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Abstract: This study evaluated the spatiotemporal variations of water quality parameters and

identified pollution mechanisms and nutrient limitation characteristics in three major zones (Riverine,

Transitional, and Lacustrine) of the Saemangeum Reservoir. To this end, long-term water quality data
(including temperature, salinity, TN, TP, COD, TOC, Chl-a, and SS) collected from 13 monitoring
stations over a 10-year period (2015-2025) were utilized. The study applied ratio indices alongside

comprehensive statistical analyses, including One-way ANOVA, Pearson correlation, and Principal

Component Analysis (PCA). The results indicated that water quality was strongly influenced by

freshwater inflow in the Riverine zone and gradually improved towards the Outer zone due to

physical dilution. Principal Component Analysis (PCA) revealed that the first principal component

(PC1), explaining 48.1% of the total variance, represented land-based anthropogenic pollution driven

by freshwater input, while the second component (PC2, 16.6%) represented biological metabolic

activities such as algal growth and nutrient uptake. The regression analysis between COD and TOC

showed similar slopes across zones, suggesting the dominance of physical mixing; however, a

significant correlation between Chl-a and COD in the lacustrine zone confirmed the contribution of

autochthonous organic matter. Furthermore, the TN:TP ratio analysis indicated that the entire reservoir

was under a phosphorus-limited (P-limited) environment throughout the year. The Trophic State

Index (TSI) assessment classified all zones as eutrophic or hyper-eutrophic states. Consequently,

effective water quality management in the Saemangeum Reservoir requires prioritizing the reduction

of Total Phosphorus (TP) loads and implementing strategies to control internal pollution loads caused

by algal blooms.

Keywords: Saemangeum Reservoir, Organic Matter Characteristics, Nutrient Limitation, Principal
Component Analysis (PCA), Eutrophication
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Figure 1. Location of water quality monitoring stations in the Saemangeum reservoir, South Korea
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Table 1. Summary of water quality parameters in different zones of the Saemangeum reservoir (Mean + Std).

Parameter Unit Riverine (n=965) Transitional (n=954) Lacustrine (n=2570)
Temperature °C 16.88 £8.72 16.04 £8.77 15.63 £8.71
Salinity psu 4.96+6.97 18.17+9.14 23.03+7.96
N mg/L 3.43+2.00 1.34+£0.85 0.71 £0.41
TP mg/L 0.093 +£0.049 0.081 +0.061 0.053 +£0.037
COD mg/L 9.02+£2.65 6.80 +3.31 5.44+3.07
TOC mg/L 454+1.15 3.74+1.55 3.23+1.46
Chl-a mg/m’ 36.35+£29.06 25.36£32.67 17.35+£23.50
SS mg/L 19.20 +19.80 15.90 £20.40 12.30£12.10
TN/TP - 47.04 £42.92 22.96 £21.46 18.80 £20.50
COD/TOC - 2.00+0.38 1.80 £0.42 1.63+£0.43
SS/Chl-a - 1.32+£2.25 2.00 +3.35 2.71+5.44
Chl-a/TN - 15.07+17.83 22.99 £29.41 27.26 £36.59
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Figure 2. Spatiotemporal variations of major water quality parameters in the Saemangeum reservoir. Shaded areas

indicate the standard error of the mean.
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Table 2. Results of One-way ANOVA and Tukey’s post-hoc test for water quality ratios among different zones.

