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Degradation of Microcystins during the Decomposition Process of Cyanobacterial Cells
Choi, llhwan* Jae-Ki Shin and Seong-A Yim (Environmental Research Team, Water
Resources Research Institute, Korea Water Resources Corporation, Daejon 305-390, Korea)

The decomposition processes of Microcystis aeruginosa under the light and dark
conditions were investigated in relation to the change of microcystins, physicochem-
ical and biological factors. Cyanobacterial cells from upper stream of Lake Dae-
chong were collected and incubated in the matrix of raw water under the light and
dark conditions without additional nutrients. The decomposition of Microcystis cells
started from beginning of the experiment and most of the cells were decomposed on
12th day. Under the light condition the concentration of toxins in filtrate fraction
was increased with the increase of viscosity as the decomposition of algal cells
proceed whereas no significant change was observed under the dark condition.
Microcystin-RR was most labile toxin than the other two microcystins because it
was identified mainly in lyophilized cells but detected at trace level in the filtrate
fraction.
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latoria, Anabaenao] 2]3}le] AAIEM, =A1-S micro-

M 2 cystin-LR®] 73-%- LDsoo] oF 50 ug/kg e 24 1 54 o]
]9 7}&}o} (Falconer, 1983; Yu, 1994). Microcystins=
A7EFe] Frtell o3 A9H Regkse 4 protein phosphatase®| 2t-8-& #|ajste] 7 22|24
SRS ST T SRRt S4S L & TRATE 1 O)s AelE il e Qo)
A 2FHZO 2L o]l IASTE Apdoer AL3) = Aoz dsx 9)v}(Falconer et al., 1996). Micro-
A 9 BAEL S A H¥sE dA=E A cystin®] 3}3% F3i= Botes (1984, 1985) ol 23}
2379t S5eA] sl B zRE xRl 2 x&e =2 933 o (Cyanoginocin-LR, -YR, -YA, -
2S5 o]F3 glown, 32 microcystins, nodularins} YM, -LA), 57§ 2] Qul oln|xAlS FEO = I B F
722 7F =49} anatoxin-a, anatoxin-a(s)¢} 722 174 Aol 27§2] L-amino acids®] %33} dehydroalanineo)
=4 AJAFsEE} Nodularins®= Nodulariad)] 2]sle] A) 1} aspartic acid®] methyl”] %o oz} 7= oF
AEe E42A ARz EXA A q Ex3)= 70&5F7F B75 o] glof(Watanabe, 1993). Microcystin
Aoz oA glow (F] §5, 1997) FA7HA] = o] AAF2E 1E FHE olEt TEHS # 9l
ghell A A" Bae gluh Microcystinss &350l 4 Hl 54L& F2 Addad] §AFx gl Tz
A= x4 el 7+ 5424 F2 Microcystis, Oscil- 2} ZA "¢} (Dahlem, 1989).
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zlo] & 101"1 Vdﬁ 2 22 23 AY deAM=
2}o] 2 ® It} (Hrudey et al., 1994; Ressom et al., 1994).
Watanabe and Oishi (1983)+= Microcystis aeruginosaZ-
wjofate] H40] AAde] disted A Z 3} exponen-
tialZ} stationary growth phase Alo]elA] =Axx7} 3
Q& FEskg ok Microcysting —‘.ifsﬂﬁ}b Q1 z}ol|
&led Harada (1998)= 1) 3], 2) &3 3) -2x¢} pH, 4)
AEsf 9 o5) mAER 5 oA 7V]-4 7FsAdel A3k
of ZAME 33Tt 5|4 2] A9 Al f3lE HAEH
v opEr Axwee) o sweky FHsn Jem, F
20 A% 1mle] EAE 13~24ug2] microcystino]
7} )t} (Rapala et al., 1994). £x¢} pHel
25~30°C, pH 9~102] %73} A micro-
cystin-LR®] ukz}7]7} ¢F 107 A= g& QAIE-
v)ste] wim|sleta kgl (Harada, 1998). 3353 #}
3ol st FRa] FAbe A microcystin-LRel|] &1
g syl g Aoz vehgovt A ExjA] 287t

Z25E= 7oz FAFE T} Microcysting} alkaloid =
s s A IOl Bl S1a) o=
Fhdm9l e zlddgre)] =03 microcystin-LRe] 7

+ 3~7°-J-4 W7lE 23 AR EE Aoz By
91} (Kenefick, 1993; James, 1994; Codd and Bell, 1996;
Cousins et al., 1996). A=l A7 438 AS A 735}
Yeroz FAEE AT A Aol o
ubgel whgoz okeld geh T BAEE AHes)
™ microcystinsZ} M E dloz o wizA wjZEd, 2
A3 AAHZ|7HA] A= 3572 AJ7te] £8HE Ao
o2 & v} (Kenefick, 1993; Jones and Orr, 1994), o] =
Pabgel S2F BT S e ol ok ngE

o v
£35 F7v; microcystins -8l 240 2H4-&

rlr

L

= &l 3}
7] wj ol Esl A A v B Azke] AQEE Aoz
a8 3o} (Kenefick, 1993; Heresztyn et al., 1997).

