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Abstract

Algae bloom occurred in reservoir in summer can cause taste and odor in water and disturb the flocculation and sedimentation
processes in water treatment plant and cause sand filter plugging. It was also reported that microcystins, anatoxin and saxitoxin
released from cyanobacteria had acute toxic effects on liver and nervous system. For these reasons, many advanced countries
inclusive of WHO set the guideline for these toxins and cyanotoxins have been managed with regular monitoring in Korea as
well. However, complex sample preparation steps such as a solid phase extraction (SPE) and derivatization are required with
an existing analysis method with HPLC. We needed to improve an analysis method for low extraction efficiency and long
sample preparation time. In this study, we have established a new LC/M S/M'S method which can simultaneously determine 6
cyanotoxins (Microcystins-LR, Microcystins-RR, Microcystins-Y R, Anatoxin-a, Saxitoxin, Neosaxitoxin) with only simple
filtration step. When 75 pL filterated sample was injected onto the LC-MS/MS, the recovery ranged from 86% to 112% and
the MDL was 0.025~0.581 ng/L. We can make the MDL be lower than the guideline (1~3 ng/L) of advanced countries with

simple preparation.
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ZH(Algae)= si4 ZAE kA 9IFEFA 2L,
Q 59 Hrol FF HYHE TIL3t MM A5
2(25~30°C)°] A2 F% F=2 T, FFLdFF
EAL B9 959 pH dsish AE, BHE f, %t 94
£ $2T 5 A3, 2R ATYY 718 JroE A8 3
FAE 4 F 3 - AX B, d4B%A AN 59 EA
& gdozlng. 53 9xFY dF =dENA g 2
A g WAste] $Hel FBANEE P L XA S

319 (Water Bloom)2
Oscillitoria 59 YZ&FE geosmin, 2-MIB, B-cyclocitrial
5 AAYAIEZL S $507 wWEste & - FFo] 59 B
A gt - HAE L F L, "ol ZZA|2E] &(Micro-
cystis; Henriksen and Olli, 1996), o}yl (Anabaena), &
A8 E2) oK Oscillatoria; Sivone, 1996) 52 I+ S4E2<

opo] A A" (Microcystin)e A 5HaL, ofubu] L(Anabaena),

o}zl 2| ==(Aphazinomenon; Repavich et al., 1990)= Al
3 SHEAQ oluE2l(Anatoxing AHE 5., 1999) 2 4t
Al E-Al(Saxitoxin; Toxic Cyanobacteria in Water, 1999) &
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A 19 23 ol 2-acetyl-9-azabicyclo(4-2-1)non-2-ene
2 74" 2= LDx ((letha dose resulting in 50 per
cent deaths)©] 200~250 uglkg AEZ Blnd FAo] 2
E4o|t}h saxitoxin A3 Al xTe] UEE 2 A&

= Q) 47
dge M 5 Qe BAR FA Qom, 4G B of
U el iE 9% 2FelA A5 AFHTHE 2
7 Q9Th BEF EF G BAo] AP F2E
2 9 252 AF 048 Tale 20 s e

Wi

28 Vg olFAR 2FH ZSAEA

= e Fa7E2
obf midEo] A gdoH, B, g2, A= °
WHOeI A mlo] 22 A" 1 pug/llS , ohd5A1S] B 3 ug

LE 87122 R332 Yom, 459 FS kg7t
A S - 98 FAsFe] whase] A e geoldh
2] ety

Aoz atd7] FAE 54 Sl A& -

Table 1. Chracteristics of cyanobacteria
Characteristics

- Very small sphere, forming a dense colony
on the surface of agar

- M. aeruginosa or M. viridis produces
microcystins which have toxicity for anamal

- Cause of acute toxicity(e.g. liver bleeding
and liver failure)

- Forms single or bundle colonies of straight
line, semicircle, spiral shape

- Produce taste causing material like 2-MIB
in fungi

- Exponential growth can cause incomplete
coagulation and sand filter clogging

- Produce neurotoxin like anatoxin

- Planktons of sea red tide produce paralytic
shellfish toxin (Saxitoxin as neurotoxin)

