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Abstract

Algal blooms occur seasonally in the eutrophicated rivers or reservoirs, and some harmful cyanobacteria
species produce toxic substances, which are directly or indirectly harmful to the ecosystem and terrestrial
animals. So, the monitoring and control of harmful cyanobacteria occurrence and toxins residual in the
aquasystem are important to preserve the water environment and secure public health. In this study, the four
harmful cyanobacteria occurrences and toxic substance concentrations of two agricultural reservoirs in the
southern part of Gyeonggi Province were investigated from August to October 2022. Among four harmful
cyanobacteria (Microcystis sp., Anabaena sp., Oscillatoria sp., Aphanizomenon sp.), three kinds of
cyanobacteria except Oscillatoria sp. were observed, and Microcystis sp. was the dominant cyanobacteria
except for Anabaena sp. dominant result of a sample collected on October at reservoir B. The cell density
of cyanobacteria was influenced by season and weather due to the length of daytime and concentrations of
organic carbon and nitrogen. Three kinds of microcystin and anatoxin-a were quantitatively analyzed as total
(in the cell body and water) and extracellular (in water) concentrations. The maximum total concentrations of
anatoxin-a, microcystin-LR, microcystin-RR, and microcystin-YR were 0.1291 ng/L, 0.2776 ng/L, 0.3721
pg/L, and 0.0306 ng/L, respectively, in reservoir A and 0.3274 pg/L, 0.1495 pg/L, 0.2037 pg/L, and 0.0153
ng/L, respectively, in reservoir B.
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1. Introduction

ATF2HSE Folxl 23 Wsld F4E, 4xFH T
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ol old 5¥& 7kA AthCottingham et al., 2015;
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FAA Ffske Zreth g REY] GAFES 20~
30°Cl A dEe stAt LA E ok EAld 2 20°C ©]
5kgt 30°C o]F9 F2AdME Z4dE + UtKSingh et al,
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2. Materials and Methods
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Fig. 1. Locations of agricultural reservoirs of southern
Gyeonggi-do investigated in this study.
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£ 2A4%& wel GF/C ¥ B.#¢l(Whatman plc, Maidstone,
UK)S °o]&3te oF#E FPotal o A5 Axd%F a
ol o] &3ty AFEER EAISHATE TOC 42 TOC-L
£ 7](Shimadzu Corporation, Kyoto, Japan)S ©]&35}% 31,
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Table 1. Hydrological characteristics of the investigated agricultural reservoirs

Site Watershed area (km®) Surface area (km?) Water capacity (x10° m’) Mean depth (m)
A 71 29.698 15.217 35
B 3.75 1.402 0.615 1.7
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Table 2. Water environment factors in the investigated agricultural reservoirs in 2022

. o DO SS TOC TN TP
Site Month Depth T (°C) pH (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
S 26.0 8.19 6.85 11 6.037+0.246 2.72440.460 0.183+0.010
Aug B 26.0 7.9 6.62 17 6.358+0.509 2.445+0.200 0.252+0.010
S 23.5 8.21 747 5 6.321+0.479 3.762+0.190 0.439+0.040
A Sep B 23.1 7.94 7.94 7 6.593+0.389 4.261+0.570 0.409+0.000
S 15.5 7.39 7.39 2 0.447+0.010 0.210+0.010 0.623+0.020
Oct B 15.7 7.37 7.37 9 0.485+0.040 0.203+0.000 0.535+0.010
S 25.5 7.96 5.63 11 9.685+0.449 2.354+0.270 0.691+0.000
Avg B 25.0 7.53 7.53 17 9.818+0.250 2.907+1.200 0.393+0.010
S 22.8 9.04 9.04 4 8.528+0.249 3.95440.140 1.670+0.000
B Sep B 22.0 8.24 8.24 16 8.674+0.368 3.946+0.160 1.280+0.040
S 16.3 8.54 8.54 5 0.602+0.010 0.151£0.000 0.994+0.080
oct B 16.0 8.09 8.09 12 0.634+0.020 0.151£0.010 0.752+0.070

% S and B in depth mean surface water and bottom water, respectively.

