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Seasonal Variations of Cyanobacterial Toxins (microcystins) in Yeongchun Reservoir. Lee,
Kyung-Lak, Weon-Hwa Jheong', Jong-min Kim', Young-Saeng Kim, Hee-Jin Choi' and Han-
Soon Kim* (Department of Biology, Kyungpook National University, Daegu 702-701, Korea;
' National Institute of Environmental Research, Incheon 404-170, Korea)

Seasonal variations of cyanobacterial toxins (microcystins) in Yeongchun reservoir
were studied from March to December, 2007. High level of microcystins production
was shown during the late autumn and winter seasons. Total microcystins con-
centration increased sharply when the dominant species changed from Anabaena
sp. to Microcystis aeruginosa. Microcystins-RR and -YR were the main components
of the microcystins, whereas microcystin-YR was detected in small quantities. Espe-
cially, large amounts of microcystin-LR were detected when standing crops of M.
aeruginosa increased exponentially. Total microcystins concentration showed a
negative correlation with water temperature. However, total microcystins were
lowly correlated with other environmental factors except for water temperature. As
a result, this study clearly demonstrated that M. aeruginosa was the main producer

of microcystins in Yeongchun reservoir.
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GrzRY B4L dxRel 9T el Brres o
o) tg 2L dubhdon a9 Hedorsle)
2 23tz el Yok 54 FEF blooms] <ol
gk Hxe) Al 18789 532 Alexandria 350 A
Nodularia spumigena o] & =415 34 B-& v}l
71EE2] "8 I3t 7l o|gd} (Francis, 1878). 1¥]
v} A7k 27571 2 BAE F &, 27 (scum) A
F 7k JA dEell A FEEE A HE go,
A =F A& A Y, 9349, 9%, 9 1R
A 5= o3l Aoz A4 v (Hunter, 1990). w
A, AP o2 ARRE S TFolut 3gpelA] o]E]dl B4

2R B 24 Bl o2l gE oblsk AUk
(Falconer et al., 1983; Hawkins et al., 1985; Turner et
al., 1990).

=42 AASE F2 IR FE Anabaena, Micro-
cystis, Aphanizomenon, Oscillatoria, Nodularia, Lyng-
bya 4 5ol LEA U o]Ee 23 AAlEE S
2’1'73'-‘-"—'-‘,-_/3\_ (hepatotoxins)®} 217354 (neurotoxins) 59|
) 24 o), Microcystis, Anabaena % Oscillatoria 4
9] Gz tfHEEL microcystinsE. L& x] U= 7H
=42 A A3t} (Carmichael et al., 1988). Microcystins+
0 ug~ 1 mg kg ! (microcystin LR) ¥ {]ellA LD 3t &
JelhE= Aoz Ud#A ¢)v}(Carmichael, 1988; Nami-
koshi-Matsushima et al., 1992).
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7Z-Adda-D-Glu-Mdha)E ©] 2 heptapeptideo|™, X8} Z
o= leucine, arginine, tyrosine, alanine ™ methionine
59 tJofdt oln|xAlEo] 93t} (Sivonen and Jones,
1999). A Z7kX] 70% o]Ar2] microcystins E)7} BT
¥ 2l 2 (Sivonen and Jones, 1999), 7}A i =4 9] mic-
rocystins 2+ microcystin-RR, -YR 2! -LRo] dz] ol&]
A 91t} (Park and Watanabe, 1996).

M A AP 2R QI A] mlRle= A A Q) )AL
7} 33125 ¥} 9lt} (Kaebernick and Neilan, 2001). ==}

A, g 279 Aol w2 microcystins Ay AJel| ©33FS =

L 22 2450 U A7 SR 184 Ag)
gase] A BRE S8 W=Al Lo

L1EL FE27 A ZW microcystins A A
ol APHen Belapig Ao FaF FPAE
. "EAIZl o 24 4A A 9] microcystins WY ol o33
o) 2} ( Vézie et al., 1997; Graham et al., 2004). ¥AF o
7 9 wlFd 7ol 7128 A8 QTE-2 microcystins 4
Qo AT 2o BALES JPE U v o
(Watanabe and Oishi, 1985; Kotak et al., 1995; Hesse
and Kohl, 2001). ‘¢Z#2%] microcystins A A1-2- 3174 @ 9l
£9] YA JF ol = F2F T TA 9]
) JFE B 4 gled, ot FEF Tl S4E
3} u)EAZe] ZAsE, SHF Aolol N Ble] W}
of W} /A AA} microcystins A A =7} k=)
o] Fo|} (Chorus, 2001; Sake et al., 2005). Wakr, =
7o 3pEA 2] Aol A microcystins A 131-8 1H8) 7]
A M= 57 2.2 oh]2} microcystins A AJ ol o]
S 9EE el 2 977 A olok B

O.

