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ABSTRACT

Variations of chlorophyll a in relation with
freshwater quality in Korean reservoirs were investigated during the period of 1992-2006. This
study compared assessed total nitrogen (TN),
total phosphorus (TP), total suspended solids
(TSS), Secchi depth (SD) and phytoplankton biomass (Chlorophyll a (Chl)) relating to pre-monsoon, monsoon and post-monsoon in South
Korea reservoirs. Linear relationships were observed between log-transformed Chl and logtransformed TN, TP, TSS, SD and applied for all
study sites to examine relationship of these factors in South Korea reservoirs. The results
demonstrated that phytoplankton biomass responded to nitrogen and phosphorus enrichment
and was also differently and remarkably related
to TSS, SD in Korean reservoirs during pre-monsoon, monsoon and post-monsoon.
Keywords: Phytoplankton biomass, freshwater quality, Korean reservoirs, monsoon.
1. Introduction

Water quality and trophic status in Sembrong

reservoir during monsoon season has investigated by Hashim et al. (2018). The temperature,
dissolved oxygen, pH value, ammonia nitrogen
and trophic status parameters such as: chlorophyll, total phosphorus and Secchi depth were
considered for 17 locations along Sembrong
reservoir identified for sampling activities. The
water quality in Sembrong reservoir was not
good condition during monsoon season which
the chlorophyll contents, total phosphorus and
ammonia nitrogen were high.
Kim et al. (2014) has studied relating to seasonal and inter-annual patterns of water chemistry such as: eight physico-chemical parameters
such as nitrogen, phosphorus, BOD, COD and
chlorophyll a of Miho Stream watershed during
2004 - 2007 along with some influences of tributaries and summer monsoon on the stream
water quality. This study analyzed relation of
spatial and temporal variability of seven sampling sites of the mainstream and some tributaries in the watershed (Kim et al., 2014).
In South Korea, reservoirs were constructed
for irrigation, water supply and flooding control.
Freshwater for water supply (mountain reservoirs and Nakdong river system) has been very
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important for social economy (Chun et al.,
2001). Bach et al. (2009) developed the study
about long-term paradigm analyses of chlorophyll a and water quality in reservoir systems of
Korea. The study emphasized the water quality
differences between terrestrial freshwater reservoir and coastal freshwater reservoir systems.
Water quality of coastal freshwater reservoir system was more significantly decreasing than the
reservoirs located in in-land during long-term
study (Bach et al., 2009). Eutrophication for Korean reservoirs was studied by Jones et al.
(1997); Kim et al. (2001); An and Park (2002).
In the investigation, multi-reservoir study allows to identify the characteristics of nutrient
loading which must be controlled to maintain desirable water quality. This study also aims to
evaluate the variations of total nitrogen, total
phosphorus, total suspended solids, Secchi disk
depth and phytoplankton biomass (chlorophyll
a) for a comparison among pre-monsoon, monsoon and post-monsoon in South Korea reservoirs.
2. Methods

78

Phytoplankton biomass (chlorophyll a), total
nitrogen (TN), total phosphorus (TP), Secchi
depth (SD) and total suspended solids (TSS)
were analyzed from Koean reservoir systems (including 9 reservoirs: Asan, Sapkyo, Geum,
Youngsan, Nakdong, Okchong, Andong, Juam
and Deachung) (Fig. 1). Data were chosen from
3 stations for each reservoir. Monthly data including chlorophyll a, TN, TP, SD and TSS were
obtained from water quality monitoring program
(Korea Ministry of Environment). In South
Korea, monsoon is usually from July to August.
This study chose pre-monsoon from January to
June and post-monsoon selected from September to December. TN was measured by using
Kjeldahl nitrogen method and spectrophotometric analyses and TP was measured by standard
molybdate-based and spectrophotometric methods (Greenberg et al., 1992). Chlorophyll a (Chl)

