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Abstract

To find out the toxin production characteristics of Korean harmful cyanobacteria, we isolated 14 cyanobacterial strains from
Korean lakes and rivers and analyzed the kinds and cellular content of microcystins (MCYSTs) of cyanobacterial isolates
using cultured biomass. And we measured the MCYSTs production by growth phase of two representative toxic strains,
Microcystis aeruginosa (HG-015) and Anabaena planktonica (HG-012). Among seven cyanobacteral species, Microcystis
wesenbergii showed the highest cellular MCYSTs content. MCYST-RR was the most dominant toxin reaching more than 85%
of MCYSTs produced by isolated cyanbacterial strains. During the mass culture, Microcystis aeruginosa (HG-015) showed
the highest yield and accumulation of MCYSTs in the exponential growth phase. However the cellular content of chlorophyll
a and MCYSTs of Anabaena planktonica (HG-012) showed higher value in the stationary and early death phase than in the
exponential growth phase. Our results suggest that control and removal of harmful cyanobacterial bloom before exponential
growth phase may be effective to prevent health risk of cyanobacterial toxins in the drinking water sources.
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%, Microcystis spp, Anabaena spp, Oscillatoria spp, Apha-
nizomenon spp SNA AAEE AEH HEH2Q micro-
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S f3 F2F AIEE AFS
2o Hste] b2 AFAd=ER §7
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ol A capillary pipet>Z TAER A5t dd LAE
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BF3A 77, FFE 3F, U5 3F, T
14501 ©|F Microcystis 4°] 95, Anabaena 4°] 3
283 Aphanizomenon 43 Oscillatoria 4°] 247} 15:0]H}.,
2E /8l E2F 9x2F F dEFHQ MCYSTs A4t
o7 <EHRA Microcystis aerugisnosa (HG-015) 153
Anabaena planktonica (HG-012) 175 U4 SZ CB 94
izl 8 L7} & 12 L glass culture chamberoll A th@F wj
st th. Culture chamber Y75 AFufE Hton wHk
9 Z7F4ES A VIS S fElaH AERAAE
A fFEFEES AFPE FE v HAX ST
CB HAHHA] 200 mLol AWMigd dxFE 1St 249
12 L glass culture chamber 270l o] HESF F 25°C,

ZE 1000 ~3000 Lx, 124137t A Ao 2 vl gttt
BEZ715E Wd < 10 mLY wigAE AFst 750
nm, 664 nm FFANA FEEE FH3t SALHE I
Atk FFEZ 1" FAddd we o 2~49 H3F
©2 2709 chamberdllAdl ZZ 350 mL & AF5RoH
SAGAER APE7)e ol w7k 78] o4 AFEA T
W] GAEE AS5FT AJEE MCYSTs 2 SF22F g 24
I NEF AFE FPYGT

22, MU

221. 2228 3

OlAE gdom FzaY MAE FEIY FEIY F
FEE 663 nm, 645 nm, 630 nm, 750 nmelA =73}
2229 g EE AMdSE FRLETENTIHY §F

B B EAGATHBER, 2004).

2.2.2. MCYSTs &M

MCYSTs dZ< $1s) MCYST-LR, -RR, -YR, -LA ¥&
E(Alexis, USA)E 100% methanold]l £33 F Total
MCYSTs BEFAIRE Al Zxste] -20°Coll E#AsHA 3435t
o AH&sHA T

MCYSTs £4& =A HPLC/UVY, LC/MSH, GC/MSH
S o83 77124 ELISA, PCR, FISHE ©]&3t
EAAESHE wo] 9led ELISA 49 3% HPLCO
Hla] Z=7t wle HoluAw 548 7H MCYSTs9 #
o digk AE EAo] AP I(McDermott et al., 1995).
HPLC/UVH, HPLC/PDAY-Z &A1 79 oxte AE<H
& YFed AVt deE=R oEe 9HE Bed

LC/MS/MSE o] &3le] MCYSTs 48 APsdch A
9l &, 2009). MCYSTs2 A ZW F4o|BZ FE5& 93
ARE 257 7|2 AFstd AXE