Cyanobacteria

Microcystis.sp

Anabaeana.sp

Aphanizomenon.sp

Table 2. General features of the cycanotoxins
(ref : WHO, 1999)

Primary target organ
in mammals

Toxin group Cyanobacterial genera

Cyclic peptides

Microsystis, Anabaena,
Planktithrix (Oscillatoria),

Micr ins |Liver 1
icrocystins |Live Nostoc, Hapalosiphon,

Anabaenopsis
Alkaloids
Anabaena,
Anatoxin-a |Nerve synapse Planktithrix (Oscillatoria),

Aphanizomenon
Anabaena

Anabaena, Aphanizomenon,
Lyngbya, Cylindrospermopsis

Anatoxin-a(s) |Nerve synapse

Saxitoxins |Nerve axons
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Ho=g #IE o
2005)

A 7R wlo]AZA|2E 2 AYFEH(SPE)S ©]&5H]
2 9 3% 5 AF I 2rtEIY Z/UVESE7](HPLC/IUVD)
(Sangolkar et a., 2006)E ©]&3te] BAES AAlStL Y&
o, ol 51T} APAIEAI S B AFFEHS o3t Al
)}
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AZEHM, 27 SLEZER
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AR E o] &5+ (Electrospray lonization, ESl) 2 -&3F
AAZnEIR =D FEA7)(LC-MSMSE o8& 7
HFe agE BAo] st wet 2RF4E2Y
A H&st= AHEIZE A& oAUl 9loeH(Chen et 4.,
2009; Mekebri et a., 2009; Messineo et a., 2009; Xie
and Park, 2007). ol £ dFAME FAUY 2/FFLE
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HEe ZF S2E2F(volmRAlA" 3F(Microcystin-LR,
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2. Atk

Microcystin-LR, Microcystin-RR, Microcystin-
YR WakoAK(Japan), Anatoxin-a> A.G Scientific, Saxi-
toxin, Neosaxitoxing SigmarHUSA)IA T8t AL&3}
At ol EEEZ U setTE, BAE S ¥ 3
B Table 3o cokstith. AAe = 7171844 AHEH
£ SMEYEZ F9 &= JT BakerAtd 37 543&
AHEEl o, ZF/7E ELGA-RO system& 533t 33 &
FE AFRSIR A, 7]EF o] 54l AL&E Ammonium acetate

59 £48 A% 57 ol¥e $F2 Assan

[€)

2.2. E_f,_s_go M=z al 7—|EI:_T.L|AJ AHAM

| < [aoc=- o
ZHFELEZ EF EFIAE Aol FPF FEZFLS
&5 °]&3t9 Microcystin 100 wg/mL, SFTE ©| &3t

Anatoxin 10 pg/mL, Saxitoxin, Neosaxitoxine 1 ug/mL
ZA & Z+7ZF -20°C, -70°C(Saxitoxin, Neosaxitoxin)
ZAL YF el BHste] A&t AdEad A&
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Table 3. Chemica formula and molecular weight of target

compounds
Compound Name Chemical Molecular
P (CAS No) formula weight

Microcystin_LR
(101043-37-2)
Microcystin_RR

CagH7aN10012 995.1

Microcystin (111755-37-4) C9H75N 13012 1038.2
Microcystin_YR
(101064-48-6) CeoH72N10013 1045.1
; Anatoxin a
Anatoxin (64285-06-9) C1H1sNO 165.0
Saxitoxin
. (35523-89-8) CoHuN704 299.2
Saxitoxin Neosaxitoxin
(64296-20-4) CioHiN7Os 315.2

EFEA2 BN +xo $EE Microcystin-LR(0.5~100 g
/L), Microcystin-RR, Neosaxitoxin, Anatoxin(0.05~20 wg/L),
Microcystin-YR, Saxitoxin(1~400 rg/L)Y] 99tAe] BF&
Ag zAG AgAAT EXEAY FFS HFY =