was measured by fluorescence method. Secchi
depth was used to measure water transparency.
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ranging from 20 to 80 mg/L (Fig. 3c). The premonsoon period of TP was usually higher than
that of the monsoon period, especially in 1995.
The post-monsoon period usually had a low TP
value except in 1997 and 1998 (Fig. 2b). TSS
values were usually high during the monsoon period, reaching exceptionally high values in 2004
and 2005. TSS was quite stable over the years
for the pre-monsoon and post-monsoon periods
(Fig. 2c). The gradual decreases of Secchi depth
were observed for pre-monsoon, monsoon and
post-monsoon (Fig. 2d). Chl value reached its
highest value in pre-monsoon period (Fig. 2e).
Chl increased during the pre-monsoon period in
several years such as 1999 and 2005. Annually,
the Chl value of post-monsoon period was usually lower than pre-monsoon or monsoon.
3.2. Relationships between phytoplankton
biomass versus nitrogen, phosphorus, total suspended solids and Secchi depth for pre-monsoon, monsoon and post-monsoon in South
Korea reservoirs
In this study, linear relationships were observed between log-transformed mean Chl and
log-transformed TN, TP concentrations for all
study sites (Figs. 3-4). Relation analysis of logtransformed Chl against log-transformed TN, TP
indicated TN and TP was positively correlated
with phytoplankton biomass (Figs. 3-4). The relations were different for pre-monsoon, monsoon
and post-monsoon. TN was more correlated with
Chl than TP for all period pre-monsoon, monsoon and post-monsoon. The increase of Chl
concentration was clearly affected by the increasing of TN, TP in waterbody in pre-monsoon, monsoon and post-monsoon (Figs. 3-4).
Based on correlation analysis, TN enhanced phytoplankton during pre-monsoon and post-monsoon (Figs. 3a,3c) better than during monsoon
(Fig. 3b), however, TP had more affective during
pre-monsoon period (Fig. 4a).
During pre-monsoon period, it seems that
TSS had positively relationship with the increase
of Chl (Fig. 5a). However, periods of monsoon
and post-monsoon, the relationships were not

clear (Fig. 5b,c). This could also be explained
that TSS on pre-monsoon was affected and accumulated by microphytoplankton during spring
bloom. Fig. 6 shows that negatively correlations
between SD and Chl were evident in pre-monsoon and post-monsoon (Figs. 6a,6c). In which,
the monsoon period was not clearly shown this
relation (Fig. 6b). Thus, SD value is not a decisive factor for the development of phytoplankton. Factors such as nutrition, level of water flux
could also be a decisive factor in the growth of
phytoplankton.
3.3. Discussions
In South Korea, the increases in nutrient concentrations of freshwater due to nutrient inputs
from urban and agriculture caused essential increase of nutrient loading into coastal waters, nutrient loadings from non-point sources increased
and freshwater discharges into coastal water
through embankments were high during summer
monsoon.
In the South Korean reservoirs, inter-relations
between physical, chemical and biological factors including total nitrogen, total phosphorus,
total suspended solids, Secchi disk depth and Chl
concentration were analyzed by Bach et al.
(2009). Strong curvilinear relationship was fit
between log-transformed annual mean Chl and
log-transformed annual mean TP following
equation: Log10(Chl) = 0.99 + 0.88 Log10(TP) 0.39 Log10(TP)2. Transparency of water (SD) related with TSS by inverse third order paradigm:
SD = 0.23 + 10.85 (TSS)-1 - 13.11 (TSS)-2 + 5.23
(TSS)-3
Cai et al. (2012) analyzed long-term variations of phytoplankton biomass, nutrients, and
suspended solids (SS) in Taihu Lake, China, during algal bloom seasons from May to August.
Phosphorus and nitrogen loadings from catchments related the risk of phytoplankton blooms.
Zou et al. (2020) emphasized that high inorganic
suspended solids impacted to relation of nutrient
(TN, TP) concentrations and summer Chl in
lakes and the relationships between nutrient and
Chl level and SD were used as a theoretical basis
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for lake eutrophication management (Zou et al.,
2020).
The relationships between trophic states and
their driving factors were investigated such as
determination of the spatial and temporal variations in trophic state and identify potential causes
for these variations in 60 Korean reservoirs
(Mamun et al., 2020), reservoir trophic states
varied with environmental and water quality
variables (Liu et al., 2017), the differences in
algae functional group characteristics in the different water bodies in the region were identified
water temperature and nutritional states (Lu et
al., 2018), relations between variations in the

lake bacterioplankton abundance and the lake
trophic
 state (Adamovich et al., 2019).

An investigation on the reservoir system in
South Korea divided by the pre-monsoon, monsoon, post-monsoon periods helps managers or
researchers to better understand the effects of
monsoon affecting the ecology of reservoirs.
There have been studies on the effects of phytoplankton and variation factors relating to monsoon (Xiao et al., 2011; Bharathi and Sarma,
2019; Li et al., 2020). However, in recent, there
were not many researches worked under the premonsoon, monsoon, post-monsoon periods.
Therefore, this is a meaningful study that contributes to a better assessment of the trophic state
of reservoirs
nutri  in the context
 of increasing
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Fig. 3. Relations of log-transformed TN vs. log
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Fig. 5. Relations of log-transformed TSS vs.
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Fig. 6. Relations
of log-transformed
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4. Conclusions
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contributes to more understanding the Korean
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nutrient enrichment
can


modify
primary production (Chl) during mon
 as well as pre-monsoon and post-monsoon

soon. The results may help researchers and
managers to refer to phytoplankton biomass responded to nutrient enrichment and environment factors during summer monsoon.
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