T FHe] F2 Hell A= microcystins A Ao o3}
HAF-Eo| 3= o1} (Park et al., 1998b; ©] = 1999),
)T AFE dERsE TS 8 A7) FEse]
FHH%em, 53] microcysting 42 FAAQ K1l
2 AAEHA] 2o £ A7 GAHEE oz @
Z%F2 33} microcystins A 2 F9 37 Q9]
5o AgUE 24 BAG] 589 2AUBAY
AR ez ggstaa} st

Tiryendy

Sampliﬁ'g Slte [ A

Fig. 1. Sampling site of Yeongchun reservoir.

G577 A S1A8 slew, ol 42m, AW H o] 300
m, & A5 9,640%F £ AEHY oz fry e
o2 ol &5 & BHEel vjg FRe 2o A
Aoz A4o] ZAa, ol 2Rl AT £33 A4
Moz yeht 27 g3l $HE ZEAY F2
4 F 3ol (587 =Het4d, 2005; Fig. 1). 24}
T 2007 3UHE 1297bA] WY 13] o) FALE 3}
Rqem, g As F 2 AT

2o pH, ATw T @ 23] (YSI 63/50 FT,
USA)E ol-&sted AR eIA AT AEERIE |

W (35, 2000)0)] w2t F43515 . AEEHIES] A
222 93} A8 (1L)= Lugol’s solution.©. 8 & Ao A] =
Al BAFI] APAR HbsE & 100mLE FEFAT|3
Sedgwick-Rafter counting chamberZ o¢|-£-3}o{ I-sls
1] 7 (Zeiss Axioskop 2, Germany) 400~ 1,000u)] 3}el| 4]
A4tk ZAE ol F+= Microcystis®| 745, &%
AsE 93t FAEE Z7)¢ vjed I8E F 2%
g} 24 7] (Fisher Scientific, USA)E E3l <AES 14
gl DAANZE Aol 4272 42 Komdrek
(1991)7} Komarek and Anagnostidis (1999)-8 Z3735}o]
Al A3}

Microcystins A& 93t #Ae] H2{ AlBE2 &

#FFE Y E(KC, 25 um mesh size, Denmark)& ©|£-3}
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o 43 =3t AFsa HPLC (Waters, USA)S t}. o] & cartridge® 20% methanolZ A3} 0.1%
o] -3led A Falgdr). WA 5HABE freeze drier (Lab- TFA in methanol® microcystins S £-23}9jt}. &85
conco, USA)| A ZHAAZR A7) & A 85 (¢F 100 mg £ =7AAzx7] (Labconco, USA)E A HARA|7|Z
DW HE 50 mLe 5% acetic acid® sonication (Fisher methanol@ =o} FEAe) Al£-3l93v}). 1 mL min o) <
Scientific, USA)3}ed 33]e)| AA FE3l¢ic}t 2R o] A methanol: 0.05 M phosphate buffer (pH 3.0; 52 : 48)
158 =9F 4,000g2 Al )il om, Al=ol o FhA 2 FA1= mobile phaseE A}E-3}9] 0w, Xterra-C;g 4.6
3}%l Sep-Pak C,4 cartridge (Waters, USA)el] F-2HA| 7] X 15 cm, 5 um column (Waters, USA)S o]|-8-3}e] 210~
| | 420 nmol|A] PDA detector (Waters 960, USA)Z 71 &3}
Table 1. Analytical conditions of HPLC used in this stu- %S} (Table 1).
dy.
Column Waters XTerra RP 5 ym C18 4.6 X 150 mm > 7}
Mobile phase Methanol : 0.05 M KH,PO, (pH: 3.0) = -
in Water=52 : 48
Flow rate 1 mL min! 1. 874 3789 BA
Detector Waters 996, photodiode array (PDA)
detector (wavelength: 238 nm) o)W ZAJoA] BAEF A 2 EL Fig 29} 2t =
40 10 -
. 3 m
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Fig. 2. Seasonal variations of water temperature, pH, conductivity, Chl. ¢, T-N, T-P in Yeongchun reservoir.
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Fig. 3. Seasonal variation of cell density and proportion

of different phytoplankton groups in Yeongchun
reservoir.