9 WA ol wel REEHel el FBAAT

23. A2 MAE[(ME g

2 AT AgdE AEe 29d 9F5E AMgsgoH,
v 37T AFE AL g A = 5
A WeE FHAgsr] §8] -20°C °l5tY 24 ¥
AT F5 FUF EA4 7t

&, A, 5

ES L % 52 59 W4T 5
e AR FAL Azsen, BHRES Fol7] Ad 4

Table 4. Summary of LC-MS/MS analytica conditions used

g% ZeF Puel FElQl Millipore MILLEX GP(0.22
m)$t FEAFZEA GHFO0.7 m)S o)&ste] o3} F o
171 FYstdh A& AAGA FF5o] &a=o] AU
Ante] AES YA
& A, 7

= 2489
=
WYFEFAE olgHd F3 F
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Aol e AFEAY F MRM 7HE A8
‘é‘_ H

24, 717|12M

BN 2 A3 ZelETY I E Agilent Technology At
(Santa ClarA, CA, USA)2] HP-1200(SL) series liquid chro-
matogrphy ¢t 2 FEAFZX+= Applied BiosystemAK(Foster
City, CA, USA)<] API4000(Triple-quadrupole mass spec-
trometer) & AFgste] A EA S EASHT HEEL =
3 B2YE 98ty A& ZH2 PhenomenexAtS] Luna
Cig(21 mmx 150 mm, 5 um)o]YoH, o]5/4d2 ol EL
EYF 2 mM FEYLAHEN1% Mrst FEFE
Agstdth A ZFEMZH] o] 235t W2 ESI(Electro Spray
lonization) Positive ModeZ o] &3l9 EX439oH, AA
3 LC-MSMS EA 272 Table 49 2o ¥4 B4 x4
o] g3 ZFEALER 6%9 Mass Chromatograme &<l
27 AEYIE BF 578 Alold BT AEFHIC
AA ZZAEIJ(TIC) T &+ E29 FJIE & F 3
=(Extract lon) ¥4 A3 of# Fig. 3% Zth

H oo o

Description HPLC condition Description MS/MS analysis condition
Instrument HP 1200SL Instrument API 4000
Column Phenomenex Luna Cig Source temp 500°C
Mobile phase A: Acetonitrile Curtain gas 25
B: 2 mM Ammoniumacetate/ 0.1% Formic water GS1 60
Gradient program 5 min, A : B = 0:100(Equi) GS2 50
0.1 min, A : B = 50:50 IS 5500 Voltage
3 min, A B =17525 CAD 6
7.5 min, A B =7525 EP 10
Run time 7.5 min

(&) Microcystis aeruginosa
Fig. 1. Picture of cyanobacteria (Hwang et a., 2005).

(b) Anabaena macrospora

(c) Aphazinomenon flos aqua
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Fig. 2. Chemica structure of cyanotoxins.
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Fig. 3. TIC & MRM Chromatograms of Cyanotoxins. (&) Microcystin-LR, (b) Microcystin-RR, () Microcystin-YR,
(d) Anatoxin-a, (€) Neosaxitoxin, (f) Saxitoxin
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25. LC-MS/MS EMz=AH =M 35}

NAEFEES Triple Quadrupole MSS MRM(Multiple
Reaction Monitoring) 71'H-& Z&3lo] X439 oH, ES =
A5t QAR HZ(Syringe Pump)ell Microcystin 10 pg/L H<)
o EFde ol&sta] HH 7ol 2(precursor ion)¥ 3
A o] &(product ion)& AF 5Tt Microcystin-RRS A &5}
1= BF single chargeE WE [M+H]" 81E W™ Micro-
cystin-RR< double charged] [M+2H]*? 7 7-0]-&(Precursor
ion)& 7FXA F&6l Microcystin LR, m/z=995.6 [M+H]" ;
Microcystin RR, m/z=520.0 [M+2H]*" ; Microcystin YR, m/z=
1045.6 [M+H]" ; Anatoxin a, m/z=166.1 [M+H]" ; Saxitoxin,
m/z=300.2 [M+H]" ; Neosaxitoxin, m/z=316.4 [M+H]"¢} 2
ot AEE Aol 22 Fragmentation Spectra & 2+ E2 9

