYM SPX DA 

Feb. S1 -a - - - - - - - - - - - - - - - - - - 

 S2 NDb 9 52 21 ND ND ND ND ND 5.3 7.8 ND ND ND ND ND ND ND ND 

 S3 ND ND 16 3.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND ND 8.7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND ND 3.7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 - - - - - - - - - - - - - - - - - - - 

 S8 ND ND 3.8 ND ND ND ND ND ND 4.0 ND ND ND ND ND ND ND ND ND 

 S9 ND ND NQc ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND ND 3.03 ND ND ND ND ND ND 9.8 ND ND ND ND ND ND ND ND ND 

 S11 ND ND 1.6 ND ND ND ND ND ND 2.8 ND ND ND ND ND ND ND ND ND 

 S12 ND ND 7.7 ND ND ND ND ND ND 6.4 ND ND ND ND ND ND ND ND ND 

Apr. S1 ND ND 47 2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND ND 275 36 ND ND ND ND ND ND 38 ND ND ND ND ND ND ND ND 

 S3 ND ND 236 17 ND ND ND ND ND ND 25 ND ND ND ND ND ND ND ND 

 S4 ND ND 146 24 ND ND ND ND ND ND 13 ND ND ND ND ND ND ND ND 

 S5 9 ND 189 20 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND ND 19 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND ND 21 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND 350 4 ND ND ND ND ND ND 16 ND ND ND ND ND ND ND ND 

 S9 ND ND 102 8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND ND 962 124 ND ND ND ND ND ND 31 ND ND ND ND ND ND ND ND 

 S11 ND ND 946 53 ND ND ND ND ND ND 34 ND ND ND ND ND ND ND ND 

 S12 ND ND 858 51 ND ND ND ND ND ND 30 ND ND ND ND ND ND ND ND 

May S1 ND 5 12 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 10 537 95 ND ND ND ND ND ND 14 ND ND ND ND ND ND ND ND 

 S3 5 20 73 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 7 120 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND 7.3 5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND ND 71 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 7.4 ND 11 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND 147 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND ND 98 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND 31 608 17 ND ND ND ND ND 4 16 ND ND ND ND ND ND ND ND 

 S11 ND 14 344 27 ND ND ND ND ND ND 15 ND ND ND ND ND ND ND ND 

 S12 ND ND 90 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Jun. S1 ND 99 164 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 66 278 9.7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND ND 29 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 90 100 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND 70 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND 15 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND 24 52 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND 47 324 NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND 7.8 30 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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 S10 ND 124 680 16 ND ND ND ND ND 3.5 12 ND ND ND ND ND ND ND ND 

 S11 ND 38 12 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND 46 173 23 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Jul. S1 ND 100 29 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 35 18 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND 153 56 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 194 18 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND 19 3.6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND 19 4.0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND ND 3.0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND 11 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND ND 3.0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND ND 6.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND ND 8.0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Aug. S1 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND ND 12 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND ND 5.7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND ND 42 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND ND 15 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Sep. S1 ND ND 24 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND ND 5.6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND ND 79 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND ND 20 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND ND 11 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND ND 2.6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND ND 31 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Nov. S1 ND ND 16 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND ND 71 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND ND 2.3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND ND 4.3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND ND 5.9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND ND 3.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND 2.9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND ND 63 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND ND 23 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND ND 9.6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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 S12 ND ND 36 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
a-: Not collected. 
b ND: Below limit of detection. 
c NQ: Below limit of quantification. 
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Table S8. Concentrations of LMTs in mussels collected from the southern coast of Korea from February to November 2023. 

Month Sites 
Concentrations of LMTs in mussels (ng g–1 ww) 

YTX hYTX PTX2 PTX11 AZA1 AZA2 AZA3 AZA4 AZA5 OA DTX1 DTX2 BTX1 BTX2 BTX3 BTX5 GYM SPX DA 

Feb. S1 NDa ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 18 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND 15 NQb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 15 NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND ND NQ ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND 17 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Apr. S1 ND 33 6.1 ND ND ND ND ND ND 9.04 ND ND ND ND ND ND ND ND ND 