AZ|1ZF (3~1249)F -8 10.2~29.4°C2] W 9o,
pH: 7.2~9.59] t”%’%c’ﬂ/ﬂ ARH oz vwH & HEH
& vehhale) o Rl A4 (IN)SH 24 (TP)
R A A
ot 1 1Ur M. aeruginosaZt A3 713 Fofl F
e =+ 104714 A3 Z71E Jepliglen, M.
aerugznosa—J UE7) ZEAashdA 2219 5% 7H43E)
& e eblth F2ed o yEE 1194 4 9
%1, 99 X 7H 2 732mgm Y =2 vel
Aot 53], 694 =4 E 94 3}*1‘77}7‘] 2224 a9 F
=5 3R o) At 2FER4F (25 mgm ) o)
o) 3eg vjehiol T (9 #7389, 2005), Anabae-
na sp.7} 65,200 cells mL 1] Az e Hol 99 o
= 732mgm 7 E HYAE Bg}H(Fig. 2).

2. 42 E}AE Hol

FHIAAN ARE ANEZHIESL HEFLE 944
42,815 cellsmL ™! oJAbo =2 FHjzte velhfgon, 12
o] 6,600 cells mL™'2 HAZE Vehisic) Fafe
3~5U7HA] 2 M ESE Yo, 6~ 12974 =
FE2F7L AA AL 2 &ZAS
Ao}t olE F Anabaena &2 6~9Y7}A], Microcystis
42 10~11¥707] A F=E el 7E 525
2} MR xFE Zddlgor) =gk w9 ol

N A

Microcystis spp.2] 7§~—?* XX M. qeruginosa s —"3‘-/};1_9_

2 109 o|Fol ¥ WL ehlc} (Fig. 9. 1A A

Table 2. Seasonal variations of dominant species in Yeong-
chun reservoir,

Cell density

Date (2007) Dominant species (Cells mL-1)
Mar. 29 Aulacoseira ambigua 6,125
Apr. 26 Aulacoseira distans 3,050
May 23 Aulacoseira ambigua 3,600
Jun. 28 Microcystis flos-aquae 9,500
Jul. 26 Anabaena sp. 15,800
Aug. 22 Anabaena sp. 16,150
Sept. 01 Anabaena sp. 65,200
Sept. 09 Anabaena sp. 9,550
Sept. 15 Anabaena sp. 34,000
Sept. 22 Anabaena sp. 52,600
Sept. 28 Anabaena sp. 11,150
Oct. 07 Microcystis aeruginosa 5,700
Oct. 14 Microcystis aeruginosa 6,560
Oct. 22 Microcystis aeruginosa 5,040
Oct. 25 Microcystis aeruginosa 58,980
Nov. 05 Microcystis aeruginosa 21,000
Dec. 02 Microcystis aeruginosa 3,000

EEHAE 74 H]*%‘ﬂl AoAM FEFE 39T 54, 1

SEREEE SR ! lzzé_oﬂ Vg we FANE

& dehigien, dafis 68 1L )

2AZE ok AA AE Aol A 71 2

o185 A0 Fig 3.

II_3E

A FEHAE ST AR WHake 27 (Aulaco-
seira ambigua, Aulacoseira distans)®} FZF (Anabaena
sp., Microcystis aeruginosa, Microcystis flos-aquae)7} 3
=3= ofANS- Wit FERFE A ambiguaZ)l 3493 5
Y, A distanst 499 47 43 G o, dx/F2 73
$- 64l Eo] M. flos-aquae”} %7 o] F, 9U7}A] A}
AbA FzF-el Anabaena sp.7} A&HA o g 9-Asledd
1090l So] $HE2- Anabaena sp.9X M. aeruginosa
2 w79l o™, M. aeruginosas 129€71#] A< A5}
93t} (Table 2).

3. Microcystins %%

o3 o] A" microcystins 5 Hx HE
NF A4How ZAHE P BRRYO
aeruginosa7} $-Ast7] A|28E 104 S-o] microcys-
tins®] F=¥ F&3] F71ste] 114l FHuZko| 821ug
ool =&}l om, Anabaena sp.2t M. flos-aquae?] &
Z2FL. microcystins A Aol F3FE TR U= Ho =z v}
EPsict (Fig. 4). =31, 64 o] F Fx2771 A AEE5%
FE FAAAM 80% o)) T2 HIES AHHFeel=

.Enm
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Fig. 4. Comparison between cyanobacterial density and microcystins concentration in Yeongchun reservoir.
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Fig. 5. Variation of cyanobacterial proportion and microcystins concentration in Yeongchun reservoir.