Bourne (1996)-2 microcystin-LR& 23] 5l= ultd| 2 o}
2 2o olEel o EaarEe] FxE e
o] A EA)3}= microcystins®] E3ljol = v]AE
o] 7P 2 945 I wasiglH

37F AsE ApellA A8 AF sl Ave] W
Asha o)Fvlsh § FAEAe) ZAlRE 2 4 glo
W 2 ARG YA 2ohE B W) 2R
@ 5 glont olF WAEAY AHH A P 54
Ha|2hgol| Ast AR TE A g AAeT 2 =

At A= AMAA o2 71AF wo] Rxdl= JYxial
Microcystis aeruginosa & A}dgellA QA A|l2ES o
oz wiekdelel we AdEAe] A 54 A=
AL sletala M ZoA A2 825 = microcystins?)
kS AeFsle] P42 o|A] microcystins?] wjZ 2 &
3 FE FEHTOEA WAPA] el FERF 54
o o3 2 QA =} A &AL AH3taAl skt

oL
0]
r

]
(o3

R

1. 25w ¢k
=

RS A% ARE 349 FRel 94 A
2 AA slFolA FE Microcystis7} FZo]

548 A171(999 8Y 314)el AU A A
275 AAL o, 2, D0, pH ¥ Ax=g A3}
ol AR 2R o9l BE R4EAL AAN]
As) E(HEZ7] 60um)2 13} A, 2708 oz
(50cm x40 cm x 25 cm)ol] E=YU3F ko= }o] =gk
SN - P odora] 37k 913l lights) darke] T
2702 279 ok A Wl ksl ow, 7
2 pAe 93 ARt 1~39 Aoz FAs 2L
A Y F G} (Fig. 1). vieF 2== 28+1°C, 32 250
umol/m?/sg 31, 12A|7F 7+A e =2 158 =gt hand-
shaking& A1A1sisleh e 27 9 wopar Ame] &
3 NH4, NO3 W SRP (soluble reactive phosphorus) ©J ¥
9 ETxE A8E GF/Cfilter®2 o33 & Rump and
Krist (1988)2] vl we} BASYT 924 a =
X 90% ethanol® B]%S FZslo] A =3} (Nusch,
1980). 2% /NA|4= Lugol's &M o7 7Asle] A8 1
ml-& Sedwick-Rafter chamberd] Z1% HAAZ] &
gstu|7d oz 200 wigstellA Ao 5
7]E-& UV-Vis-NIR Spectrophotometer (Varian Cary-
5G, Australia)E o] 83}l 254 nmel|A] &A sl A
2212 Brookfield Rheocalc System (Ver. 1.2, U.S.A)S
2 2A3}gdc} o] w SC4-18 spindled AF&3te] 70~
80rpmellA 30x FoF FAF HAHE ol &I
(Nielsen, 1977).
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2. 54" microcystins &2 & 3+

19989 94 44 FF3zo AAA #4d¥-ek 1998
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1A A& E A7)e] =AM 2FHUE Z microcystins
BExFE Al Algs ARAG $H(s wF
EZHE A Tm7A] 1~2m He=2 ZH7k 3LA 9
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Table 1. HPLC/UV and HPLC/PDA operating conditions
for the analysis of microcystins.

HPLC/PDA (Perkin Elmer)

Column pBondapak (Waters)
Eluents H,O : Acetonitrile

(66:34, 0.05% TFA)
Flow rate Isocratic 1.0 ml/min
Injection volumn 20l

Column Oven Temp. Room temperature

Diode Array Detector 235C
(Perkin-Elmer)

240 nm

Detector

Wavelength (A)