£ st dv3
o2 AErt &40 o g HASAE BHS F, 3
H dgdes gA Rt FesATt H3Ah(Spoof et al.,
2003). ODS Sep-Pak Cis 7FEHAS 100% ™E-L 10 mL
o SFF 10 mLE 843 A7 F g4 8RS Jeds
EHAIA MCYSTsE ZHE A FHAIZATE 20% HES
10 mLE &9 7IEAY ELES AAT F 100% =&
& 10 mLE 7FEF A FFE MCYSTss &&A17]12L
1BZE AFgsle] 10 mL WMEES 25 S3A)7 2

2] 100% HWEE 1~2 mLE ¥o] MCYSTsS 3
F 045 mm A¥x ZHZ ELES AAE £ ZORBAX
Eclipse XDB-C18 (Agilent) ZHE& &3t VarianAe] 320
LCMSMSE  AM&ste] #4813 th(Ruangyuttikarn et al,
2004). °]57d 8MEE 0.1% formic acid$} acetonitrile S A}
g3tden olF4de #%2 08 mL/minZ 3Hch EZE
AR 35 BAH5t AEPYES FJISAUL MCYST-RR,
-YR, -LR, -LAY A/ A m/z)H= B AFoA AP
LCMS/MS ZAE Hlgez zAS A Jar7t 7H8 549
SHAl Ukel 520, 1045.5, 995.6, 908.52 dfe] EA5tlth
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7o v=d e g4 T ag2 @v)F AFsAo 27

TY oM e Ix FAEEH(FTEZFYE; FE3E, 1963),
Komiarek(1991)9] EFAAE met 5FHRL AFdde
Sedgwick-Rafter counting chamberE AHE-3lo] g Al4=31Th

1. FUHTH Rolil HZF AIR0HM 218 HHEF
W SAshef
2EYE BE EX2F FE MCYSTsE Aitses AL
XA ow T wet Biasid TF 2 AdEe
23t 2E B FoA MCYST-RRY AAato] dlgle
o 0]% 9FE= MCYST-YRE, 25 MCYST-LRS A4ts
AL MCYST-LAES BE EFAA HAEHA gtk 7
EF9 AEU MCYSTs &2 0.000008 ~0.009938
peMCYSTs/cell &) HIAE EIT £ AFdqMs 4 &
FE g geA g H2 AEFS AESH =
Z39 7] W&ol MCYSTse EF/ol weh Al Xy 3
< A5 BEREHAE Mol =0 mEA diFy A
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Table 1. Cellular content MCYSTs of Korean cyanobacterial strains

Strai Isolated Cellular content of MCYSTs
I\jzm Species lake pgMCYST pgMCYST pgMCYST pgMCYST Total pg
' (date) -RR/cell -YR/cell -LR/cell -LA/cell MCYSTs/cell
HG003 Oscillatoria Juam 0.000050 N.D N.D N.D 0.0001
agardhii
Microcystis Paldang
>
HG007 ichthyoblabe (2008.7.7) 0.000008 N.D 0.000032 N.D 0.0001
HGO0S Microcystis Paldang 0.000789 N.D 0.000199 N.D 0.0010
ichthyoblabe (2008.7.7) ' ' ’ ' ’
Microcystis Paldang
HG009 . 0.000015 0.000003 0.000027 N.D 0.0001>
aeruginosa (2008.7.7)
Anabaena Paldang
HGO1 . 4 N.D . N.D .001
G010 plankionica (2008.7.7) 0.000647 0.000358 0.0010
Anabaena Paldang
HGO11 .000182 N.D D N.D .0002
G0 planktonica (2008.7.7) 0.00018 N 0.000
Anabaena Paldang
HGO012 planktonica (2008.7.7) 0.001031 N.D 0.000522 N.D 0.0016
Microcystis Uiam
HGO013 viridis (2008.7.15) 0.000018 N.D 0.000027 N.D 0.0001>
HGO14 Microcystis Uiam 0.000157 N.D 0.000133 N.D 0.0003
aeruginosa (2008.7.15) ' ' ’ ' ’
Microcystis Uiam
HGO15 geruginosa (2008.7.15) 0.000142 N.D 0.000060 N.D 0.0002
HGO18 Microcystis Chungju 0.024195 N.D 0.003219 N.D 0.0274
wesenbergii (2008.9.12) ' ' ' ' ’
HGO19 Microcystis Chungju 0.000392 N.D N.D N.D 0.0004
wesenbergii (2008.9.12) ' ' ' ' '
Microcystis Chungju
HGO02 .0032 R .D N.D .
G020 wesenbergii (2008.9.12) 0.003263 0.000030 N 0.0033
HGo21 | Aphanizomenon Paldang 0.000025 N.D N.D N.D 0.0001>
flos-aquae (2008.10.21) ' ' ' ' '
"ND : not detected
eFdA S22 FEIUE B B2 F79 MCYSTs7h 9ZF 58 AX 3 MCYSTs &% Zole 24 FH AX
AEE 78S A(Table D). 2719 AololA] 71Qlehe Aoz ARSONAEH, Anabaena