 S2 6 27 22 ND ND ND ND ND ND 115 752 ND ND ND ND ND ND ND ND 

 S3 25 ND 4.7 ND ND ND ND ND ND 8.2 148 ND ND ND ND ND ND ND ND 

 S4 ND 25 2.2 ND ND ND ND ND ND ND 38 ND ND ND ND ND ND ND ND 

 S5 146 16 4.6 ND ND ND ND ND ND 6.9 82 ND ND ND ND ND ND ND ND 

 S6 ND 14 1.3 ND ND ND ND ND ND 2.1 37 ND ND ND ND ND ND ND ND 

 S7 ND 15 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND ND 5.1 ND ND ND ND ND ND 9.5 24 ND ND ND ND ND ND ND ND 

 S9 ND ND 4.0 ND ND ND ND ND ND 1.6 8.8 ND ND ND ND ND ND ND ND 

 S10 ND ND 17 ND ND ND ND ND ND 45 232 ND ND ND ND ND ND ND ND 

 S11 ND 19 21 ND ND ND ND ND ND 41 145 ND ND ND ND ND ND ND ND 

 S12 ND 15 21 ND ND ND ND ND ND 19 81 ND ND ND ND ND ND ND ND 

May S1 NQ 20 ND ND ND ND ND ND ND NQ 50 ND ND ND ND ND ND ND ND 

 S2 13 9.4 ND ND ND ND ND ND ND 21 227 ND ND ND ND ND ND ND ND 

 S3 47 32 ND ND ND ND ND ND ND NQ 59 ND ND ND ND ND ND ND ND 

 S4 -c - - - - - - - - - - - - - - - - - - 

 S5 66 24 ND ND ND ND ND ND ND ND 36 ND ND ND ND ND ND ND ND 

 S6 16 6 ND ND ND ND ND ND ND ND 22 ND ND ND ND ND ND ND ND 

 S7 29 6.5 ND ND ND ND ND ND ND ND 6.9 ND ND ND ND ND ND ND ND 

 S8 ND 22 ND ND ND ND ND ND ND 2.8 29 ND ND ND ND ND ND ND ND 

 S9 ND 4.6 ND ND ND ND ND ND ND ND 11 ND ND ND ND ND ND ND ND 

 S10 ND 67 ND ND ND ND ND ND ND 34 147 ND ND ND ND ND ND ND ND 

 S11 ND 55 ND ND ND ND ND ND ND 28 58 ND ND ND ND ND ND ND ND 

 S12 ND 43 ND ND ND ND ND ND ND 16 66 ND ND ND ND ND ND ND ND 

Jun. S1 ND 245 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 226 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND 191 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 414 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND 186 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND 15 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND 153 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND 84 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND 151 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND 415 ND ND ND ND ND ND ND 44 98 ND ND ND ND ND ND ND ND 
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 S11 ND 603 ND ND ND ND ND ND ND 9.9 ND ND ND ND ND ND ND ND ND 

 S12 ND 227 ND ND ND ND ND ND ND 23 40 ND ND ND ND ND ND ND ND 

Jul. S1 ND 217 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 1600 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND 540 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 997 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 ND 274 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S6 ND 176 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S7 ND 112 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND 109 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND 80 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND 158 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND 172 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND 91 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Aug. S1 ND 274 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 656 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND 290 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 118 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 - - - - - - - - - - - - - - - - - - - 

 S6 - - - - - - - - - - - - - - - - - - - 

 S7 ND 38 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND 38 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND 24 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND 115 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND 92 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND 68 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Sep. S1 ND 99 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 243 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S3 ND 218 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S4 ND 96 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S5 - - - - - - - - - - - - - - - - - - - 

 S6 - - - - - - - - - - - - - - - - - - - 

 S7 ND 8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S8 ND 36 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 ND 21 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S10 ND 103 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND 30 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND 8.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Nov. S1 ND 28 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S2 ND 30 12 ND ND ND ND ND ND ND 41 ND ND ND ND ND ND ND ND 

 S3 - - - - - - - - - - - - - - - - - - - 

 S4 - - - - - - - - - - - - - - - - - - - 

 S5 - - - - - - - - - - - - - - - - - - - 

 S6 ND ND ND ND ND ND ND ND ND ND 24 ND ND ND ND ND ND ND ND 

 S7 - - - - - - - - - - - - - - - - - - - 

 S8 ND ND 5.1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S9 - - - - - - - - - - - - - - - - - - - 

 S10 ND 25 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S11 ND 13 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