Variable ANOVA (F-value) Post-hoc Comparison (Rank)
TN/TP 387.20%%** Riverine> Trans > Lacustrine
COD/TOC 281.29%** Riverine> Trans > Lacustrine
SS/Chl-a 34.98%*** Lacustrine> Trans > Riverine
Chl-a/TN 51.49%** Lacustrine> Trans > Riverine
% p <0.001
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Figure 3. Spatial comparison of physicochemical and biological ratios among the three zones in the Saemangeum
reservoir. The horizontal line within the box indicates the median, boundaries of the box indicate the 25th and
75th percentiles, and whiskers indicate the range within 1.5 times the interquartile range (IQR).
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Figure 4. Pearson correlation matrix displaying relationships among water quality parameters in the Saemangeum
reservoir. The values in the cells represent Pearson’s correlation coefficients (r), and the color gradient indicates
the strength and direction of the correlation.
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Figure 5. Linear regression analysis between Chemical Oxygen Demand (COD) and Total Organic Carbon (TOC).
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Figure 6. Scatter plot showing the correlation between Chlorophyll-a (Chl-a) and Chemical Oxygen Demand (COD).
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Table 3. Trophic State Index (TSI) values and classification percentages by zone in the Saemangeum Reservoir.

Zone TSI Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic
(Mean + SD) (<30) (%) (30-50) (%) (50-70) (%) (>70) (%)
Riverine 65.1+£5.8 0.0 1.3 77.9 20.7
Transitional 60.1+7.4 0.0 9.5 81.3 9.1
Lacustrine 553+8.0 0.0 28.5 69.6 1.9
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Comparison of Trophic State Indices (TSI) by Zone
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Figure 8. Boxplots of Trophic State Index (TSI) based on TP and Chl-a across different zones. The horizontal line within
the box indicates the median, boundaries of the box indicate the 25th and 75th percentiles, and whiskers indicate
the range within 1.5 times the interquartile range (IQR). Dashed lines indicate thresholds for eutrophic (50) and

hyper-eutrophic (70) states.
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Table 4. Loadings of environmental variables on the first
two principal components.

Variable PC1 (48.1%) PC2 (16.6%)
Temperature 0.24 -0.45
Salinity -0.40 0.36
TN 0.30 -0.23
TP 0.32 -0.41
COD 0.46 0.25
TOC 0.44 0.19
SS 0.26 0.36
Chl-a 0.34 047
Variance Explained 48.14% 16.63%
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Figure 9. PCA Biplot showing the relationship between water quality variables and sampling zones.

Fig. 99} Zhtt. UER o] A=5H4] tiAL &5 (Biological Activity)2 H

PCA =8 A3}, A|15J=(PC) T} A2 &(PC2) Hoh= 502 siAHth 55] Chl-a?t TP7F A = At
ol AA| Hlole ME] Fe4.8%E APt A2 Y HIEDTE Hole AL 272 tiF54 (Bloom) ]
EbstTh A A Y (P)o] YYY O AT (Uptake) 0] 112

R 15438 (PC1, 48.14% A )2 COD (0.46), TOC HLmﬂﬂi&ﬂ&lm@Hﬁﬁiﬁﬁﬂq
(0.44) 5 71 A2} F2| AHBA S, H(Salinity, Zeotd, AT 5] = -3— 13808 atH4 &
-0.40)7h= FEGH 2O FBHAE AT o= E Aol o5t =] -3F3H4 2 73t (PCl)ofl 23] 2%
FUF 57 Tt 712 w27t Al s ohe B [, 22402 279 "3%# FFHF AFHH >
719 28 5 (Freshwater-driven Pollution Input) 2] & Y& BESHA 7)2F (PC2)o] B3HA o 2 28511 Q)

d< HERAT. Biplot 4o A Riverine 7+ ©] PC1¢]
OF(+)9] H}afol| X 9-H Bxmsle AL, 1S B S
2719 99 Byl fut s £ HELS 2rEl
7P A4l 82192 FAA S & UG
A2FAE(PC2, 16.63% A5 ) 9] 42 A1EA4
FE A #Q Chl-a (0.47)2} F-H-E2(SS, 03602 ¥

