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Abstract

The purpose of this study is to analyze the characteristics and correlations of the Yeongcheon Lake in order to reduce
the occurrence of harmful cyanobacteria. In this study, we investigated the water quality and phytoplankton of the
lake from May to November in 2017. Correlation and data mining analyseswere performed to analyze the relationship
between the two factors. The water temperature was lowest at the point where the Yeongcheon Lake inflow occurs at
Imha Lake. It was highest at the point where the outflow occurs to Angye Lake. The pH was also highest at the
outflow point, but in the case of DO, it was highest at the midpoint between the inflow and outflow. The main
cyanobacteria that emerged during the study period were Oscillatorialimosa, Microcysti saeruginosa and
Aphanizomenon flos-aquae. As a result of correlation analysis, the water temperature, inflow, COD loading, TOC
loading at the inflow point of the Yeongcheon Lake were the items that were related to the harmful cyanobacteria.
The data mining analysis indicated that the TP loading and harmful cyanobacteria in the inflow point of the
Yeongcheon Lake were influential on the detrimental cyanobacteria in the Yeongcheon Lake outflow point. When the
TP loading was less than 39.0 kg/day at the inflow site, it wasexpected that the amount of harmful cyanobacteria
could be maintained below 10,000 cells/mL.
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1. Introduction

GA| H(Cyanobacteria) £+ FZF(Blue-green algae)=
A E ot AN EE G& VB E st AE &7
1= A Eo]th(John et al., 2015; Park, 2012). §XH= 2
£ Z3 JA Foy Aol 9F E(aerotope) S Z
(Komarek and Anagnostidis, 1999) ¢ ZHl| F/3t=
A& 23 glen, AU AMFAE FAFTHNIER, 2017).

dutgo g AL TE2FVF 3~54% 22 FE F
A5, 0] FFiE 5~692 JAEHAN EXF=E A
0|7} o] ZoATtHKim, 2014). HZ2F9 F4 o= Q&) &%
9 pH7} gsstal dAtFe] F7beke dAEol HE, 9E2F
2 Ho]7} o]Fo|ZtiHan River Environment Research
Center, 2013). §Z&F < St S45td 4 W= dF 34
sle] ZF Ul (Algal bloom, ZZd4)o] WAITHNIER,
2017). &7 BRA= g2 A2sE W5 ZYEHY S
o 3 A}t 28] &0 2 dAE VES 24T | dEe
o Bed FaoAE BAH1,000 cells/mL o)) —>BA
(10,000 cells/mL ©]4)—Z2Fd24(1,000,000 cells/mL ©]
49 3PAR, AFEE FhAAE FHA-FAY 28
2 A Atk Flld xR £F FEA S BHstd &
ARAM A@T Microcystis, Dolichospermum, Oscillatoria,
Aphanizomenon & 4 £9 EFTolth ol SAHAEZS W

E3td fale 9FE & & dv GEFOITHME, 2016a).
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FASE BEEE FAA ALFH AXFL L, Fa
AL AT, FEFHE Fe4olth ¥ Fole 42
m, ¥ Zol& 300 m, AFHEHL 6.9 km’, FAFTF 103.2
Wok Eolr). A7t 4T FEHS 1073 U Eog o] F
A 9 FULEFE 803 Wt =, WNEFE 124 Tt E,
AR TR 14.6 Wt Eo] o] &H 1 k. BE FEF
299 &4 £ SVt dAe] st 1A4dE AW =
F2E J5tEY A9AY FAo2RH 25% m/dY A5
g JHI2 ITFE, TFE 95 F 16T m/LS oA
Y =2E B3l AlZZ FF3SL Ath(Nakdong

River Environment Research Center, 2014).
FEF AL AdE] AdAE 22 WY JIERE
#Y st AE FQ28kA w(Park et al., 2001), 3] 9 H

