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Abstract: This study investigates the ecological effects of weirs on water quality and phytoplank-
ton communities in the South Han River (SHR) over a two-year period. By focusing on three key
weirs—Kangcheon Weir, Yeoju Weir, and Ipo Weir—the research examines how artificial structures
influence river hydrodynamics, nutrient cycles, and algal growth patterns. Utilizing water quality
measurements, phytoplankton analysis, and environmental factor assessments, the study identifies
significant fluctuations in water quality parameters and phytoplankton abundance across the sur-
veyed points. The analysis reveals a direct correlation between environmental conditions such as
temperature, flow rates, and nutrient concentrations, particularly nitrogen and phosphorus, and the
proliferation of harmful cyanobacteria, notably Microcystis. This research highlights the critical role
of comprehensive management strategies that consider hydraulic residence time, nutrient balance,
and temperature regulation to mitigate the impacts of weirs on river ecosystems and improve water
quality in the SHR.

Keywords: artificial structures; algal proliferation; water quality; hydrological changes; cyanobacte-
rial harmful algae; environmental factors

1. Introduction

Significant repercussions have followed the introduction of artificial structures, such
as weirs, into natural river systems. These systems have been transformed into constrained
water bodies, leading to the obstruction of pollutant dispersion, disruption of natural flow
patterns, and promotion of the accumulation of soluble substances, which diminishes the
self-purification capacity of rivers, causes sediment build-up, eutrophication, and threatens
aquatic ecosystems [1–5].

The construction of dams and weirs has been associated with widespread ecological
impacts, altering river flow dynamics, temperature, sediment transport, and oxygen levels,
adversely affecting habitat, fish spawning, and water quality, and transforming water
chemistry, which impacts nutrient cycling, eutrophication, the proliferation of algal blooms,
and disrupts the migratory patterns of aquatic species [6–14].

The changes in physical, chemical, and biological aspects due to these constructions
impact water depth, storage capacity, habitat connectivity, and nutrient balance, affecting
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the ecosystems of the South Han River (SHR), including algal growth, especially during
severe droughts [15–26]. Addressing these challenges requires interdisciplinary approaches
that integrate ecological, hydrological, and geomorphic considerations into sustainable
management strategies to improve SHR ecosystems [27–29].

In response to concerns over harmful algae in the SHR, South Korea has implemented
a comprehensive water pollution control system targeting total nitrogen and phospho-
rus, constructed three reservoirs, and introduced an algae forecasting system to manage
chlorophyll-a and algae concentrations. These measures aim to control the proliferation of
harmful cyanobacterial species that affect human health and ecosystems [30–36].

This study aims to understand the relationship between potentially harmful algal
species and their environmental drivers, focusing on the inverse relationship between
cyanobacterial abundance and river flow rates under weir-regulated conditions [37–41].
By examining two years of data on phytoplankton fluctuations in relation to Kangcheon
Weir, Yeoju Weir, and Ipo Weir, this study seeks to identify environmental factors and
mechanisms for water quality preservation in the SHR.

2. Materials and Methods
2.1. Study Sites and Period

The downstream catchment area of the Seoul Han River (SHR), spanning approxi-
mately 2072.72 square kilometers and stretching for about 300.5 km, was the focus of the
study conducted. This geographical region extends from 127◦17′8′′ to 127◦50′40′′ in east
longitude and from 36◦56′3′′ to 37◦35′59′′ in north latitude. Situated in Seoul, the Paldang
Dam, which is the central point of this river system, boasts an impressive water storage
capacity of 244 million metric tons. The significant role of the SHR in influencing the inflow
of Paldang Lake, which covers a basin of 23,859 km2 and stretches for 375 km, was noted,
especially during both flood and drought periods. The operation of the upstream Chungju
Lake floodgates was found to directly impact the water quality of Paldang Lake [4,5].

A 30-km segment of the SHR, starting from Munam-ri, Jeomdong-myeon, Yeoju-gun,
and Gyeonggi-do, where three downstream weirs are located, and extending to Oepyeong-
ri, Geumsa-myeon, Yeoju-gun, and Gyeonggi-do, was selected for the study. This section
was chosen due to its representation of the river’s dynamic nature and significant alterations
to its main channel brought about by the construction of major structures like the KCW,
YJW, and IPW, as well as dredging activities conducted between 2010 and 2011.