Asg Asstel 2754 2 A% - AABHE A
Aot
3. Microcystin ¥4

BAel A2 microcystins ZFA] kS microcystins
-RR, -LR, -YR (WACO, Japan)®4] 250 ug=} 100 pg<]
wrsele] Aok wWeksel 3Aste] ARgstolnh
Microcystin-RR, -YR, -LR2] 3] A& 95l &=
54> 1L microcystins £3 FE2 2ugS AH7)st
3 C18 cartridgedl] A7 10%, 20%, 30% | EF-E-
10mlz 747 A-3 ¥, 3715 5HAA cartridges
AzA Ak Wele 6 ml= microcystinsg EZ3W o}
& ALE o|f3le HehES FUAIZ F HwkE 200
pleoll 53t HPLCZ ZA 3t 7]7]e gt A&
SHAl&= Pallesen (1985)¢] A|qFst ¥l & =83} 0.8
ng/20 ul 3%2] microcystin-RR, -YR, -LR 325 &
Ag dgoz 78 9y S5l Tassh ¥l At
45 7179 HPLCS] gwl 24 5& Table 134 2
wjeF A &F2] microcystins B o= AUl wjekr] <]
lighte} dark 713} A] 2tz wliofdl A28 1~39 7
Aoz 1214 Akl ALgstalct AR A
9,000 rpmefl A 2527 AAEE]E & F, A2 A
o] £Z% microcystins B4& ¢|3t
Alslgon] BElE A= 7351
Zgtol] 93] microcystins £

4. M EW £33 microcystins &4

Mz el g8-% microcystins?] = =A]& ¢35}
dFAc = F 2 AA AFHE 2AS I ¥
A AxAZ T} Light?] 4% 3~64,9~12¢,15~18
,21~24%0) AHE A =E Flolon, darke] 75
21~27Y Atelo] /) AlgE s WA AEe

=2
=

)
o)

=2

Natural algal sample
collection

A
Filtration
(60 um net)

Incubation on culture
room

Dark condition
28+1°C
(=) pmol/m?/s
hand-shaking/12 hr

Light condition
28+1°C
250 pmol/m?/s
hand-shaking/12 hr

A 4 4
Harvest/1~ 3 days Harvest/1~ 3 days

' !

Analysis Analysis

Fig 1. A schematic diagram of procedure for the assay of
algal toxins.

light A|&o} 543 =719 A8t 2 Axd =4
al <

E 70 5 Az A5s) JFD F AAEaz
o] ¥ 31 5% acetic acid 20 mI& H7}sl3 1A 7F - AF
oA WHMAF T 285 wHEE $dS YARE]47]
off Y31 9,000rpmol|A| 2587t Al He]sle] AN

o
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3
zo v YA A t}A] 5% acetic aci e
e 72 AAE oA I whEEkedch T oA 1A
7k B & 22 ez e mon ymA
Z A= 5% acetic acid 20mIE Y2 & =78 Ho] of
18417k ot WAEkd . o] £94E ¢4 9,0
2587 A Rt 2AEREH =
ol & m|g] wlolFE 5% acetic acid £ 40 mlz} 2]o]
syringe filter (Whatman, 0.45um)= o 2}3t % 3413}
A7) C18 7kE Ao Byt 7LER A& A A
ek 10mis} 33} FR4 10mls Eapoz FolF
o] B £8& T TtER A wwkeT
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Fig. 2. The variation of Chl-a contents during incubation
under a) the light condition and b) the dark condi-
tion.

2| microcystinsg FZ3 Wb FE% £ 40°Ce

2
[¢)
N ALANAE gt 2 A2AZ F 1ml ek

o AL2AA 5] 5 FAABEA AHEEH
5 #AW £23% microcystins &4

Aol £2% microcystins:= TA|A} WS A}
sled A= 819t} (Harada, 1988). 7} v =] A] )
A8F 12LE A4 B3 5 E¢EAAY 55
3le] GF/C (Whatman) G #A & E3A)7] o8& &
LC-18 7}E&E| X9 EFHA| AT} 7}ER] A F2
478 9 BHEEL 10%, 20%, 30% Fx=o] W e
%‘% ZkzE 10mi¥ FapH oz Eege] AlAEhe] A
ek AlAF 3715 SIAA RS AR o
& 6mle] wEtE= Lo0S 40°Col|

O =1
N Axrbrz A Az - 2220 F 20019) W ke

=
B
REE L
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‘O_uobrﬂo_uﬂlloj)_l’,oko

o AgANA $ES T F HPLCZ Agsielen
HPLC/PDA=. 3¢l 1 zrele shedo).
Zn o 13

Qi WARA WA FEF) S4B WE
9 wapge WHaA Y AR AR 27
& Al Agegos 2absenh AL lightsh
dark el ¥elstglon] 247 2493t 2797 2

ht condicn

T
1000
500

Algel starding erops (X107 cellsimi)

1z
Incubiation Bme {days)

Algal standing crops (%X10° celis/mi)

Fig. 3. The variation of algal standing crops under the
light condition for a) Microcystisaeruginosa and b)
Oscillatoria spp. and under the dark condition for
¢) Microcystis aeruginosa.

