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Abstract: In this study, we analyzed the value of Chl-a by histogram to classify the points where
algal management is required. The degree of algal bloom by point was analyzed using the ogive curve,
and the algal control points were classified into three stages according to the shape of the frequency
distribution table. Of the four major rivers, low concentration of Chl-a appeared most frequently in
the Han River, while the high concentration of Chl-a was frequently found at the points of the Geum
and the Yeongsan Rivers. In the case of the Han River, no apprehensive areas were found that require
intensive management, while most points on the Geum and the Yeongsan Rivers required algal
management. Finally, the Nakdong River basin was identified as points requiring algal management
from the mid to downstream. The results of this study have confirmation of the possibility that the
frequency distribution could be used as a supplementary indicator to express the algal bloom.
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Figure 1. Data sampling points and River schematic diagram.

Table 1. WHO's thresholds of risk associated with potential exposure to cyanotoxins.

. . Exposure Rate
Indicator (units) = " ; -
LR (Low Risk) MR (Moderate Risk) HR (High Risk)
Chlorophyll-a (ng/L) <10 10- =50 >50
Cyanobacteria cell counts (#/L) <20,000 20,000 - < 100,000 = 100,000
Microcystin (ug/L) <10 10- =20 >20
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Figure 2. Frequency of occurrence for the algal bloom points in the major four Rivers. (a) Frequency distribution of Chl-a
potential exposure level, (b) Ogive curve of Chl-a concentration in the major four Rivers.
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Figure 3. Ogive curve of major points of the water quality measuring network.
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Figure 4. Type classifications of frequency distribution and box-plot.
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Table 2. Classifications of frequency distribution table type of the water quality measuring network points

River Monitoring points Type River Monitoring points Type
1 Soyang River* A 27 Damyang A
2 | Uiam Dam* A 28 | Uchi B
3 Sambongri* A 29 | Gwangjul B
4 Chungju Dam** A Youngsen 30 | T | Hwangnyoun River 3-1 B
5 T | Dal stream 4** A River 31 T | Jiseok stream 4 A
6 T | Seom River 4-1** A 32 Gwangsan ¢
- 33 Naju C
7 Daesin** A
) - 34 Juksan C
Han River 8 T ‘ Gang stream A 35 Muan 2 A
sk
) fpo A 36 T ‘ Banbyeon stream 2-1 A
10 Gangsang** A 37 | Andongl A
11 T ‘ Gyeongan stream 5 B 38 | Andong3 A
12 | Paldang Dam A 39 | T ‘ Naeseong stream 3-1 A
13 Norangjin B 40 Donam A
14 | Gayang B 41 Nakdan A
15 | T | ImjinRiver4 A 42 | Sangju3 A
16 | T | Okstream A 4 Seonsan A
17 Daecheon Dam A 4“4 Waegwan -
Nakdong 45 T | Geumho River 6
18 T ‘ Gab stream 5-1 B River
19 Cheongwon 1 A 46 T | Dasa A
- 47 Goreong
20 T ‘ Miho stream 6-1
G Ri o Veonai 48 Nongong B
uem River eong.l I Deokgok B
2 Gongju 1 : 50 T | Nam River 4-1 C
23 Geum River 51 Namji C
24 | Buyeo 52 | Haman B
25 | Buyeol 53 | Mulgeum B
26 T | Nonsan stream 4 B 54 | Gupo

*main stream point, **tributary point

& A3 AR S v A sk, o
A<= Type Be} Type C7} =2 H2H T

B AT} A9} o] Chl-aS FAOE §|AED
Wl ajel Eof whe mE A £57h sl
o] % Type A9 %3¢ A%E9| Chl-a7} 2 #Z
E]7] wjof sxgalef 9lojA FHo] i A
Ae wiAE 49L& Aolnt, 1#U Type B2 7%

= 22 10~50 ug/LY Chl-a7} ¥HstA| w50

ug/L 2749 & 29| Chl-aghe Ueht7] i
o &35 =ZHMARE 93t QdFHA|, A E

=2

0]
H,
dog et g *}Xﬂi”ﬂ% 5o 443 5




O|AfZ D] - OFAIS

B2 / Chlorophyll—a2| S|AE 124

nl'\-l
F|II
ru|o
O
rol
I
[l
ne
0x
40
0z
Ral
192
3018
4
N
w

V. 23t 9 7%

 eATolA 4t A W 4
24| Chl-a 3 BalA 828

Agsto] A e 2 e A & 5 9l
Ogive curve?] 50 ug/L CFC%E 58 w2yl

5

= =g A Aol whef vl 24T 4= 9l9la

32EIW PeRE 304 R TEE 2 94
A% EA40] 7ks 3ttt

50 ug/L CFC% 24 §3| s7}o] W2

Chl-a7} 2 HLEML 7i:9_z ostla, 274 %
I

2% 20 3 - 90 Es_h 32503 s 24
A EAE BESH: 51 el Bi o
2014 & 29| Chl-a7} Wi} wAlshs AL
spelatgint. o4 Chl-a g FAAE 27}
Aok SAAGS RS T 4 990w, S5 e &

