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Microcystins Concentration in Fishes Collected from the Weirs of Four Rivers in Korea and Risk Assess-
ment. Do-Hwan Kim' (0000-0002-7940-5574), Yuna Shin? (0000-0002-2867-3464), Min Jeong Park'? (0000-0001-8565-
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University, Cheongju 28644, Republic of Korea; *Water Quality Assessment Research Division, National Institute of
Environmental Research, Incheon 22689, Republic of Korea; *Gangwondo Government Public Institute of Health &
Environment, Chuncheon 24203, Republic of Korea)

Abstract Microcystins (MCs) are cyano-toxins mainly produced by cyanobacteria in the genera of
Microcystis, Anabaena, and Oscillatoria. The concentrations of MCs in the water bodies and fish tissues taken
from the four weirs (Ipo, Gangjeong-goryeong, Baekje, and Juksan) in the four main rivers in Korea, and the
health risk of human due to consumption of toxin-detected fish was examined. The maximum values of MCs
concentration in the water samples were as follows: Juksan (3.261 pg L™"), Gangjeong-goryeong (1.014 ug
L™"), Baekje (0.759 ug L™"), and Ipo (0.266 pg L") weirs. The MC-RR concentration was the highest among
the MCs, and MC-YR was not detected. MCs of 0.222~9.808 pg ¢! dry weight were detected in the liver of
3 out of 215 fishes of 16 species, and below the detection limit in muscle. As a result of comparing the feeding
characteristics of the collected fishes and toxin concentrations in water and fish tissue, it was concluded that the
biomagnification of MCs through the food chain did not occur. It was judged that there was no health risk due
to the consumption of the fish detected the toxin, based on the amount of the fish intake of the Korean people
and the allowable daily intake of MCs. However, in order to reduce the health risk due to MCs, further studies
should be conducted to analyze the concentration of MCs contained in fish tissues collected at various times in
the area dominated by harmful cyanobacteria to obtain data on the exposure of MCs due to fish consumption.
In addition, it is necessary to establish the management guidelines for MCs in fish tissues.
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s, ol& BAEY B AlZE5AHS 42
71t} (Sivonen and Jones, 1999). S utat g Ae]A o
A E2 dAY F8 UJAFL Microcystis, Anabaena,
Oscillatoria, Aphanizomenon 4 X Fo|H, o]l
Microcystis, Anabaena, Oscillatoria= MCs2] 8 AJAHE
o]t} (Sivonen and Jones, 1999; Janse et al., 2005).

MCs+= T A &QlAL5La 4 = serine/threonine protein
phosphatase type 1A (PPase 1A) T+ type 2 (PPase 2)9} &
FEES o2 o5 AAE Z-8-3t} (Honkanen
et al., 1990; MacKintosh et al., 1990). PPase 1A%} PPase 2
= FE 7o) A5k 7] W&ol MCs+= Hsa= 28
3t} (Sivonen and Jones, 1999). MCsol| &J3t tE Q] 1
3 A= 19961 Bt Carvarud] e EAEHAE
A MCsoll 2 dE 25 Y T4 o] AMEsHHEA oF
4978 9] A7} APY3t A olth(Jochimsen et al., 1998). ©]
AIAE A7ZIZ AAR A7) (World Health Organization,
WHO)ol A& HEEA MCsol digt ZA2 3¢ 7]
2& 1ug MC-LR L™'2 A3}9th(Sivonen and Jones,
1999; Zurawell et al., 2005). 0]% B2 A7loA HeE
oA MCsoll thgt #e] 7|&& Ao, dAzez
0.8~1.3 ug L™'9] H¢jolth(Burch, 2008). &-2vhet= o
=5 FARANTE &9 Foll Be 2A (EHFILA A
20162712y & F3 AolA MCsoll tgt FA7IES
WHO$} 22 1.0ug MC-LR L™'2 A3t}

MCs+= AR ES 24 A HAEH7|= o o=
California 2] Klamath Z oA F-& perch (50572 W
E17)) 2L MCsY BEL 169(+117)ng g™ ww
(wet weight)0] 2121, Klamath 7ol 4] - E musselol Al
554 (+928)ng g~ wwe] MCs7} A& 5 ¢lth(California
EPA, 2012). 18] 29] Lake Karlaol|A] 201149 6€<] A
e olAgtd oJo] (Cyprinus carpio)?] A oA MCs<
FEES AT d Z&ollA 108 (£33)ng ¢! dw (dry
weigh) 2 7H3 W@eton, 74346+ 156ng ¢! dw) E= F
Z(696+258 ng g dw)ollA] B =7} =9ttt (Mitsoura er
al., 2013). oF23EJ 9] Los Padres Lakeo| Al $-7]¢f =
K= Odontesthes bonariensis (ME21 o]F)9 25 ¢
7+ 2A9 A MCs =5 54T 23, 27 2.2(£1.3),
67.3 (£18.3)ng g ' fw (fresh weigh) 2 ZE&HTH= 7+ %
ol H2EE Aoz Yelgdth(Ame er al., 2010). HaH2
S0 AREHE 2 £H9 o]F (Nile tilapia (Oreochromis
niloticus), Tilapia rendalli)®] 7t3 2594 MCs9 &=
£ &A% A, T rendalliol B3| O. niloticus®] Z29|A
MCs9| F=7F £4 S48 5 o7 FFel Tzt MCs9
52 A=) o2 Ao 2 YEGTH(Deblois et al., 2008).
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s Lo

rlo

o] Zo| ojFoA MCs9 s+ oFY FF, 24
ol et o 24 Yerytt

T F FHIAA RHE 4F9 o7 (BA, ¢
Bol, ool |7))E Ao 2 ofrtu], YA, 7k ZLofA
MCs =25 243 A, 27 33,618 (£27,464), 30,617
(£31,920), 234 (+117), 17.07 (£ 11.8)ng g”' dwE B A5
fom, W7ol JojoA FE=7F EUTHNIER, 2007). 7
71z /AT FHE AFA A HPE 7L} 5oi9
2o A MCs BE+= 2H2F 213} 20ng g o] 9o, o]
59 §E4 9 24 MCs9 B+t 5= 22 0.59¢
192.41 ug L™'o] QITH(NIER, 2013). ©]&} Zro] I A4] of
FollA = MCs7t AEEH= ALz g8 o, 4 At
= BA &

MCs7} QIAIZ fdE+= 7MY 583 HE2E: 585
ajoln, YR AEL 27 AFolY o7 e 4
£ 53 549 k&57|% gt} (Health Canada, 2012).
A MCsoll tigh 9sidS Belstr] flste] Ad
S8 A MCsell theh BYEF Eak ofy g}, ojgfFo
Z3E 549 FEE HYEHYSL o]of it & 7|E
o] A =|ojof grt. & AFoA= 4tAdel fIx]E 4749
HoZE, ZRng R, WAL, SAR)A HPH ofF
o A4 MCsQ] =5 £43511, MCs7t HEH o7
o HHE Azt sidE HESHA
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Mz A UH

T AR B oAFE 497 Ao HAE 167 B2 F
oA F7F] o]Z M (37°23'59.5"N, 127°3221.6"E), %%
7] 737313 B (35°50'33.6"N, 128°27'24.9'E), F7+2] W
A2 (36°19'16.6"N, 126°56'36.1"E) & FAL7}o] ZAtR
(34°58'27.2"N, 126°37'46.5"E)ol| A A3}t