The investigation covered the SHR’s origin in the Taebaeksan Mountain area, its
southward flow from the Yeongwol, Gangwon-do, intersection with the Seomgang River
and Cheongmicheon Stream, and ultimate merge with Chungjuho Lake before proceeding
to YJW, Gyeonggi-do. At this juncture, its convergence with the Yanghwacheon and
Bokhacheon streams was observed. The introduction of artificial weirs (KCW, YJW, and
IPW) downstream as part of the government’s river revitalization initiative was also
documented (Figure 1 and Table 1).

The survey was conducted through weekly observations at the same location between
May and October in both 2019 and 2020. Measurements were recorded weekly to monitor
the occurrence of specific phytoplankton species. Sample collection was occasionally
delayed or disrupted due to adverse weather conditions, such as typhoons or heavy
rainfall, in the interest of safety. Data on the location, basin area, height, and length of
KCW, YJW, and IPW were collected throughout the survey period. The focus was on
the junctions of small tributaries with the mainstream of the SHR, where phytoplankton
shifts caused by changes in water quality were evaluated, with a particular emphasis on
the three weirs within the SHR. Three locations along the mainstream were included in
the study, where phytoplankton samples were consistently collected using an automated
water quality measurement network. The surveys were conducted on a weekly basis, with
the biological and environmental data being compiled monthly. These figures and tables
represent the average outcomes derived from the weekly surveys.



Water 2024, 16, 833 3 of 16

Water 2024, 16, x FOR PEER REVIEW 3 of 17 
 

 

 
Figure 1. Designated monitoring stations for assessing water quality and phytoplankton at the three 
sequential weirs along the South Han River, Korea, from May 2019 to October 2020. The weirs are 
identified as Kangcheon Weir (KCW), Yeoju Weir (YJW), and Ipo Weir (IPW). 
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Table 1. Geo-physical characteristics at the three sequential weirs along the South Han River, Korea, 
from May 2019 to October 2020. The weirs are identified as Kangcheon Weir (KCW), Yeoju Weir 
(YJW), and Ipo Weir (IPW). 

Items KCW YJW IPW 
Latitude N 37°16′37.6″ 37°19′37.12″ 37°24′17.68″ 

Longitude E 127°40′54.87″ 127°36′22.14″ 127°32′1.68″ 
Catchment (km2) 10,972 11,115 11,803 

Type Concrete Gravity Concrete Gravity Concrete Gravity 
Height (m) 8 8 6 
Length (m) 440 513 521 

Volume (106 m3) 8.7 11.3 14.3 
Real time water quality site Wonju Yeoju1 Yeoju2 

HRT (h) * 17.5 18.0 23.0 
Distance (km) ** 11.2 1 10.0 2 11.8 3 

Note(s): * Chae et al. [38], ** 1 Distance from the mainstream of Seom River to KCW, 2 Distance 
between KCW and YJW, 3 Distance between YJW and IPW. 

Figure 1. Designated monitoring stations for assessing water quality and phytoplankton at the three
sequential weirs along the South Han River, Korea, from May 2019 to October 2020. The weirs are
identified as Kangcheon Weir (KCW), Yeoju Weir (YJW), and Ipo Weir (IPW).

Table 1. Geo-physical characteristics at the three sequential weirs along the South Han River, Korea,
from May 2019 to October 2020. The weirs are identified as Kangcheon Weir (KCW), Yeoju Weir
(YJW), and Ipo Weir (IPW).

Items KCW YJW IPW

Latitude N 37◦16′37.6′′ 37◦19′37.12′′ 37◦24′17.68′′

Longitude E 127◦40′54.87′′ 127◦36′22.14′′ 127◦32′1.68′′

Catchment (km2) 10,972 11,115 11,803
Type Concrete Gravity Concrete Gravity Concrete Gravity

Height (m) 8 8 6
Length (m) 440 513 521

Volume (106 m3) 8.7 11.3 14.3
Real time water

quality site Wonju Yeoju1 Yeoju2

HRT (h) * 17.5 18.0 23.0
Distance (km) ** 11.2 1 10.0 2 11.8 3

Note(s): * Chae et al. [38], ** 1 Distance from the mainstream of Seom River to KCW, 2 Distance between KCW
and YJW, 3 Distance between YJW and IPW.