B 1311 8Y7kA] microcystins =Y A Vet eoy), v A3} M. aeruginosa microcystins =9} ¢~
M. aeruginosaZ} $438}7] A|ZH3F 109 ¢]3& microcys- o AA) (R2=0.83, p<0. 001)-—- H9lom Anabaena
tins?] Fx= F43] 7813 (Figs. 4, 5). sp.®] 7%, AT F vlS- 22 MlE EEe) &
FAZNAH 2AF Al7)e] wlE microcystinse] £H5W 0 A7|7HE By = BF-5-3 microcystins YA Oﬂ %
(MC-RR, -YR, -LR) =22 MW, Anabaena sp.7} F2. & o2 oJgks 2] olon o33 HVEFFo] ZU|ElHA
Z3gF 1099 o] A= microcystins =7} v]-$& F& 7} microcystins =5 7F4-38}9i=} (Fig. 7).
29|, j 32 MC-RRe| A& 9T, M. aeruginosa?} = o] 2 & ol| 4] microcystins =2} 4 2 JE (£, pH,
7}8t71 A|2kst 9l Eo] MC-RR¥} vjE-o] MC-YR+%} AE%, ¢, 2AL) 7l FEE AL FAdHA
MC-LR®] 7Zo] #elx|9]ow, M. aeruginosa?} -8} oRgron}, 290 79 v AR QUL nld AHA
7] Al2EE 109 ©]F MC-LR 5=+ 533 Z7542 o2 Be g9 ARFL Jephsle} (Table 3). X 5o
1} (Fig. 6). Al F2FE 20 25°Cel 30°C AtelE R @l-%—%i

ZAZ17E B9F B2 d&EYS W<l Anabaena sp. W o] 7FA =2 wW=xE vjehlglor}, o] 7|7k F
M. aeruginosa £} microcystins & =% 7He] AMHAlS Anabaena sp.7} FF%2 q1—r‘—u:a 2} ]3]'93\13} tq“jf]”/‘i
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Fig. 6. Temporal variation of microcystin type and con-
centration in Yeongchun reservoir.
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Fig. 7. Relationships between microcystins concentration
and cyanobacterial density in Yeongchun reservoir.

microcystins =59} 37 Q9L 7He] AMA EA oA
F20] tfE Q<¢lE9] H]3)] microcystins H%9} AMA
02 B2 8o ATAE K FE 2o =L A7

o h N Ly A

A3t Anabaena sp.&= 8] M. aeruginosa’} 20°C

Table 3. Relationship between environmental factors and
microcystins in Yeongchun reservoir.

R? n p-value
Water Temp. 0.57 13 p<0.01
pH 0.24 13 p=0.092
Conductivity 0.21 13 p=0.115
Total nitrogen 0.21 13 p=0.113
Total phosphorus 0.05 13 p=0.465
Silica (510,) 0.01 13 p=0.704

o x Fo A Anabaena sp.= 6~9€7}x], 18|11
aeruginosaty 10~ 124742 9-A3}H = o|8st F+
o daxfol 0% A5Ae)T A7 A SHFES 2
A= A9 Bud ul gvk 2006l FE2FI} 2
£2l 69 2VE BBl 99 Fool Y H=E e
A o]F 10Y FF o) Fel $A3] AEHH T Bk
v} oleh(Z A TEre), 2005). 958 o FAL o A
Henriksen and Moestrup (1997)= din}= 44| 2] 2967]
A 850l 7|&3le] Anabaenal] $HV|EL- 6~THd
o Whdell, Microcystis®] $AM]E2 T~114e)} 7}
A wdea Barstge.

o) £(1999)2> U FL F4dA Microcystis 42
£% 580] 2008 W7] Azbshe 69 2RE a2
o] Zr)slr] Aztsted F=A18] A} AbeA HAAEE
48 95°C ool A WEFE Hol:, o] 20°C
o]3t2. o= 94 3l o] F7} HH Microcystis 42
dzape A BaRn Boskgeh e, o
N3] FA A 420] 20°C HZFY Iﬂ],Microéystis