3 5o B kAR AUREA skt =3 24
3 2 AAHALY £AH ABE AFH3 =23 A=9)
A2 vlwdozr HHAo=Z lights} dark AFe] <)

49 wiE gl BatE Al

BAh sedek.
1.Chi-ag AE%

Chl-ax light Aeljell A wjeF %=7] 34 Z9gF 33% =
b AR o] F 1297HA] ApH oz ZHadhe] 27
ol wls] 59% 4FS vehdot(Fig. 2a). wiF 124
FE 18U7HA = Z zbolrt HAHA gL, 189U HH
2490717 F7H% wxelA S i) o)A Frlele W
2 By} (Fig. 2a). ¥FH 4| dark Ae]l:= wijek =7] 3}
Z2xolmt 21% =717} 9)gich vl ek 1597172 27](2~3
Dol 2 Foz asdm 1FolE FAHes Fa
st 44pglLg molew Az W AFAA Fhehe
opAy2- 9131eh (Fig. 2b).



Degradation of Algal Toxins (Microcystins) 13

EOO0
aooo [ Light conditian
000
2000
1000 [ ,,-_f 1

0

B0

2000
1000

Mitrate (g MY} Ammonium (ug M)

800

100
&0
G0

40
0 'M

g & &6 8 12 15 & 2t 24 27

SRP (pg PA)

Incubation time (days)

Fig. 4. The variation of algal N and SRP as a function of
incubation time of natural algal population under
the light condition.

25 dEF HEL chl-a zx= W3lel dAsdo
(Figs. 2, 3). Y& Microcystis aeruginosa®] wjoF %7]
5= 2.3x10%cells/ml (A £42] 99%)= light A}el
oAl wioF 3U7bA] 3.1x10°cellsimlz AAS Bt}
z27] Hd MzE=e vy o, wjef 3~6% Ato]e]
58%, 12<delli= 95%7F 747p AbR =gl en) X3 w7t
A o Z7bEe Aeke BAHA Qb (Fig. 3). 717
1} @F& Microcystis aeruginosaZ} A2 Abg=E A]&<l
124 A e H 5.3 x 10%cells/ml-2- H.o]Qd Oscillatoria
spp.7} AAE}7] A Eele] 24U Aol = 2.1 x 108 cells/ml
= A5H2 27} A%iE (Fig. 3b). Dark Ae)el A
light AFellel= 2] wjek7|7k Z9F Microcystis aerug-
inosaz} Al $AFI L, weF 258 2 57} FA
s Zof 159l A Abdsledon Wk T8 A
A7HA] 12 £ = S ek (Fig. 3c).
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Fig. 5. The variation of algal N and SRP as a function of
incubation time of natural algal population under
the dark condition.

A NH= 2710 wls) wiek 9dA7k+] G4 F7t
stod 4,300 pg N/LS LFeRTh (Fig. 5a). =3 o] % 15
WA ApA oz gastel o 27 FE £E 3
Hg N/L= w3lsted 9bd 17hs] Aej vt NOs:= Wi o
9dA 7 A] = W3} glvbrb 1294 1,100 ug N/L A =
2 7 Frheided o SRl We AEHA
A3 YA F=E A3} (Fig. 5b). SRPE= light
24 WleF 27138 159744 A 10ug PIL S5
yebdl 3 249 Aol 32pg PILE B4 F7F8ksic vE
dark 27 A= wjek 9YA71A] light 247 £
E=F Holurl 1294 Hy ERE FHE wikdrt
A Z7}sked 650 ug P/ILE vFERA T} (Figs. 4c, 5¢).
N - Pojopis] WEe m7e) A4} Abdel %
8ko] Zlt}(Figs. 3-5). Light 7|4 F= Microcystis
aeruginosaZ} AFEat7] A1EgE FHE 9 7kA] NH,
2717} WA srer} SRPE NH.Eoh: by
=717} #el= 9o =3 NH,E= Microcystis aerug-
inosazl 719 Al 1246 A 2717} glsle
ool 27 FE 4Een adgd olde 2
Oscillatoria spp.2] A& 500 ug chl-a/L $&+Fo=2 =
7¥XZ F 29le] F 9t} (Fig. 4a). Dark 2712 light &
Ak Apolgt opabe] AT P2 Microcystis aer-
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Fig. 6. The variation of viscosity of the incubation sam-
ples under the a) light condition and b) dark con-
dition.

uginosa AbE3ted A Z247F ZRAaE wHE NH.2 F717)
UK NOs2| 7= NH, 527t |t 2§ o] 35
B =7}8}7] A)2H)ew (Aizaki and Takamura, 1991),
A = (33 1,300ug NIL) o] 2 o] F78HA] ekt
o} Whdel] SRP 5= F7h= NO7t Z718hs 4179} ]
Sos AZDE} 65% AE i A7]el sekeh
AFH o2 lightel| M= wieF 12L& A - F2 Micro-
cystis aeruginosael|#] Oscillatoria spp.2 WA HE
o] ol A3t F7F 7dvke] w2 o= ot darkel
A o] 3k Zgke] FElste] Microcystis®] 7% =47}
A3t & chl-a>particulate N (ammonification—nitri-
fication) > particulate P2] <oz Raj7} PP &
4= 219t} (Aizaki and Takamura, 1991).