2.2. Water Analysis

To assess water quality comprehensively, various methodologies were employed.
Measurements of water temperature, dissolved oxygen (DO), pH, electrical conductivity,
and turbidity were conducted in situ using a portable device (Horiba D-55, Orion 5-star,
Kyoto, Japan). Surface water was used for water collection. A Van Dorn Sampler (M1140-
H42, Wildco, Saginaw, MI, USA) was used to collect water samples throughout the sampling
process. However, if the water depth exceeded 5 m, a sample from 0–1 m was collected
and mixed with a column water sampler and then a combined sample was utilized. If
the water depth was less than 5 m, a sample from 0–50 cm was utilized. These samples
were then stored in 2-L plastic bottles, refrigerated, and transported to the laboratory to
ensure their integrity was maintained. In the laboratory, the water samples were analyzed
to determine the concentrations of biochemical oxygen demand (BOD), nitrate nitrogen
(NO3-N), ammonia nitrogen (NH3-N), total nitrogen (TN), phosphate phosphorus (PO4-P),
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and total phosphorus (TP), following the American Public Health Association (APHA)
guidelines [42].

According to the standards set by the Korean River Water Quality Environment, the
average nutrient concentration levels observed in the water of three dams over a two-year
survey period were classified as Grade 2, indicating “good” water quality (http://www.
wamis.go.kr/wke/wke_wqbase_lst.do#menu02, accessed on 11 February 2024).

Data from various sources, including the Ministry of Environment’s Water Envi-
ronment Information System, Korea Water Resources Corporation’s multipurpose beam
measurement network, daily flow rate information from KCW and IPW, and weather
data from the Icheon Meteorological Observatory, were incorporated into the analysis.
These data sources allowed for an examination of weather patterns, water quality, and
phytoplankton dynamics. Water parameter data were obtained from the Ministry of Envi-
ronment’s Water Environment Information System (http://water.nier.go.kr/web, accessed
on 11 February 2024). Weather, maintenance, and hydrological data for the three SHR
basins (KCW, YJW, and IPW) were sourced from the Korea Water Resources Corporation’s
website (https://www.water.or.kr/kor/realtime/sumun/index.do?mode=mult&menuId=
13_91_93_98, accessed on 11 February 2024). The hydrological residence time (HRT) was cal-
culated by dividing the reservoir volume by the discharge rate, using data from automatic
measurement devices for each reservoir also obtained from the Korea Water Resources
Corporation’s website. HRT was computed as the storage volume (million m3) divided by
the total discharge (m3/s), multiplied by 86,400 s per day.

2.3. Phytoplankton Analysis

A comprehensive analysis of phytoplankton was carried out, with data collection
spanning from 2019 to 2020 at three weirs (KCW, YJW, and IPW). In total, 186 water
samples were gathered and examined. To evaluate phytoplankton abundance, water
samples were collected at the surface 0~50 cm using a Van Dorn Sampler (M1140-H42,
Wildco, Saginaw, MI, USA) throughout the sampling process. These samples were then
preserved with Lugol’s solution to a final concentration of 1%, facilitating an effective
assessment of phytoplankton abundance. After preservation, the samples were refrigerated
and transported to the lab for further examination. Phytoplankton enumeration was
conducted using a Sedgewick-Rafter chamber (Paul Marienfeld GmbH & Co. KG, Lauda-
Königshofen, Germany) and an inverted microscope (Olympus CKX41, Tokyo, Japan), with
the average values determined from 10 counts per sample. The chamber measures 50 mm
in length, 20 mm in width, and 1 mm in depth and features a base grid of 1000 × 1 mm
squares. When filled and covered with a 60 × 30 × 1 mm glass slide, the chamber holds a
1 mL volume of liquid. Diatoms from each site underwent acid treatment and were then
encapsulated using Pleulax (Wako, Japan) as per Simonsen’s classification system [43–46].
A variety of sources [47–50] were consulted for phytoplankton identification. To explore
temporal shifts in the phytoplankton community at the study sites, dominant species
were identified and key indices, including the dominance index [51], diversity index [52],
richness index [53], and evenness index [54], were calculated.