Aol mE FdF2 A W dFE *dFs 2P o
#oll v F23TH(Choi, 2018). FHE S F¢ #9 HHo|
A3 F FPET T 4T FEe dotmd B4R &5
of gt et A5 fFelgdEfF LY Ade A
= dstE2NE 9 ol g2 2
= A =

hal =2

HZ FxRFA B AT FEI] ASHALA AT
(Chung et al., 2017; Kim et al., 2015; Park et al., 2013), ¥
ASE QHEoZ e G2F 3 AT+ PSS AF ol
o)A =E2 1998 495 H 199993 397HA] A EZHIE
7 o]gst 91s B A7H(Kim and Kim, 2004), 20073
FATY G2F DAY Fho #F AT =T (Lee et al,
2008)F E2F Z4<! microcystin-LRZ} o] FollA g B3

22 & A7 =F(Lee et al., 2009)°]t}. ©]F 20163l
Microcystis®) S0 B3 AT (Lee et al., 2016)7F LEH
th oo GASE o E FE2F HAT o9 #HH o
77t 2Qasicha guE

2 d7e =EFES 9 fYsHe 9ol I Az

O:

TEEEE g avR,
doz oguE gAY HeAY YRR dRde A%
YA Abstaz s

2. Material and Methods

21 ZAF XIE H ZAL A

B AFe= 20179 5LEE 201743 119744 AARE
AA AFE A E HFst] £24 2 A ESFIE 2A
ANSHAL A5A SFREH 915 WZ7A 57 A
AAste Y-15H Y-52 AP ARG hFig 1). Sl
GZF7 i 2" A= Jd2HE 6EHH €A =
F 192 S ZAE AA69 3, O 9 5¢, 1097 1€

tlo nfu of

0 o

Fig. 1. Map showing the sampling stations in the upper region of the Yeongcheon Lake.
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Y-1(A2A 5k A5 A Agd
(E 129° 04 " 21.58 ", N 36" 06 * 20.93 ")

) BE A A¥E
(E 129° 04 " 18.09 ", N 36" 06 ' 23.15 ")

Y-3(FAE A7) A5 A Agd
(E 129° 04 " 0516/, N 36" 06 " 49.69 ")

Y-4FAE #2): 5 A AGH
(E 129703 09.11 7, N 36" 05 " 11.39 ")

Y-5(FA% @) 45 A Agd
(E 129° 00 " 46.96 ", N 36" 03 ' 53.55")
22714 A 2| - E 2810 0] - 2B FH A}
&Y 713ARE 713 EKMA, 2007), AT, 74 -
#E2F ARE AL R ST EEFH oA (Han River
Flood Control Office, 2017)°14 A &3ste= AEE 35t
A g&aith L9949 2 @R F A2 okaA of
ol 2(ArcGIS) 71Wke] sy Z2aQl ofAsto| =R
E(ArcHydrotool)& ©] &3t AHgstgitt. AL AT AF
< SAE FYshe ‘F‘—Q— AHE FHLE TEIAAH B2

Al, BAA, AH4A, SA4AE 29 ns!

YPTAe FEoto 7 W 2HE P T
&3ate gk LAREe ATLHLRAAE(ME,

2012)8 AH&E9 T, 54 B L wEHES ALY
ZZH 71 EXAFA(ME, 2007)o 4 AAF Falg g Hy st

489S 83k

FA2L G2 F

(DO)= FH& FEAES
Bl Z3sch ARA

A dgaoA BAEGT 5
A(SS), ¥=2 a(Chl-a), Z(T

HEZAIE7IEAN AAE PPz BA5YTHME, 2016b).