U FANA B i FFY AxY=
Aol F#glo] TEZ v|us] £ A3, Mlcrocystls wesenbergii

7} 0.010367 pgMCYSTs/cell 2 7+

Fe 25

=2 A EY MCYSTs 3

ZFS UeMN AL Anabaena planktonica 9+ Microcystis ichth-
yoblabe, Microcystis aeruginos 7} Z+Z+ 0.000913, 0.000514,
0.000179 pgMCYSTs/cell

Aphanizomenon flos-aquae

Oscillatoria agardhir I

Anabaena planktonica

Microcystis wesenbergii

Microcystis aeruginosa I
Microcystis viridis |

Microcystis ichthyoblabe -

o2 A JeEthFig. 1)

planktonica 9 7
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T AEAVF FAE BF8tL MCYSTs
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MCYST 74
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g gEFolAE
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MCYST-RR 89.3%, MCYST-LR 10.6%,

20 =
== T

mTotal pgMCYs/cell

0.000

0.002

0.004

0.006 0.008 0.010

Fig. 1. Comparison of cellular MCYSTs content depending on species.
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MCYST-YR 0.1%% ueht MCYST-RRE Aibgo] 7Hg 2 2000
Be Aoz gl Tl o o, @
S8 001 _a Microcysis cdls
Eu; 4000 4
32, CHEHHQIA|Z SAICHHE SaMAlE 23 20 ]
3.2.1. Microcystis 22|15 UE o
oG5 E2E Microcystis aeruginosa (HG-015)2 9 g s0
AMANA %k TUE BHHL AT FRHE B 54 E ®
S YeERI T HG-0155 AFA oA o Fhul FshHA £
SHAHAE F=7], UF SV, A7, ArE7IE A T+ h 1o
£t S 27FE AMEZIHAY NESF, S22 0 F =0
%, MCYST A4+, AE3 MCYST &%, Alx3 2229 = onis | (c;
« $FL 2AR ARE Fig 20] e QUokFig. 2). 2 oo
AEFE A% F o 5979 $272 AR F o 179 g §§§
T A&EH oz AEFTF SVkskeE deSA7IE AR EA £ o002
7 ol vz AESst 3248 gass AEslE ekl s =
AthFig. 2(a). 222Y ¢ EE A9 A HeL B o0 @
Fov A A xS o]27] Q1 dg F47] 2714 F 3 030
T EEE B9 & Zastdou(Fig 2a) ARHOR A z o
T 2229 ¢ FFS AL 24 A5 47 = 015
o 343 Fkskel UF 247 709 A B FuL R i
Bglon g4 247 SrRE Adslds ATy 222 S8 sspscecssszszzzs8s s
L a FFo Al F2dE AL & 5 AATKFi 2(d) ; Dee
Ziegmann et al, 2010). WFA=e] MCYSTs HE= Hd) Fig. 2. I;gl\]{)g?sl Zﬁgat‘jﬁ& rthc;ll de(t)l;itj}‘l/,l . conce?tration o.f
— a lcrocysiis aerugi-
?i%ﬂ;qj‘(:;;? 01]:1]-:%; Elfi i -+ 751%01] A E—}':QLZ'} nosa (HG-015) culturi );luid and cellula); content gof
=5 W s TEE FHSIATHFig. 2(b). A EW MCYSTs and chlorophyll a.
MCYSTs &&F2 =758 g7 27]d+= s @
2 Az §Fe BIoy g 27 279 3495 @ mLe] wjgFdo) A & wjdety ZARIE AEU 54
ol Frtste AEF7E HRPE B A7) A2 o (Table Dol HlslAE A Velgtod &% gioz 3
T FHYE e ApE7lol e o] g3t 2719 Ae W AEHA EYE MCYST-YR, LAR F712 &<l
AR S UER S Th(Fig. 2(c)). Hol 4 Altes s HdAe dFeRE wlgsto
ol AB}=E & W] Microcystis aeruginosa & S21@A ol gRlgte Aol E&8HA ALRE ARHAT
Ae FdS4E veile s 32471 2719 MCYSTs9 MCYST £RE2 SAGAE AxY $Fe 492 49,
AZY B FHo] 7bg Bol] dojum FAx7|U A MCYST-RR, -LR, -YR, -LA7} 25 A&HJeY 1 4%
Gl s AXY 549 gFo] wje U2 Aoz dAGH A7 MCYST SF/°l wet @3tk 27190 &F 3¢ o] %
tHZiegmann et al., 2010). ¥ QTN o A ZUY 2B MCYST-RR, -LR¥} MCYST-YRe] g2 A&
microcystin AN FL AAZFANAN LAE  Microcystis I 547190 SEAFE MCYST-LAZF A& AT 4

