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Status and Causes of Cyanobacterial Blooming in the Downstream of Jecheon Stream. Yu-Ho Jeon (0000-
0001-7993-2596), Do-Hwan Kim (0000-0002-7940-5574), Kyoung-Hee Oh (0000-0002-4373-7593) and Young-Cheol Cho*
(0000-0001-7444-143X) (Department of Environmental Engineering, Chungbuk National University, Cheongju 28644,

Republic of Korea)

Abstract

The occurrence of cyanobacterial blooming and the contaminant sources were analyzed in the

downstream of Jecheon Stream, a tributary of Chungju Reservoir. The concentrations of chlorophyll a at the
Myungseo Fishing Point (GPS; 37°03'25.5"N, 128°03'13.6"E) were 399.2 and 184.8 mg m™ on October 18,
2015 and September 25, 2016, respectively, and the concentrations of total microcystins, a cyanobacterial toxin
mainly produced by Microcystis, were 124.09 and 79.71 ug L™', respectively. The occurrence of cyanobacterial
blooming at the downstream of Jecheon Stream was closely related to the water level of Chungju Reservoir.
The cyanobacterial blooming occurred after the increase of water level in Chungju Reservoir, when the water
body stagnated. As a result of analyzing National Water Quality Monitoring Data of the upper region of
Jecheon Stream, the main source of pollutant was Jangpyeong Stream, the tributary of Jecheon Stream, and the
discharge water from Jecheon Wastewater Treatment Plant located in Jangpyeong Stream was considered to be
the most important source of contaminant.

Key words: Jecheon Stream, cyanobacterial blooming, microcystins, contamination source, water level of
Chungju Reservoir
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A, W T 2R F Microcystis$o] £
Ak Aost we Aoz otelA 9th(Ahn e al., 2003).
Microcystis<= scum= FA3t= G2 {2, 98 9 3¢
=421 microcystins (MCs)E A3t A4 v|E 57}
T AAAQ ZAY 542 2HE £Y 38§ E= AES
il 55 YA EAE €oZ 4 9ok (Funari and Testai,
2008).
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4 99l F VE E0T AL 52, ARAL, FFo oo
Z Qlth(Dai et al., 2016; Kim et al., 2019). ESHE Q9]
< oE A AERY FFERel diet B, A T 1Y
o] Fo] a3 Aoz dHA Urk(Ahn, 2018). 29
= 2A7kRof o3t 7]F HIE QlE =2 WA = ¢
717to] Z2ojA RoZ AfAE T Itk (Ma and Wang, 2021).

354 821 5 7MY 583 A2 < (phosphorus)zt A4
(nitrogen)Q} -2 FFFF | Hro|t}(Kotak et al., 2000;
Orihel et al., 2012; Newell et al., 2019; Chang et al., 2020).
YF G2F= 371 TY 2N E LAst] ARESH] o
2ol JET G270 4 Altagle g9 750 o,
Aa Hils S0l AV EE HE2FY A4S 24|
oL Ao 2 A Uck(Schindler et al., 2008; Facey et
al., 2021). webA] G Alo A Q19 7H80] H2F A
A& Agsks 7MY $a3 adloly, d2F A4S 248t
7] $fstel ojn Ex un ogeloziy o §UL =
Ast= Aol 7H} 223t Ao 2 o AR tH(Schindler ef al.,
2008).

I E drdes ANEEE s 92 S04 f8f
2 Wgor QA HsiE Hadlely] Ao 2RAEAE
AAISHIL QITH(NIER, 2020). 353+ 9L, A3, 4
59 gEo] 1998 RE 22 2RAFEA7 AAHI 3
on, W FFH Ao 2FAEA At Aol F
FIHe 2FAEA AA] o]F 2018 A A
1397H(10¢Y 427H 16Y7HA) “BA” A7 T E F
o] Yo, thE T4 HlF} == WA W=7t i W
(NIER, 2020). 3}A|9, 3359 59 AHQ] AAAL} 1w
Ao fFaligdzFol o3t mx271 F71H o2 IAysta
Ue AR dHA Sloh AHHANA TSt =2 47
AE(FEAFL, 20089 99 22¢; FHAIE, 20149 10
4 139)& St LiFen, of A7 A4t ==& 59 o
& ARE Foto] Hud uprt gloh 53] AHHE 3
o] a3 f AHoZA AHAANA DYsH= w27t
T3 Ao FFE VA 7HsAol $71 el A H A
2 Y dg 9 A wota gEo] oo thgt o wt
Hol A|Fg AL 2 AE) mets] 2 dAFtoA= AAA
S A9 mx %S AAStAL, 52 Tl FIF= 1|