3. Viscosity$} UVas,

wWeF Alms A7l whet wiokelFe] A o] F]
g zpol7} 9)giet. Light Alele] 72 0.12~1.36cP
o] s Hel Wl dark Aefel| A= 0~0.26cP H
912 vehd light Aejell Al o 5o ¥ =S X

ek w3 light 4e)s] A4 wiof 3LARE] wjepFe
ANAA AREA TR bk A%e nodov

dark A9 H$ols 27|19 FsAA] FEA7} 1)
g ez & W3E Bolx odskth(Fig. 6). UVasi®]
735 owistelatel A= wistepatat Ao dx|5

Mo}
1.0
el Light condition
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S 4f
2T
‘}D | | 1] ¥ ] 1 ] 1 L] L] 1]
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Fig. 7. The variation of UV (254) of the incubation sam-
ples under the a) light condition and b) dark con-
dition.

+ Ase dehhgish Light Aol 4 Aubdoz =
7V8bet 219ellA 249 Atolel| FA3B] ez ot dark
Aol e Aubdez Woe Aol melA ko
(Fig. 7). AAEAL adwty oz A or] A7E A3
sho] Sz WASE A9 A7) AAE o5 A
E2-2 Microcystis aeruginosa?] Z# = 213«
A3 AZ ool TR BABo| FaHYE Fako]
Az ol gstma AW AHEY F7hE AALE A
o2 Atgdoh w3 o]z A AR E HA xS Zr)e}
g7 olFvlE AT AAE] EalEE AAHE A
2w ol Hu et HA = L AlebAlvh. HA =] W=
Viscometer 2% A3} ®ul o}zl GF/C oA 2 E3}
oAM= ZHH ez o 4 QST WA sE A4 EE
o] A9l FAZ e B GFIC Jxz Azt
Adeln] ARe] AASEA wet dTsme] 2 %
& F30oh Light A9 74 wop7|zbe] 7 Az ds
2 GFIC oJ3}A] A 347} Z7)elgdn) o] Ao
Z7kste] A7} A W3] el S AR
A FEd 2 dele] A+

A

4. Microcystins ¥4

Microcystin-RR, -YR, -LR9| 3|48 &4 A3 27t
o] HF 345ES 70.3%, 81.4%, 74.2% =2 JEFET
(Table 2) Pallesen (1985)¢] A|et3t vl -& 243k 7]7]
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Table 2. Percent recovery and method detection limits of
the microcystins analysis.

microcystin— microcystin- microcystin- unit

RR YR LR
1st 67.1 84.9 72.0
2nd 73.5 77.9 76.6 %
mean 70.3 814 74.2
MDL 20.3 39.6 86.4 pa/L

MDL: Nethod Detection Limits

9] AZ3HA= microcystins-RR, -YR, -LR Z+7} 20.3,
39.6, 86.4pg/Lol k. WA R AS 5EAAE 53}
o microcystins-RR, -YR, -LR -}- 7+ 4.0, 7.8, 17.0 ng/L
77 A Fhssrae.

5. 441" microcystins®] #2¥ 3

225 W AAAH ZF Microcystis aeruginosa’} 95%
oJAto 7 ZAME o] A ES x}x|sl ¢l (Table 3,
4). Microcystis®] M| Z45= TZ0|A] A 5m7ER] A9
FAel BES ot 44 7m olael e Ae 2
S gk} sm7kA WpRel sl peAzel 7m
HE] 71 (AE Ao FHelez AztEICh A E]
Ux= 2352 AL 1.0~3.7%10%cells/ml Alo]l2 &