2.4. Data Analysis

The influence of environmental factors on the abundance of phytoplankton across
the three weirs from 2019 to 2020 was meticulously determined by examining a compre-
hensive list of 15 factors, which included water temperature. To analyze the intricate
relationships and variations between water quality and phytoplankton within this array
of environmental factors, a standard correlation analysis was conducted utilizing SPSS
(version 18). Furthermore, to attain a more profound insight into the interplay among
various sets of variables, canonical correlation analysis (CCA) was employed, utilizing
the PC-Ord program [55]. This approach facilitated an enhanced comprehension of the
complex interactions between environmental factors and the dynamics of phytoplankton.

http://www.wamis.go.kr/wke/wke_wqbase_lst.do#menu02
http://www.wamis.go.kr/wke/wke_wqbase_lst.do#menu02
http://water.nier.go.kr/web
https://www.water.or.kr/kor/realtime/sumun/index.do?mode=mult&menuId=13_91_93_98
https://www.water.or.kr/kor/realtime/sumun/index.do?mode=mult&menuId=13_91_93_98
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3. Results
3.1. Water Environment at Three Weirs

At the three survey points along the SHR, significant fluctuations in water quality
were observed between 2019 and 2020, as shown in Figure 2. These fluctuations were found
to be influenced by factors such as precipitation patterns, water temperature fluctuations,
and human activities in the surrounding areas. The conditions at the three weirs, KCW,
YJW, and IPW, were specifically examined.
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Figure 2. Monthly fluctuations in water parameters at the three sequential weirs along the South
Han River, Korea, from May 2019 to October 2020. The weirs are identified as Kangcheon Weir
(KCW), Yeoju Weir (YJW), and Ipo Weir (IPW). Parameters are hydraulic retention time (HRT,
(a)), water temperature (WT, (b)), suspended solids (SS, (c)), pH (d), total nitrogen (TN, (e)), total
phosphorus (TP, (f)), nitrate nitrogen (NO3-N, (g)), phosphate (PO4-P, (h)) levels, dissolved oxygen
(DO, (i)), chlorophyll-a (Chl-a, (j)), and chemical oxygen demand (COD, (k)).

A remarkable decrease in residence time was noted at KCW, coinciding with increased
rainfall in 2020, which led to higher flow rates and improved river purification. The water
temperature at the tributary was observed to range from 12.8 to 28.6 ◦C in 2019, with an
average temperature of 18.49 ◦C. Additionally, a spike in SS concentrations in July 2020
was primarily attributed to the initial heavy rainfall. Fluctuations were seen in pH levels
between 7.6 and 9.6, while DO concentrations varied from 7.4 to 12.8 mg/L. Similar patterns
were observed in nitrogenous (TN and NO3-N) and phosphorus (TP and PO4-P) nutrients,
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which increased during high-temperature periods and decreased at cooler temperatures.
DO levels were found to decrease during high-temperature periods but rebounded from
September to October. An increase in the presence of organic substances, as indicated by
COD concentrations, was notably seen in July 2020, while the Chl-a concentration peaked
in August.

YJW and IPW also saw similar trends, with both experiencing reduced residence
times, averaging 1.5 days in 2019 and 0.9 days in 2020. Patterns in water temperature, SS
concentrations, pH levels, DO concentrations, nutrient concentrations, and Chl-a levels
were consistent across all three weir tributaries.

3.2. Phytoplankton Abundance and Community Dynamics

From May to October for both 2019 and 2020, dynamic shifts in the dominant phy-
toplankton species and abundance at consecutive weirs along the SHR were observed.
Depending on the sampling time and location, variations in the dominant phytoplankton
species, their relative abundance (%), and harmful cyanobacteria (Microcystis, Anabaena,
Oscillatoria, and Aphanizomenon) at each weir were noted, as depicted in Figure 3 and
detailed in Table 2.
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Weir (YJW), and Ipo Weir (IPW).

Over two years, distinct differences in the abundance of phytoplankton and cyanobac-
teria across three weirs on the SHR were noted (Figure 3).

It was unveiled that distinct variations in the abundance of phytoplankton existed; at
KCW, a range from 450 to 4821 cells/mL (with an average of 1932 cells/mL) was observed,
while at YJW and IPW, the ranges were noted to be from 220 to 7880 cells/mL (averaging
2443 cells/mL) and from 240 to 13,910 cells/mL (averaging 3714 cells/mL), respectively. A
higher abundance of phytoplankton at IPW, compared to the other two weirs, was recorded.
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The significant increase in the abundance of harmful cyanobacteria during July and August
was observed as a consequence of elevated water temperatures at all sites.

Table 2. Dominant phytoplankton species and relative abundance (%) at the three sequential weirs
along the South Han River, Korea, from May 2019 to October 2020. The weirs are identified as
Kangcheon Weir (KCW), Yeoju Weir (YJW), and Ipo Weir (IPW).