 S12 ND ND ND ND ND ND ND ND ND 15 ND ND ND ND ND ND ND ND ND 
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a ND: Below limit of detection. 
b NQ: Below limit of quantification. 
c -: Not collected. 
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Table S9. Abundances (cells L–1) of potential LMT-producing phytoplankton genera in the southern coast of Korea from February to 

November 2023. 
Month Genus S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

Feb. Amphora  890 NDa 850 480 ND ND ND ND 470 400 440 890  
Asterionellopsis   450 ND ND ND ND ND ND ND ND ND ND 450  
Chaetoceros  174660 78040 20430 19030 426960 6480 17260 15050 25270 14440 50780 174660  
Cosinodiscus  890 400 ND ND ND ND ND ND ND ND ND 890  
Dactyliosolen  ND ND ND ND ND ND ND ND ND ND ND ND  
Detonula  ND ND ND ND ND ND ND 750 ND ND ND ND  
Ditylum  450 400 ND ND ND ND ND ND ND ND ND 450  
Entomoneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Leptocylindrus  ND ND ND ND ND ND ND ND ND ND ND ND  
Licmphora  ND 400 ND 480 ND 400 780 ND ND 800 ND ND  
Navicular  ND ND ND 480 2810 400 ND ND 1870 1200 ND ND  
Melosira  ND ND ND ND ND ND ND ND ND 800 ND ND  
Odontella  4010 ND ND ND ND ND ND ND ND ND ND 4010  
Pleurosigma  ND ND ND ND ND ND ND ND 940 ND ND ND  
Pseudo-nitzschia  10690 12870 80030 2850 58920 1210 780 750 2810 1600 1750 10690  
Skeletonema  857250 675800 435890 156960 16840 1620 10590 3010 ND ND 4820 857250  
Thalassionema  3560 800 3410 950 ND ND 390 ND ND 800 440 3560  
Alexandrium  450 ND ND ND ND ND ND ND ND ND ND 450  
Akashiwo  ND 800 ND ND ND 400 ND 380 470 ND 1310 ND  
Ceratium  ND ND ND ND ND ND ND 380 ND ND ND ND  
Cochlodinium ND ND ND ND ND ND ND ND ND ND ND ND  
Dinophysis  ND 400 ND ND ND ND ND ND ND ND ND ND  
Gonyaulax  450 400 430 ND ND ND 390 ND ND ND ND 450  
Gymnodinium  8020 8850 5530 480 6550 810 1180 750 ND 400 2190 8020  
Gyrodinium  9800 1610 3410 480 940 ND 780 1130 ND ND 440 9800  
Karenia  ND ND ND ND ND ND ND ND ND ND ND ND  
Oxytoxum  ND ND ND ND ND ND ND ND ND ND ND ND  
Polykrikos  ND ND ND ND ND ND ND ND ND ND ND ND  
Prorocentrum  ND ND ND ND ND ND ND ND ND ND ND ND  
Protoperidinium  ND ND ND ND ND ND ND 380 ND 400 440 ND  
Scrippsiella  ND ND 3410 480 470 ND ND ND 470 ND ND ND  
Dictyocha  ND ND ND ND ND ND ND ND ND 400 ND ND  
Cryptomonas  7130 1610 ND 5710 11220 21050 22750 29350 18720 6420 106810 7130  
Achnanthes  ND 400 ND ND ND ND ND ND ND ND ND ND  
Diploneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Linglodinium  ND ND ND ND ND ND ND ND ND ND ND ND 

Apr. Amphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Asterionellopsis   ND ND ND ND ND ND ND ND ND ND ND ND 