P
N,
©

¥

A A9l Sls AL RelFH, A7E Az A F
ALPAE =7 AUAoE B A FAT + ATk

2448 229 59§ ASAL WY AFA A3
gom 4 i AAAZ F97h S 542
FEHo2 AT Yok web] £4 54 09 BE9
Wk S04 2A Felk UAL Asieh A7 BEY
WEe GEY S5 U0 Bek 44 3 SYA 09EY
Rl B 8, 999 71 U GYYF =S £ 54
2 BolF o)t BYAYG AFA Y AwrA S f4b
@ Aoz BUEt ¥ 4718 ¥ GYEAY FEV of

% 34719 ¥ 53 B =TS W@l WY
WYl £ BFos wodd

32 SHE MFX| HMT LMHE

2022\ 8-109 A i AFA ] Sl 2y AES &
QI5H7] 93t 4% 9 /3| FA - (Microcystis sp., Anabaena
sp., Oscillatiria sp. L Aphanizomenon sp.) NAFE A5
ZAI-E Fig. 20 BEAISFA T A AFA Y F$ Microcystis%:
Al o] AFTOIRAL, =] =AW 8Y, 94, 108 &2
2 Microcystis A7} %ol FZFH YT o]+ 25-35°Col A
A S Hole Microcystis GAITY SR ¥
st ACR BRIt Anabaena® HAT-E A171E Al Y
AlgolA Hxg R FRAFHJOH, ©E 27HA
(Oscillatiria 2 Aphanizomenon)®] GAl 4 TZEA &
ot 3 FAEY A A AT 88 XSTAA #
¥ 1.8x10" cellsymLZE AFEETZE S 24 B4 DA
g 712 4% FATF FA 2.0x10° cells/mLE T Sekeh
SHAI T 84, 9€, 108 AAE ESTS AT A8 BEF
ol A 1.0x10* cells/mL ©]49] @AlFo] Fa= o] AT
Z1Eel AY -G HAFES FAF & AU H(National
Institute of Environmental Research, 2020).

B AR Y A% A AFAd H&) A+ 2E MATE=

me 35y

ARJO, Oscillatiria & AT Microcystis, Anabaena,
Aphanizomenon 3579 FAFo] FEHJG EI A AF
A¢ 27 Add wak FFF0] GEAE S B 84
o= Microcystis7t UIFES AP\, Anabaena’t 982
AlBOA e FEo2 FEAEHY) AZSH 108 AlEA
£ MicrocystisgE AL HF] d FEZ o] #AHIA
o} ol A A3t vk} 2] microcystise 25°C o] el A
A & BOlAT dnabanav 20-25°ColA HA 9 J34
Hol= Ao 9ot FFoz dAkHTh %L, Aphanizomenin
AL Fol7le AT BE AlRAA FZFHUTE B AF
29 8¢, 99, 102 AF AE ZF A AFASY A5
FalgAE FA AAFTE 2.0x10° cells/mL ©15HA7] @&
of ZFEE F4 DA ANFHA Fe =T
A At B AFA Y WAl 2 AGE VS0 T
g A9 A7 Zet waste] Table 39 AAlstATh
T2% T A5H(7€-109)9 EHZAHE ALESH
Aot HuE = JEE ATk HF AT F
S ez gt AoE A9 B AR Y AL

SHOE 3 PSR E 42 FAE B3, 3
=
o

S o 4

3.3 OjO|3=ZA|AEID} OILEEAl =M ZHI}

AN 7133 AN S Y& AFA A LA Fal
GAl TS Microcystis, Anabaena, Aphanizomenin® A &5
Atk Al 9 GAFS cyanotoxing MM Microcystis=
microcystin, Anabaena= microcystin} anatoxin, Aphanizomenin
2 saxitoxing BFste ALZ A vk E AT df
Al A AFA M E Aphanizomenin©] TZE A %43 B
AFA A E A2 AAF7E SRAHJ LY F oo BFA
saxitoxin FHFFHS AEH A P MicrocystinZ anatoxin
< F RY AFA A AF B AlRANA AEHUT

Microcystin 523 & 3%(LR, RR, YR)¥} anatoxin-aS 3
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Fig. 2. Seasonal change of harmful cyanobacteria abundance in agricultural reservoirs in southern Gyeonggi-do. (A) reservoir

A and (B) reservoir B.

Table 3. Comparison of cyanobacteria occurrence in reservoirs and lakes

Microcystis conc.

Anabaena conc.

Site (x10* cells/mL) (x10* cells/mL) Ref.
0.85-1.77° 0.054-0.36" .

A (112 0.24)° This study
0.29-1.36" 0.026-0.13* .