= ABE ZF RO AR oF 500m A A4 20169 5Y
FE 129704 v 1~23] e 5 Al me S
YYFOZ 458t ARt T, FULE Y F 7 7
A #FoA Ho]AE AMEsIY AF st en, A E
ARE TTFLE 42 T EAs%th AFE = A=A
22 Q AFAAF 7| (MOE, 2016)9] wet S22dq %
Lo AEEFIEY FTRE AlEs EEE E45H
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H, ZATHEE= 20169 7€ 13Y, 84 26¥, 10¥ 169,
WA RE 2016W 7¢€ 1Y, 9€ 6Y, 10¥ 12¢Y, &AtR =
2016¥ 9¥ 6%, 10¥ 5%, 11¢¥ 3¥9]3ith oj 79 AR
At JAFE ARSI e, 1243 FA sl A
2 5 A FF06E: A5, 95 40x40 mm, ¥°] 150
cm; 1238 A5 2 12X 12 mm, 9] 85cm)E E£835}
of AAjstgoen, AL FEY 2717k 6 X6 mm, ¢
ofgte] iz} 2m, Zol7 20melHom 4410] 15~2m
ol 77bo] AR AYR AR ofo]2ukao] Yol

HAZ eustel g 24¢ Besigon, B
A2 —70°Ce] Bstct.

24 MCs® 74 T HPLC-PDAZ A
goto] BAstdon, AR @A) Shot §24 §
22 Uiro] EA5T A 542 AIRE GF/IC
(Whatman, UK) #2|2 o3gt & oA 2 RE &3}
of BASIGO, $24 AL ojTolg AFgele] 24
shch A4 S48 23017 fete] e 4 AR
(100~1,000 mL)E GF/CZ 3}3t &, o 3}2] o 5% acetic
acid® ¥y =3 34|7] (Ultrasonic Processor, KFS-
150N, Sr=2Z X ZENZ 40 WollA] 5EZF A 2ot & 4°C9
A 1247 B B2 22390 o2 ARl B
=2 AAS L, AR A 23EH MCsE C-18 column
(Sep-Pak Vac 3 cc; Waters, Milford, MA, USA)2.2 A A|
stttk Ao AAAS H7HeE § 20% methanol 2 Al
23519 2™, 100% methanol 2 &3}t AAE A2
Z3E methanolE A4 712 (99.99%) 3ol A evaporator
(Hurricane-Lite; FRIEZ)E AH&-sto] A 35] A|A s
o} Al A9 100% methanolS F7}8le] MCsS &9]
11 syringe filter (0.2 um PTFE; Advantec, Japan)& AM&-3}
o F5Ho| Z3E YAE AASA &2 54
TR of| acetic acid (F|FFE, 5%)F JA7RF & dA4E =
4ot e WOz A F Eso] BH}eTt,

o7 ZH)A MCs BHE 283 712 Aoz A4
stk ol eRE 248 Relg ¥ —70°Coll wels)
o, Az A FES AASH] Y8l 4817 B FEA
TR, Axd 221& Aol 245kt of
|22 RE MCsE F&517] st A A& A=
o} (BuOH:MeOH:H,0=1:4:15% 911 287
HE I F, 4°ColA 1247 B9+ AR5k F
o} (Xie and Park, 2007). ©]& 7,000 x gl 4] 20&7t
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MCs9] £4-2 PDA HZ7] (Waters 2998, Waters, USA)
2} autosampler (Waters 2707)7} 2= HPLC (Waters
15258 AH&stglon, 23 £4& 95t Empower Pro
Z2 WS AT AHEEE columng Xterra RP18
column (5 um particle size, 15 cm X 3.9 mm [.D.; Waters)
o]t} FE5AE 0.05% (v/v) tri-fluoroacetic acid7} Eg+
= acetonitrile/waterS A5G, S =4} o5& = (0.8
mL min~' 0] ¢tk MCs®} T7E B4& 9l5te] £E MC-
LR, -YR, -RRE Sigma-Aldrich Co. (St. Louis, MO, USA)
23 Fstol Agshalh
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1. = A20M ER22E-a2}t microcystin Sk

ZAL 717t F o|ZH A SHE S22F-wY & W
9l 4.63~39.19 mg m~>0| ¢ Th(Table 1). 69717 H]LA
£ FEE BHYPOoU 79REE 20mg m” o|FE Yo}
ok ZAF 7|17 F 259 F AEZ UEE 689~2,339
cells mL™'9] Mot G2 /e 695E B A7
A E2d3tgon, Y28 NES UEE [22~950 cells
mLT'2 2 A3 g A FojA 7wt 277
BA9 ] Al F'E=F (Microcystis, Anabaena,
Aphanizomenon, Oscillatoria 45) % Microcystis & 25
£ 69 2299 122cells mL™'0] 101, 8 22Y o] Fof=
Oscillatoria & Y2 F7} 263~950 cells mL™'¢] H¢|a A
Z 5 T} (Table 1).

o|ZE A FoA ZA4Y MCst F 671 F 3709 A
goA HEHNLH, HEH ARNA F MCs 5=+
0.076~0.266 pg L' 2 & Ao] th4} 2| FolA 713
Wokth (Table 1). 2= AlZoA] MC-RRYF HEH o,
EE MCs= HEEHA A4St o] ZH oA MCs9| 4
AMR}Ql Microcystis 4 2 F+ 69 229 A|ZoAw &=
ZE et WA o]ZHgA YAE 4 AlEs F2F Y
E7F @S # oyt MCsY FA4MAR] Microcystis] H
£7b 7] fRo] MCse] ¥57h e Ao merE

ARG AN AL 717 F FREF-a FE+= 3.81~
22.45mg m” WA oH, 279 F AES UEE
1,250~7,583 cells mL™'o] It (Table 2). 5E 5 € 9¥7}X
FNGRF ZA dAFLZE Microcystis & 2771 &
SRR, 8¢Y 10¥ 0l £ A|RNA Aphanizomenon <
g277F S48t 74 18Y o= YAIA L =Z Anabaena
7 WEEQ oY, Oscillatoria & 27+ TEEA &%

o
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Table 1. Concentrations of chlorophyll a, phytoplankton, and microcystins in the samples from Ipo weir in 2016.

Phytoplankton (cells mL™)

Microcystins in particle (ug L™")

Date Chl. q}

(mgm ) Algae Microcystis Anabaena Oscillatoria Aphanizomenon LR RR YR Total
May 25 39.19 1,083 0 0 0 0 nd nd nd nd
Jun. 22 23.46 2,339 122 0 0 0 nd nd nd nd
Jul. 18 4.96 689 0 0 0 0 nd nd nd nd
Aug. 22 12.41 1,046 0 0 263 0 nd 0.266 nd 0.266
Sep. 13 15.03 1,067 0 0 388 0 nd 0.183 nd 0.183
Oct. 13 4.63 1,692 0 0 950 0 nd 0.076 nd 0.076

nd: under detection limit(<0.02 ug L™")

Table 2. Concentrations of chlorophyll a, phytoplankton, and microcystins in the samples from Gangjeong-goryeong weir in 2016.