S20 

 
Chaetoceros  1660 31250 ND ND ND 7170 ND ND ND 23910 127300 1660  
Cosinodiscus  ND ND ND ND ND ND ND ND ND ND ND ND  
Dactyliosolen  ND ND ND 4790 ND ND ND ND ND ND ND ND  
Detonula  ND 930 ND 1990 ND ND ND ND ND 3540 ND ND  
Ditylum  ND ND ND ND ND ND ND ND ND ND ND ND  
Entomoneis  830 ND ND 800 ND 420 410 ND ND 890 ND 830  
Leptocylindrus  ND ND ND ND ND ND ND ND ND ND ND ND  
Licmphora  420 ND ND ND ND ND ND ND ND ND ND 420  
Navicular  3740 ND ND 1600 1140 ND ND ND 430 440 ND 3740  
Melosira  ND ND ND ND ND ND ND ND ND ND 3760 ND  
Odontella  ND ND ND ND ND ND ND ND ND ND ND ND  
Pleurosigma  ND ND ND 400 ND ND ND ND ND ND ND ND  
Pseudo-nitzschia  1660 1870 1280 1600 1140 1270 820 830 1730 2660 1880 1660  
Skeletonema  ND ND ND ND ND ND ND ND ND ND ND ND  
Thalassionema  2910 ND ND 7580 380 ND ND ND 430 3100 ND 2910  
Alexandrium  ND 470 ND ND 3430 ND ND ND 430 ND ND ND  
Akashiwo  ND ND 850 ND ND ND ND ND ND ND ND ND  
Ceratium  ND ND ND ND ND ND ND ND 860 2210 3000 ND  
Cochlodinium ND ND ND ND ND ND ND ND ND ND ND ND  
Dinophysis  ND 470 ND ND 760 ND ND ND ND ND 1500 ND  
Gonyaulax  420 470 ND ND ND ND 410 ND ND ND ND 420  
Gymnodinium  ND 3730 5540 ND 14120 3380 1640 1240 7780 17710 12020 ND  
Gyrodinium  2080 2800 6400 ND 1530 840 2450 410 ND 3100 ND 2080  
Karenia  ND ND ND ND ND ND ND ND ND ND ND ND  
Oxytoxum  420 930 ND ND ND ND ND ND ND ND ND 420  
Polykrikos  ND ND ND 400 ND ND ND ND ND ND ND ND  
Prorocentrum  ND ND ND ND ND ND ND ND 430 ND ND ND  
Protoperidinium  ND ND ND ND 760 ND ND ND 860 440 ND ND  
Scrippsiella  ND 23320 2990 1200 7630 ND ND ND 3460 2210 1130 ND  
Dictyocha  ND ND 430 400 ND ND ND ND ND 440 750 ND  
Cryptomonas  97770 35450 1710 6380 7630 83560 41710 43040 26360 68190 114910 97770  
Achnanthes  ND ND ND ND ND ND ND ND ND ND ND ND  
Diploneis  ND 470 ND ND ND ND ND ND ND ND ND ND  
Linglodinium  ND ND ND ND ND ND ND ND ND ND ND ND 

May Amphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Asterionellopsis   ND ND ND ND ND ND ND ND ND ND ND ND  
Chaetoceros  25050 6380 8370 15890 ND 76620 15450 18540 24350 32340 133860 25050  
Cosinodiscus  ND ND ND ND ND ND ND ND ND ND ND ND  
Dactyliosolen  ND ND ND ND ND ND ND ND ND ND ND ND  
Detonula  ND ND ND ND ND ND ND ND ND ND 380 ND  
Ditylum  ND ND ND ND ND ND ND ND ND ND ND ND  
Entomoneis  ND ND ND ND ND ND ND ND ND ND ND ND 
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Leptocylindrus  24240 ND 1200 12620 ND ND ND ND ND ND ND 24240  
Licmphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Navicular  810 ND ND 470 ND ND ND ND 420 ND ND 810  
Melosira  ND ND ND ND ND ND ND ND ND ND ND ND  
Odontella  ND ND ND ND ND ND ND ND ND ND ND ND  
Pleurosigma  ND ND ND ND ND ND ND 440 ND ND ND ND  
Pseudo-nitzschia  1592390 36140 334730 1126080 120180 13150 17720 64450 1260 116430 368870 1592390  
Skeletonema  15350 ND ND ND ND ND 6360 ND ND ND ND 15350  
Thalassionema  11310 1280 800 22430 1500 ND 450 1770 ND 1520 ND 11310  
Alexandrium  400 16580 400 ND ND ND ND ND ND ND ND 400  
Akashiwo  810 ND ND 1400 2250 ND ND ND ND ND 380 810  
Ceratium  ND 430 ND ND 1500 ND ND 880 2520 1520 380 ND  
Cochlodinium ND ND ND ND ND ND ND ND ND ND ND ND  
Dinophysis  400 14460 400 ND 750 ND ND ND 420 380 ND 400  
Gonyaulax  400 2550 400 1400 380 380 ND ND ND 380 380 400  
Gymnodinium  27480 571460 33470 56070 42060 3760 3640 4410 3360 12560 3040 27480  
Gyrodinium  18590 4250 7970 1870 4510 750 2730 3530 840 2280 4560 18590  
Karenia  ND ND ND ND ND ND ND ND ND ND ND ND  
Oxytoxum  400 850 ND ND 1500 ND ND ND 420 ND ND 400  
Polykrikos  ND ND 400 ND ND ND ND ND ND ND 6460 ND  
Prorocentrum  810 161570 ND 3740 3760 750 450 ND 420 1140 380 810  
Protoperidinium  ND 2130 400 ND 1500 ND 2270 ND ND 1140 1900 ND  
Scrippsiella  810 42520 9560 9350 9010 2630 2730 14130 ND 3040 2280 810  
Dictyocha  1210 430 400 1400 ND ND ND ND ND ND ND 1210  
Cryptomonas  23440 182830 38260 35040 28540 93150 90880 65340 52910 123660 61610 23440  
Achnanthes  ND ND ND ND ND ND ND ND ND ND ND ND  
Diploneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Linglodinium  ND 850 ND ND ND ND ND ND ND ND ND ND 