At o o)u] ZHZ% microcystin-RR, -YR, -LR2]
Zeke 224 1me} 3mel|A] 27t 0.049} 0.07 pg/L= 7
Hole 2 e AmdAr 2AEHAG. AHHe)
© ;=9 N ES7)} 1.4 X% 10%cells/imlo] g o™ 4=A) 4
2% o] 71&% microcystins®] &2 $£A 1~3m A}
ole A 0.14~0.17pg/lLe] T = W2 HEHYT 23
4 am olsilde del 4aHA gk 4
o} AAAE Hde=st $#A4H =F I microcystins
ez} _71:/\]-01]/\1%(Table 3, 4) FAAH =5 Micro-
cystis aeruginosaz} 95% ojAbo = -Asly gl Al
ZAUxE 1.0~3.7x10%cells/mlo| gt} Ao £25
microcystins = A Y wo] HAZ% ZFE microcystin-
LRz vheh} wjopAldel A 2AlE Askel QAskle
AW R Zo| A= microcystinsy} 424] 1~3m Alo]o]
4] 0.04~0.17pg/LE ZAEF e =3} A 4m o]
el e 24% U ol T A A& vieh 2

o walol Belsl 2813t HAQe] Gl Aoz wal
A B 5% Bow 53 1~3m 24 AT =
A7 ol FEah Aoz F4H 0,

6. Al ZW microcystins

Mol 5% microcystins®] - ul oFAtel o}

Table 3. Vertical distribution of algal standing crops and
the concentration of microcystins in water phase
in Jechon stream (4 Sep. '98).

Micro- Micro- Micro- Total Algal
Depth  cystin cystin  cystin  Micro-  standing
—RR -YR —-LR CyStinS crops
(M) (Hg/L) (cells/ml)
Surface - - - - 140,400
1 0.02 - 0.12 0.14
2 0.03 0.04 0.11 0.17
3 0.06 - - 0.06
4 — — — —
5 — — — —
7 — — — —
— : Not detected

Table 4. Vertical distribution of algal standing crops and
the concentration of microcystins in water phase
in Okjung Lake (12 Ock. '98).

Micro- Micro- Micro-

; : B Total Total
cystis  cystis  cystis : c
Depth aerug- ichthy- wesen- Stg[:)dlsng MICI’_O-
inosa oblabe bergii P cystin
(Ho/L)

M) (cells/ml)

Surface 198,786 166,320 8,904 374,010 -
1 106,506 47,275 - 153,781 0.04

2 210,804 4,444 - 215,248 -
3 239,400 19,080 - 258,480 0.07
4 107,750 922 - 108,672 -
5 276,910 - - 276,910 -
7 — — — — —
15 - - - - -
— : Not detected

o>

ENEIDEERED T SRR R
| astgon] wjFEr)oA WSFESANIAE 5
7F A9 9lx 7Izker o] FREH Light
Aele] 7% 6dAlol 45%2] Fx=r} ZAAE 14.4pglg
dry weightE B3 Z8 A= 73%9] 57} 74
He] 7.0pg/gE ERH ST} (Fig. 8a). Darke] 749~ 3~6
A Ae] 68%°] =7} 3FA% 85ug/g FEE KBl ¥
Z A A= 88%2 =7} 4%l 3.0uglge BT
Light Al Bo}= dark Abeflel|A] AHubd o2 micro-
cystins7} o] w2 A 7taAEw 7HAEHE =x9 T =
Z Aoz Yelyt(Fig. 9a). A S°]9)E= micro-
cystins®] 242> FRHEE 2 zolE vehiH 2
2] Microcystis aeruginosa ZA|¢j|A] microcystin-RR©]
59%¢l 15.8 ug/g, microcystin-LRo] 38%¢l 10.1 ug/g,
microcystin-YRe©] 0.03%¢] 0.7 ug/gE& 2}A|3h= Aoz

ol

e
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Table 5. The contents of microcystins in the lyophylized algal scums collected from Korean lakes in the period of 1996 to