Phytoplankton (cells mL™")

Microcystins in particle (ug L™")

Date Chl. ‘_13

(mg m°) Algae Microcystis Anabaena Oscillatoria Aphanizomenon LR RR YR Total
May 26 3.81 7,583 7,000 0 0 0 nd nd nd nd
Jun. 20 6.50 1,650 1,338 0 0 0 nd nd nd nd
Jul. 18 22.45 6,967 742 33 0 0 nd nd nd nd
Aug. 10 11.83 3,639 661 0 0 906 nd 0.297 nd 0.297
Aug. 23 5.16 2,433 725 0 0 0 nd 0.222 nd 0.222
Sep. 5 17.58 4,394 478 0 0 0 0.190 0.824 nd 1.014
Oct. 12 16.04 1,250 0 0 0 0 nd nd nd nd

nd: under detection limit(<0.02pg L™")

FARNLYEANA MCsS] =& 4% 2
MCs= & 70 A& 5 37004 "AE=sen, F&4
oA & MCs9 &= HE 0.222~1.014pg L7'o] Tt
(Table 2). MCs & MC-RRQ] H%7} 7P &=9ton, olg
A= S o8 a4 MCsY| FRE 55 24
gt g A Akt YX| k= Aotk (Kim er al., 1999;
Oh et al., 2013). MC-LRL 99 5% AFH A|ZofA
0.190pug L™'9) s=2 A&k MCs2 F BAtztel
Microcystis & G237 M| EZ48 MCs =& H|st A3}
A& o] ¥ Aoz Uetth 9 & 5 5¢ 269
3 68 20 A ARAA Microcystis®] MES Y

L 7+z} 7,0003} 1,338 cells mL ™' 2 =3O MCs:= A
Z5A gt

WA RN FREET ;9] S = WL 26.64~92.46 mg
m 2 g4 29 F M £2 g YeEhdloh(Table 3).
ZA 717 F 2F7Y AlZS WEE 1,700~47,742 cells
mL™' Y9t gdzrF x4 del 8Y 16
F o 45,708 cells mL™' 2 A7 t4 AQ F 7 E9kth
Microcystis & G253+ 695EH 99 =714 1,128~

22,833 cells mL™'2 #F =g o g¥ol= Anabaena®}
Oscillatoria & 257 A& A}

WA E A MCs9] g A% 2%, 244 MCs=
Z 8 F 3709 A BAA AZENLH, T MCs9| &
£ 0.150~0.759 pg L™'0] ¢t} (Table 3). AR g 1 o} 0}
Z7HA 2 g HE ] A]5of|A MCs 5 MC-RRo| H&E 9]
on, MC-LRL 8% 16 A 204 0.165 uyg L'2 A&E
Atk

ZAR A BN 222 49 L& ¥k 6.09~52.98
mg mo|Q e, B 23.10 mg m 0] T (Table 4). ZA}
717t & 279 WEL 625~28,567 cells mL™'2] HY G
on, faFRFe 695E Edste] 9ol i 25,666
cells mL™'0] 2@3tgth &G RTE 2 Microcystist
Anabaena & 237} 29392 H, Oscillatoria®} Apha-
nizomenon< &% A &t

ZAE A ZoA 24 MCse= £ 87 A& F 5700
A AEENeH, F MCs HEE 0.100~3261pg L2
A A 5 7 =3t (Table 4). MCs & MC-RRY] &
T7F 7B E9rem, MC-LR2 37H A& oA 0.280~0.639
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Table 3. Concentrations of chlorophyll a, phytoplankton, and microcystins in the samples from Baekje weir in 2016.

Phytoplankton (cells mL™)

Microcystins in particle (ug L™")

Date Chl. 6_13

(mg m°) Algae Microcystis Anabaena Oscillatoria Aphanizomenon LR RR YR Total
May 27 37.52 1,700 0 0 0 0 nd nd nd nd
Jun. 27 74.96 13,233 4,750 0 0 0 nd nd nd nd
Jul. 15 43.90 3,289 1,128 0 0 0 nd nd nd nd
Aug. 2 26.64 32,225 16,883 2,450 1,992 0 nd nd nd nd
Aug. 16 32.87 47,742 22,833 2,708 20,167 0 0.165 0.594 nd 0.759
Sep. 6 92.46 11,725 5,142 0 0 0 nd nd nd nd
Sep. 26 76.91 7,175 0 0 0 0 nd 0.548 nd 0.548
Oct. 11 48.17 5,467 0 0 0 0 nd 0.150 nd 0.150

nd: under detection limit(<0.02pg L")

Table 4. Concentrations of chlorophyll a, phytoplankton, and microcystins in the samples from Juksan weir in 2016.

Phytoplankton (cells mL™")

Microcystins in particle (ug L™")

Chl. a
Date (m m73)

& Algae Microcystis ~ Anabaena Oscillatoria Aphanizomenon LR RR YR Total
May 27 11.23 5,100 0 0 0 0 nd nd nd nd
Jun. 27 12.80 3,400 1,650 0 0 0 nd nd nd nd
Jul. 15 52.98 9,767 4,625 2,475 0 0 nd nd nd nd
Aug. 2 26.80 7,688 1,138 0 0 0 0.280 1.130 nd 1.410
Aug. 16 2491 10,233 6,867 0 0 0 0.596 1.694 nd 2.290
Sep. 6 39.19 28,567 18,908 6,758 0 0 0.639 2.622 nd 3.261
Oct. 2 10.78 625 0 0 0 0 nd 0.130 nd 0.130
Oct. 11 6.09 858 0 0 0 0 nd 0.100 nd 0.100
nd: under detection limit(<0.02pg L™")
ug L9 W2 AZET MC-YRS BE XA A o ¥ n]-c}h(Orihel er al., 2012). ¥ 9D CO, H=7}

S A ggton, &2 MCsE AEHA &ttt
87 229 Wspt B4 AP vlAE Fol gl
A QR @77} sA=oL S TeH YA e
MCs9] B4 545 st 27 (53] Microcystis)
o] g BHol = ALE IHA ot (Zurawell
et al., 2005), AN 2E Microcystis7t E25 FAT
= Aol ofYet 54 4 8|54 Microcystis7t A= o] 3
7] W&ol (Janse et al., 2004) AA] Microcystis®] 4+ E=
}\“‘:’F'J:_]_]- A= }-‘—EQ]-_J JJ—E:]/H e} :H-Z']o]-7]‘— ‘o‘] T;]- =
2 B IS vX= B 2R B 2 &
TE A ol ¢=A Ut (Dai
etal,2016). 219 s= 49 = oo AT
U= B, F71849 54 5= 29 4o
Ao 72 ZAE Ittt (Kotak et al., 2000). &
@ ohue NP9 HEE B4 A4 A

AN )4, ook a

FPN

M. aeruginosa®] A% £x 9 =4 Ao nAE= JgFS
BA% A} =2 33k (110~190 umol photons m™ syt
CO; 5% (4~9.5% vIvV)INA M. aeruginosa®] % &=
7} & ubd, 2o ek (<80 umol photons m™* s7) T} e
CO BE(<1% VIV A Fa Hibso] 2 Ao 2 e
YT} (Geada et al., 2017). ©]€} Zo] MCs&] AJA o u]x]&=
2 21E ggFstr] fizol A7 A A G4 MCs9
SETF AdolstA vt o] f-5 AWstr] fiste] 549
ol FFE v B4 2o i A= A7t
Z2a% o= wotdr

2018 =

ZI0ilA microcystins?| S

20169 79X E 11€9717] 9+ A A
N YR 16F 21574A| 2] 07| L&}

Q4o 2
Ztol Al MCs
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Table 5. Information of fishes used for analysis of microcystins.