Yr Month KCW YJW IPW

2019 May Nitzschia acicularis (13) Stephanodiscus hantzschii (20) Stephanodiscus hantzschii (20)
June Merismopedia glauca (52) Pandorina morum (52) Pandorina morum (31)
July Aphanocapsa sp. (56) Aphanocapsa sp. (33) Aphanocapsa sp. (51)

August Microcystis aeruginosa (31) Pseudanabaena limnetica (45) Microcystis aeruginosa (38)
September Oscillatoria sp. (13) Merismopedia glauca (44) Aulacoseira granulata (14)

October Melosira varians (10) Nitzschia palea (11) Navicula viridula var. rostellata (12)
2020 May Rhodomonas lacustris (17) Stephanodiscus hantzschii (9) Navicula cryptocephala (11)

June Aulacoseira granulata (13) Aphanocapsa sp. (25) Pandorina morum (37)
July Aphanocapsa muscicola (61) Aphanocapsa sp. (64) Merismopedia glauca (27)

August Micractinium pusillum (22) Pseudanabaena limnetica (20) Pandorina morum (20)
September Volvox sp. (45) Skeletonema potamos (17) Merismopedia glauca (33)

October Westella botryoides (19) Actinastrum hantzschii (18) Skeletonema potamos (25)

Observations were also made on the variations in cyanobacterial abundance: at KCW,
a range from 0 to 1334 cells/mL (averaging 163.7 cells/mL) was observed, while at YJW
and IPW, the ranges were from 0 to 334 cells/mL (with an average of 61.9 cells/mL) and
from 0 to 2410 cells/mL (with an average of 282.6 cells/mL), respectively. Similar to
phytoplankton, a higher abundance of cyanobacteria in August at IPW, compared to the
other two weirs, was observed.

Overall, the abundance of phytoplankton in the three weirs over the two-year period
was observed to be normally distributed, centering on July. However, a significantly higher
abundance at IPW in 2019 compared to 2020 was recorded, with the high abundance
primarily being attributed to the cyanobacteria Microcystis.

The abundance trend from KCW to IPW was linked closely to the downstream water
residence times and nutrient influx. A diverse array of phytoplankton species dominated
the weirs in 2019, with different species prevailing on specific dates. In contrast, 2020
saw a distinct set of phytoplankton species flourishing at the weirs, primarily because of
increased rainfall. The shifts in dominant phytoplankton species between the two years
are highlighted in Table 2. Changes in phytoplankton species among the weirs and over
time reflected changes in environmental conditions, such as nutrient availability, and other
influencing factors.

To assess the phytoplankton communities at the three consecutive weirs along the
SHR comprehensively, a survey using ecological indices was conducted from May 2019
to October 2020, as presented in Figure 4. In 2019, the dominance index (DI) at KCW
fluctuated, while the diversity index (H′), richness index (j), and evenness index (e) showed
various patterns of changes. Similar trends were observed at YJW and IPW in 2019. In 2020,
comparable trends were seen at KCW, with minor differences at YJW. IPW displayed a more
consistent pattern in 2020. The average fluctuations in cluster indices between 2019 and 2020
were compared, revealing that 2019 experienced more pronounced fluctuations, attributed
to the higher rainfall levels in 2020, which contributed to a more stable environment for
phytoplankton growth.

3.3. Environmental Influences on Phytoplankton Dynamics

The study of phytoplankton interactions with environmental variables at the South
Han River’s Kangcheon Weir (KCW), Yeoju Weir (YJW), and Ipo Weir (IPW) during the sum-
mer periods of 2019 and 2020 has unveiled notable environmental fluctuations, especially
in pH levels and nitrogen/phosphorus (N/P) ratios (Table 3).
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It was observed that KCW exhibited a significantly elevated pH and N/P ratio in com-
parison to YJW and IPW, highlighting a distinctive aquatic habitat at KCW. Despite these
variations, the prevalence of harmful cyanobacteria, alongside total nitrogen, phosphorus,
and overall phytoplankton counts, remained consistent across the locations.

Extending beyond initial findings, further analysis indicated that the differences
between the weirs were not confined to pH and N/P ratios alone. Additional factors, such
as water temperature and the diversity within phytoplankton communities (including
Bacillariophyceae, Chlorophyceae, and other non-cyanobacterial phytoplankton groups),
also varied, though not uniformly statistically significant. Specifically, water temperature
was found to gradually increase from KCW to IPW, with a concurrent rise in phytoplankton
diversity noted from KCW towards IPW.