%9 Axy IFF vz o FHFEG < 10w U2
FFoZ ZAHAL(FEHEHATY, 2009), HG-0155 300

21¢ JeEbd 694 o] MCYST-RR, -LR, -YR, -LA 2% 7}
22 e e AR o3 AbEy] 27190 79AIRFH

o ofy

Table 2. Cellular content of MCYSTs of Microcystis aeruginosa (HG-015) culture fluid by growth stages

Cellular content of MCYSTs
Stages Sampling date peMCYST- pgMCYST- pgMCYST- pgMCYST- Total pg
RR/cell YR/cell LR/cell LA/cell MCYSTs/cell

1 2008-09-29 N.D N.D N.D N.D N.D
2 2008-10-02 0.0000154 N.D 0.0000043 N.D 0.0000197
3 2008-10-06 0.0000864 0.0000005 0.0000120 N.D 0.0000989
4 2008-10-08 0.0001688 0.0000022 0.0000255 N.D 0.0001965
5 2008-10-13 0.0003644 0.0000038 0.0000669 0.0000059 0.0004410
6 2008-10-15 0.0008874 0.0000130 0.0004728 0.0000248 0.0013981
7 2008-10-20 0.0003571 0.0000012 0.0000437 0.0000092 0.0004111
8 2008-10-22 N.D N.D N.D N.D N.D
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FAA MCYSTs &2 52435 #AstthTable 2).
A g AEHE MCYSTY E/7F o & ol
= Microcystis aeruginosa (HG-015)7F MCYST &<l o
2 AdsteE Al717F 2] diEe obd ASE #uE
MCYSTY el wet Aibze] @2 A< gAY A=
HA g7 e dgdAnt £ A AR E &afﬂ'cﬂ
B Microcystis aeruginosa (HG-015)& S2TA
S84 g2 Jd ST Mg g2 =
st FA 2714 AbEYd s S48 0] 3A s
/‘cﬂ"]'o} 549 FRY STHE Qe FADAER
7}

gle Ae € 7 At

3.2.2. Anabaena =2|F

2FoolX B E Anabaena planktonica (HG-012)=
FFRGF AA AN FHE A A L%
A AMEVIR 2eE =dde H2lt HG0128 Ad4d =
AolA g FsteA FAGAE F=7], dF F271,
BA7, AHE71R A FESA FAHZIFE AR 9
MESF 22 g 55, MCYST A2 AX g MCYST
3, Hm g 222 ¢ FFES A 2AFHE Fig 390
e 2 th(Fig. 3).

FHAGAE F=71, dF 471, BA7, *}Eﬂéﬂi A

TRt BH WA AxFe JF —?— ok 67t =&
AR T F7ret7] A&k oF 23971A X]é?‘x—iii Axs

7b S7keke W SA7IE AA AWAETFE UEi

E

12

g

—o— Chl.a @

—a— Ambaenacells

6000

Microcystins (pglL)
o
=

000025
000020 ©
000015
000010 |
000005

peMCYSTstcell

@

pg Chlalcell

=
o b 5] w o w g

Fig. 3. Temporal variation of cell density, concentration of
MCYSTs and chlorophyll a of Anabaena planktonica
(HG-012) culture fluid and cellular content of
MCYSTs and chlorophyll a.
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L o)lF MESFTF F4E wHESHAA A A5 Hdiste AME
YEeR 12U Microcystis aeruginosa (HG-015)9+= &