A 89 W 0dUe 2t

XN
=
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[

Fig. 1. Map of sampling location. Abbreviations are JCC, Jecheon-
cheon; JPC, Jangpyeongcheon; and WSC, Wonseocheon.

sto] AHA shRell fIXRE WARAIE AR (ST 1; 37°03
25.5"N, 128°03'13.6"E)¥} u|gtduobS 24 (ST 2; 37°00
40.3"N, 128°03'09.1"E)ol| Al $-AIRE A FI5e] BA 5% ch
(Fig. 1). ST 19]4%= 201549 69 5U%E 20164 104 16
A7t 103] (20159 63], 20169 43])0] 23X A 2E Y
sFom, ST 204 &= 83] (201549 7¢¥ 17Y, 8¢¥ 4Y, 8¢
26,99 15¢, 10¥ 7%; 20164 8¥ 15¥,9¢¥ 25Y, 10¥
16d)ol 24 A2E AU FAEE HHY FAHE
oA Blo|AE AMESt] EF3+E AHF AT

- o < O
AHY RS B AU 44Tl WA $2 F
A Gl oltebd, B ol thote] LAY
oh BA P $2 pH, AIUEE, 22ED 0 UL,
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=gtk 42, pH, AHEEE FHhE s $82747)

ol
ol
.

ol
oL
=2
>
A
o,

ol
ol

Q

o
=
)
=3
B}
o
|
rlo
>
i)
>
=2
>
M

Attt 222 a, T2, TUY ot AEEHIE
THE Mz dEe SELA3FAIE 7= (MOE, 2016)
of wat A48ttt MCs9| $7E 5%+ HPLC-PDAY
= A&t BASH e, YA (RAA) =4l st
BA319 0 YFE A|RE GF/C (Whatman, UK)2 o] 1}5H
3 acetic acid (5%)&} 221} 5}4))7] (Ultrasonic Processor,
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FRITREN 2239 2R MCsS AA] 23 U pEt

25}4] ODS column (Sep-Pak Vac 3 cc; Waters, Milford, MA,
USA)S Alg3slg o, 5% 9J3t9] evaporator (Hurri-
cane-Lite; FUH )2 D (99.99%)& A& °f AHA sl $IAF FATAIE - (ST 1)2] EZA
¥ HPLC-PDAR O R MCs9| F=5 2433t (Table ). 222 a5 %E 20159 8Y7H4] BF 10.1mgm~ 0|3l
MCse] 7% 45 918t & MCsLR, -YR, RR& 1}, o|% F23] Z71510] 104 18Ul 399.2mg m™0] %}
Sigma-Aldrich Co. (St. Louis, MO, USA)25E 73t th(Table 2). 20160 8¥o] BF 12.4mg m 0]ttt

1. MY stRe| == E g 24

AR&-8H Tt 04 2590 184.8 mg m LR WY =2 =rE el
AdH 2 24 2 =2 I A 48 st gt 2% 259 24 UsE 243 A3 20159 8Y
4 E4Y A8 9 S99 9] A8E FHsto 24 TR = 52579 Scenedesmus = 713532 Cyclotella”}

sttt BATAIE XF 9 ARole 6749 =453 T A o AFgon, e BAE R g9k (Table 3). 20154
Hol glom, A EFo X AFA1 JCC), AHA 109 18¥9l= G272 Microcystis7F $38E0|00H, Al
2(JCC2), AHH2A JCC2A), AHH3 JCC3) A-T A =2 Url 135,667 cells mL™'0] It} 2016 ol= 8¢9 5
A {4 - FBHJIPC), YAHWSC)oll 2+ 1749 ol Microcystis7} 287 cells mL™' 2 A3t o} o]F =%
Aol Qdtk(Fig. 1). o]& AHoA 2015EFH 2016E7} F9l Pediastrum2 2 HolH &, 99 25¥Uoll&= Microcystis
2 249 A2 YA NTY BAHYBA A (water. 7} 784,667 cells mL ™' 2 =& Ue2 Yehfch