1351
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135.0

454
40e44 (C)
3544
304
254

Z0e4 4
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15044
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50000 4
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(c) Microcystin-RR
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Fig. 4. Product ion scan of each compounds

DP(Declust potential), FP(Formation potentia), CE(Collision
energy) 9 AMUA k& £Fsk] HBE 49 Aol
(product ion, daughter ion) @ oA ZEd thdt AL
Fig. 4 9 Table 5¢ YehAth AF A "8 Fo]2(Quantita
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E48 A7 Phenomenex Luna Cig(2.0 mm x 150 mm, 5.0
m)S ARSI o H, o] 542 Acetonitrile®} 10 mM Ammo-
niumacetate/0.1% Formic waterg AF&3t¥oH, 2/ S4&
E49 HFAQ 2YE sk 587 10mM Ammonium-
acetate/0.1% Formic waterS ©]-&3te] g3t A2l & 758
Zb o1 84& Gradient 275t 27 EsAch 2R
&3 A8 o] 5= ESIS AHESHY] positive modeZ £

18¢6 8O0
1646 4 (b)
1.4e8 4
1.2¢6 4
w
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©  1.0e0 4
= 1031
2 8065
2
£ e0esy02
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2.0e8 4 Saad
g0 722 10233941 1
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(f) Neosaxitoxin
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Table 5. MRM parameters for analysis cyanotoxins

Compound name Precursor — Product (m/2) — Declust potential | Collision energy
(m/z) Quantitaion ion Confirm ion

Microcystin-LR 995.6 135.1 96.2 146 89
Microcystin-RR 520.0[M+2H]2+ 135.0 103.1 86 45
Microcystin-YR 1045.6 135.1 127.2 146 95
Anatoxin-a 166.1 149 131 61 19
Saxitoxin 300.2 86.3 110.0 46 37
Neosaxitoxin 316.4 102.1 123.2 61 29

A8t 2., nebulizing gaset collision gas:E 25 E&7kA
£ A8, ion spray %+ 500°C2 A3t

A= 9 AESIA Fgo v Fastt ned 2
A

K4
2
it
iy
T
T

A% g

fis

< #4349 50, 75, 100
ag Aze 27 vnaa
ig. JZFol 7 50, 75 ulL

M 948 AaEe BEILL, 100 pLolAE
Ze Urhigion, ohEa 93 9o
2

ge

4 (baseline

difjel BBl Wek AR BHo) s A FUS

Al | 2 75 uL2 AFsA
2 o1g% BAYW A8 AR FY 5-10 uL°ﬂ uta)
A BAFHORE AR FYFl BE 7 ¥l §lth 32 2|T&
mebd Hgde] 99 5 Ve BN 43¢ 74 gt 2zl 2% 2REL2 WA ¥
Wil Aol AR FUFS AFe AL BAZARY A ng22WL o]8F AN AL wlo|AmA 2~
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1.00e5 @
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% £.00e4
£ a00ea
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Fig. 5. Optimization of cyanotoxin (Anatoxin-a) injection volume.
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ok 80~115% FEE $Fatgor},

SR W oA FAY 8 Fo] 40-60%2 WL %
of AAY WYY neto] BAYHFFFANTA FEEE

AATFAH, 2008). ¥ ZAMAE AAEEA
st B S

BHe AAStERA, 71EY] IEFESHS
E

AFYUe o gtug ARHY F

stk AAEA HE A4S BAE et

A Z o g

(TOC = 1~2 mg/L) 100 mLell 7]7184 ZAZo) A==
Microcystin-LR(10 pg/L), Microcystin-YR, Saxitoxin(40 ug/L),
Microcystin-RR, Anatoxin-a, Neosaxitoxin(2 ug/L) spiking <

