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Supplementary Table S1. Descriptive statistics of data.
N Mini- Maximum Mean Std. D evia- Skewness Std. Error Kurtosis Std. Error
mum tion
Salinity 43772  13.68 3229  29.4997 1.67290 -2.166 0.012 9.910 0.023
Temperature (°C) 43912 0.01 36.61 15.1459 7.10531 0.058 0.012 -1.223 0.023
pH 43273 7.32 8.68 8.0566 0.23824 0.043 0.012 -0.690 0.024
Dissolved Oxygen 1,50, 50 17.39 87498 245201 -0112 0012 -0122 0024
(mg/L)
Turbidity (NTU) 42964 0.01 383.81 11.2022 17.00290 6.909 0.012 78.288 0.024
Chlorophyll a (ug/L) 43347 0.01 99.16 5.0618 447361 2.774 0.012 21.379 0.024

Chemical oxygen de-
mand (mg/L)
Total Nitrogen (mg/L) 35445  0.001 2178 0.15076  0.129788 4.516 0.013 42551  0.026
Total Phosphorus
(mg/L)

38788  0.003 21.220 2.37704  1.926626 1.653 0.012 5.174 0.025

39076  0.001 2129  0.03029  0.043270 19.105 0.012 565314 0.025
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Supplementary Table S2. Multivariant coefficients of parameters monitored in this study. Temp.:
temperature, DO: dissolved oxygen, NTU: Nephelometric Turbidity Unit, Chla; chlorophyll 2, COD:
chemical oxygen demand, TN: total nitrogen, and TP: total phosphorus.

C‘:f::“ Salinity T(‘f,‘g" pH  DOM@M) NTU Chla(ugl) COD (mgl) TN (mg/l) TP (mg/l)
Salinity
Temp.
-0.299
(°C)

pH 0272 -0.328
DO (uM) 0318  -0.804 0512

NTU 0164 -0174 0257 0.165
Chla 0160 _0361 0.350 0.489 0.401
(ug/l)
COD 1016 0063  -0481  -0170  —0.004 0.067
(mg/1)
TN (mg/l) 0090 -0.080  -0.357  —0.103 0.098 0.052 0.377
TP (mgfl) -0227  0.168 0.158 ~0.095 0.111 ~0.006 ~0.140 0.087

Supplementary Table S3. Scores of principal components for each variable.

Component

1 2 3
Temp -0.824 0.069 -0.171
DO (uM) 0.817 -0.275 0.248
Salinity 0.617 0.062 0.022
COD -0.015 0.808 0.019
TN (mg/1) 0.072 0.763 0.146
pH 0.379 -0.685 0.383
NTU 0.107 0.086 0.791
Chla 0.446 0.047 0.651
TP mg/l) -0.515 -0.291 0.529

Supplementary Table S4. Component Score Coefficient Matrix.

Component Score Coefficient Matrix

1 2 3

Salinity 0.293 0.064 -0.089
Temp -0.359 -0.013 0.029
pH 0.082 -0.330 0.154
DO (uM) 0.333 -0.095 0.011
NTU -0.085 0.112 0.550
Chla 0.100 0.095 0.387
COD 0.026 0.444 0.077
TN (mg/1) 0.043 0.433 0.148

TP (mg/1) -0.352 -0.143 0.445
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Supplementary Table S5. Comparison of water quality parameters outside and inside the sea dike.

2Outside
(This Inside (artificial lake water)
study)
d —
»1999 <2000 42006-2009 i?)llé
2016-2020
Inner Middle
July Sep Nov Feb Apr June Jone Zone Outer zone
Tempfra- 0.01-36.61 23.5-29.4 23.5-28.0 14.9-159 1.9-3.2 8.0-11.0 15.5-20.5 20.24+7.96 19.848.05 19.58+6.79 15.9+0.89
ture (°C) (15.15) (26.5) (26.6) (15.5) (2.7) (9.4) (18.5)
23.54- 12.20- 24.86— 24.90- 27.27-
.68-32. .1-30. 16.17+9.
Salinity 13.68-32.29 18.1-30.31 30.15 32.30 30.67 30.45 30.81 17.6+8.54 22.67+7.08 27.09+4.66 6+ 0

(@99) B0 60 (214 (2959)  (27.98)  (2957)

7.32-8.68 7.97-8.09 7.8-8.00 7.93-8.06 7.86-7.93 8.10-8.24 7.82-8.06
(8.06) (805  (793)  (801)  (7.90)  (8.15)  (7.99)

8.3+0.43 8.28+0.36 8.33+0.21 8.22+0.12

4.95— 1110  10.00—
DO (mg/L) 0'5;7;'39 6'2;"12'09 13.12 7'779_;51'92 12.08 13.01 8'189_1161'82 9.7142.99 9.33+2.4 9.48+1.78 9.64+0.36
(8.75) (7.12) (6.44) (9-35) (11.69)  (10.68) (0-16)

COD  0.003-21.22 0.64-2.95 1.20-2.85 0.78-1.44 1.40-6.40 1.64-6.08 1.08-3.24

6.87¢3.21 5194252 3.75:1.56 6.48+2.99
(mg/L)  (2.384)  (129) (212)  (097)  (2.75)  (2.62)  (2.01)