nier.go.kr)oll A W2 Wop 2433 S5 4 2w g27o A$ 2F 4F 2271 20~30°C0]7] R 5
K-water 24 2 X (www.water.or.kr)25-€] &R} 20] 20°C oJAtel dFA7o)] TaoA LAHFHA Hr}(Berg

and Sutula, 2015). BAFAIE 2 Ho)A 20159 6LHE 8
7R 422 23.0~27.8°CE F2RF A& A3 42
< FAB oY G257 TEER gt ol FFE

Table 1. Conditions for analysis of microcystins in water samples.

HPLC Model Waters 1525 o] 22917} 201549 89 22U7A] BWAWAIE A 1&
Detector Photodiode array detector (Waters 2998) (122.8 EL.m) 01—5-]_(201515_ 8 2299 ==3F 4911228
et B ELm) RO 2, 515 (2) WO Bo| F2l 34471 %A
nalysis program mpower Pro
Z] oro}r7 o) 2~2 31 AMatejo Z2 0] ylrlARlo

Column Xterra RP18 column (5 pm particle size, S 7] W e dglel gafe Aol

15¢cm X 3.9 mm 1.D.; Waters) dojupz] k2 Ao R wodnt dx2F9 A4S SEH
Mobile phase Acetonitrile : water : tri-fluoroacetic acid g 52 o9& $&of o] RAFH LT, YRF AR

=32:68:0.05 (volume)

Flow rate 0.8 mL min”" A§E Yol Hh F42 0.03~006ms 2 LA 9

o (Mitrovic et al., 2011; Zhang et al., 2015).

Table 2. Variation of environmental parameters at the Myungseo Fishing Point (ST 1) at Jecheon Stream.

Date Water temp. pH Conducti_vlity Chloroph_};ll a T-P_1 T-N_l
O (uS cm™) (mg m™) (mgL ) (mgL™)

2015-06-05 nd' 8.57 367 15.2 0.053 1.769
2015-06-30 27.8 8.79 272 10.5 0.061 2.147
2015-07-17 23.7 8.94 289 7.3 0.047 2.261
2015-08-04 23.1 8.17 168 4.5 0.080 2.731
2015-08-26 23.0 8.20 334 13.2 0.065 2.557
2015-10-18 19.3 9.11 258 399.2 0.469 8.574
2016-08-05 31.8 9.15 nd' 10.6 0.062 2.937
2016-08-11 32.6 9.12 293 14.1 0.059 2.302
2016-09-25 23.9 10.25 219 184.8 0.420 6.648
2016-10-16 20.8 9.50 248 37.0 0.055 2.160

'not determined
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Table 3. Concentration and dominant genus of phytoplankton at the Myungseo Fishing Point (ST 1) at Jecheon Stream.

Total phytoplankton Cyanophyceae Chlorophyceae Bacillariophyceae
Date
cells mL™ Dominant cells mL™ Dominant cells mL™ Dominant cells mL™ Dominant
2015-06-05 1,078 Scenedesmus 0 - 739 Scenedesmus 133 Navicula
2015-06-30 3,700 Cyclotella 0 - 400 Scenedesmus 3,300 Cyclotella
2015-07-17 3,067 Cyclotella 0 - 92 Scenedesmus 2,967 Cyclotella
2015-08-04 756 Cyclotella 0 - 72 Scenedesmus 683 Cyclotella
2015-08-26 2,250 Cyclotella 0 - 67 Scenedesmus 2,183 Cyclotella
2015-10-18 135,667 Microcystis 135,667 Microcystis 0 - 0 -
2016-08-05 380 Microcystis 287 Microcystis 60 Volvox 33 Cyclotella
2016-08-11 917 Pediastrum 0 - 717 Pediastrum 200 Cyclotella
2016-09-25 785,167 Microcystis 784,667 Microcystis 0 - 500 Cyclotella
2016-10-16 3,717 Aulacoseira 494 Microcystis 56 Volvox 3,167 Aulacoseira

foo] FRRY gl A 2NN 759 2917}

132 4 - -

Hgstel YATAES BT o4 §AISH HW HAN
- A Qze] B 50| AR el AAUA WA
g L1 (! FAE RS FAH0E B2v Uk Zlo2 Bddn
[ \J Ae) Aol A BFo] 9] Aol A1Fe) AH W Hojok
§ d 3l v|Al= 227t o EREUT TN EF 79