M
A=
=

.l}'}‘ ol
o

o Rz oald 2ra] AAksk gl 10°C
Hhel 120 % & dAEFS FAISIA S Park ef ol
(1998a)-2- Suwa® (1991~19941)e| A 643} 109 A}o]
Microcystis 48] tAd & B2l o, M. aeruginosa,
M. viridis, M. wesenbergii, M. ichthyoblabe X M. nova-
cekii 58] Al7]el W} oG 3 oFAE el vt al
t} JAH s\ M. ichthyoblabe, M. flos-aquae X M.
aeruginosa St 722 FL-o| Al7|A o7 A2 o & JE
o] 2x2 vJehd AHeo|r Park et al. (19982)2] 23}
9} Qr AT AXF|FF oV, M. aeruginosa} A <:7 o]
T FE3 94 okAE Bl HME AelE: e Y

!- f
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t}. =8} Park ef al. (1998b)e] 127]2] 2 <l Z<Hol|A]
1992~1995\d0l| A AAT 20709 F2F A|lESel
3t AL A, &H AR E2 Microcystis 40| 60%
2 7 w2 ¥EE AAE R L HEe] Anabaena
2-(30%) % Oscillatoria 4-(10%) 0.2 R 73}9v}.
ol APl ERFIL AA AEEFAE ZHIA
80% ©]Are A E A17]8] microcystins ¥ Ana-
baena sp.7} SHAH 8A7HAE Fe HEE HA5H
7} M. aéruginosa7]— <9-A35}7] A28 104 ©] 3~ micro-
cystins =7} FZ3= AdFo] AR o] M. aeruginosa
7} microcystins A Aol FA J3FL bR 7oz FALH
At Anabaena 4-9] 739, anatoxin¥3t o2} micro-
E Ao PAsl= Aoz eelA] ﬂ__i(Park
et al., 1993), microcystins A F2s}e] o] 9] &
% wsle welT wedol vt
Al AFE) 23 H microcystins A FTEE i
gl Al7]e] we}l ookt v & W.Qlv}(Park et al., 1993;
Vézie et al., 1998). &Atol|A4] microcystins T SA
Z3 HEA] T HE J2E ZAY E23A QY EXNE
£-9] microcystins A A x| &3 oIdFS "=t}
A, gasel WAz 54 23wl 2o =)
= M7 ofa) wesl 299 v U Vésie e
al. (1998)2 X729 Grand-LieudolA #2|3F 98712
M. aeruginosa -5 247W2] A. circinalis 5% 5
M. aeruginosa®] 167018 TF(16%)2} A. circinalis®] 2
N 5 (8%)7} microcystins< 27t AQAdcla slele
™, Ohtake et al. (1989)-2- UE-2] Kasumigaura 3ol
M. aeruginosaS Ao 2 279 A FFE3} 1179
B EA] #3558 2yslgdr). &3], M. aeruginosax o}
= Microcystis 2] £E<)| H|3] ©] = microcystins
LS YePiE Aoz od2x UdEd (Kurmayer et
al., 2002; Via-Ordrika et al., 2004; Saker et al., 2005),
Kurmayer et al. (2002)ol] 2]3}H, 542} Wannsee 3ol
A Be]38 3709 Microeystis 45 oA M. aeruginosa
4552 73%7} microcystins A FHAZ 13}
M. ichthyoblabe (16%)} M. viridis (0%) o551} o
0 ?}—.‘%-vg—— el el 0™ Via-Ordorika et al. (2004)
2 5o $5E=2RE BEl® 708 Microcystis &5
(M. aeruginosa, M. flos-aquae, M. ichthyoblabe, M. viri-

cystins &

ri

dis, M. wesenbergii, M. botrys, M. panniformis) 5 M.
aeruginosa~= 72%2] -2 microcystins A Al &8 el
ol ¥ 315)git} o] 3l ASEAAL XA} 6YRE 11
7R FAHF A BE]qt F+FE (Anabaena sp., M. flos-
aquae, M. aeruginosa)d| X% BQl= o) (v|dx 218).