B (063)° (0.080)° This study
Hoeya 0-1.128* 0-0.048" Choi et al., 2013
Paldang 0-0.007* 0-0.146" Kim et al., 2009

Daechung 3.09° ~3.8° Joung et al., 2011

* concentration of minimum-maximum
b average concentration
¢ maximum concentration

2 47 (A)-1, B)-16 UeRRA ST, Ao &8t
40 B4 AFE (A)-2, (B)-29] JERAAT: &
Aol 3 PE F2822 F2 AX Y EAst=
HA Aok AT, AE AVH 5 FAEZ Y
=7 FE2E 549 FAEH7T dod F 3
o FAl+ W 54T FA RSt
E4gE FESI Brlshr] A8 £ dFlA= A
2 EEY A W E A S45HY W 528 44
A3}H T Microcystin-LR (MC-LR), microcystin RR (MC-RR),
microcystin-YR (MC-YR) 2 anatoxin-a’} A&" 4 AF
AME vaskd ofefoh Zrh
A AFAY A, A% FA EASte S422Y &
A FWEEE MC-LR 02776 pg/L, MC-RR 0.3721 pg/L,
MC-YR 0.0306 pg/L, anatoxin-a 0.1291 pg/LZ YElgth
(Fig. 3 (A)-1). A5 A= =4 HUEEs MC-LR
0.0825 npg/L, MC-R 0.1245 ng/L, MC-YR 0.0136 ng/L,
anatoxin-a 0.0777 ug/LZ YEFSTHFig. 3 (A)-2). B AFA|
o] A, A FAd EAste F4E4Y A A=

r€4> o

£ 30
dr 4t e
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= MC-LR 0.1495 pg/L, MC-RR 0.2037 ug/L, MC-YR 0.0153
ug/L, anatoxin-a 0.3274 pg/LZ YEFSTHFig. 3 (B)-1). A
dm EAste 54 HuUlsE=:= MC-LR 0.0155 pg/L,
MC-RR 0.0214 pg/L, anatoxin-a 0.2998 pg/L©]3l, MC-YR2
AEHA L3UTHFig 3 (B)2). BE A8M AEH 548
Ao FEE= WHO B171%9 MC-LR SE 1 pg/LEth A
EAHYY d Y98 AFAY cyanotoxin FFEEE
71E APATETH vt Table 40 AAISALH, HY
A9 dolE7F At el stAw Sofav s =
A2EE BES £ d7Y 2 AN BEEAE e
102 IRIFHATHAFSY MC s=& 24 FERL]
A= ).

E4EZY AVIE ENZEAHRE TAZHOLE AWEH A
AFA Y A% 89 EZAA = MC_RRY HEFHIL AZ
= anatoxin-a @ MC-LR, MC-RR°] A&HSt} 9¥€L& ¥
Z, A% EF MC-RR¥} anatoxin-aZ} AEFH AL 10€0
= =3 A= MC-LR, RR, YRo] A&Ht}. Fig. 2
AE 2 A AFAQ A ZE AZANA MicrocystisS}
Anabaena?t FAEEASH, Fig 3 (A)-13 20 YeRH b}

2ol F &FRFY Ha Aol B/GSH= microcystinTt

k

fe o
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Fig. 3. Seasonal changes of four toxins concentrations from harmful cyanobacteria agricultural reservoirs in agricultural reservoirs
of southern Gyeonggi-Do (A) reservoir A and (B) reservoir B. ((A)-1 and (B)-1 represent total concentration, which is
the sum of concentrations in the cell body and water. (A)-2 and (B)-2 represent extracellular concentration, which is

concentration in water.)

Table 4. Comparison of cyanotoxins concentrations in reservoirs and lakes (Unit : ng/L)
Site MC LR MC RR MC YR Anatoxin-a Reference
A 0-0.278" 0.007-0.372* 0-0.031* 0-0.129* This study
B 0-0.150* 0-0.204* 0-0.015* 0-0.327* This study
Hoeya 0.424° 0.117° No data No data Choi et al., 2013
Daechung >0.6" No data Joung et al., 2011

* concentration of minimum-maximum
® maximum concentration
¢ microcystin concentration without congeners distinction

anatoxin-a’} A&5H At AT MAFE Az ez 8L
3 odo] 1088 Betow F4& w5+ 10€0] A4 v
Wt o] AFE Microcystis®] 472 25°C o] doll A st
H A9 microcystin A2 FH o2 F2 2521 20°C °]
stolA Hu2 gdstade 7I1E dF ZF(Imai et al,
2009; Lee et al., 2010)%} F331H, AFA S423FHFS