] T A EF7E 3A FastA = FATHFig. 3(a)).
e AESGE 28 64971y fE7] 9
2 st e A Es7t
B ot M2 £&22 JFrtete 3
| ok7F ZHAEITHFig. 3(a)).
O]oﬂ H}"/} A Z LH 222 o FFE AW HE =
Al YeblKFig. 3(d)) Microcystis aeruginosa (HG-015) 2+
OE FFs BioeH I9xF & w AR OE A5
45 7 A2 YEETh

kel Fo] MCYSTs &XX Microcystis aeruginosa
(HG-015)%H= o2 S B9 AE5e] Wi b=
A HAFSA77E obd AbE7] 7 & 5EE R
(Fig. 3(b)) °lol wat A XU MCYSTs &
g 347 27de de 42 AxW 9
i 471 2rld 48] dFo] FUtstd FERB a5
=7 A E Bl A7IQ1 AFEY] 2714 AEY =4 o
= HRE HeRAJAL o] Fo thA] FHsHA thFig. 3(c)). ©]
A AH/Z E o Anabaena planktonica (HG-012)+ W5 &
217] Btk FA7¢ AFEY] 2704 AEW S22 0%
429 A FFo] 7 Bo] dojues AL dddT

Anabaena planktonica (HG-012)¢] tiZFal 23 MCYST-
YRS A MCYST-RR, LR, LA Al EF< MCYSTY
A 2ko] R NS Microcystis aeruginosa (HG-015)}F =}
AR AAZY Aol2 QI HEH A7l 4 DA
w2t 9t wgs AEE oF 99 HQ 49ARH
MCYST-RR, LR7} 22 7#ZHo] MCYSTs AASERE
243 FohAth MCYST-LAE AFE7IQ 8GAIFEH AE
= 1 tH(Table 3).

Anabaena planktonica (HG-012)9] FAGAE =
ZAEHRE Fete] EH gAY o 544
2O U Microcystis aeruginosa (HG-015)+ 23 54
e FaA4Fgo]l ule AJL FA7g AbE7] Z27]
AZH 2223 o9 49 AR FHo] /M gl 4
ojgtor, Aitete 49 TH FFE AMHES 4
TAEE A9 Ael7t fle 34\3 &+ AU

7Hg dEZHQ] MCYSTs A4t F2/1 Microcystis 43
Anabaena &5 I FACNA R st o Fej FstEA
SHAGAE S2AM58E A 2, F2RF S ot

=

AC)
oiN m[ﬂl
1>
)
N
2,

244 4ol BEA Yehdeh ¥ & BF 342700
£ oUs FA7RE B2 gugel BT 53 Ane
baena %9 S A Hagdel Mg Be Aom
2AH A5QNN §5 FEFY F42 AT Bol=
FAFU DRt 342700 Aojss Aol kg
S, SAGNA U HAF 85 dEFY 2@ w4
o1 Alzkol Aske] WARAY FATgo] Yt

$ 28 THY AF5Ael FomE £A YA A
53 AAGE Aol Basn £ A HAtE A
e Agdor & Aoz dud,
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Table 3. Cellular content of MCYSTs of Anabaena planktonica (HG-012) culture fluid by growth stages

. Cellular content of MCYSTs
Stages | Sampling date
pgMCYST-RR/cell pgMCYST-YR/cell pgMCYST-LR/cell pgMCYST-LA/cell |Total pg MCYSTs/cell
1 2008-11-10 N.D N.D N.D N.D N.D
2 2008-11-12 N.D N.D N.D N.D N.D
3 2008-11-17 N.D N.D N.D N.D N.D
4 2008-11-19 0.0000079 N.D N.D N.D 0.00000786
5 2008-11-24 0.0000269 N.D 0.0000103 N.D 0.00003717
6 2008-11-27 0.0000271 N.D N.D N.D 0.00002711
7 2008-12-01 0.0000903 N.D 0.0000335 N.D 0.0001238
8 2008-12-03 0.0000478 N.D N.D 0.0000216 0.0000694
9 2008-12-08 0.0001360 N.D 0.0000649 0.0000154 0.0002163
10 2008-12-15 0.0000443 N.D N.D 0.0000231 0.0000674
4 2 E EHuEH

B ATgAE FY =
=42 w37 94 %141 Tow 1S 3
2, wgstd 54 AASS ARG, IF Micro-

cystis aeruginosa ¢+ Anabaena plaktonica ¥3F5 W42

2 qF ugstd AgAEE 222d 3 54038
ZAbste] e 22 AR S AUtk
D = FACAM 22 Gx2F Ty Sa%ds &
TEE ZARE 23 Microcystis wesenbergu 7t Mg =
A F MCYSTsFS YeRla sl s5o4]
ZF)AE MCYST-RROl ¢F 80%9 Hl&=