1998.
o . Microcystins (Unit : pg/g D.W.)
Localities Sampling date References
Total -RR -YR -LR
Andong lake Aug 20, 96 411.0 178.0 63.0 170.0 7 5 (98)
Aug 11, 97 2360.0 1412.0 282.0 656.0 7 % (98)
Choongju lake Aug 12, 96 - - - - 7 % (98)
Aug 12, 97 946.0 511.0 156.0 279.0 7 & (98)
Daecheong lake Jan 96 0.76 0.76 - - 1} ('98)
Jan 96 0.34 0.18 0.11 0.05 v} ('98)
Hapchon lake Aug 17, 96 288.0 196.0 - 92.0 7 % (98)
Aug 11, 97 1689.0 1196.0 65.0 428.0 7 % ('98)
Hoedong lake Aug 29, 98 - - - - 7 5 ('98)
Sep 5.98 - - - - 7 5 (98)
Imha lake Aug 20, 96 - - - - 7] % ('98)
Aug 11, 97 1133.0 752.0 1140.0 267.0 7 % (98)
Jinyang lake Aug 16, 96 - - - - 7 % (98)
Aug 9,97 507.0 382.0 - 125.0 7 % (98)
Juam lake Aug 14, 96 - - - - 7] = ('98)
Aug 10, 97 395.0 273.0 30.0 92.0 7 & (98)
Okjong lake Aug 13, 96 - - - - 7] = ('98)
Aug 10, 97 2612.0 1617.0 155.0 839.0 7 & (98)
Paldang lake Aug 96 0.51 0.31 - 0.20 1} ('98)
Soyang lake Sep 5,96 - - - - 7] % ('98)
Sep 9,97 254.0 227.0 - 270 3 % (98)
Nakdong River Aug 8, 96 416.0 — — 416.0 A = ('98)
Sep 96 2.72 1.68 - 1.04 u} ('98)
Jun 14. 97 82.0 - - 82.0 A 5 (98)
Sep 21,98 51.1 33.0 - 18.1 A 5 ('98)
Jun 29, 98~Nov 7, 98 0~512.8 0~174.8 - 0~338.0 =37 AT (98)
Jun 29, 98~Nov 7, 98 0~2889 0~210.2 0~29 0~75.8 ZH3A AT (98)
Sonaktong River Apr 20, 98 32554 24442 — 811.2 A % ('98)
Jun 23,98 825.0 519.0 - 306.0 A % ('98)
Jun 29, 98~Nov 7, 98 8.2~1738.0 8.2-1378.0 0~18.5 0~333.7 ZHsH AT (98)
Kyounganchon Oct 23, 96 2142.0 876.0 180.0 428.0 7 & (98)
Oct 15, 98~Nov 12, 98 0.2~13.9 ME&Fx7]Ed T4 (199)
Oct 15, 98~Nov 12, 98 0.1~3.0 A& e7|Ed T4 (99)

%42 microcystin-RR>-LR>-YR 02 ZA}E Y=
o o] A= 1996~1999W Ate] 2] yele] F8 3
Ao Fx2F =AM AEY ARES A dA3
%Ath(Table 5, 6). =t wief FBAH el Al zel 742t
wo] ZA3l= A microcystin-RRZA] vpebgtovt
o]+ microcystin-RRe| A|3ze)] 7}AF o] Z)3}7] o
oz A

7. AW £23 microcystins

ZA| W el 2235 microcystinse] ¢F-2 light$} dark A
gl A F2lgE 2ol & Bt Light el A 270l

EA ke Holgrl wiok 6QRE] TEAHA A4
) e 2712 Hed 0.75ug/Le] =2 2l uhd

dark®] 7% 3~69 Aloel] Fwr} Z7lste] %
=4l 0.19pug/LE BYow oF A% Fishs A
Hod o FeAFE 0.02pg/L 3 =2 JEPgT} (Figs.
10a, 11a). =Alo|A ZZ% microcystins= A Zo] Eof
AE AN g Ase dEb sl Light AeEqel
A]E= microcystin-YR#Z} -LReo] F= 71Z&F ¢t} Mic-
rocystin-LR2] 7¢ 129 o|&F 2x7} Z7}3+e Wy
microcystin-YR2] 79 1244 A7 =& =52 Ho
o7t At 5§ 18gARE Wik FEAIHZA FE3
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Table 6. The contents of microcystins in the surface water collected from Korean lakes in the period of 1996 to 1999.

Microcystins (Unit : g/l)