0
T

i A=
Aol ot AW ol Bl JHME dFS = A
o7 Holtl 8¢ X & Al FoA anatoxin-a’} AEEHA L2
AE 2 AQAT 52 55 F71&E 3 549 F&

Sl th(Park et al., 2019;
Tak et al., 2018). B AFA=

B 708 55} w9d sdole

AW, S2BAS A2l 94 Fe AL FAT 5 vk
A AFAG SR FS FEOR AT Fh AL AW
3 Ao §7E JROZ A% AARAt AAD 5
Ack 98 ART ARANE Ak B ATA £FAH =

B4 FAY EAGol A FA B3} 2A Hol7t

3 s
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84, 94l A, B AFAANAM AT Al5AM e 2 # oA 28 TIERT 92 AASE EATh #8 @A
3 Al AAAFl Hle) SaEd e Fol BA FABAT 3 Ratio, TOCOﬂ sl FEBAE B

A 98 AlEE FE Fol EASAEY, 108 AHFAE Al
BAXME FATF AAF v B2 54ED] EAFHA
L= A 9161 dA el et AT AT 9stH TN,
TOCY &% &I gxFo] & AVde FAlFel &
F2 sk %i%ﬂ Ago] GstA o] Foj A A
AT 8, 98 AlEAH), Aa) Q19
EE A79 102 AEAF) 2ATHY 4
2 A YKL et al, 2014). 71E0] Bug AFo)A

B ohe

Aol 60um ©)Fo® GFE st F4 A Fo] F7dTE
Aol gz om ol o] P2 27 tEo] 1049
ELEAETT 5L o]82 AN Alvarez et al., 2020;
Wang et al., 2013).

SaEAY AAH Efd dg ATFAFHE HFHEH,
microcystin B2 Aol 93] 7t He ALE By
o] itk MC-LR9 7% AAeA &7t oAHA T, 48 F

B & o]Fojxm(Watanabe et al.,, 1992), MC-RR«] B
Sphingomonas sp. Al 93l &3 7}53F3L(Valeria et al.,
2006), MC-YRY] 7% M-LRET:= B/l ZAHE Aoz
& A tH(Watanabe et al., 1992). 8€, 92l Microcystis
sp.9} Anabaena sp.7t EAG A% AB/FESQ] microcystin
] 7&%37‘1 ‘&%*—3— AL 2 559 frleke Fag &
dx T2o2 HAF A3 HAHY FHY =
"3”‘“‘1"01 549 AdEHAs dHFHR F
Ay Eo 7 B_lt) 10¥€°) Anabaena}

BAFAE &g MAF7E EA4FH
antoxin-aZ} AEFHA @gow, olF MY HdAE
anatoxin-a /8% AAA Eafo] i FEFH A7t F
o2 Qs Ao7 HQlth

<]

E 1-). rlO

St xﬂo]

EA 6 A = °ﬂ—-—( 3],

4. Conclusion

AT A= 2022 8%-‘7'—‘51 102744 A71= 9532
3 GAE A G A
FIPstA BAG AR
1.8x10* cells/mLo. 2
12 R= S = o4 T s

o
4%

20 Y tHdnabaena’t $HAEA BAFA 10
= o

, Anabaena

FAFRE
Mcrocystis Anabaena, Aphanizomenin 4032,
< Microcystis
'é A& A9, A AFAQ B, Microcystis WA
1.77%10* cells/mL, 4 0.85x10* cells/mLo] i
AAFE A 0.36x10* cells/mL, 24 0.054 xlo“ cells/mL
o)™, Aphanizomenin® Oscillatiria 2 &= 2 &4t B
A%A e A AASE= AR 136x10°
cells/mL, 2 0.29x10* cellssmLo] 3, Anabaena 7NAFTE
A 0.13x10* cells/mL, #HZ 0.026x10* cells/mLo]H,
Aphanizomenin WA= AW 0.04x10* cellsymL, FH2
0.008x10" cells/mL2 A= UL, Oscillativia 42 BZE
7 gsith AAH R ALEFT0 FEF SAEE B4

Microcystis

Si=SaA s x| AHd40d 15, 2024

Ao M= anatoxin-a, MC-LR,
AEHAL, ol Hul A AT
ZF 0.1291, 0.2776, 0.3721, 0.0306 ug/Lel™ B A
Y7+ 0.3274, 0. 1495 0.2037, 0.0153 ng/LO]QiE}.
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