Site
Feeding group Fish Length (cm) Weight (g)
1P GG BJ JS Total
Erythroculter erythropterus 1 10 11 - 22 39.0(x1.0) 349.1(%18.0)
Micropterus salmoides 3 2 1 10 229(x1.9) 194.7(£65.4)
Carnivore Opsariichthys uncirostris amurensis 3 6 11 25 19.7(£1.3) 99.5(£14.9)
Silurus asotus 1 - - - 1 35.7 280
Siniperca scherzeri 1 - - - 1 18.7 67.3
Sarcocheilichthys nigripinnis morii 6 - 2 1 9 11.7(£0.3) 17.7(x£1.8)
Sarcocheilichthys variegatus wakiyae 3 - - - 10.6 (£0.5) 12.2(£1.6)
Insectivore Pseudogobio esocinus 5 5 1 11 40.0(x1.7) 16.8(£0.3)
Hemibarbus labeo 1 13 11 7 32 27.5(x1.3) 161.5(%21.8)
Pseudobagrus fulvidraco 1 - 3 4 8 22.6(£1.8) 100.9 (£ 13.8)
Zooplanktivore Lepomis macrochirus 2 10 1 15 28 19.9(£3.7) 101.9(%£9.3)
Carassius auratus 12 7 12 14 45 22.4(x7.7) 265.5(x171.0)
Zacco platypus 3 - - 1 4 11.4(£1.0) 10.4 (£ 1.8)
Phytoplanktivore Squaliobarbus curriculus - - 6 - 6 103.0(+67.6) 443.3(x94.7)
Hemiculter eigenmanni - - 6 - 6 20.2(x1.2) 65.2(*8.9)
Acanthorhodeus macropterus - 4 - - 4 12.0(x1.2) 19.4(£2.0)
Sum 42 59 60 54 215

1P, Ipo; GG, Gangjeong-goryeong; BJ, Baekje; and JS, Juksan.

e

o] 224 T2 BT (Table 5). £4 diAF o=
o] AL B SAA ofFE= FAEA| (Erythroculter ery-
thropterus), B2~ (Micropterus salmoides), 112 (Opsarii-
chthys uncirostris amurensis), W 7] (Silurus asotus), 2
7}2] (Siniperca scherzeri) 5 5% 597§Ao|R o, 4]
A olFE= F117] (Sarcocheilichthys nigripinnis morii), 3+
Z117] (Sarcocheilichthys variegatus wakiyae), B3 FX]
(Pseudogobio esocinus), *+*| (Hemibarbus labeo), §AF7N
(Pseudobagrus fulvidraco) 5 5% 6370Ao|3dt. 3&EE
FIE HAA oARE EFZ (Lepomis macrochirus)Z 28
Aol ool S4E BHSAL, ABEFLE 444 o
F= 59 (Carassius auratus), T21] (Zacco platypus), =
=70 (Squaliobarbus curriculus), X 2] (Hemiculter eigen-
manni), 22 A2 (Acanthorhodeus macropterus) 5 5% 65
Aol s 245

A A3 F 21570419 o7 F 3/MAY 1HellA MCs
7} 222~9,808 ng g7 dw<] HE HEHoH, UYmz|
o] 79| 7t BE AAY ZHoA= HETA olstE U
EFStTh (Table 6). MCse] AEE olfFE ZFAHLHE A
20164 10€ 160 A= 59 (crucian carp), 24|
(macropterus)@}t 20161 9¢¥ 26¢ o|ZH A PHE =

5 4] (goby minnow)©] Atk MCs¢] FH/E 5019 -
o= MC-LRo|¢lem, 2dA| 2= MC-YR, 2 FA=
MC-RRo| HZ&H= %t

ZAARTHE Y] FH A MCs 2= 2016E 9¢ 59
o 1.014 ug L™'2 A} 717F & 71 E9ken, o] A|7]9)
MC-LR#Z} MC-RRY] =7} Z+2F 0.190, 0.824 pg L™'0] ¢}
I MC-YRZ HEEA g3tth(Table 2). £ 109 12¢
9] 4= AR A= MCs7t AEEA @kt shATE 109
1ol AHE Folet SEA Y oA 5471 AEH
$oH, MC-LRT} MC-YR$}F Zo] Aol HEEA &
Ay Adidez s=7t ¥ MCs7F SHEH I} o] X8
oA 20169 8Y 220K E 10¥ 139714 MCs8] H=&
0.076~0.266 ug L™'o] gl 21, MC-RRY+ AZ5] $1th(Table
1). o] ZH A 9 2640 AHEH HHFAY ZrollA H
Z% MCs= MC-RRE A9 54 FFHoIth 2 o
T W A F FAtEA 3] F MCs %271 3.261 ug
L' (20164 9% 6Y)E 7H B3O, 2AE A Y
8% S47MAY] o7 &5 D TholA MCs7t HEEA] &
ket

u]=r Ohio 2] F9%¥35 2l Grand Lake St. Marys©]| A

AR 5% (black crappie (Pomoxis nigromaculatus), %
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Table 6. Concentrations of microcystins in the fish tissues.
Weight Microcystins
Fish Site Length
(Collection date) (cm) Total Muscle Liver Tissue  Coneencr Concentration
(g, ww*) (g, ww) (g, dw) g (ngg ' dw)
Crucian carp Gangjeong-goryeong . 0.248
(Carassius auratus) (Oct. 16, 2016) 207 190 14 0.176 Liver LR (0.248)%**
Macropterus Gangjeong-goryeong . 0.222
(Acanthorhodeus macropterus) (Oct. 16, 2016) 10.6 174 43 0.007 Liver YR (0.0888)
Goby minnow Ipo . 9.808
(Pseudogobio esocinus) (Sep. 26, 2016) 18.4 47.3 18.6 0.010 Liver RR (1.962)

* ww, wet weight; dw, dry weight

** Microcystin-LR equivalent concentration converted with toxicity equivalent factors of microcystins based on the results of Gupta et al. (2003)

v B2 u)7], o] At o) 129ut] o] o] Fo] &
A LC-MS/MSH S 2 MCs9 5= £33 23, black
crappie Al & 69112] 5 5u}2]9} o]kl ¢Jof 150ty F
19kE] oAl MC-LRo] &5 O ojRolAx= H=H
A gtk 2AF 717 F 5 A ROIA 2A O Z3E YA
A MCs9 HEE 20~537pg g7 dw HYE o, o
23 AR2RE 5 AR 54 o off 2N =
& 5t Aol itk sFTH(Schmidt et al., 2013).
oj¢} Zo] mx FAfo] dojd oA ofF A WY =
& FE7t @A Yetude AL, olfF 24 W MCse &1
2 F20] 7T FeH (free) FEt ol 7 229 oy
A FATE FE7E EAEH, T AT FHe 5
Zo| & 57 YAY 2%0] Ho|E HPLC Yoz HAol
=2 ¢k7] ozt A AAT Qth(Foss ef al., 2017,
Greer et al., 2017). 3gotA o} FojAto] Q1= Nile
tilapia®] 2894 LC-MS/MS o2 2% MC-LR
=22 243 A7 1545ng g7 dwol g2}, Lemieux
oxidation§ 22 MCsE MMPB (2-methyl-3-methoxy-4-
phenylbutyric acid)2 H3AIZ] & SHEH FTHEAY FH
9] MC-LRY] ¥ %% 9465ng g~ dwo| Tt (Greer et al.,
2017). o ZF o & MCs 60~90% F== Tl
of AgEol AU 220] HX P B EAHE A
o2 d&HA Qlth(belings et al., 2005; Greer et al., 2017).
webd ofsig 2% W) MCse| $EE £AT 399 ¥
SHATE FHE A 2ATHH 2o A=A
275 €& 5 s A2 whEth(Schmidt er al.,
THATE 9 MCse= 23 YollA H]
At f2H FEjol vls =/4do] oF
&17] wzol 27 S0 gt A wEloA= F25HA
otk A A ok Metcalf et al., 2000; Ito et al., 2002;

Campos and Vasconcelos, 2010).