Jun. Amphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Asterionellopsis   ND ND ND ND ND ND ND ND ND ND ND ND  
Chaetoceros  14050 3140 212790 40030 25710 110400 19130 22550 12530 49530 72740 14050  
Cosinodiscus  ND ND ND ND ND ND 420 ND ND 490 ND ND  
Dactyliosolen  ND ND ND ND ND ND ND ND ND ND ND ND  
Detonula  1760 ND ND 4730 ND ND ND ND ND ND ND 1760  
Ditylum  440 ND 800 ND ND ND ND ND ND ND ND 440  
Entomoneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Leptocylindrus  1320 ND ND 3440 3430 12520 6650 1730 1570 1940 2200 1320  
Licmphora  440 390 ND ND ND ND 1660 ND ND ND ND 440  
Navicular  ND ND ND ND ND ND ND ND ND ND ND ND  
Melosira  ND ND ND ND ND ND ND ND ND ND ND ND  
Odontella  ND ND 400 ND ND ND ND ND ND ND ND ND  
Pleurosigma  ND ND ND ND ND ND ND ND ND ND ND ND 
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Pseudo-nitzschia  7020 ND 3210 33570 36430 ND 4160 62450 780 2910 2200 7020  
Skeletonema  ND ND 27300 7750 6430 ND 1660 ND ND ND ND ND  
Thalassionema  ND ND ND ND ND ND ND ND ND ND ND ND  
Alexandrium  ND 5100 ND ND 860 ND 1660 2170 ND ND ND ND  
Akashiwo  880 16460 ND ND ND 2320 ND ND ND ND ND 880  
Ceratium  1760 1570 ND ND 430 ND 1250 34260 19190 970 1320 1760  
Cochlodinium 3070 91720 ND ND ND 460 420 ND ND ND ND 3070  
Dinophysis  440 1570 800 860 ND ND 420 430 1960 ND ND 440  
Gonyaulax  2190 1180 ND 430 1710 460 ND 870 ND ND ND 2190  
Gymnodinium  28090 4700 3210 10760 10710 8350 15800 20820 7830 22340 44080 28090  
Gyrodinium  7900 780 ND 6890 2140 930 2500 13880 3130 4860 57310 7900  
Karenia  ND ND ND ND ND ND ND ND 390 490 ND ND  
Oxytoxum  2190 780 ND ND ND ND 1250 ND 5880 ND ND 2190  
Polykrikos  440 1960 ND ND ND ND 420 1730 390 ND ND 440  
Prorocentrum  61890 285360 14450 7750 8570 224520 4580 3040 4310 490 29540 61890  
Protoperidinium  14050 6270 1200 1290 860 2780 1660 870 1570 ND 2200 14050  
Scrippsiella  10530 16460 800 2580 6860 5570 4160 4340 1960 6800 6610 10530  
Dictyocha  1320 390 800 860 2140 ND ND ND 1180 490 440 1320  
Cryptomonas  175570 109750 92340 18080 34280 50100 4990 38160 407330 51470 127840 175570  
Achnanthes  ND ND ND ND ND ND ND ND ND ND ND ND  
Diploneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Linglodinium  ND ND ND ND ND ND ND ND ND ND ND ND 