Localities Sampling date References
Total -RR -YR -LR
Andong lake Aug 20, 96 2.75 1.71 - 1.04 7 & (98)
Aug 11, 97 9.20 5.54 1.10 2.56 7 & (98)
Choongju lake Aug 12, 96 - - - - 7] % ('98)
Aug 12, 97 4.30 2.32 0.71 1.27 % & (98)
Hapchon lake Aug 17, 96 - - - - 7 5 ('98)
Aug 11, 97 15.36 10.87 0.59 3.89 7 5 ('98)
Imha lake Aug 20, 96 1.21 1.21 - 0.38 2 5 (98)
Aug 11, 97 6.30 4.18 0.63 1.49 7 & (98)
Jinyang lake Aug 16, 96 - - - - 7] % ('98)
Aug 9,97 6.36 4.80 - 1.57 7 & (98)
Juam lake Aug 14, 96 1.57 1.20 - 0.38 & (98)
Aug 10, 97 0.37 0.26 0.03 0.09 7 % ('98)
Okjong lake Aug 13, 96 1.17 0.64 - 0.53 7 & (98)
Aug 10, 97 21.55 13.34 1.28 6.93 7 & (98)
Paldang lake Aug 96 0.51 0.31 - 0.20 7 % (98)
Soyang lake Sep 5,96 - - - - 7] 5 (98)
Sep 9,97 0.35 - - 0.35 & (98)
Nakdong River Jun 29, 98~Nov 7, 98 - - - - =3 A7 (198)
Jun 29, 98~Nov 7,98 - - - - =P A7 (98)
Sonaktong River ~ Jun 29, 98~Nov 7, 98 0~3.3 - - 0~33 FH3A AT (98)
Kyounganchon Oct 15, 98~Nov 12, 98 0~0.057 ME&FE7]Ed T4 (198)
Table 7. The trend of physicochemical, biological and al- Table 8. The trend of physicochemical, biological and al-
gal toxicological factors at each incubation pha- gal toxicological factors at each incubation pha-
ses of natural algal populations under the light ses of natural algal populations under the dark
conditions. conditions.
Factors\Phase | 1 1l Factors\Phase | 1 11
(days) (0~9) (10~18) (19~24) (days) (0~9) (10~18) (19~24)
Physico-chemical Physico-chemical
Ammonium - VANA 4 - Ammonium A v -
Nitrate - - - Nitrate - A -
SRP - - A SRP - A A
Viscosity AN AN AN Viscosity - A v,.A
UV254 AN AN A UV254 - - AN
Biological Biological
Chlorophyll-a AW - A Chlorophyll-a VANA 4 v -
Algal cells VAR 4 v,A AN Algal cells VANA 4 v -
Microcystins Microcystins
Total (cells) \ 4 \ 4 v Total (cells) \ 4 v A 4
-RR v v v -RR v v v
-YR v v - -YR v - -
-LR v v v -LR v v -
Total (water) - AN AN Total (water) A v -
-RR - - N -RR - AW -
-YR - ALY A -YR VANA 4 - -
-LR - A - -LR A v v
A:increase, ¥: decrease, — : no change A:increase, ¥: decrease, — : no change
%7t Z7he BYo(Fig. 100). Dark AejeldE  F 6drlelE 018ugll S8 vehye] b ¥ %
microcystin-LRe] F2 AZH: ez et =5 ¥ F AAHez A7 Bl wet Fwrt
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FE3 FAEE oS B9lth(Fig. 11d). Microcystin-
RRe] 7L 12dAoqt P& =2 51_915_' microcystin
YR Z7]o|A 3Y Apelo] P} p=pES veRS]
o} (Fig. 11b,c). 4] WA &% m crocystms/] oo
lighte] 7% 62 o F Z7lele AFe ualch ola
A= A=t A §E% microcystinsghe] rigk
o] 0.892 o}F ¥ fol4E wy A} Ze Ha)

g¢ waleh ol light Aelel ) A= AEA 2o
P S
cystinse] FEE ol% HHEA] AF) wao g
&S] AR o PoltgozyE nzals] u
wol AREI} B SN Hhe) BEE ¥ A3
2 29l Hoz Werech 0|28 AT darkel o] 3
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Fig. 11. The variation of microcystin concentration of the
cell free water fraction under the dark condi-
tions. a) total microcystins and b) microcystin-
RR ¢) microcystin-YR d) microcystin-LR.

7o) Ashgrel weba Z7kaA) baleh ol WAER
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a7} whaA ARy drez s Al
Z1%% microcystins®] °F-2 vl Fdelo] wel 2 Aeo]=
B3 LightllME 2 647HA = & W3S Ho|A]
ko) Wi 62 o) F o} A% ks e
Aot =3 A =9} FAo £33 microcystinsAle] ol
r3te] 0.89% elllo] ®& fo4e nych Wl
dark Aol A= wjeF 3~6YU A}e] microcystins®]
=7 A NF 7 B v=E Bl § AE Aas)
E e B A== wickAlzte] A2l e}
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of walzl AAEAL EAlsh olF T U vAE
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A9 E 9 P o)slshee ot yrow

Ay olol] W3 F71 ATl Fedety AAEE of2F
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% o] Oscillatoria spp.2] QB Z7}lol] 33FS F¢}.

2. Microcystin-RR, -YR, -LR Z+7te] HF3|$gL
70.3%, 81.4%, 74.2%°)%) 32 Pallesen (1985)¢] A}t ®}

el w& 7]7] 7338 = microcystin-RR, -YR, -LR
Z+z} 20.3, 39.6, 86.4 ug/Lo| et AAA| 8] AL =
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43be) wel ZrAastel or light AelellA] Bul:= dark
Zdefell A e whE A FAE Bonh w3 A ZedlA
A2 $25%= microcystins®] ¢ A ZeA AZ
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