8 FAAETEGH. STULE
71(YSI 556MPS)&
12o A7 ARE 24 47

42T H(COD), e

37]
24

o°\'

El

1;.1 %?:_‘i(TN) O 270

WIAMEEYTE U HXFR AL

AEZFIAE EAE J& ESFAA 4 1 m °l8HY
AEE sty FZEN(Lugol’s solution) o2 &Zoll A
Tt th A A 48A13F o AARE A1 F FE
Hg AAS L 58 ol FFsATE FFERAH S 55F Al
8 1 mLE AX ¢ 32 Ze) ¥ (Sedgwick Rafter chamber)ol]

A 108 ol AZAZ F FSAuFMI, Carl Zeiss &
ECLIPSE 80i, Nikon)< ©]&3}4 1008 ~400W]2 AF 2

A% st
7 2RPe $9E $Y ¥ AESE ATy AT
SR ml)F AEFE AEAGT HEEFAET} G2

9 & 5732 John et al. (2011), Komérek and Anagnostidis
(1999), Komarek and Anagnostidis (2005)} Park (2012)<
F8t9 AL, Guiry and Guiry (2017)2 o]-&38to] AZsaith
fFalgE®F A FAFAA AP 4 &9 RS
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(Microcystis, Dolichospermum, Oscillatoria, Aphanizomenon)
ol Cuspidothrixs F7F & 5 £& AF st EUEE 613
o}, Cuspidothrix issatschenkoi= M| 7V 7he AMSA 2

FEg BHA XS 7MR 3L 9O Aphanizomenon sp.2H= T-E
e, S840 7hsd #F I tHRyu, 2017).

24 EH 24
ALY AR D fAGEF BAT JBYS Fols
HBAFE oot RARAT, FAH F)5E(p-value)

frallgaT AT 3F 817 #HAg A B4 =
WEKA(Waikato Environmental for Knowledge
Analysis, version 3.9)%9 ¢JAFEH E T (Decision tree) 71
& A&5ATh JAEHFE JHe 101‘3 mrolid o] thE
A B/ 71 F shEA e 59

Ao JHHFT AFHLRE oju S o—%
st Bd 2 FASET ols 5T dFE vAE a9l
9 #AE E8 FHE AFAFH

AN U HEoll F& THES D=
°] 9AFKKim, 2012). £4 §EogE 7|2 F5E, o
7 9%, L9FsE, 42, pH, DO, COD, TOC, SS,
Chl-a, TN, TP, TFe9] 157) 2912 sy, Jgafa =
F FE2e 7 A gz H AMASE S

I ol.J

3. Results and Discussion

-04~289C
He T 191E‘r ZAF 713 B3t
A BeEgE 4541 1 01919.111 B RAIEL 7.344.34]
oz ZAEAY dASY AFH= Ho 146.641.3 EL.m
2 Z1) 148.8 EL.m, A2 1444 ELmo] ok F9FS FH
6.144.0 m¥/sec® H ™ 23.8 m¥/sec, A4 4.2 m¥/secol R, W
FEHES B 62414 mYsecE A 8.1 msec, A4 3.4 m/sec
=2 7%7—.‘ ZALE A THFig. 2).

3 99 deA odd dE2 F A -_rL 3,238%, ak<¢

= 5‘_ 2 11.3%0100 79 W S 2999 %‘% s
T, AR, A, T AR, T S S 7Y T7]' 1,930mH] $l=
o, FFEE 7 M BT 19 W EA ol §dE 2
Qloke] Hlgo] 7}F wol xRSk om, 1 9] 7|E A,
®, iA o2 vyetgth §9 W A9A - FAA - WEA
289 QIATHME, 2012). FAZ FJolA TAFsFS
SIS EXAZE 7HE w2 HS S AL, v E ot
& EAAY viFe] 7HE w3tk & 28NS S BOD F8t
F2 160 kg2 7HE =gon, TS oz TN ) Rl

9.0 kg/¥, TP HAFIZEL 12 kgd <ol v & HslgS
TN Hj&5-atZo] 72 kg/¥ 2 7H¢ E¢on, the o2 BOD
FatEFol 6.9 kg/¥, TP HIEFaES 0.5 kg€ <ol
(Nakdong River Environment Research Center, 2014).
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Fig. 2. Daily fluctuations of air temperature, 7 days precipitation, daylight hours, water level, inflow and

outflow reach of the Yeongcheon Lake
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Table 1. Physical and chemical characteristics of LakeYeongcheon determined during the experimental period. The values

indicate mean, standard deviation and range (maximum and minimum).