& FHBTRITP (0419 2(-045)2 =2 g2

_L4

I3

=

=2 0

O O 0} A Q]
o= 2T A

=

IV. Conclusion

B AT AT $8 WA 0 8 1A T
W BA 7 MOR Ao, R 2ES TS
3}



130 EHIYIt HM3BvH H2E

A, 54 91831 Y4 Riverine Zone)°] 3]
FEEv, IR 242 Be7 54 28] oI5 5
E7} 7HAsH TS Bk PCA 528 AT} 4A W
52 w4719 0.9 HHPCL, 48.1%)°] 93] 144 0.
2 A5, X7 24 = AESHE 71ZHPC2, 16.6%)
o] 2408 Ao FAR 02 Y

=4, COD2F TOC] 242 7120 &7
2 7120 ofl] A E S HolF, 24 S5
2445 27(Chl-a)2o] d/go] S71ste] Y7 7]
¥ f71&(Autochthonous OM) 2] 7107} 5182 &
st

AR, AR 2 = H2 25771478 (Chl-a 573
A YFA(TPZ AF(HE) = A= o WA=,
Q1 A ZH(P-limited) 275 0] A} ¥4 21 Q1 1§ (Eutrophic)
Ayl RS, e % 40 el At
© ol(TP) B A 294 Btz Hofol o,
Sh7] 2 BAIG] B2 o 09 HoE Aolsts
Hero] W2Ao|t}.

B oo e A 9 ARA 71X A2 5o A
B} 7] 7320 9t 2] F F (Allochthonous loading)
BEA 42 4aol B2 §R YRSE YA
(Autochthonous production)°] A|5-7t4 0.2 K& 5]
o S 104212) 7] ol Bl S B AE AT
o k. ol 51750 £ AHE 93 45 4]
4093 A7 oboh B e 2554 Y

_l_a

i

§2 k02 AT, B S
222 0%} 740] A} B AL HA Y2
o7, v /}JFH Jd (Machine Learning) 5 _T’_EQ]-,Q_ Eﬂ 0]
8 24 7182 BRoe] 27 054 Q RYU5E
A ool 2 0] RFH, ofg e 22 4
P LEELEPENE BN
iAol oA = G2 wtetety] s A&A A A7 2
YEF o] HtE ofop & Zlof .

References

Andersen, I. M., Taylor, J. M., Graeber, D., Kelly, P. T,
Hoke, A. K., Robbins, C. J., & Scott, J. T. (2025).

Redfield revisited: Insights into freshwater seston
carbon : nitrogen : phosphorus stoichiometry.
Limnology and Oceanography, 70(S1), S14-S26.
https://doi.org/10.1002/In0.70133

Baek, J.-Y., Guerreiro, C. V., Kim, J., Nam, J., & Jo, Y.-H.
(2024). Coastal environmental changes after the
Saemangeum seawall construction. Frontiers in
Marine Science, 10, 1307218. https://doi.org/10.
3389/fmars.2023.1307218

Carlson, R. E. (1977). A trophic state index for lakes.
Limnology and Oceanography, 22(2), 361-369.
https://doi.org/10.4319/10.1977.22.2.0361

Chen, Z. L., Zhang, H., Yi, Y,, He, Y., Li, P, Wang,
Y., Wang, K., Yan, Z., He, C,, Shi, Q, & He, D
(2024). Dissolved organic matter composition
and characteristics during extreme flood events
in the Yangtze Riverine Estuary. Science of The
Total Environment, 914, 169827. https://doi.org/
10.1016/j.scitotenv.2023.169827

Conley, D. ], et al. (2009). Controlling eutrophication:
nitrogen and phosphorus. Science, 323, 1014-
1015. https://doi.org/10.1126/science.1167755

Glibert, P. M. (2017). Eutrophication, harmful algae and
biodiversity—Challenging paradigms in a changing
world. Marine Pollution Bulletin, 124(2), 591-606.
https://doi.org/10.1016/j.marpolbul.2017.04.027

Guildford, S.]., & Hecky, R. E. (2000). Total nitrogen, total
phosphorus, and nutrient limitation in lakes
and oceans. Limnology and Oceanography, 45(6),
1213-1223. https://doi.org/10.4319/10.2000.45.6.
1213