118 -

116 , 9] 77k AFET BAY AR 971 S7HE djoll=

Eaeny A8 Wges R WwAsH, oo det £

B MAMI I ASOND I FMAMI I ASOND ot JFRTFE SA7 3138tk 28 Al Hek(Jung

Year 2015 Year 2016 and Hwang, 2003; Shin and Hwang, 2017). 2 ¥-75Fo]
Fig. 2. Water level of Chungju Reservoir in year 2015 and 2016. B3l AFE2FE FUol WokAl= Al7lole dell A% &
Arrows indicate the date of sampling at the Myungseo Fishing 7] & Ato] WSt o]o) whal AerA QolH Hlgko g o=
Point (ST 1) at Jecheon Stream. = - - -
GTh S, Batel §I%l e Aol da 4o

08 JFshs @4to] ATt AR BAske ARAAE
20164 8¢ 5¢T 8¢Y 119 PYAFAE - (ST D<) A FA|7o] ZojATh(Na and Park, 2005). 2] Yangzte
B2 522 717 31.83) 32.6°CE u]& =9ron, $4]0] River?] Z]52] Xiangxi River®] 73 Yangzte Rivero] 3=

Ztzt 59,53 mE Aoy, 27 Azs dert 42t © 2HE 977} Xiangxi River?] FFF3t 9 == WAy
287, Ocells mL™'2 =2] QSITh(Table 2). 23359 $9= o FFL njx= Ao 2 YENITH(Luo et al., 2022).
20169 7¢¥ 44~6Y Atolo]l WH 228 mme| 7&-¢-of <3| YAGAIE 2-9 a2l mlEhdubE A (ST 2)olA

132.6ElL.m (2016 79 7¢)7}A] A&dtgom, 89 20471 20159 7€EE 109714 53], 2016 8L EE 10¥71A] 3
A A&AH o2 ZHASHATH(Fig. 2). ol 201593 vz 3ol AA felidR® Alxa UeE SA5H 20159 8
A& 20169 8¥of =2 W FAlo] H2F I} F4]9 ¥ 264 u|gHAukS A H O FFAA FliERF Alxs
et zA0Y o, 9071 A& oz AastdA 5F WEE 10,175 cells mL7'o|9leH, 94 15U} 10Y€ 79
(W) oz 29| 550 dAste] PAFAIENA H2 & 247 1,104} 1,829 cells mL™' 0] 3lTH(Fig. 3). ZE A&
7b ASHA] k2 Ao E HQIth 20164 8Y 29U RE 10 oA FHE [fAIERF= Microcystisy SR FAT BA
4 12U7HR] S532 £907F ASH R FUsEReH, o SAE A (ST DollA+E 20154 8¥€ 2647HA] {3lldzH
A7l HAFAE oA 27t Ay stict 7} 2R ggkon, 109 18Y0] 135,667 cells mL™' 9]

o AA= £ wf BAHAEY w2 WYL FFTY Microcystis7t 2 @3HATE 2016139] 7% vl2Hdvke AH
29 9 59 Wlo] uet AT PSS ¢ 5 Atk = oA 82 1597 9Y 25% ) 242 1,367 3,328 cells mL™!
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Fig. 3. Variation of the concentrations of harmful cyanobacteria, which
is the sum of cyanobacteria in genera of Microcystis, Anabaena, Oscil-
latoria, and Aphanizomenon.