Factors/Sampling stations Y-1 Y-2 Y-3 Y-4

Water Temperature (C) 19.944.5 15.042.7 16.342.7 23.044.3
P (25.2/5.9) (19.3/10.4) 21.0/11.9) (29.0/10.2)

" 7.240.4 72403 7.3+0.4 79405

P (7.8/6.4) (7.9/6.6) (8.1/6.7) (8.8/6.9)

9.9+1.8 10.81.6 11.9+1.7 9.4+1.0

DO (ng/£) (13.2/5.6) (13.1/7.5) (15.8/8.5) (11.2/75)

37422 5.9+0.8 56413 57412

COD (mg/£) (10.9/1.8) (7.4/4.6) (10.6/4.2) (10.0/4.0)

1.90.9 38403 3.7:03 3.540.6

TOC (ms/£) @.8/1.1) @.3/3.1) 4.5/3.2) (5.9/3.0)

1.00.9 1.9+1.6 1.541.0 26413

S8 (ng/ £) (3.2002) (5.0/0.1) (4.0002) (5.9/0.3)

3 1.9<1.1 1.8+1.9 22421 42429

Chl-a: (mg/m’) (5.0-) (621-) (9.6/0.4) (12.1/0.1)

2815 22407 24511 22409

TN (me/ £) (5.4/0.6) (3.8/0.8) (5.2/1.1) (3.8/0.5)
TP (uelf) 0.0310.021 0.025+0.009 0.051£0.111 0.039::0.038
& (0.076/-) (0.046/0.009) (0.557/0.011) (0.200/0.010)
T-Fo (ue/2) 0.0280.043 0.0510.064 0.042::0.051 0.018+0.015

& (0.153/) (0.286/-) (0.222/9) (0.040/5)

DO, dissolved oxygen; COD, chemical oxygen demand; TOC, total organic carbon; SS, suspended solid; Chl-a, Chlorophyll-a; T-N, total
nitrogen; T-P, total phosphorus; T-Fe, total ferrum; -, below the detection limit.

—~— 7000
E oCyanobacterla
E 6000 1 BQthers
E 5000 { o©oDlatom
a 4000 - mGreen algae
N
O 3000 -
g |
S 2000 A
=
g 1000 - — i —
0 - : . .
May June July Aug. Sep. Oct. Nov. Y=-1 Y=-2 Y-3 Y-4

Fig. 3. Change of phytoplankton standing crops by survey period andfour sampling stations of the Yeongcheon Lake.

7% ol’d, 718 E2F+ 6% °lds AA AT

AEZZIEY SHEL 5¥oE F2FQ  Fragilaria
crotonensis7} AR, AA AEZ 33.7 %S A5
Ak 69, 7€, 847 98l FE2FY Aphanocapsa sp.7t $
et en, AA dEF 163 %(69), 53.5%((74), 19.4%
(8€)% 32.0%(9E)E AASHATE ol F 108l= 2HES
%1 Rhodomonas sp.7} %38t} oH, AA dEFY 152 %
£ AA AT 11€0= BAl #2279 Fragilaria crotonensis
7h SAER e, AA dEFY 284 %S AA AT AH
¥ AFE Y-1AFS F2F Fragilaria capucina(16.9 %)
7 2SI eH, Y2RH, Y3XHTG Y4RHLS BF G
- Aphanocapsa sp.7b FASAL, HAA BEFY 43.8 %,
34.0 %, 333 %S 27+ AA AT