Jul. Amphora  800 ND ND ND ND 380 ND ND ND ND ND 800  
Asterionellopsis   ND ND ND ND ND 380 840 440 ND ND 1230 ND  
Chaetoceros  789130 410650 51600 188180 11980 112500 31340 ND 24380 8130 283850 789130  
Cosinodiscus  ND ND ND ND ND ND ND ND ND ND ND ND  
Dactyliosolen  ND 1180 ND ND ND ND ND ND ND ND ND ND  
Detonula  4780 2360 2650 15680 8990 ND 5010 ND ND 1360 1640 4780  
Ditylum  400 ND ND ND ND ND 840 ND ND ND 410 400  
Entomoneis  ND ND ND ND ND 380 ND ND ND ND ND ND  
Leptocylindrus  7960 5520 10590 6270 7280 123560 8360 870 2520 ND 34510 7960  
Licmphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Navicular  ND ND ND 780 ND ND ND ND ND ND ND ND  
Melosira  ND 390 ND ND ND ND ND ND ND ND ND ND  
Odontella  ND ND ND ND ND ND ND ND ND ND ND ND  
Pleurosigma  1990 790 ND 1960 ND 380 ND ND ND ND ND 1990  
Pseudo-nitzschia  31850 41380 15880 35280 108270 526290 20890 ND 16820 24840 99000 31850  
Skeletonema  59720 92220 11030 697830 ND 15250 7520 2752300 5744140 20330 87090 59720  
Thalassionema  ND ND ND ND ND 1530 1250 ND 5890 ND ND ND  
Alexandrium  800 ND ND ND 430 ND ND ND 1260 ND 410 800  
Akashiwo  1590 1180 ND 2350 ND ND 420 ND ND ND ND 1590  
Ceratium  ND ND ND ND ND ND ND ND ND 11290 ND ND 
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Cochlodinium ND ND 1760 780 ND ND ND ND ND ND ND ND  
Dinophysis  ND ND ND ND ND ND 420 ND ND ND 410 ND  
Gonyaulax  ND 390 440 2350 860 760 1670 2610 4200 ND 3290 ND  
Gymnodinium  220570 190740 70130 31360 27390 18310 54310 3480 5040 26200 8220 220570  
Gyrodinium  27870 20490 7940 11760 7700 ND 8360 5230 ND ND ND 27870  
Karenia  ND ND ND 390 1710 380 ND ND ND ND ND ND  
Oxytoxum  ND ND ND ND ND ND 420 ND ND ND ND ND  
Polykrikos  ND ND ND ND ND ND ND ND ND ND ND 400  
Prorocentrum  144130 40590 ND 1180 ND 1530 18800 870 ND ND 5750 144130  
Protoperidinium  7960 6310 1320 8230 1710 1530 2510 ND ND ND 9860 7960  
Scrippsiella  105510 25220 7060 7840 5140 2670 76040 3480 10090 900 11500 105510  
Dictyocha  ND ND ND ND ND ND ND ND ND ND ND ND  
Cryptomonas  16720 10640 27790 78410 20540 139200 287450 123680 193380 20330 18070 16720  
Achnanthes  400 ND 440 ND ND 760 840 ND ND ND ND 400  
Diploneis  ND ND ND ND ND 380 420 ND ND ND ND ND  
Linglodinium  ND ND ND ND ND ND ND ND ND ND ND ND 