9| Microcystis7} 283592, 108 18YoE (G2 H
7F SFBHA| ootk BATHAIE Aol 2016 8 5
Uof| 287 cells mL™'9] FaigdzF7t @55 o, 84 15
doll= FAHA| 3t o]F 948 25U = 784,667 cells
mL™"'9) Microcystis7} @38ttt o|Ate] A7E B A
WAIE Aol H27F WAL o] - Al7]of HAHAIE
SHROlH Microcystis®) W=7} Stk tebd 3559 4
9 4502 ATt R0 ofsto] BAUAE SRERE §
MEEFA AR SAEEA FARAE Y =z 7
Aol BR3¢ 27E FH%= AL W

2. Microcystins SE £

HAGAE A FolA 20159 1097} 2016 9Yo £4
g 27 HE2F F Microcystis©| 3121, o5 t#ZHl
HE2F 520 MCs9] 8 AR G2 lth(Zurawell
et al., 2005). 20154 10¥ 18l BAFAIE AH =
Az A % MCs? HEE 124.09 ug L'0]9l2H, MCs
Z EA4o] 714 73t Ao g o4& MC-LR (Rinehart ef
al., 1994)0] 66.35ug L™ (53.5%)E MC-RR, MC-YR9]| H]
3 & sE=5 UEHSich(Table 4). 2016'd 9 25YUol+=
MC-LR, RR, YR©] ZZ} 35.0, 63.8, 1.1%= MC-RRY] H]
&o] 7H &Stk

MCs+ 7£9] ofu|iAto 2 JAE 3 (cyclic hepta-
peptide) -Zo|™ Z|gHE ofm|iAte] FFof| Wt 270F
olde] HolAI7t = ALRE A gloH, TaoA=
F2 MC-LR, -RR, -YR©| grAECH(Welker et al., 2004;
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Table 4. Concentration and composition of microcystins at the the
Myungseo Fishing Point (ST 1) at Jecheon Stream.

Microcystins (MC, pg L™")

Date
MC-LR MC-RR MC-YR Total
2015-10-18 66.35 48.73 9.02 124.09
2016-09-25 27.93 50.89 0.89 79.71

Znachor et al., 2006; Bouaicha et al., 2019). MCs& &4
=W Y A Ao 2, S 349A= MCs F
MC-LRO]| H]3]] MC-RRO] HjA| 2 £ B&S UYeili= A
o7 dHA o} (Park er al., 1998; Kim et al., 1999; Lee
etal., 2010; Oh et al., 2012), 2015 10¥ 18Y FHAFAIH
AlZo A= MC-LRE| H]E&o] 7P =3dth MCs| E5/+=
Microcystis®] & A E= MCsE A48 G279 5
o Wzt thE Ao 2 4#HA Ytk (Kim et al., 2001; Znachor
et al., 2006). T3t MCs9] AJAto] Hojst= 42 MC
synthase & McyAA12} McyBA12] A8 (genotype)
o 93] AAEE= AoZ A A Qth(Christiansen et al.,
2008). wEhA HAFAIE A MC-LRE| H]&o] &2 2l
= T85H7] skl BARAE A-ANA Microcystis®] &
24 0 MC synthase®] §84 @7 40] He HAj0]
83 Ao wtdth B3 YARAIE A FHA g
T S AT AP FR2FELA MCse] =7h v =
obd 7Fs/do] lom, ol 5T ERE TAIEHA A
B9 A7/l FaE vl 7ol 7] wiizel ole oy
gh AAZ Q] ] =go] a4t

9

3 dojdtt. PRt R He A B HHHY
5ol oal HAs, RS
FAFY &=l Yaf Tzt
(Oh ez al., 2015). BAWAE 2)A 9] sHA-S 2ARE At 2
Z=E o]FolA glo] YRESIY 7hsAdo] Wif B2 A=
WA= Tk kA YAFAE A B 2R Aot
A 2a% JFAFE BAFAE NHY FFRERE

FUE Ao g ddd
BARAIE 239 Aol AT 6719 =258 A
of sty 201593 2016A7HA] &4 ARE FHFt &
A5t A-A1 JCC) A-ANA 2015W7 20162 A
7N AEEo] FFL Z+7F 248(+97)2} 249(+38) uS cm ™' 0]
Qom, AEHJPC) A™ol A= 22 511(£151)9 600(£

ol
B>
=
lo
i}
i)
it
u
4
T o2
o
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Fig. 4. Variation of annual average of environmental parameters at the National Water Quality Monitoring Site at the Jecheon Stream.
The bars represent the standard deviations. The abbreviations are as follows; JCC1, Jecheoncheonl; JPC, Jangpyeongcheon; JCC2,
Jecheoncheon2; WSC, Wonseocheon; JCC2A, Jecheoncheon2A; JCC3, Jecheoncheon3; and CJR, Chungju Reservoir.