2.80—
Chla  0.01-99.16 3.28-43.88 26,30 231-9.33 3.39-25.75 5.40-51.55 1.95-28.35 10484225 _ . |\ 500 s a5 o7ia
(ug/L) (5.06) (14.68) (115) (4.89) (8.52) (16.03) (6.9) 3
TP (ug/l) 0.001-2.129 0.66-5.40 0.70-2.04 1.33-4.16 1.74-5.44 1.05-7.48 0.70-3.22 0.1120.04
(0.03) (158  (1.32)  (251) (2.81) (2.97) (1.65)
42016 (September to November, artificial lake)
*M-la M2 M-3 M-4 M-5 M-6 M-A *D-la D-=2 D-3 D-4 D-5 D-6
11.8-
Depth (m) 0.8-1.0 0.6-1.0 15-3.0 25-3.1 2.1-21 1282 15-1.6 25-2.6 09-1.0 1.5-2.0 25-3.0 2.6-3.1 11.8-12.2
Tempera- 14.5- 15.1-  142- 138 141- 129- 142- 145~ 148 14.6-
ture (°C) 136270 pg5 14925 o5, 252 23.6 25.1 17.3 27.1 25.5 25.3 253 12322
. 2113- 21.9- 188 316~ 214- 10.6-~ 11.8- 12.3-
Salinity ~ 0.3-0.6 4.9-13.4 0.0 o 11 318 b, 01-02 02-168 239 0y 182288

pH 7986 7485 7887 8285 8387 7880 8387 7.6-791 7587 82-85 8285 8185 7981
DO (mg/L) 4.3-9.10 4.2-11.2 53.2-72 59-71 7291 1844 7.1-78 7.0-9.6057-7.10 6.5-7.0 5.9-69 6.9-74 1.8-5.0
COD

6.4-9.6 56-84 4.4-104 4.8-9.6 2.5-7.00 52-7.20 3.4-83 3.8-18.8 7.6-12.0 5.6-12.8 4.8-11.2 54-9.2 4.8-7.20

(mg/L)
Chla 19.5— 10.9- 95-  10.7-

6.5-76.8 6.5-60.4 6.5-26.0 4.9-11.9 4.2-28.7 6.5-88.4 8.4-81.0 6.9-44.8 4.2-44.
(ug/L) 04 1013 0 17.6 1155  90.2 0 0

TP (ug/L) 100-135 85-197 46-149 6096 55-86 62-85 44-74 66-151 102-273 80-142 73-103 65-105 69-111
* and ** indicate transect on Mangyung and DongJin River outflows, respectively. Values in paren-
thesis are averages. Data sets of 2006-2009, and 2011-2015 are presented as average and standard
deviation. 3, b, <, and 9 represent data from this study, [1], [2], and [3], respectively.
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Supplementary Figure S1. Temporal variations in water quality parameters (a) salinity, (b) temper-
ature, (c) pH, (d) DO (dissolved oxygen), (e) chlorophyll 4, (f) NTU (total dissolved solid), (g) COD
(chemical oxygen demand), (h) TN (total nitrogen), (i) TP (total phosphorus), and (j) discharge
(amount of water flow through the sluice gate, Positive and negative signals indicate a flow of water
outward and inward to the artificial lake, respectively.) in 2015 (original data set).
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Supplementary Figure S2. Temporal variations in water quality parameters in 2016 (original data
set). The labels are the same as those in Supplementary Figure 1.
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Supplementary Figure S3. Temporal variations in water quality parameters in 2017 (original data
set). The labels are the same as those in Supplementary Figure 1.
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Supplementary Figure S4. Temporal variations in water quality in 2018 (original data set). The la-
bels are the same as those in Supplementary Figure 1.
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Supplementary Figure S5. Temporal variations in water quality parameters in 2019 (original data
set). The labels are the same as those in Supplementary Figure 1.
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Supplementary Figure S6. Temporal variations in water quality parameters in 2020 (original data
set). The labels are the same as those in Supplementary Figure 1.
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Supplementary Figure S7. Variations in monthly averaged parameters of (a) discharge, (b) chloro-
phyll 4, (c) total nitrogen, and (d) total phosphorus and interannual trend using moving average of
12 months (MA(12)).



J. Mar. Sci. Eng. 2023, 11, x FOR PEER REVIEW 17 of 20

3.0

2.5 A

2.0 A

1.5 1

Eigenvalue

1.0 ~

0.5 -

0-0 T T T T T T T T T
1 2 3 4 5 6 7 8 9

Component Number

Supplementary Figure S8. Screen plot of the principal component analysis. Three components were
identified by the eigenvalue of > 1.
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Supplementary Figure S9. Property—property plots of the variables. (a) Temperature with dissolved
oxygen (Y =-8.6607x +403.97, n = 1854, r = 0.82, p < 0.0001), (b) chlorophyll 2 and dissolved oxygen
(Y =9.21x +226.29, n = 1854, r = 0.48, p < 0.0001), (c) dissolved oxygen with pH (Y = 0.0015x + 7.636,
r=0.48, n = 1837, p < 0.0001), and (d) apparent oxygen utilization (AOU) with pH (Y = - 0.0024x +
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8.039, r=0.52, n=1837, p <0.0001). AOU was determined by subtracting the measured concentration
from the saturated concentration.
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Supplementary Figure S10. Distributions of (a) chlorophyll 4 and (b) dissolved oxygen (DO) in
warm (May—October) and cold (November—April) periods. Monthly averaged.
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Supplementary Figure S11. Seasonal variations in the daily averaged parameters: (a) dissolved
oxygen and saturation concentrations, and (b) dissolved oxygen and pH during 2015-2020.
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Supplementary Figure S12. Hourly evolution of DO depletion. The DO depletion was determined
as the difference between saturated and measured DO concentrations. Thus, negative values repre-
sent a supersaturation of DO. The warm period is from May to October, while the cold period is
from November to April.
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