Table 6. Recovery result of cyanotoxins

=S X

=
=

o]-&-3tq ANEe 24 B Ugt fFes =
ZFatdth dee SPS 27 PRl gy Sege
57~117%, GFF ZH ¢ 3+&2 86~112%= HWEH I H]
3l GFF ZE7l ¢34 53 dHyez 4345 &
A% Microcystin-LR®] 35&°] 57%= GFF 90%°l H]3]
dHo] go] oA AFS EYLZA, F¥ ATA
£ GFF ZHE o] &3t AA & Arlstdth 48" GFF
JEE o83t FFFTY ITH Aol Y
spiking ¥ SF&S SHF A7 SHFNA 91~127%, A5
oA 86~112%= "% & 2 Fe YERNJATHTable 6).

=
o=

T GF/F filter Membrane filter
Compounds r(u: g/ch;nc DI water Paldangdam Paldangdam
Conc (ug/l) | Recovery (%) | Conc (ug/L) | Recovery (%) | Conc (ug/L) | Recovery (%)
Microcystin-LR 10 9.12 91.2 8.29 90.9 5.70 57.0
Microcystin-RR 2 2.04 102.0 1.83 89.7 1.64 82.0
Microcystin-YR 40 40.4 101.0 40 99.0 27.2 68.0
Anatoxin A 2 211 105.5 2.37 112.3 2.26 113.0
Saxitoxin 40 40.7 101.7 35.1 86.2 33.2 83.0
Neosaxitoxin 2 2.55 1275 222 87.0 2.35 1175
1.11e5 ( ) - 1.29¢5
10061 (@ - 120651 (p) o
/ 1.00e5 ,/ .
8.00ed /,/ /_,
£ 60084 e B asu —
s P ~ S 6o0es o
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Fig. 6. Cdibration curve of cyanotoxins (a2 Microcystin-LR, b: Microcystin-RR, ¢: Microcystin-YR, d: Anatoxin-a, € Neosaxitoxin,

f: Saxitoxin).
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33 AN HE H4AEZD FAEAHE Y 2= ofd 9 Z2oh
ZRHELEZD 6% U 44 672 ZAHEA FFEAS AA, BFY A5E LAE ZHld FYste A 2
233 A3 FF2 8 A FAPo] BF r'=0.999 ° BAHAAN HH AE FYFE AES AFH 75 uL °l5
Aol &53 AXNAHE RYtHFig. 6, Table 7). dME AR FFFYLE A 93 mEEH oY baseine
drift o] AR gol, HH A5 FYHFLZ 75 uLs
34 MU Metx U HESHH HE A3t
X Aur Fex 2 AZFA =FL 98 = A, 7T 29H A8 R 9 J¢g HE
4 100 mLel EA7Hs@ AFEQ Microcystin-LR(0.25 éﬂr A RAACHRE 18T B¢ 635 =5 I+

1gll), Microcystin-YR, Saxitoxin(1 pg/L), Microcystin-RR,
Anatoxin, Neosaxitoxin(0.05 pg/L)7} H =2 EFHS H7}
5 AxY F LC-MIYMSE 24 FFZste] AA|gk(True
Conc)S’Jr Huste FAE 2 FIEE FFsAeH, &
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Table 7. Cdibration table of cyanotoxins
Conc range
(1g/L)
0.25~50
0.05~10
1.0~200
0.05~10
1~40
0.05~20

Compounds y=ax+b
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y=1.27¢'x-811
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y=1.02¢'x+3.01¢°
y=218x+447
y=4.48¢'x+5.73¢’

Microcystin-LR
Microcystin-RR
Microcystin-YR
Anatoxin A
Saxitoxin
Neosaxitoxin

0.9994
0.9997
0.9997
0.9998
0.9996
0.9996
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