ARG EA = A EAsHE MCset o] /79
ol HEH MCs T77F ohE WH, o|ZH oAM= T U
FTH7F AEHAT AY Aol W= MCso| F7ol =
o EF4, 2AY B & A2V 027 giE2d = AR
of MCs £79 o7 2|4 B2 MCs £57} 4ol
3t Ao 2 AdHA Ath(Ame et al., 2010).
o|ZH O] Ao A MCs®] F&7t thE A Aol H|sto]
Wol= o] ZH A HHE e FR| o4 MCs =7}
AL olEo] AAA oFE vy JAH Fajg=x
TRES ARG QEY 7HeAdol Aok AT
Aol A APE R FA] 47079 7 g 2o}
AEoA ZHzt FE S7HA D 1A Y B FA A=
a7t HEEHA gt o3 A= o 7o A4 A
o] B4 A A= A= FFo| Roh= AS st
o, ofof gt 7} A7 et Ao wekH

o] F&o A FAERF TriFAlo] dojid A
710l TaoA HHE ofF A A MCs7t HAEHSIA
th(Xie et al., 2005; Deblois et al., 2008; Ame et al., 2010;
Mitsoura et al., 2013; Amrani et al., 2014). 3}X|5t o] &
AollA Hx @Al FEEH o|Fd ofF 2 =
549 Fr W3l gt A=7E AAHA %7 Wi
of Za7t ol Ao A&H o2 AFSF=A| o 3l
wdstr] olFoh ofF A Wl MCs AES £4
g AollA oF A 2 F5EH MCs9| &7} A
L (detoxification) EE= vj& HAHL E3lo] A|7to] Ax}
Soll wjet FH3) ZolmE 02 vekity] fhEe] MCs
7F o1F AWl =55 (bioaccumulation) = A gF=th
= AE AA A T (Malbrouck et al., 2003; Adamovsky
et al., 2007; Dyble et al., 2011; Bieczynski et al., 2013).

—
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E3 the] dFolA MCse HoAES B3 AES
Z (biomagnification) dojUA ge=tt= 21E A
A3}tk (Ibelings et al., 2005; Smith and Haney, 2006;
Papadimitriou et al., 2012). &3] Kozlowsky-Suzuki et al.
(2012)9] AFolA BE AWl =FE MCs9| F= &
A 42719 A A5 A3 A, Holake g A
AZ 24545 MCsY BE55A57E 11t 22 Aoz
R}, MCst A2 3% ofjet 2314 (biodilution)
o & AoE ARAYL B ATNHE 47t HEE
o7 AL BY Fole A AEEFIE A
Aol e RfRA= FAA ofFolth £
A o)A o F 5F 59MAY 2F oA MCsE 243t

3
MCs7} Holabge] BE AEFEo] dojubx| ¢
A& AAFRIE

3. MCs7} HEE o7 ME=Z 2l

2 ATt AGeA YA AF F 5ol A,
2] 9] 7oA 222~9.808ng g~ dwe] MCs7} A&
om, THofAe Sa7t ASEHA Gokth B A4
£ 527t TE o7 HH= Qe A8 S AESA

2

Slsiy T

MCsel et 4o HdF 3-&F> WHOZF AAIRE W
£ A A F=F (tolerable daily intake, TDI)Z} US EPA7}
A A gt EAZFIX] (reference dose, RfD)7} L&A glch
(Kuiper-Goodman et al., 1999; US EPA, 2006). TDI= &
A SAEES G4 B AFstolE Ao £PAA 9
gFo] S A= dd AHFHFo|th(Kuiper-Goodman et
al., 1999). RD= §43% 7|7t &< ol® fAAH=E 55t
of E4EZC] FdHUS o 34 axprt ueuA &
= B2 & gk, FaAl 717 (54, 24413 ol sk &
71, 309 71A]; opatAd, Aol 71718 10%7HA]; 'H, 2 A
of 717h F¢tel A&EH oz E4EH EHE AR
7F4 gkt (US EPA, 2006). WHO= MC-LR9]| tj3t TDI #k
© & .04 ug kg™ bw (body weight) day & A A|8t%.o.H
(Falconer et al., 1999), US EPA= MC-LRo| tjt RDZ
27|17k Wt 6.4ng kg™ bw day™ (B7] @ ofutA =
A) & 3ng kg bw day” (T EA4)E AASHATHUS
EPA, 2006).

MCs+= @A7HA 279% <] ¥4 (congener)7t &
A glon, o5 Z7te] B4o] BE o2 YA Utk
(Carmichael, 1988; Namikoshi ef al., 1992; Welker et al.,
2004; Bouaicha et al., 2019). WHOS} US EPAS A A2t

o

e MCs9| 99 AH 3872 MCs 5 =/4°] 7P 73t
MC-LRE 7|Z22o2 AAH gholth Gupta et al. (2003)
MCs9] 5= AR A4 ZAE vt o R oA
Y] $AEE 3%9 MCs (-LR, -RR, -YR)ol| i3t =4
S7HE AASHAEE, ol2dt A At gt F
7o Havh x3E EFHY E4FVINE Foted 2
2 AMEE T Utk (Lei et al., 2008; Li et al., 2008). ©] A+
of =W MC-LR® E4& 12 7}43t9S f, MC-RR
I MC-YRY 5457H4& 242 0.2¢F 0.4°]tH(Gupta
etal.,2003).

B QoA Gupta ef al. (2003)0] AXT SASTHA
+E &8oto] ojfo x3H E& FEF MCLR 7|&
o2 ZHibstglh B9 7to] EZ3E MC-LRY 5%+
248ng MC-LR g™' dwolle, 22| 9] 7oA A&
MC-YRO| Hjste] 5457H245 Wg3ted MC-LR=
AF3F 79 88.8ng MC-LR ¢! dw2 B7}E|Qich E3F 23
£219] 7oA AEE MC-RRY $EE MC-LRZ &
AFe A3} 1,962ng MC-LR g™ dw2 AAHE| i),

7 F (MOE, 2007)9] ‘3h= k=& A$ WEF A A
ARt dub 1 AFT oldiF AHFS B 1.53 g ww
kg™ day”' (B 1.58 g ww kg day !, 9 A}= 1.48 g ww
kg™ day ™ol oI RE AF HHIA @ FUL A
% A AHAY AFT Y oHF AHFS 185¢
ww kg™ day o] giTh.