The Canonical Correspondence Analysis (CCA) outlined the environmental factors
predominantly shaping phytoplankton behavior across three sections (Figure 5). Through-
out the summers of 2019 and 2020, factors such as temperature, hydraulic retention time
(HRT), chlorophyll-a (Chl-a), and total phosphorus (TP) were significant influencers of phy-
toplankton and harmful cyanobacteria. Additionally, rainfall, ammonia nitrogen (NH3-N),
phosphate phosphorus (PO4-P), and total nitrogen (TN) had pronounced impacts on species
like Anabaena and Oscillatoria, while dissolved oxygen (DO) and nitrate nitrogen (NO3-N)
affected Aphanizomenon and green algae, among other algae types. Importantly, axis 1 of
the CCA showed a strong correlation with the presence of harmful cyanobacteria like Micro-
cystis, Oscillatoria, and Aphanizomenon, linked to environmental parameters such as water
temperature, DO, NH3-N, and chemical oxygen demand (COD), whereas axis 2 did not
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present significant correlations. The findings ultimately highlighted that water temperature
and nitrogen levels play a critical role in the proliferation of harmful cyanobacteria.

Table 3. ANOVA of phytoplankton and environmental parameters at the three sequential weirs along
the South Han River, Korea, from May 2019 to October 2020. The weirs are identified as Kangcheon
Weir (KCW), Yeoju Weir (YJW), and Ipo Weir (IPW).

Parameters * KCW YJW IPW F p

HRT 0.9 ± 0.1 1.1 ± 0.1 1.2 ± 0.1 1.530 0.232
WT 18.6 ± 0.8 20.3 ± 0.9 21.8 ± 1.0 3.252 0.051
SS 14.2 ± 8.0 7.4 ± 1.3 10.8 ± 2.5 0.484 0.620
pH 8.6 ± 0.1 b 8.1 ± 0.1 a 8.1 ± 0.1 a 11.964 0.000
TN 2.36 ± 0.06 2.25 ± 0.08 2.11 ± 0.12 1.935 0.160
TP 0.05 ± 0.01 0.04 ± 0.01 0.05 ± 0.01 0.127 0.881

N/P ratio 47.2 ± 6.0 ab 56.3 ± 8.0 a 42.2 ± 12.0 b 4.112 0.033
DO 10.2 ± 0.3 9.6 ± 0.2 9.9 ± 0.4 1.159 0.326

BOD 0.9 ± 0.1 0.9 ± 0.1 1.2 ± 0.2 1.540 0.229
COD 3.7 ± 0.3 3.8 ± 0.1 4.2 ± 0.1 1.571 0.223
Chl-a 6.2 ± 1 7.4 ± 1.2 6.9 ± 1.1 0.297 0.745

CYANO 688.9 ± 262.4 871.8 ± 429.3 1689.6 ± 1011.4 0.668 0.520
BACILL 713.2 ± 103.8 773.3 ± 108.2 1085.1 ± 158.5 2.512 0.097

CHLORO 541.4 ± 172.9 714.4 ± 284.9 881.1 ± 291.5 0.441 0.647
Other 88.2 ± 17.9 b 121.8 ± 31.3 a 207.4 ± 50.4 a 2.950 0.066

Microcystis 143.4 ± 120.3 24.1 ± 16.5 494.9 ± 444.0 0.848 0.437
Anabaena 12.5 ± 12.5 3.3 ± 3.3 - 0.751 0.480

Oscillatoria 4.4 ± 4.4 - 12.5 ± 12.5 0.684 0.511
Aphanizomenon - 11.7 ± 11.7 - 1.000 0.379