Vg gl Bkt

2) NS B GERF S8 FHUAY S240FL
24 A3 F & B SAWAC g Sa4ugol
ggtom gasts S 2

[€)

SAGAEZ A zpol7t Gl YL Microcystis aeruginosa
(HG-015)= AW 34714 718 g2 425 Yisin
ZA %79} AFE7)ol = EAMAF] TA BAFEoY
Anabaena planktonica (HG-012)& Microcystis aeruginosa
(HG-015)= 2] S4 2719 di S47ld= 542484
Zo| mj$ AYL BRI AFEY] 274 AXY F=2
2 osf 520l Y54 240l Y ol Yobsie
AT A3 FEFY B2NF] GEF &% A
SAlel we tEA Gehts ‘

Hep FedAA §5 ¢ J
AE st S4E AP
A @ Aolstodof sk w459
AoA7lE A& Al 27 FH F
7l gl 2o Ao=2 Algdth
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F5(1968). il @ty g, A 9 # 2
ol v & BAL

B F(2004). o HFFFHAIH .

Chorus, 1. and Bartram, J. (1999). Toxic Cyanobacteria In
Water, Spon Press.

Dai, M., Xie, P., Liang, G., Chen, J., and Lei, H. (2008).
Simultaneous determination of MCYST-LR and its gluta-

RAKGERAH, oF 7t

thione conjugate in fish tissues by liquid chromatography-
tandem mass spectrometry. Journal of Chromatography B,
862(1-2), pp. 43-50.

Gupta, N., Pant, S. C., Vijayaraghavan, R., and Lakshmana, P.
V. (2003). Comparative toxicity evaluation of cyanobacterial
cyclic peptide toxin MCYST wvariants (LR, RR, YR) in
mice. Toxicology, 188(2-3), pp. 285-296.

Jayaraj, R. and Lakshmana Rao, P. V. (2006). Protein phospho-
rylation profile and adduct formation in liver and kidney of
MCYST-LR-treated mice. Toxicon, 48(3), pp. 272-277.

Jarvenpdd, S., Lundberg-Niinistd, C., Spoof, L., Sjovall, O.,
Tyystjéarvi, E., and Meriluoto, J. (2007). Effects of MCYSTs
on broccoli and mustard, and analysis of accumulated toxin
by liquid chromatography mass spectrometry. Toxicon, 49(6),
pp. 865-874.

Komarek, J. (1991). A review of water-bloom forming Micro-
cystis species with regard to populations from Japan.
Archiv Hydrobiologie, 92(64), pp. 115-127.

McDermott, C. M., Feola, R., and Plude, J. (1995). Detection of
cyanobacterial toxins (Microcystins) in waters of northeasten
Wisconsin by a new immunoassay technique. Toxicon,
33(11), pp. 1433-1442.

Ruangyuttikarn, W., Miksik, I., Pekkoh, J., Peerapornpisal, Y.,
and Deyl., P. (2004). Reversed-phase liquid chromato-
graphic-mass spectrometric determination of MCYST-LR in
cyanobacteria blooms under alkaline conditions. Journal of

Journal of Korean Society on Water Quality, Vol. 26, No. 5, 2010



840 sl - dsiy - Aus - 2¥s
Chromatography B, 800(1-2), pp. 315-319. factors on toxicity of a cyanobacterium under culture con-
Spoof, L., Vesterkvist, P., Lindholm, T., and Meriluoto, J. dition. Applied Environmental Microbiology, 49, pp. 1342-
(2003). Screening for cyanobacterial hepatotoxins, MCYSTs 1344.
and nodularin in environmental water samples by reversed- Ziegmann, M., Abert, M., Miiller, M., and Frimmel, F. M.
phase liquid chromatography - electrospray ionisation mass (2010). Use of fluorescence fingerprints for the estimation
spectrometry. Journal of Chromatography A, 1020(1), pp. of bloom formation and toxin production of Microcystis
105-119. aeruginosa. Water Research, 44(1), pp. 195-204.

Watanabe, M. and Oishi, S. (1985). Effect of environmental

AL SREHASEA| M2 M55, 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


