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Abstract

We investigated the most effective pre-treatment processes and LC/MS/MS condition for microcystins analysis. With a
step-by-step pre-treatment, efficiencies of several established methods were compared. At the level of cell burst, sonication
method was found to be the most efficient. As a mycrocystins first extraction solvent, 5% acetic acid showed the highest
efficiency. Anisolation and recovery rate of mycrocystins of ODS Sep-Pak Css cartridge was higher than HLB SPE cartridge.
As afinal elution solvent from cartridge, 100% MeOH had a better efficiency than others. Using a LC/IMSIMSS, effective
analytical methods were established. C18 reverse column was used and gradient elution was performed with using acetonitrile,
0.1% formic acid as a mobile phase. We analysed to 0.8 mL/min flow rate fit to the 5 zm particle size column and 55°C
housing temperature. The validity of established analytical method was evaluated that MDL as average 0.050 + 0.014 ug/L
and LOQ as average 0.160 + 0.045 ug/L had a good sensitivity over 40 magnification rather than 2 wg/L detection limit of

HPLC.
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Teble 1. Sampling sites

Sample Site Sampling date Dominant genus
name
A Lake Paldang, Yangsuri  2008.07.18 Microcystis
B Lake Sangsa 2006.08.31 -
Cc Jecheon River 2008.09.10 Microcystis
D Lake Daechung, chusori  2008.08.13 Microcystis
E Lake Daechung, jangge  2008.10.13 Microcystis
F Lake Paldang, Ori 2008.09.29 Microcystis
G Lake Paldang, Yangsuri  2008.07.07 Anabaena
H Lake Uiam 2008.07.15 Microcystis
| Lake Paldang, dam site  2008.07.06 Anabaena
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Sampling

[Freeze drying|

Extraction
- cell burst with Eluent @ (50 mL)
- centrifuge at 4000 rpm, 25 min (3 times)
| Purification |
cartridge condition with 100% methanol (10 mL)
and D.W (10 mL)
- add supernatant
- wash with 20% methanol (10 mL)
- elute with Eluent @ (10 mL)
- evaporate to dryvness
resuspend with methanol (1—~2 mL)
Analysis

Fig. 1. Extraction and purification procedure for microcystins.

Table 2. Mobile phase composition (%)

Time (min) 0.1% formic acid Acetonitrile
0 80 20
1 80 20
4 60 40
6 60 40
7 50 50
8 10 90
12 10 90
12.6 80 20
18 80 20
AT o]
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Fig. 2. Mass spectrum of: () sonicate method; and (b) freeze-thaw method.
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&3t A% 35 vk
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L microcystins HEEE=ZAFE HlgoZ ODS Sep-Pak
Cis 7FES A S} Oasis HLB FIEZA Y §35S HAEA
S A3, ODS Sep-Pek Cis 7HEEA Y HFZF o] Oasis
HLB 7tEZ]| A w3 <F 10~30% o] &2
S THTable 4).

314. & & 204

FtEE A EZE microcystins® HELZAE 75%%}
100% methanol, acetonitrile: water:formic acid(80:19.9:0.1),
5% acetic acid & THFe w7t AR&E o] $kth 2002
Saito9] ATFolAE 100% methanol©] 94%°2] J+82 =
2 388 HJAta YLy 20033 Lisa Spoofe] el
A¥E 75% methanolo] 7Hg &8¢ Eox &Ry I
Hy 2 2xd Jrvenpda 5(2007)9) =8 w=w X
S7FA microcystins®] HAE] WA HFToE2 AMEH
EMES ez &85 vus| £ Z7 100% methanol
N segol /Mg w2 ASE Ve
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Table 3. Comparison of microcystin levels depending on 5% acetic acid and 75% methanol for microcystins extraction from

cyanobacterid cdls

Sample name Extraction solvent RR (ug/g) YR (ug/g) LR (ug/g) LA (ug/g)
A 5% acetic acid 90.23 8.36 39.26 322
75% methanol 5.26 N.D 1.601 N.D
B 5% acetic acid 6.91 N.D 7.04 N.D
75% methanol 2.00 N.D 0.50 N.D
c 5% acetic acid 42414 61.88 177.53 N.D
75% methanol 18.77 0.27 0.49 N.D

ND : Not-detected
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Table 4. Comparison of microcystin levels between cartridges
Sample name Cartridge RR (ug/g) YR (ug/g) LR (ug/g) LA (ug/g)
A oDSs 85.69 8.63 36.21 324
HLB 73.59 717 31.93 121
B oDSs 4.95 139 5.08 0.10
HLB 442 1.10 4.69 0.07
c oDSs 428.88 66.41 168.11 0.02
HLB 374.10 56.77 148.74 N.D
b oDs 109.83 11.56 102.41 3.28
HLB 100.45 7.72 73.54 3.58
£ oDSs 126.48 8.60 223.52 531
HLB 113.37 7.83 124.08 3.40
E oDSs 56.34 12.21 54.89 0.19
HLB 49.19 8.12 51.63 0.07