2 AN sa7F HEE o 232

O

2 AASA %3 e RolA of F&

AHYF HHFL 22 5 o572 7414 (edible) ZZ o]
gt 22 (MOE, 2007)0| B2 7ke] Ao $hiist 1
a7} gtk B Ao 7 o] 28 ATt v)
#al= Ao 7gstglon, A ()& AHgsta o7 7H
7 g BAZRY A3 9 7 TS Pk
= g4} o 7o) 283} 7+e] RAZL 22 2.0 g wwt 0.1 g
wwolgtT 7HgsH, ST Y oJHF(Z%) 43Tl
1.85g ww kg™ day”' o A5 LD 7F AFHFL 0.093
g ww kg™ day ' 2 AArgt}

A5G 4L 7H AFF (g ww kg day )=

AFA L FA@  AFT Y T AHF
ojge 28 EA(g  (ewwkg day™) (1)




128 Azst . ALt
E3 7 2o 23E =40 Frot AR g 7t
AHgoadE A5 ALt JEF Y B4 3
2k Aakatolct
AFT YA =2 HAFFngke ' day )=
A5G 4L 7F AFH (g ww kg™ day ™)
x 7t 23 =4 H=(ng g’ ww) 2)
E AFoA E47F AEH 5ol &5 A= 114
wwol%i , 7+o] BA= 0.176 g dwolSich. dul =gl o]

1=

1.53 g ww kg ™' day ' & &
0101] 488 A, ol die AFT Y AT 2.362
mg ww kg day |2 AAETE Bolo] 7t ZFEH E&
9] ==X 248ng MC-LR g™ dwo] B2, Hojo|| 3t A=
F dY =2 AL 0.586 ng MC-LR kg™’ day ' 2 7
AHE| QT 22 S 9 AlE] © 2 FR| o disto] A
gsto] AAetH, AlFd 49 54 AT 247 0.221
3+ 1.61 ng MC-LR kg day ‘o] qitt. o, 2|, &g
FAof tfste] URt =7l F o|HF AFHA el gt AlFd
dY o7 'SHEk(l 85g ww kg day )g 7|Eo = A
*P'c‘?}tﬂ Z+7} 0.708, 0.267, 1.95 ng MC-LR kg™' day™'9] &
£ At A2 A=
1 PO Aol A B F47F FEE ofY 1H2 A
shle o dut =279 AL AFT ¢
A 1.61 ng MC-LR kg™' day 'o|H, oju}j7
2o]& 1.95ng MC-LR kg ™' day™'Ql Ao & AAlg] 314
olfe FL =2 HF §8TF F 7P ¥ US EPAY
T EA o] it RDS! 3ng MC-LR kg™ day 7 v
o 27+ 53.7%%} 65.0%°) FETt £ WHOS| TDI
o Blwstd AT dY 54 HFHHFE TDIY 24427} 4.0%
o 4.9%%1 AR Uetgth Bt 3xE =& A AR
(MOE, 2007)°]| 2% 8l 2ylo] A2 ojgj& & oF
o 5o A 742 1.007 0.37gwwkg“ day™'o]H,
o F F UE, Ak 4Y oHFY HFFL 47 0.04,
0.96, 0.37 g ww kg™ day ' &2 ot = A% ojujFoj
Hg RIE ojjF o] Wi W HoFE eyt
olgg AnE Udd uf £ A4 MCs7t HEH o7
O AHZE QIgE AA| fJeEE F& AR Btk
2 A9 AF 4 AFY = ARAA MCsY F=
£ Hdl 3261 pg L7'o]9lon, Fald2R e I
45,708 cells mL™'0] it A& Ao W2d gjygs9] =
2 A YoA 2008 7€ SHE MCs 5=+ 48.6
pg L2 B Ao Axto] vl wf$- &4Th(Oh et al.,
2013). WetA A F MCsY 5=7F =AY falidx2F
o] Hert w5 A9l g A Foll AAst= ol 79 AW

SO . XY

2

of MCs9| F=71 =& 7FsAdol Aok Eg & AollA
= 79~11499 Z+ AHE 2 330 2A4 YFE oARFRE
Ao BAFong g A7 B Fao A4t
olF Aol Z3E MCs =) thaiA= AT 4= ¢l
ot A S A4 o7 AHE QI MCs9] ¢8i4d
= AES] H8liAe Hoh ot Al7|9F Aol A A
H ojFol tigt A £Ao] ;aPEojof T Ao wkH
o

MCst 99 284 B ojRe] 42 ds
of &€ 4 th(Health Canada, 2012). &2yatE =
et tfFEEY F7h= HeEEoA MCsell tig #e 7|&
= AR 54 fsidE TEsta YA, o #Fo of
gk Y 7)Eo] AAEC A &tk Tl 2F &
Aol mE FFAE 71 A E YR 27 54
—lﬁl 2 43}817] 9ste] 1998URE ZREARAES &
‘0‘11 ol 59 fFldxR® Az U
o2 I, AA, 2FHLANY FAE GAE st
75_‘@ A& oA el F7He] FAETA
L 5‘—*]’\]'@'011 w=2H A ‘:"Zﬂoﬂfﬂ 9 - A B
2> “‘1’1‘*]"\"”\7]'-’?—%‘ T AT, A F o848,
P% W 5o ZHA| da % o] qﬁ‘} A (@ A

}‘11 Z2HEY DA A= Al —’F"“\?l
-’F E, olH R g A, 7S BE
S ‘:H??_]':‘S“ A (@ A3 E)” 3 Qi 5’]’ ]UP freflg=
5 ook S Al ogi 7o AF el Y AA fsiE A=
7 BEE B oy} o7 ol 9 28-S AA E=
MCsell tigt &2 3o A= A
ot gk S 2FAEA FA MCsoll &3 93i&
2| 23l87] fJsto] = T4 ofFol Z3HE MCs9

=5 BA5HL, o]9 AEFS AR ofF AFE T
MCs9] 93jl=8 2 a3lst7] 93t #e] 7189 AFo] &
TH.

o) °lﬂ

AR & Y

x o
=

Microcystins (MCs)= €=
baena, Oscillatoria & G259 93 F=2 *gﬂ‘%‘:} 4
ol s 4709 H(o]ZH, ZATGHE, WAE, =
oA AHE 5 A= H o 2Z o)A MCsY %-%:"r%
FEE BA4%HL, 547 HEE oFY AF=E A% 2
A S HESAUT & ARA MCs H=2 F4)

o ZArE (3261 pg L), FATZE (1,014 pg L), H
A E(0.759 pg L), o] Z X (0.266 pg L) 9] 0]l 0w,

FEAF2 Microcystis, Ana-



=L 4ty 2olM MEE o7 =

MC-RRY] %7} 7 £9%3L MC-YRE AZSHA ¢k
ok i AdelA AFE 165 2157041 o F 5 3704
94 ZHollA 0.222~9.808 ug ¢! AZFFY =471 AEE
ou, YyuR] oj7 287} A= AETA olstdd
E} °1v4 A4 EAQT A 9 ol =AY B4 FEE
vl g A3}, MC7F 9ol Ak 58 AEFES dojy
A Y= Aor FAFHSIT =219 o F AF =T MCs
ol 4 M 38FE ZAZ e HES 23 =
7 HEE oFY HHE AT AL e Aoz o
Ak AT MCsoll 9]t Y=g Fol7] Hste,
ot FalgEFIF S-S Aol ot
g Al7]o] HHE 7Y 2H A MCs =5 4%
ZH o7 MHZ Q% MCs9 =& HZof digt ARE
FH3}, o]F ZAR oF T MCsol Higt & 7|ES
AAste Aol Basitty AlrEh
MAFEE A=sh(FEden &35 st Al
U(EHeE et 28RS A, 9 (B
YERASF AT D, 2FE (FEHTE SFF
o3} W)

[N

d

¢

Nt F>j__
NI

[0 of

MAP|CIE Ada4: A= A Bad, 293, =
A E B IR B Y, 29, AR B4 YRR A
b g, A3 2P YRS, AfLh 29, 4w
S Af 2GE, A7 S5 292
OlaHEt £ A7 olsEAY FE olx7 gt
HTH| B ATE BHRY A7H] Ao wol 2 o
et

REFERENCES

Adamovsky, O., R. Kopp, K. Hilscherova, P. Babica, M. Pali-
kova, V. Paskova, S. Navratil, B. MarSalek and L. Blaha.
2007. Microcystin kinetics (bioaccumulation and elimina-
tion) and biochemical responses in common carp (Cypri-
nus carpio) and silver carp (Hypophthalmichthys molitrix)
exposed to toxic cyanobacterial blooms. Environmental
Toxicology and Chemistry 26: 2687-2693.