W e 94 Qe B

A

o=
=2

<
FIF r_{]l 019

e
oo
i
=
%0
rlr
BN
Ju ¢
o,
b
Ny
=
ot
N
Elil
=,
=l

w

i)
o ok
D)
R
I
et
Y
lo
u
r'l
il
i
0
i
e

o 2 o

kMo

=
ox
20,
4
ta
In
>
N
Lo
Q
=
|

ol
e
N
o% el

o
=
=

[N = T 7
%0
5=)
p
o
4>
Tj
g_
m
(i
L
ﬁ&
9

2 oox rE
)
=2
2 O
r —qJ—‘
oo 2
i) oo

o

ZJJ
:Ll
BN
:1ﬂ.l
rE
oX
H
e
i‘);
St
fo

al, 2014), ==&
AETHOE FHTFOTH

sk ol ¢ Ao

‘algal bloom points™&
At

A} A}

& A iAdr|ed T FaA] T195a

—t2-A2) AL B Rk 7] E LS $Ig

E5}H 2k 742)(20190158) A 9} g o] gkt

A& 90 SR AtA Y] AU Hhoh At
=G U TH112149),

References

Bae YH, Shin HG. 2015. Toxicities of Several
Coagulants on Earthworm and the Effect
of Sewage Sludges Coagulated by Mixtures
of Those Coagulants on the Population
Growth of Earthworm FEisenia andrei.
Journal of Korea Society of Waste
Management, 32(2): 182-190 [Korean
Literature]

Park GI, Bae YH. 2012. Ecotoxicological effects
of Alum and Ferric chloride on the
population of Eisenia fetida (Annelida ;
Oligochaeta). Jornal of Korea Organic
Resource Recycling Association, 20(1): 50-
60 [Korean Literature]

Byeon KD, Kim GY, Lee IJ, Lee S, Park JR,
Hwang TM, Joo JC. 2016. Investigation
and Evaluation of Algae Removal
Technologies Applied in Domestic Rivers
and Lakes. J. Korean Soc. Environ. Eng,
38(7): 387-394 [Korean Literature]

Jeong BK, Kim Y], Jung SW, Lee HY, Shin YS.
2014. Temporal Variation and Identification
of a Centric Diatom, Stephanodiscus spp.
during Winter-spring Blooms in the
Yeongsan River. Korean Journal of ecology
and environment, 47(4): 273-281 [Korean
Literature]

Jung HY, Kim YH. 2019. Effectiveness of
elimination inflowing algae in water
treatment plant using natural algae remover.
Journal of The Korean Society of Water
and Wastewater , 33(4): 311-319. [Korean
Literature]

Kalabegishvili T, Kirkesali E, Rcheulishvili A
2012. Synthesis of gold nanoparticles by
blue-green algae Spirulina platensis (No.
JINR-E-14-2012-31). Frank Lab. of Neutron



SIS M2oH mMiE

=

Physics.

Kim SH, Hong SC, Yi PG, Jang SH, Suh JM,

Sivarkumar S, Park |S, Jung ES. 2019a.
Water Quality Measurement using Amphibious
Drones and Development of Chlorophyll-a
Prediction Formula Through Temperature
and DO. Journal of the Korean Society of
Urban Environment, 19(2): 111-121 [Korean

Literature]

Kim §J, Chung SW, Park HS, Cho YC, Lee HS,

Park Y]J. 2019b. Analysis of Environmental
Factors Associated with Cyanobacteria
Dominance in Baekje Weir and Juksan
Weir. Journal of Korean Society on Water
Environment, 35(3): 257-270 [Korean

Literature]

Kim Y], Lee SJ, Ahn GG. 2019c. Characteristics

of chemical water quality and the empirical
model analysis before and after the
construction of Backje Weir. Korean Society
of Environmental Biology, 37(1): 48-59

[Korean Literature]

Korea Water Resources Corporation. 2016.

Development of algae bloom control and
countermeasure in the weir for the River

systems. pp. 161-173 [Korean Literature]

Krawczyk H, Ebert K, Neumann A. 2004. Algae

Bloom detection in the Baltic Sea with
MERIS data. In Proc. MERIS User
Workshop.

Nam SH, Lee JW, Kim EJ, Koo JW, Hwang TM.

2019. Elimination of Microcystin-LR by
UV/Chlorine Oxidation Process. Joural
of Korean Society of Water Science and
Technology, 27(4): 15-23 [Korean Literature]

Park DY, Park HS, Chung SW. 2019. Analysis of

Water quality variation by lowering of
water level in Gangjeong-Goryong Weir in
Nakdong River. Journal of Environmental
Impact Assessment, 28(3): 245-262 [Korean

Literature]

Yang JH, Ryu KW, Kim JH, Lee YS, Ko JC.

2019. Characteristics of Phosphorus
Removal and Reaction Crystals Using
Calcined Opyster Shell. Journal of the
Korean Society for Environmental
Technology: 20(4): 236-242 [Korean

Literature]

Yeo HG. 2009. Phytoplankton community and

phytohydrographic characteristics of the
inside and outside of Saemangeum reservoir.
Journal of the Korea Academia-Industrial
Cooperation Society, 10(8): 2021-2025

[Korean Literature]



