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Abstracts

The Suyeong River, a key urban river in Busan, frequent occurrences of red tide (Cryptomonads)
events, particularly during the winter. This study analyzed the physical, chemical, and biological
characteristics of the Suyeong River system, investigating the relationship between Cryptomonads and
water quality parameters to inform comprehensive river management strategies. The results reveal
that Cryptomonads populations proliferate during the dry winter months due to reduced flow and
velocity, which create stagnant conditions favorable for algal growth. Nitrogen (N) and phosphorus
(P) concentrations increase downstream, driven by wastewater effluents, urban sewage, and tidal
sediment resuspension, with notably high nitrogen levels observed at Banseok Bridge (SY1) due to
wastewater treatment plant discharges and upstream agricultural runoff. Correlation analysis
demonstrated that low temperatures and high nutrient levels significantly enhance Cryptomonads
growth, identifying nitrogen and phosphorus as key drivers. Principal component analysis highlighted
the roles of tidal actions, nutrient recycling, light availability, and hydrological variations in
Cryptomonads proliferation. Short-term mitigation measures, such as increasing river flow during
winter, and long-term strategies, including sediment dredging, non-point source pollution control,
and stricter wastewater effluent standards, are proposed to manage red tide occurrences. This study
provides essential insights into the spatiotemporal dynamics of Crypftomonads in the Suyeong River
system, contributing to effective water quality management and red tide control in urban rivers.
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- OC1 : Sebyong bridge
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- OC3 : Yeonsan bridge
- OC4 : Anrak bridge
- OCSY : Suyeong merge section

[Suyeong river]

- SY1 : Banseok bridge I

(Seokdae stream)

SY?2 : Dongcheon bridge
SY3 : Sewol bridge
- SY4 : Wondong bridge
SY5 : Gwajeong bridge
SY6 : Jwasuyeong bridge

Fig. 1. The map of monitoring sites in this study.
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Fig. 2. Daily precipitation and Cryptomonads abundance in Suyeong river.
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Table 2 Results from the biological in Suyeong river

e oc1 0C2 SY6 Sy4 sY2 syl
Parameter
Min. 0.1 0.4 0.5 0.4 1.2 0.4
Chl-a Max 66.9 58.0 661.7 988.6 47.8 164.6
3
(mg/n’) Mean 48 10.8 70.4 76.1 14.4 24.0
(SD.) (+10) (+15) (+125) (+186) (+13) (+35)
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(SD.) | (+13,000) | (£18,000) | (+21,000) | (£18,000) | (+54,000) | (+7,600)

S.D. : standard deviation
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Table 3 Pearson correlation coefficients between Cryptomonads and water environmental factors

Factor Total Winter Factor Total Winter
Air “ Chl-a .608™ 681"
temperature ~224 0.037 N .463™ 531
Average . DTN 270" .300™
cloud cover 164 0.155 NO;-N .336™ 343
Total ~ _ NO;-N -0.023 -0.092
Meteoro- | solar radiation 0.055 0.014 NH;-N 257 344
logical Sunshine Water TP 417 523"
duration 0.106 0.09 quality DTP 0.067 0.147
PO,-P -0.117 -0.099
Sunshine 165" 0.129 Water -.241" 0.000
ratio temperature
pH 0.130 0.128
. . . - DO 404 347
Hydraulic Tidal range .326 .332 Salinity 575 08

*k |

p<0.01, * : p<0.05

Table 4 Rotated component

matrix for water environmental factors based on PCA in winter season

Component
Variable
1 2 3 4 5

T-N 0.978 0.002 0.035 0.103 0.029
DTN 0.967 -0.164 -0.037 -0.063 -0.054
NH;-N 0.817 0.334 -0.044 -0.174 0.095
NO,-N 0.793 0.303 0.072 -0.020 -0.169
NOs-N 0.396 -0.811 0.061 0.009 -0.162
T-P 0.475 0.750 0.020 -0.060 0.195
DTP 0.279 0.739 -0.109 -0.494 0.029
Salinity 0.211 0.729 0.287 -0.030 -0.242
Sunshine ratio 0.009 -0.085 0.915 0.226 -0.101
Sunshine duration -0.014 -0.050 0.913 0.186 0.211
Average cloud cover -0.118 -0.111 -0.808 0.119 0.092
Tidal range 0.130 -0.089 -0.553 0.407 -0.232
DO 0.070 -0.309 0.007 0.863 -0.063
pH -0.296 -0.062 -0.046 0.817 -0.010
Chl-a 0.309 0.344 0.221 0.714 0.235
PO,-P 0.146 0.637 -0.133 -0.660 0.017
Water temperature 0.034 0.227 0.036 -0.057 0.925
Air temperature -0.050 -0.158 -0.029 0.045 0.913
Total solar radiation -0.069 0.061 0.615 0.020 0.684
Total 3.941 3.262 3.187 2.923 2.498
Variance (%) 20.744 18.949 17.105 11.225 9.430
Cumulative (%) 20.744 45.453 62.557 73.782 83.212

Kaiser Meyer Olkin (KMO) measure of sampling adequacy = 0.644
Barlett's test of sphericity = 0.000 (p<0.001)
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Fig. 9. Seasonal characteristics of red tide occurrence at Wondong bridge(SY4) in Suyeong river.
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Fig. 11. Annual behavior characteristics of Cryptomonads in Suyeong river.



Table 5 Average abundance of Cryptomonads at sampling sites during the winter season in Suyeong river

(cells/mL)
Site 0C2 0C3 0oc4 OCSsY SY5 SY4 SY3
2022 61,923 44,420 90,675 106,515 37,335 50,997 20,788
2023 10,874 7,779 14,883 14,889 9,789 15,300 20,669
2024 3,709 15,363 18,374 19,648 44,384 32,847 8,717
Average 25,502 22,521 41,311 47,017 30,502 33,048 16,734
O 7 Hohdnh of2fet Al 294 SAlM = Sk Aol Btk
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