CINETE S

Ay

2 - us

1ol

A - 3

M. aeruginosatx T718] E2|dFE FoA UNE A9

3} WX FZ7} microcystins& AJAI3}g o, M. aerugi-
nosag} BlEo] AA I e HAEHFES VEPA M. flos-
aquae= 21719 #F2 EgLox B3l ol F
oA 17§19 FF4to] microcystinsE YA 3E . Ana-
baena sp.8] A%, 2a8l¥ 4719 #F7} =T microcys-
tns® AN Gskeh ol AT AL APATES
4R 3 0 54 Y s 3R el 98
microcystins % W3} J3FE ZF F QSE AAbS)
), E3] ¢ 9o =XAFFS iJa}—— M aeruginosa<-
FA ol A microcystins ¥ kL #AHA o] Y& AL

= #AotE i |
AAe whel theokst W2 WA= = microcystins F
£x ¥a 2A7E A 24 ke A84e A

o} (Park et al., 1998a, b; Ozawa et al., 2005). Ozawa et
al.(2005)2 BiwagolAf 3137t AA|E Z A} A Anabae-
na 3} Microcystis -2 X318t £5 & M. aeruginosa
2} M. wesenbergii®] A|Z W=7} 2 7|24 microcys-
tins?] ) % kS AHA Microcystis EHFH =
M. geruginosa®] V=9 =2 AL Yo B
3}l 31, Park et al. (1998a)2 microcystins 5% ‘eﬂi}ﬂ-
2 4% WA ABAE A, 59,
M. aqeruginosaZt A%+ 717} E¢loll &2 microcystins
w7} gelEgdoy B 313} v} =3 Henriksen (1996)
L. Anabaena spp.7} $-AsH= c.o
=7} Yo}y gl .om Margilek ef al. (2001)-2 M. aeru-
ginosa7} A3 A|2E50A =& microcystins =7}
3}olsl v Anabaena spp.9} Aphanizomenon spp.7}
S A3 AlgoME Ao 2 e microcystins T =7}
FaE vty B 7stE el S50 A= Anabaena”} micro-
cystinsE 7] AAZA o= Aoz B uEg]ct(Baker
and Humpage, 1994). 0|5 A5 o|H FAlol|AM Ana-
baena sp.7} A& wlB} Microcystis aeruginosa?} -$-
Z A] microcystins T 57} ¥R =9kwl ZA3}el A X3,
A F-Eol &8l Microcystis spp.2] X2}l micro-
cystins®] F= Zb] WAL A > Aoz FilH
o} (Jacoby et al., 2000; Ozawa et al., 2005). o] FA}e)
X% Microcystis spp.2} microcystins A}e]2] AbgA]2

Microcystis®]

=3z okeki=d|, 7 f9loe == M. flos-aquae’} 643} 7

o} HH 6,015 cellsmL 9] &2 Fzake jehfgl e
o = E-73}3 microcystins ¥ =7} 27| W Eoltt HE
Hol|, AX 3| &3St HA| Microcystis spp. = M.

o

aeruginosa?] V&L microcystins F=2} wli§ ¥

ArAg el M. flos-agquae®] 73-5-, M. aerugi-
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nosa %} vlEe] A &Aooz WA= 7oz dBA gle
1}, microcystins Ao By WES] FHEHA] oo
(Steffensen et al., 1999), Marsalek et al. (2001)2- | 52.9]
FAANX M. flos-aquaer} -2 SAE& ety By
st} ol FAlA 6ol M. flos-aquae7} 9,500 cells
mL 8] 2 HEIFE P o= BF3T M. aeru-
ginosa®} B|sled vl & microcystins =35 e}
Walew, M AFE A FEAME M. flos-aquae
+ Y2 microcysting S-S Byl oglM, ojH o
7= E3] A3 A] microcystins®] =% W3 = Ana-
baena sp. X M. flos-aquaeol] 2|3+ oJ3FL w9 ol
Hhd 99] o] Fof FAHS| F718t M. aeruginosa s HA
g RS et o]81gt A 3= microcystins %
2 274 Wl sl 299 5 3
A

7ke] Z}7] & microcystins®] el (type)H AJA] <FA
of| olal gebal 4 9ot dulbA © 2 microcystin-RR (MC
-RR), microcystin-YR (MC-YR) % microcystin-LR (MC-
LR)-& Microcystisol| 2|3l AA == microcystins ol A
1A dmAel =42 d8A Q) (Via-Ordorika et al.,
2004). o] d7ZHzeA MC-RR¥} MC-LRe| 3 =
A2 FelFEglen, MC-YRS 79 FHEHA st o
H A2 AP AdF-EdM = FAFHAT. Park et al.
(1998b)-2 &l FAlA 4779 F2F ANBREE
Alo 2 BAME microcystins Fol|A] MC-RR3} MC-LR¢]
7P 2 BEE YEgl o, MC-YR-2 7H w2 ]
22 HEEHE 7oz B 138} o Ozawa et al. (2005)
2 49| Biwadol|A MC-RR¥#%} MC-LRE& F¥ 542