Note(s): * Parameters are hydraulic retention time (HRT, day), water temperature (WT, ◦C), suspended solids (SS,
mg/L), pH, total nitrogen (TN, mg/L), total phosphorus (TP, ug/L), N/P ratio (TN/TP), dissolved oxygen (DO,
mg/L), chlorophyll-a (Chl-a, mg/m3), and chemical oxygen demand (COD, mg/L). Other total phytoplankton
excluded Cyanobacteria (CYANO), Bacillariophyceae (BACILL), and Chlorophyceae (CHLORO); four cyanobacte-
rial density (cells/mL). In the table, post-hoc test results are indicated by small letters such as ‘a’, ‘b’, and ‘ab’.
It is shown by these letters whether the average value of the parameter for each weir is significantly different
compared to the average value for other weirs.
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Figure 5. Canonical correspondence analysis (CCA) showed the relationship between phytoplankton
(a) and environmental parameters (b) at the three sequential weirs along the South Han River, Korea,
from May 2019 to October 2020. Cyanobacteria (Cyano), Chlorophyceae (Chloro), Bacillariophyceae
(Bacill), Microcystis (Micro), Anabaena (Anabae), Oscillatoria (Oscill), Aphanizomenon (Aphano), and
others; total phytoplankton excluding cyanobacteria. Hydraulic retention time (HRT), water tem-
perature (temp), pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen
demand (COD), suspended solids (SS), chlorophyll-a (Chl-a), total nitrogen (TN), nitrate (NO3-N),
ammonia (NH3-N), total phosphorus (TP), and phosphate (PO4-P).
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This study explored the impact of environmental factors on Microcystis dynamics in
the SHR, particularly when Microcystis concentrations exceeded 1000 cells/mL, and their
relationship with water quality conditions (Figure 6). The average values for these factors
during the study were 20.2 ◦C and 47.1 and 1.11 days. During Microcystis proliferation,
these values increased to 23.8 ◦C and 62.9 and 1.3 days. These changes were linked to shifts
in the N/P ratio, water temperature, and HRT over three sequential weirs along the South
Han River.
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Figure 6. Comparative analysis of key water quality parameters, namely the N/P ratio, water
temperature (◦C), and hydraulic retention time (HRT), in relation to instances where the concentration
of Microcystis, a harmful cyanobacteria species, exceeded 1000 cells/mL at the three sequential weirs
along the South Han River, Korea, from May 2019 to October 2020.

4. Discussion

Significant fluctuations in water quality at three survey points within the South Han
River (SHR) between 2019 and 2020 were identified in this study. These variations primar-
ily stemmed from changes in rainfall patterns, resulting in increased flow rates, higher
suspended solids (SS) levels, and alterations in nutrient concentrations. Elevated tempera-
tures also played a significant role, leading to higher levels of chlorophyll-a (Chl-a) and
decreased dissolved oxygen (DO) concentrations [56–60]. Furthermore, this study explored
the influence of residence time on water quality, with a specific focus on the observed
decrease at the KCW Tributary in 2020, which correlated with increased rainfall and river
purification efforts. While substantial rainfall during the rainy season and typhoons had a
positive impact on river water quality by reducing phytoplankton levels, sedimentation
from suspended solids, especially runoff, counteracted this effect [61–65]. The observed
increase in phosphorus concentration after rainfall suggests that it is caused by the re-
lease of P accumulated in the bottom and the inflow from non-point pollution sources.
Flow regulation and non-point pollution management are necessary for gradual nutrient
management [66]. It cannot be accurately determined from this study as to whether the
fluctuations in nutrient salts are due to strong internal production or an external sewage
influx. pH fluctuations were influenced by factors such as ion inflow, water temperature,
and phytoplankton photosynthesis, particularly after intense rainfall events. The increase
in DO concentration in 2019 was attributed to the release of oxygen during phytoplankton
photosynthesis. In summary, the significant variability in water quality between 2019 and
2020 was primarily driven by fluctuations in rainfall and temperature, with implications
for the health and sustainability of the SHR ecosystem.

Significant variations in the distribution, abundance, and dominant species of phy-
toplankton across the three survey points in the SHR water system from 2019 to 2020
were observed. These fluctuations closely correlated with environmental factors such as
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temperature, rainfall, and water residence time [67–69]. Notably, there was a substantial
increase in the occurrence of cyanobacteria in July across all survey points, attributed to
elevated temperatures, while diatom species predominated at lower temperatures. These
findings underscore the dynamic nature of aquatic ecosystems and the intricate relation-
ship between phytoplankton species and their environments [70–73]. The dominance of
different phytoplankton species across the weirs in 2019 and 2020 indicates the significant
impact of environmental conditions and nutrient availability on these fluctuations, high-
lighting the dynamic relationships between environmental factors and aquatic ecosystem
responses [74–77]. The two-year survey provides insights into the competitive dynamics
among phytoplankton species across the three SHR reservoirs, with diatoms prevailing in
spring and winter and cyanobacteria dominating in summer.