Ame, M.V, L.N. Galanti, M.L. Menone, M.S. Gerpe, V.J. More-
no and D.A. Wunderlin. 2010. Microcystin-LR, -RR, -YR
and -LA in water samples and fishes from a shallow lake
in Argentina. Harmful Algae 9(1): 66-73.

Amrani, A., H. Nasri, A. Azzouz, Y. Kadi and N. Bouaicha. 2014.
Variation in cyanobacterial hepatotoxin (microcystin)
content of water samples and two species of fishes col-
lected from a shallow lake in Algeria. Archives of Envi-

ZlIM microcystins &= £ 129

ronmental Contamination and Toxicology 66(3): 379-389.

Bieczynski, F., V.A. Bianchi and C.M. Luquet. 2013. Accumu-
lation and biochemical effects of microcystin-LR on the
patagonian pejerrey (Odontesthes hatcheri) fed with the
toxic cyanobacteria Microcystis aeruginosa. Fish Physiol-
ogy and Biochemistry 39(5): 1309-1321.

Bouaicha, N., C.O. Miles, D.G. Beach, Z. Labidi, A. Djabri,
N.Y. Benayache and T. Nguyen-Quang. 2019. Structural
diversity, characterization and toxicology of microcystins.
Toxins 11(12): 714.

Burch, M.D. 2008. Effective doses, guidelines and regulations.
Advances in Experimental Medicine and Biology 619:
831-853.

California Environmental Protection Agency (California EPA).
2012. Toxicological Summary and Suggested Action Lev-
els to Reduce Potential Adverse Health Effects of Six Cy-
anotoxins. California Environmental Protection Agency,
Sacramento, California, USA.

Campos, A. and V. Vasconcelos. 2010. Molecular mechanisms
of microcystin toxicity in animal cells. International
Journal of Molecular Sciences 11(1): 268-287.

Carmichael, W.W. 1988. Freshwater cyanobacteria (blue-green
algae) toxins, p. 3-16. In: National Toxins Characteriza-
tion, Pharmacology and Therapeutics., Proceedings of the
9th World Congress on Animal, Plant and Microbial Tox-
ins (Ownby, C.L. and V.G. Odell, eds.). Pergamon Press,
New York.

Dai, R., P. Wang, P. Jia, Y. Zhang, X. Chu and Y. Wang. 2016.
A review on factors affecting microcystins production by
algae in aquatic environments. World Journal of Microbiol-
ogy and Biotechnology 32(3): 1-7.

Deblois, C.P., R. Aranda-Rodriguez, A. Giani and D.F. Bird.
2008. Microcystin accumulation in liver and muscle of
tilapia in two large Brazilian hydroelectric reservoirs.
Toxicon 51(3): 435-448.

Dyble, J., D. Gossiaux, P. Landrum, D.R. Kashian and S. Potho-
ven. 2011. A kinetic study of accumulation and elimina-
tion of microcystin-LR in yellow perch (Perca flavescens)
tissue and implications for human fish consumption. Ma-
rine Drugs 9: 2553-2571.

Falconer, 1., J. Bartram, I. Chorus, T. Kuiper-Goodman, H. Ut-
kilen, M. Burch and G.A. Codd. 1999. Safe levels and safe
practices, p. 148-169. In: Toxic Cyanobacteria in Water: A
Guide to Their Public Health Consequences, Monitoring
and Management (Chorus, I. and J. Bartram, eds.). Spon
Press, London, UK.

Foss, A.J., J. Butt, S. Fuller, K. Cieslik, M.T. Aubel and T.
Wertz. 2017. Nodularin from benthic freshwater periphy-
ton and implications for trophic transfer. Toxicon 140: 45-
59.

Geada, P, R.N. Pereira, V. Vasconcelos, A.A. Vicente and B.D.
Fernandes. 2017. Assessment of synergistic interactions
between environmental factors on Microcystis aeruginosa



130 2s

rior

(b

growth and microcystin production. Algal Research 27:
235-243.

Greer, B., R. Maul, K. Campbell and C.T. Elliott. 2017. Detection
of freshwater cyanotoxins and measurement of masked
microcystins in tilapia from Southeast Asian aquaculture
farms. Analytical and Bioanalytical Chemistry 409(16):
4057-40609.

Gupta, N., S.C. Pant, R. Vijayaraghavan and P.V.L. Rao. 2003.
Comparative toxicity evaluation of cyanobacterial cyclic
peptide toxin microcystin variants (LR, RR, YR) in mice.
Toxicology 188: 285-296.

Health Canada. 2012. Guidelines for Canadian Recreational
Water Quality, Third Edition. Health Canada, Ottawa,
Ontario, Canada.

Honkanen, R.E., J.E.M.R. Zwiller, R.E. Moore, S.L. Daily, B.S.
Khatra, M. Dukelow and A.L. Boynton. 1990. Characteri-
zation of microcystin-LR, a potent inhibitor of type 1 and
type 2A protein phosphatases. The Journal of Biological
Chemistry 265(32): 19401-19404.

Ibelings, B.W., K. Bruning, J. de Jonge, K. Wolfstein, L.M.D.
Pires, J. Postma and T. Burger. 2005. Distribution of micro-
cystins in a lake foodweb: no evidence for biomagnifica-
tion. Microbial Ecololgy 49: 487-500.

Ito, E., A. Takai, F. Kondo, H. Masui, S. Imanishi and K. Hara-
da. 2002. Comparison of protein phosphatase inhibitory
activity and apparent toxicity of microcystins and related
compounds. Toxicon 40: 1017-1025.

Janse, 1., W.E.A. Kardinaal, M. Meima, J. Fastner, PM. Visser and
G. Zwart. 2004. Toxic and nontoxic microcystis colonies
in natural populations can be differentiated on the basis of
rRNA gene internal transcribed spacer diversity. Applied
and Environmental Microbiology 70(7): 3979-3987.

Janse, 1., WE.A. Kardinaal, M.K.V. Agterveld, M. Meima, P.M.
Visser and G. Zwart. 2005. Contrasting microcystin pro-
duction and cyanobacterial population dynamics in two
Planktothrix dominated freshwater lakes. Environmental
Microbiology 7(10): 1514-1524.

Jochimsen, E.M., W.W. Carmichael, J.S. An, D.M. Cardo, S.T.
Cookson, C.E. Holmes, M.B. Antunes, D.A. de Melo Fil-
ho, T.M. Lyra, V.S. Barreto, S.M. Azevedo and W.R. Jarvis.
1998. Liver failure and death after exposure to microcystins
at a hemodialysis center in Brazil. The New England Jour-
nal of Medicine 338(13): 873-878.