Aug. Amphora  ND ND ND ND 410 ND ND ND ND ND ND ND  
Asterionellopsis   ND ND ND ND ND ND ND ND ND ND ND ND  
Chaetoceros  117310 41140 5170 ND 65940 216970 368880 ND 192150 43300 14240 117310  
Cosinodiscus  ND ND ND ND ND ND ND ND ND ND ND ND  
Dactyliosolen  ND ND ND ND ND ND 4330 ND ND ND ND ND  
Detonula  1170 820 2160 ND ND 4550 ND ND 3760 2160 ND 1170  
Ditylum  ND ND ND ND ND ND ND ND ND ND ND ND  
Entomoneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Leptocylindrus  132960 ND 3880 21190 16480 3030 38970 62140 505430 12990 ND 132960  
Licmphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Navicular  ND ND ND ND ND ND ND 730 ND ND ND ND  
Melosira  ND ND ND ND ND ND ND ND ND ND ND ND  
Odontella  ND ND ND ND ND ND ND ND ND ND ND ND  
Pleurosigma  2350 1230 ND 780 410 ND ND ND ND 430 ND 2350  
Pseudo-nitzschia  774270 444290 1487010 1459740 766500 427110 62780 43860 138680 2600 1260 774270  
Skeletonema  656960 102840 61200 5085550 76650 ND 382730 321660 213030 12990 8380 656960  
Thalassionema  11730 ND 3880 14910 30500 ND 59750 18280 292400 1730 840 11730  
Alexandrium  390 ND ND ND ND ND ND ND ND ND ND 390  
Akashiwo  7820 1230 ND ND ND ND 430 ND ND ND ND 7820  
Ceratium  ND ND ND 390 ND ND ND ND ND ND ND ND  
Cochlodinium 170890 262050 ND ND ND ND ND ND ND ND ND 170890  
Dinophysis  ND 410 ND ND ND ND ND ND 420 ND ND ND  
Gonyaulax  ND 410 ND ND ND ND ND ND ND ND ND ND  
Gymnodinium  14080 133700 20690 64350 18540 9860 11690 29240 8350 24250 12570 14080  
Gyrodinium  5470 7400 6030 6280 820 1520 2600 13160 3760 8660 7540 5470  
Karenia  ND 410 430 1570 ND 380 ND 370 ND 430 ND ND 
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Oxytoxum  ND ND ND ND ND ND ND ND 420 430 ND ND  
Polykrikos  ND ND ND ND ND ND ND ND ND ND ND ND  
Prorocentrum  ND 410 ND ND ND 45140 20780 1460 1670 ND 5030 ND  
Protoperidinium  2350 1650 5170 17270 8240 2280 870 40570 420 1730 840 2350  
Scrippsiella  12900 99960 3450 31390 28850 4550 2600 51170 ND 870 10890 12900  
Dictyocha  ND ND ND ND ND ND ND ND ND ND ND ND  
Cryptomonas  6260 2470 1720 3920 ND 5310 1300 3660 ND 6060 5030 6260  
Achnanthes  ND ND ND ND ND ND ND ND ND ND ND ND  
Diploneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Linglodinium  ND ND ND ND ND ND ND ND ND ND ND ND 

Sep. Amphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Asterionellopsis   10790 18150 198700 ND 20490 35370 ND 760 ND ND ND 10790  
Chaetoceros  95300 30570 114630 ND 56740 134420 ND 34260 39340 32830 15440 95300  
Cosinodiscus  ND ND ND 420 ND ND ND ND ND ND ND ND  
Dactyliosolen  ND ND ND ND ND ND ND ND ND ND ND ND  
Detonula  ND ND 57320 ND 790 1330 ND ND ND ND ND ND  
Ditylum  1350 960 76420 ND 390 ND ND ND ND ND ND 1350  
Entomoneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Leptocylindrus  5390 2870 133740 5050 8670 ND ND 4570 870 1770 ND 5390  
Licmphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Navicular  ND 480 ND 840 ND ND 2220 2280 72130 1770 ND ND  
Melosira  ND ND ND ND ND ND ND ND ND ND ND ND  
Odontella  ND ND ND ND ND ND ND ND ND ND ND ND  
Pleurosigma  ND 480 380 ND ND 440 ND 380 440 ND ND ND  
Pseudo-nitzschia  613140 515810 1834150 517550 537470 1269910 19540 36540 72130 37270 860 613140  
Skeletonema  115080 329550 802440 10100 33100 54830 ND 167480 21860 53690 ND 115080  
Thalassionema  16180 1910 ND ND 10640 3540 5330 92120 102730 7100 ND 16180  
Alexandrium  ND 480 380 ND 4730 ND ND ND ND ND 430 ND  
Akashiwo  ND ND 380 840 2360 ND ND ND ND ND ND ND  
Ceratium  1350 ND ND 420 61860 ND ND ND ND ND ND 1350  
Cochlodinium 3600 ND ND ND 2760 ND ND ND ND ND ND 3600  
Dinophysis  ND ND ND 420 ND ND ND ND ND ND ND ND  
Gonyaulax  ND ND ND ND ND ND ND ND ND ND 860 ND  
Gymnodinium  6290 8600 8790 27350 17730 2650 1330 15990 2190 6210 10290 6290  
Gyrodinium  4500 6210 6110 2950 5910 2650 1780 9520 870 1330 4720 4500  
Karenia  ND ND ND ND ND ND ND ND ND 440 ND ND  
Oxytoxum  900 ND ND ND ND ND ND ND ND ND ND 900  
Polykrikos  ND ND ND ND ND ND ND ND ND ND ND ND  
Prorocentrum  2700 ND 1530 420 390 880 890 2280 ND ND 8150 2700  
Protoperidinium  2250 1910 3820 840 4730 5310 4440 1520 ND ND 1290 2250  
Scrippsiella  450 4300 760 2100 3150 7070 14210 15990 870 890 3860 450  
Dictyocha  ND ND ND ND ND ND ND ND ND ND ND ND 
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Cryptomonas  ND ND ND 35340 ND 3980 5330 389780 17490 71880 168090 ND  
Achnanthes  ND ND ND ND ND ND ND ND 440 ND ND ND  
Diploneis  ND ND ND ND ND ND ND ND ND ND ND ND  
Linglodinium  ND ND ND ND ND ND ND ND ND ND ND ND 