AEEFIE IATE2 980 7P =343, 5€e 7HE 9%t
th 59& 879~3,372 cellssmLE B 1,566 cells/mLo] AT
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(Fig 3). 692 2,029 ~ 3,958 cellsymLZ B3t 2,647 cells/mL,
79 316~7,973 cellss'mLE H 3,248 cells/mLo] T} 8
€L 470 ~ 7,301 cellssfmLZ B 2,361 cells/mLe] 3L, 9L

rlo rle rlo

11,102 cells/mL), Y-3A13
o

585~ 12,514 cells/mLE Ha 3,608 cells/mLo] 1Tt 10€
298 ~ 4,504 cells'mLZ B 1,741 cellsmLo|J L, 11¥€

205 ~ 4,497 cellssmLZ Ha 2,727 cells/mLo] Yt}
Y-1ARY Hd dEFS
cellsmL)e] o™, Y2232
[}

1,306 cells/mL(185 ~ 8,240
B 1,904 cells/mL(306 ~
B 1,781 cells/mL(422 ~
B 6,865 cells/mL(1,277 ~

25,580 cellsymL)lth. GRS FEFA Y4AHY B+
AT B FA vls] o w9kow, UyHx] A H
o AEFS ¥nE FARIA

ow 5
= 4TS EQTHFig 4). 3l
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Fig. 4. Change of harmful cyanobacteria standing crops by survey period and five sampling stations of the Yeongcheon Lake.
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Table 2. Correlation between the number of harmful Cyanobacteria cells in Yeongcheon Lake and water quality factors.

Factors/Sites Y-1 Y-2 Y-4
Water Temperature -0.028 0.609™ 0.094
pH -0.433 0.364 0.146
DO 0.015 -0.645™ -0.574™

Chl-a 0.000 -0.147 -0.233

COD 0.017 0.356 -0.253

SS -0.141 -0.246 -0.167

™ -0.218 -0.199 0.223

TP -0.414 0.333 -0.073

TOC -0.284 0.224 -0.059

Fe -0.220 0.362 0.159

Inflow -0.115 0.544” -0.025

Air Temperature 0.002 -0.102 0.047
Precipitation -0.130 -0.027 0.065
Daylight hours 0.190 0.069 -0.158

Y-1 COD loading -0.108 / 0.019
Y-1 TN loading -0.130 / 0.043
Y-1 TP loading -0.164 / 0.064
Y-1 TOC loading -0.136 / 0.050
Y-1 Fe loading -0.128 / 0.023
Y-2 COD loading / 0.461" 0.262
Y-2 TN loading / -0.138 -0.009
Y-2 TP loading / 0.365 0.659™
Y-2 TOC loading / 0.435* 0.493"
Y-2 Fe loading / 0.363 0.191
Y-1 Cyanobacteria cells 1 / -0.247
Y-2 Cyanobacteria cells / 1 0.779"
Y-3 Cyanobacteria cells / / 0.684™

Y-4 Cyanobacteria cells / / 1
" P<0.05, *: P<0.01

Table 3. Model formula of harmful cyanobacteria in Y-4
derived from data mining.

LM num: 1

Y-4 Cyanobacteria cells =
-351.1097 * COD
+ 213.1315 * Y2 TP Loading
+ 5.472 * Y2 Cyanobacteria cells
+ 153.7647

SERE 11E7HA ZAF 717 B¢ EFE2E2RE #95H=
Y2AH9Y fralgdxF d&2FY Fdgh 151 cells/mLol L
th o]E ZAZ 39 Y4AFY FaAgxRR HAF Wslet
TPH-3tZ3e] #A S Table 39 RF Ao A g3t o<
Al FROE 75ty d&ath

Y2A Ao 2R FYH= ‘rrﬁﬂ‘d'_%%g] MEF7E 0
cellsymLY A9 Y439 Faid 132571 10,000
cellsmL ©]3t2 LAY A= _2;<] Ao TPH3slZo)
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