73ZE3) v} gtk @A T A microcystins®] = F3
54 gele] A7l Mok T o F38 B4 vl
Wt} = Anabaena sp.7} 2 A8 7)7H(6~89) $3}
L e mjcrocystins?] %2t ¥ 54AFA MC-RR
o] ZAZo] #qldl ubd, M. aeruginosa®l FHI 7}t
2 o] TAF 9% F4 o] Foll= microcystins FE7}
o] ¢ Z7}8F 7}-¢d MC-RR, -YR, -LRo| 2% ZH&F<]
th Vezie et al. (1998)¢) w=m, MC-LR2- M. aeruginosa
o] % E44¢l ¥bhHe] MC-RRe| ksl e A
circinalisdl] &3] F= WA E= Ho= %E:]ﬁp]' T3
Marsalek et al. (2001)-2- Anabaena spp.7} -+ A] micro-
cystins FEE @ 7oz HIFGT. GAIA
Anabaena7} ©H50 2 43 A]7]o MC-RRo| 5 =
s 2T Pl 1 et Yot SHEA Verie
et al.(1998)3 Marsalek et al. (2001)2) ZAAE=7 Yx|3)
t}. Ozawa et al. (2005)-2 M. aeruginosa®l +% SHA*:
MC-RR3} MC-LRQ) 7oz » 318 v} gle=d), o o
Fo M= 9% o|F M. aeruginosa®] 4 A|7] F<F MC
-RR¥} MC-LRe¢] A microcystins =x0] Z7lol =
J5r& w)Hr) B3], MCRREG 10W} ¥& S4L
21U A (Rinehart et al., 1994) 0.2 42 MC-LRZ
M. aeruginosa?} 333k 7|17k Fokol|ul % HEHH A
t}. o] 38 MC-LRS] F2AE 3/¥3}ed WHO (1998)=
A Ao MC-LRE] Hd| 885 =E 1pg L2 A
AL v} Qlvh. M. aeruginosa®}= E¥] M. flos-aquae?}
ST A7)ol MORRE %o w2 7AEHe) 24
microcystins 5ol th3k W2 7|25 B} webA,
oA Fo|A] microcystins =% W3 M. aeruginosa”}
Ze 3} 7189 427 FE 7+ microcystins 2] el
QA oAbl oM = od3kE W Zloz HEGH.

Table 4. Surveyed microcystins concentration in various countries.

Country Microcystins type Cone. (ugg 'DW™) Remarks
Yeongchun MC-RR, -YR, -LR 9.5~821.1 This study
3. Korea Jangseong MC-RR, -YR, -LR 1,229 Park et al.(1998b)
' Habcheon MC-RR, -YR, -LR 618 Park et al. (1998b)
Daecheong MC-RR, -YR, -LR 218 Park et al. (1998Db)
Canada MC-LR 4~610 Kotak et al.(1993)
Canada MC-LR 1~1,552 Kotak et al.(1995)
Germany MC-LR 0.4~14,700 Jungmann et al. (1996)
Japan MC-RR, -YR, -LR 2.5~2,120 Park et al.(1993)
Japan MC-RR, -YR, -LR 0.02~ 2,260 Park et al.(1998a)
Portugal Total microcystins 1,600~ 7,100 Vasconcelos et al. (1996)
France Total microcystins 70~ 3,970 Vezie et al. (1997)
UK Total microcystins 20~ 3,430 Ward et al.(1997)
U.S.A Total microcystins 1,865~ 12,800 McDermott et al.(1995)
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2 A FAE A 3] microeystins (-RR, -YR,
LR) =+ 79 7 W& 95ugg il A 119e)] 713
T2 821.1pugg & Heph o] =52 FHUE 7=
o2 & v I FHIzRuE Whoy, Az HTE
47t 2 o HriHEY, I3 AgdTES Bl
3) ¥ <7 5.°] microcystins (-RR, -YR, -LR) H 7 &
=T AR U2 Aoz HrE T (Table 4).
A 2= W, A9 T2 FALAES H=E