Nov. Amphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Asterionellopsis   ND ND 1740 ND ND ND ND ND ND ND ND ND  
Chaetoceros  3610 2230 92420 2110 ND 106270 2190 1210 ND ND 830 3610  
Cosinodiscus  ND ND ND ND ND ND ND ND ND ND 420 ND  
Dactyliosolen  ND ND ND ND ND ND ND ND ND 850 830 ND  
Detonula  ND ND ND ND ND ND ND ND ND ND ND ND  
Ditylum  ND ND 1300 ND ND 370 ND ND ND ND ND ND  
Entomoneis  900 ND ND ND ND ND ND ND ND 420 ND 900  
Leptocylindrus  ND ND ND ND ND ND ND ND ND ND 16630 ND  
Licmphora  ND ND ND ND ND ND ND ND ND ND ND ND  
Navicular  ND ND 430 ND ND ND ND ND ND ND ND ND  
Melosira  ND ND ND ND ND ND ND ND ND ND ND ND  
Odontella  ND ND ND ND ND ND ND ND ND ND ND ND  
Pleurosigma  ND ND ND ND ND ND ND ND ND ND ND ND  
Pseudo-nitzschia  2710 11580 62480 850 1840 14910 1310 1210 ND 420 830 2710  
Skeletonema  ND ND ND ND ND ND ND ND ND ND ND ND  
Thalassionema  1350 ND 5210 ND 370 750 ND 400 ND ND 420 1350  
Alexandrium  ND ND ND ND ND ND ND ND ND ND ND ND  
Akashiwo  ND ND ND ND ND ND ND ND ND ND ND ND  
Ceratium  9480 89520 ND 10150 370 ND ND ND ND ND ND 9480  
Cochlodinium ND ND ND ND ND ND ND ND ND ND ND ND  
Dinophysis  ND ND ND ND ND ND ND ND ND ND ND ND  
Gonyaulax  450 ND ND ND ND ND ND ND ND ND ND 450  
Gymnodinium  1350 5790 430 420 ND 1860 2630 2020 1680 2970 ND 1350  
Gyrodinium  450 1780 870 420 ND ND 880 810 ND 420 420 450  
Karenia  ND ND ND ND ND ND ND ND ND ND ND ND  
Oxytoxum  ND ND ND ND ND ND ND ND ND ND ND ND  
Polykrikos  ND ND ND ND ND ND ND 400 ND ND ND ND  
Prorocentrum  ND ND ND ND ND ND 880 400 ND ND 420 ND  
Protoperidinium  ND 890 430 ND ND 750 ND 400 ND 850 1250 ND  
Scrippsiella  ND ND ND ND ND ND 440 ND ND ND ND ND  
Dictyocha  ND ND ND ND ND ND 440 400 ND ND 420 ND  
Cryptomonas  24840 26720 29500 192020 175490 5970 55640 286340 276760 8900 16630 24840  
Achnanthes  ND ND ND ND ND ND ND ND ND ND ND ND  
Diploneis  450 ND 430 ND ND 370 ND ND ND ND 420 450  
Linglodinium  ND ND ND ND ND ND ND ND ND ND ND ND 

a ND: Not detected. 
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Supplementary Figures 

 
Fig. S1. Monthly variations in the concentrations and compositions of lipophilic marine toxins in 

(a) phytoplankton and (b) mussels collected from 12 stations of the southern coast of Korea 

during 2023.  
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Fig. S2. Spearman’s correlation heatmaps among environmental variables, toxin concentrations, 

and causative species: (a) PTXs and D. acuminata (2023), (b) YTXs and G. spinifera (2023), (c) 

PTXs and D. acuminata (2020–2023), and (d) YTXs and G. spinifera (2020–2023). Significant 

correlations (p < 0.05) are highlighted with red outlines. 