70)pS em ™' 2 674 AW F 7P B2 S YEL, B
BAL AHHY FF olF A AHH2 gCC2) AH
oAl ZHz} 352(£88)2F 404(£108) uS cm ' & AH A1
(JCC1) Aol Blsf =il A JPC) Aol Hlsl 2okt
(Fig. 4). A7NA==E ELA AR/ & 52 =&
Uetlle E9%es A g3 Uil 2 @2 U
ERATH(Nam er al., 2017). FBH X3 Fol= AHst
FZEAYFo] 7] WEel AR FFFE st I
BH Y A7|AEE gho] oo, AR AL AHH A=
A4 o]+l A-AH2 JCC2) A2 A1 (JCCL) A
A WE e Eoll Yaf 34 = o] M7 HEE7} ZEH (JPC)
Qo] vlg| Wolzl= Aoz Tt YAFGAE He
Abo S8 AHA3 JCC3) A-oNA 201597 20161
o] H A7 AEEE Z+7F 294(+60)9}F 331(+£92) uS cm™
2 AFA1L JCCn) A-e Hls =3k AFH A1 JCC) A
A AAHA3 JCC3) A Atololle Hii F3steA
Aol g17] wioll, AHH3 JCC3) AFY #& A7 |H=

T= AYA Gl Aoz HotEch Y- (WSC) AH
oA 2015W3} 2016 EHE A7 |H x| FF2 2tz
224(£136)2}F 156(+29) uS cm ™' 2 AHAA AAE] v]3)
ot 3 TOCY 4 Aol A& AHA 479 671 A
A 5 AAHEWSOA 7H & gk Uehsich

ZA(T-P)Y =& HH, FBHAJPC) A 20159
7} 20169 22+ 0.062(£0.018)€} 0.059(+0.025) mg L™
2 o7l AH F 7P & 3 UEl it A7 A=z} uf
AR FEH A o] Fl AHH2 JCC2) A F=7h
L5 o] A A AFHAL JCCL) Ao Bls] ot on, AHH
2A (JCC2A)% A|A A3 JCC3) A NA = AHAT JCCI)
Ao vlaf w2 g2 YER ST ZEHJPC) AFAA Al
7)o W F919] Fx HslE By 2 BHE 7R2(2015
o= 495 E 99714, 2016 o= 79 RE 1149) 7|7+
R =7 o2 A7l vl w2 AL =Z YEyith

A Aol A AAH AR CEFEE EF Aot =2 AH
ol AHA d AMAL tiitez 20170 7S Al 3149

r 0O



HHH 5HF X1F2|

715345 % (Event Mean Concentration, EMC)E &
T}, &<l gt EMC7} ZHzF 0.154, 0.507, 0.237
L™ 2 ZAgdo] 7M =¢%tH(HRWMC, 2018). whehA]
o] AAA skl HARAE AN dojuhes =
Hage] 8 e @9l AR wuHh 53] A
ARSI Y YRt Y=L 9o, 2018

712202 A tigt ALY HReY FF 7|HE2
Bt 26.0% ok AHsteT e Y YR R A+
Ao A 20184 6QHE] 8L7HA] 43]of) AA 7 Al F<
o st EMCE 43 23, 22 0.066~0.344 mg L' 9}
0.086~0.436 mg L™'2] W92, W7 7 o]F ol o
gt EMC7} 1.24~2.184] 37kt A2 Yehylth ol w
2t AAstrg Aol AHHY] F8 ALY 74
o] A7]= 91t (HRWMC, 2018). ZHH o] A2l n|gA
Aol AHAEA (A dRAAER], Al A2 ekt
A], A Azupo] eWe])ot FEFEAX| 7 RAFE O] GlojA &
dEer 288 7o) Ert whEba] PAAIE A B
Ashe w0 dig A =Hstr] Yot FBE A e
Q AYof gt AL 2APE B ad Ao R wohEct

N B oo o
R At
N
H

S N

=

2 dFoME 32 T8 1Y AAL AHA sl
A FAHoR SASIE Hro BFT o AN B}
ok A skl YRS FARAE A H2o TS F
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