Guo, Weidong & Stedmon, Colin & Han, Yuchao & Wu,
Fang & Yu, Xiangxiang & Hu, Minghui. (2007).
The Conservative and Non-conservative Behavior
of Chromophoric Dissolved Organic Matter in
Chinese Estuarine Waters. Marine Chemistry.
107.357-366. https://doi.org/10.1016/j.marchem.
2007.03.006

Imai, A., Fukushima, T., Matsushige, K., Kim, Y. H., &



r
rx
rH
oL
I
oy
ol
o
O
4
~
=
e
oy
fol
lo
z
of

Choi, K. (2002). Characterization of dissolved
organic matter in effluents from wastewater
treatment plants. Water Research, 36(4), 859-870.
https://doi.org/10.1016/S0043-1354(01)00283-4

AE T 023). AIRFEE] 2 B4 9 YA
48 0183 93t Wk SR}
3], 29(6), 587-597.

Kim Jong Gu. (2023). Assessment of Eutrophication
Using Trophic State Index and Water Quality
Characteristics of Saemangeum Lake. Journal of
the Korean Society of Marine Environment & Safety,
29(6), 587-597. http://doi.org/10.7837/kosomes.
2023.29.6.587

A3, 242, 932, (2020). A AP 0] 83
A2 E A4E A AT AT, B29H
A A5}3],28(3), 87-111.

Kim, N. H,, Choi, A. S., & Oh, C. O. (2020). Assessing
Public Preferences for Politics on Seawater Flowing
of the Saemangeum Reclamation Site Using Choice
Experiments. Environmental Policy, 28(3), 87-
111. https://doi.org/10.15301/jepa.2020.28.3.87

Lee, D., Moon, J., Jung, S., Suh, S., & Pyo, J. (2024).
Classifying eutrophication spatio-temporal dynamics
in Riverine systems using deep learning technique.
Science of the Total Environment, 954, 176585.
https://doi.org/10.1016/j.scitotenv.2024.176585

Mousing, E. A, Richardson, K., & Ellegaard, M. (2018).
Global patterns in phytoplankton biomass and
community size structure in relation to macronutrients
in the open ocean. Limnology and Oceanography,
63,1298-1312. https://doi.org/10.1002/In0.10772

Paerl, H. W, Hall, N. S., & Calandrino, E. S. (2011).
Controlling harmful cyanobacterial blooms in a
world experiencing anthropogenic and climatic-
induced change. Science of the Total Environment,
409(10), 1739-1745. https://doi.org/10.1016/].
scitotenv.2011.02.001

Park, J. W, Kim, S. Y., Noh, J. H., Bae, Y. H,, Lee, ]. W, &
Maeng, S. K. (2022). A shift from chemical oxygen
demand to total organic carbon for stringent industrial
wastewater regulations: Utilization of organic
matter characteristics. Journal of Environmental
Management, 305, 114412. https://doi.org/10.1016/
jjenvman.2021.114412

upg s, A%, BUAL (0230). A W £
o wE G2 Wsto} 4 30] YRt mel
S FeHd b sta] 4], 29(6), 562-575.

Park, S. H., Kim, J. G., & Kwon, M. S. (2023a). Salinity
changes and bottom water particle exchange
simulations in response to sluice gate operations
at Saemangeum Lake. Journal of the Korean Society
of Marine Environment & Safety, 29(6), 562-575.
https://doi.org/10.7837/kosomes.2023.29.6.562

Park, S. H, Kim, J. G,, Myung, G. O., & Kwon, M. S.
(2023b). Relationship between phytoplankton
distribution and salinity in the giant artificial
brackish Lake Saemangeum. Ecohydrology &
Hydrobiology, 23,251-260. https://doi.org/10.1016/
j.ecohyd.2023.01.003

Redfield, A. C. (1958). The biological control of chemical
factors in the environment. American Scientist,

46(3),205-221.