Kim, B., H.S. Kim, H.D. Park, K. Choi and J.G. Park. 1999.
Microcystin content of cyanobacterial cells in Korean
reservoirs and their toxicity. Korean Journal of Limnology
32(4): 288-294.

Kotak, B.G., A.K.Y. Lam, E.E. Prepas and S.E. Hrudey. 2000.
Role of chemical and physical variables in regulating mi-
crocystin-LR concentration in phytoplankton of eutrophic
lakes. Canadian Journal of Fisheries and Aquatic Scienc-
es 57: 1584-1593.

Kozlowsky-Suzuki, B., A.E. Wilson and S. Ferrao-Filho Ada.

CASLE -

ETPS]

= '—71:—%1

2

2012. Biomagnification or biodilution of microcystins in
aquatic foodwebs? Meta-analyses of laboratory and field
studies. Harmful Algae 18: 47-55.

Kuiper-Goodman, T., I. Falconer and J. Fitzgerald. 1999. Hu-
man health aspects, p. 112-147. In: Toxic Cyanobacteria
in Water: A Guide to Their Public Health Consequences,
Monitoring and Management (Chorus, 1. and J. Bartram,
eds.). Spon Press, London, UK.

Lei, H,, P. Xie, J. Chen, G. Liang, M. Dai and X. Zhang. 2008.
Distribution of toxins in various tissues of crucian carp
intraperitoneally injected with hepatotoxic microcystins.
Environmental Toxicology and Chemistry 27: 1167-1174.

Li, L., P. Xie, L. Guo, Z. Ke, Q. Zhou, Y. Liu and T. Qiu. 2008.
Field and laboratory studies on pathological and biochem-
ical characterization of microcystin-induced liver and
kidney damage in the phytoplanktivorous bighead carp.
Scientific World Journal 8: 121-137.

MacKintosh, C., K.A. Beattie, S. Klumpp, P. Cohen and G.A.
Codd. 1990. Cyanobacterial microcystin-LR is a potent and
specific inhibitor of protein phosphatases 1 and 2A from
both mammals and higher plants. FEBS Letters 264(2):
187-192.

Malbrouck, C., G. Trausch, P. Devos and P. Kestemont. 2003.
Hepatic accumulation and effects of microcystin-LR on
juvenile goldfish Carassius auratus L. Comparative Bio-
chemistry and Physiology - Part C 135: 39-48.

Metcalf, J.S., K.A. Beattie, S. Pflugmacher and G.A. Codd.
2000. Immuno-cross reactivity and toxicity assessment of
conjugation products of the cyanobacterial toxin, micro-
cystin-LR. FEMS Microbiology Letters 189: 155-158.

Ministry of Environment (MOE). 2007. Development and Ap-
plication of Korean Exposure Factors. Ministry of Envi-
ronment, Korea.

Ministry of Environment (MOE). 2016. Standard Methods for
Analysis of Water Pollution. Ministry of Environment,
Korea.

Mitsoura, A., I. Kagalou, N. Papaioannou, P. Berillis, E. Mente
and T. Papadimitriou. 2013. The presence of microcystins
in fish Cyprinus carpio tissues: a histopathological study.
International Aquatic Research S: 8.

Namikoshi, M., K.L. Rinehart, R. Sakai, R.R. Stotts, A.M.
Dahlem, V.R. Beasley, W.W. Carmichael and W.R. Evans.
1992. Identification of 12 hepatotoxins from a homer lake
bloom of the cyanobacteria Microcystis aeruginosa, Mi-
crocystis viridis, and Microcystis wesenbergii: nine new
microcystins. The Journal of Organic Chemistry 57: 866-
872.

National Institute of Environmental Research (NIER). 2007. A
Study on the Production and Behavior of Cyanobacteri-
al Toxin. National Institute of Environmental Research,
Incheon, Korea.

National Institute of Environmental Research (NIER). 2013. Eco-
logical Risk Assessment on Biogenic Algal Toxin (Micro-



=L 4tfZ 2ollM ZHEE o F ZZ[0| A microcystins = &4 131

cystin-LR). National Institute of Environmental Research,
Incheon, Korea.

Oh, K.H., D.H. Jeong and Y.C. Cho. 2013. Quantification of
toxigenic Microcystis spp. in freshwaters by quantitative
real-time PCR based on the microcystin synthetase A.
Journal of Microbiology 51(1): 18-24.

Orihel, D.M., D.F. Bird, M. Brylinsky, H. Chen, D.B. Donald,
D.Y. Huang, A. Giani, D. Kinniburgh, H. Kling, B.G. Ko-
tak, P.R. Leavitt, C.C. Nielsen, S. Reedyk, R.C. Rooney,
S.B. Watson, R.W. Zurawell and R.D. Vinebrooke. 2012.
High microcystin concentrations occur only at low nitro-
gen-to-phosphorus ratios in nutrient-rich Canadian lakes.
Canadian Journal of Fisheries and Aquatic Sciences 69(9):
1457-1462.

Papadimitriou, T., I. Kagalou, C. Stalikas, G. Pilidis and L.D.
Leonardos. 2012. Assessment of microcystin distribution
and biomagnification in tissues of aquatic food web com-
partments from a shallow lake and evaluation of potential
risks to public health. Ecotoxicology 21: 1155-1166.

Park, H.K. 2007. Survey method relating freshwater phyto-
plankton for the management of water resources. Journal
of Korean Society of Environmental Engineers 29(6): 593-
609.

Schmidt, J.R., M. Shaskus, J.F. Estenik, C. Oesch, R. Khidekel
and G.L. Boyer. 2013. Variations in the microcystin con-
tent of different fish species collected from a eutrophic
lake. Toxins (Basel) 5: 992-1009.

Sivonen, K. and G. Jones. 1999. Cyanobacterial toxins, p. 41-
111. In: Toxic Cyanobacteria in Water: A Guide to Their

Public Health Consequences, Monitoring and Manage-
ment (Chorus, I. and J. Bartram, eds.). Spon Press, Lon-
don, UK.

Smith, J.L. and J.F. Haney. 2006. Foodweb transfer, accumu-
lation, and depuration of microcystins, a cyanobacterial
toxin, in pumpkinseed sunfish (Lepomis gibbosus). Toxi-
con 48: 580-589.

US Environmental Protection Agency (US EPA). 2006. Toxico-
logical Reviews of Cyanobacterial Toxins: Microcystins
LR, RR, YR and LA. US Environmental Protection Agen-
cy, Cincinnati, OH, USA.

Welker, M., M. Brunke, K. Preussel, I. Lippert and H. von
Dohren. 2004. Diversity and distribution of Microcystis
(cyanobacteria) oligopeptide chemotypes from natural
communities studied by single-colony mass spectrometry.
Microbiology 150: 1785-1796.

Xie, L. and H.D. Park. 2007. Determination of microcystins in
fish tissues using HPLC with a rapid and efficient solid
phase extraction. Aquaculture 271: 530-536.

Xie, L., P. Xie, L. Guo, L. Li, Y. Miyabara and H.D. Park. 2005.
Organ distribution and bioaccumulation of microcystins
in freshwater fish at different trophic levels from the eu-
trophic Lake Chaohu, China. Environmental Toxicology
20: 293-300.

Zurawell, R.W., H. Chen, J.M. Burke and E.E. Prepas. 2005. Hep-
atotoxic cyanobacteria: a review of the biological impor-
tance of microcystins in freshwater environments. Journal
of Toxicology and Environmental Health. Part B, Critical
Reviews 8(1): 1-37.