7 MEHA microcystins A& A= F23 A

g}el X}=olt} (Sivonen and Jones, 1999). E4AEZ 2 A
gHRIAES 23l o] AEH Lo oF AAEE )3}
AAEER 424 ¢lt}h(Chorus, 2001). A FollM &
¥ microcystins 5.2 A 2QE 719 AFTHAI S BA
g A3}, microcystins F =+ =3 F4 Sl 99
AHRAL (R?=0.57, p<0.01)2 B9t} o338 A3 25°C
1) e e microcysting A3 Aol He
Anabaena7} $ASF[ T, 20| AstE 10YA 129
Atolel] microcystins A A3}t AbFAd o] =9rel M. aerugi-
nosa WEF FA% F7ket Aol sle A= A=
o} a8} Park et al. (1996)3} o] £-(1999)2 Micro-
cystis & = M. aeruginosa’} 20°Co| A &8 3}7] A=+
sof ool Z7lshEA FAT 2/b wadT wud
HE glef, & 7oA #<l¥ microcystins FE9} 2
2] 5o YL 2000 f8l9) R AN M
aeruginosaZ} o|#| A L Bl o) A7 I}e}
£ o e Holsh 348 A% 109749 A
Z# | A= microcystins =2} -4 U AAY
(R*=0.43, p<0.05)& e gl 21}, microcystins®] F oj
% (821.1ugg Hel Bald 119 A8eME 29 =
7} 0.02mg L' o2 w9 A FALF ] foAe] g+
Aoz el =913} microcystinse}e] AFHA]L o
B B3 oA Sl B3 v} 9led (Oh et al., 2001)
o B 2AAE o148 271 18] o ey

M ZEY microcystins A}
ol Ao BofslAt, SHED MSHT T4
B 2 J2H 7 224 HIE =3 o =24 microcys-
tins A3 2] W3tel] 7HHdA- <l 38& n| AT} (Vézie et al.,
1997; Graham et al., 2004). Microcystins A A3} 27 @
& 7ke] AletAl-e A= (Kotak et al., 1995; Vézie
et al., 1997; Graham et al., 2004)51}_ v ofd = (Watana-
be and Oishi, 1985; Utkilen and Gjglme, 1992; Hesse
and Kohl, 2001)< B3} °|v] F4% v} qlot wjekd+
o= 2] @AM microcystins Fxo} 7 2AE 7}

M

SPURE L EIRETL

o Al B ¥ AL oMtk BALAEL Pz
F A ¥ microcystins Aol A B3P = A9t
AAR oz Fzs ZAW 22AL W3AA microcys-
tinse] AAe] A HdSH, TUY BAZA
o Heets 4 F 5 FFES 44 % microcys-
tins AA0] 9lel SHE e B & 9IoHOzawa ef
al., 2005). ©|= microcystins QA o] #ALL] 7 QE
9 dap AAE 2o A AU Aerkgel o
7}¢)e ¢)u)3le}. ¥)2 microcystins AAdol) 3t 3}
JE2o] FEFE g3k B8R ZHARL o A&
34 30| A microcystins & “HYA] 7=

[ o FIIU

rl

rir

15
. aeruginosa’} 3
H s HE3] ARG aehr, FH3II)
ApdRAB2A 7S AEHE FA5] M e M
aeruginosa®] AAA WA kA microcystins A Aol

L FL 72 BB W AAH 2IESY

N R bo

7l =g BHovt AP AR
=& 14l Anabaena sp.9} o]Eo] A=
anatoxin (A1 E4)¢l w3t AAAQ =Alx F ulelek

9

A 09l IF2F =42 microcystins®] YA

’E.'KB T
x5g 24} EAEYch HPLC 24 es gH 50

A4 microcystins 58 A3 A3}, 7+ 2.4lel ule}
FER3 229 EE vJeplloh AEA] 3 Fo] Anaba-
ena sp.o|A] M. aeruginosa®. B} HA| microcystins A}
AAege) A3 Frlsl= d4te] HAE, F2 &Y
Z 2 M. aeruginosa D=2} microcystins % 7+ A
Aol /M B2 Aoz Vel en, M. aeruginosa
FEO 2 =4 AAEES 7T 4, M. aeruginosa’}
& =24~¢] microcystins AJAol| 7P Tl ET) =
1= 945k, Microcystins e} 3+ 9 QlE 7he| 4
274, 2AH 67) 35 (2, pH, A=, 4,
AL, §F TF2) F FLIHE o 20°C ole) 19
de) 44 Qe Ao FUHANG

e
el 8 & &

32 78k, 2005, 20056 0% ZHo) BA] A AIE T4,
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