The analysis revealed that fluctuations in the phytoplankton community were sig-
nificantly influenced by weather conditions. In 2019, reduced rainfall and elevated water
temperatures primarily contributed to the prevalence of Microcystis species across the sur-
veyed points, resulting in a decline in diversity, abundance, and evenness indices [78–81].
When comparing the average fluctuations in the cluster indices between 2019 and 2020, it
was observed that 2019 exhibited more pronounced fluctuations, possibly due to higher
rainfall in 2020, creating a more stable environment for phytoplankton growth [82,83].
Specifically, H′ and e showed smaller fluctuations in 2020, suggesting a more balanced
phytoplankton community in response to increased rainfall. To sum up, changes in the
phytoplankton community indices across the surveyed points over the two-year period
were primarily driven by fluctuations in weather conditions, with 2019 showing more
pronounced variations.

This study underscores the intricate relationship between phytoplankton and various
environmental factors in different aquatic ecosystems. Water temperature plays a crucial
role in shaping the distribution and abundance of phytoplankton, particularly harmful
Microcystis cyanobacteria [84–86]. The occurrence of Microcystis during July and August
in the three weirs ecosystem is positively correlated with water temperature, suggesting
favorable conditions for their growth during these months. Seasonal variations in phy-
toplankton occurrence are related to water temperature, influencing phytoplankton and
cyanobacteria abundance. The complex nature of these interactions is highlighted by the
correlations between phytoplankton and environmental factors in the three reservoirs. Var-
ious phytoplankton groups exhibit complex correlations with water temperature, TP, and
COD, similar to cyanobacteria, illustrating the interplay between multiple environmental
factors in shaping phytoplankton communities. The strong correlation between harmful
Microcystis cyanobacteria and water temperature, as well as nitrogen, indicates the key
drivers of harmful blooms. Overall, this discussion underscores the complex relationships
between phytoplankton and environmental factors, with an emphasis on the roles of sea-
sonality, nutrient availability, and temperature in shaping phytoplankton dynamics in
aquatic ecosystems [87–90].

This study examined the impact of environmental factors, specifically the N/P ratio,
water temperature, and hydraulic residence time (HRT), on Microcystis population dynam-
ics in aquatic ecosystems, particularly the SHR. Nitrogenous nutrients, such as NH3-N and
NO3-N, play crucial roles in cyanobacterial growth. Temporal variations in these nutri-
ents significantly affect Microcystis proliferation [91–94]. This study monitored changes
in phytoplankton species composition and distribution patterns, with a focus on harmful
cyanobacteria such as Microcystis, and found significant correlations with both water tem-
perature and nutrient concentrations. The N/P ratio, water temperature, and HRT were
identified as the primary drivers of Microcystis growth in the SHR and were directly linked
to the increased proliferation and downstream growth of harmful cyanobacteria [95–98]. A
substantial (23%) improvement in water quality conditions was observed concurrently with
Microcystis proliferation, highlighting a direct correlation between these environmental
factors and the overall health of the ecosystem. To address cyanobacterial blooms and
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enhance water quality, this study recommends a comprehensive approach that includes
reducing nitrogen levels, optimizing HRT, and moderating water temperature [86,99–101].

It is generally known that nitrogen and phosphorus concentrations in cascade reservoir
systems decrease gradually [102,103]. Significant differences and variations in nutrients
among the three dams were not observed in our study. In future research, it will be
clarified whether an increase in phosphorus or nitrogen nutrients along the river is due
to strong internal production or an external sewage influx. This would make a significant
contribution to the development of ecosystem management strategies and water resource
management. The need for further research is deemed crucial for the refinement of control
strategies and for assessing their effectiveness under varying conditions, as well as for
understanding their potential synergies with other ecosystem management practices.

5. Conclusions

The investigation into the effects of weirs on the SHR ecosystem over a two-year time-
frame has elucidated the profound impacts of artificial structures on river hydrology, water
quality, and phytoplankton community dynamics. Our findings demonstrate that weirs
significantly alter water flow, residence time, and nutrient concentrations (TP), leading to
variations in water quality and promoting the growth of harmful cyanobacteria. The study
identifies key environmental factors, including water temperature, nutrient ratios (TN:TP),
and hydraulic residence time, as significant influencers of phytoplankton dynamics and
Microcystis proliferation. The observed increase in cyanobacterial blooms underlines the
need for targeted management strategies aimed at optimizing water quality through nutri-
ent reduction, flow regulation, temperature control, and non-point pollution management.
Future research should focus on integrated ecosystem management approaches that ad-
dress the multifaceted impacts of artificial structures on riverine ecosystems. This study
contributes valuable insights towards sustainable water resource management and the
preservation of aquatic ecosystems in regions impacted by artificial weirs.
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