ND : Not-detected
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3.2. LC/MS/MS =AMt
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microcystins #4¢] A& C18 ZH FTolA FIES
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A7 microcystinRR< T 3 AA 9] Areagko] 37 W&
£ zol2 Holx 3 eyt microcystin-YR, -LRY
S 5ym AF ZY AM&A BEF 2-3d B4 deElde
Ag A & F Utk 53] dA7A FUelA EHATH
7 238 AME7F 91E microcystin-LAS Z$ 2.6 m A7
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Table 5. Comparison of microcystin levels depending on the eution solvent

Sample name Elution solvent RR (ug/g) YR (ug/g) LR (ug/g) LA (uglg)

75% M ethanol 84.71 8.08 36.46 351

A 100% Methanol 90.23 8.36 39.26 3.22
Acetonitrile;water:formic acid (80:19.9:0.1) 94.63 8.35 37.08 3.96

75% Methanol 6.77 0.78 7.59 N.D

B 100% Methanol 6.95 N.D 7.04 N.D
Acetonitrile:water:formic acid (80:19.9:0.1) 6.91 N.D 493 N.D

75% M ethanol 375.32 52.22 166.31 N.D

C 100% M ethanol 42414 61.88 177.53 N.D
Acetonitrile:water:formic acid (80:19.9:0.1) 400.29 50.20 150.27 N.D

75% Methanol 92.99 6.17 73.04 3.01

D 100% Methanol 109.83 11.56 102.41 3.28
Acetonitrile:water:formic acid (80:19.9:0.1) 100.48 6.36 73.67 2.45

75% Methanol 110.38 5.82 100.51 341

E 100% Methanol 126.48 8.60 22352 531
Acetonitrile:water:formic acid (80:19.9:0.1) 113.08 6.08 105.41 3.01

75% Methanol 4747 6.75 45.36 0.00

F 100% Methanol 56.34 12.21 54.89 0.19
Acetonitrile:water:formic acid (80:19.9:0.1) 37.21 4.85 33.22 0.03

ND : Not-detected
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Table 6. Comparison of efficiency of microcystin pre-treatment methods

Parameter Methods Result
Sonication High
Cell burst . g
Freeze-thaw (7 times) Low
. 5% Acetic acid High
Extraction solvent
75% M ethanol Low
ODS Sep-Pak Cig cartridges High
Cartridge e ¥ ) g d
HLB SPE cartridge Low
75% M ethanol Low
Elution solvent Acetonitrile:water:formic acid Efficiency varies according to sample
100% Methanol High
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Fig. 3. Comparison of microcystin peaks between (&) 5 um and (b) 2.6 wm column in water sample.
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3.2.2. LC/MS/MS = U EMFHA

LC/IMSMS £ 212 o5 2o 5m I3 ZES
AFESIH OB R Javenpdd 5(2007)8 ATFelA e f&=7
Bt £ ¢ 59 08 mL/ming 27 A& 2A893 &

9tk FEEH, 1) 2 M)A dF LA %9 w9d B Nebulizers] $312 2357 99 Hou
Table 7. Comparison of microcystin levels between 5 im and 2.6 wm column
Sample name Sym 2.6um
R (ugll) R (ugll) R (ugll) A (pgll) R (ugll) YR (pglL) LR (uglL) A (ugll)
G 0.08 0.02 0.02 N.D 0.04 N.D N.D N.D
H 297 0.60 1.96 0.08 1.73 0.14 0.43 N.D
| 0.14 0.03 0.06 N.D 0.13 N.D 0.05 N.D

ND : Not-detected
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Table 8. LC/IMS/MS condition for microcystins analysis

Mass Conditions
MS Varian 320-MS TQ Mass spectrometer
Column ZORBAX Eclipse XDB-C18
Flow 0.8 mL/min
Drying gas pressure °C 350°C
SIM width 0.700 amu total
Column °C 35°C
Inject volume 20 uL
Nebulizer gas pressure 55 psi
Drying gas pressure 35 psi
Housing °C 55°C
lonization voltage 5.2 kV.
CID gas pressure 1.5 torr

sng 2E& ¥4 55°CE A5ty EAsIdti(Table 8).
4d9 LCMIMS 7171238 wgoz BEAIAS =
Z3Ah 717184 A (Instrument Detection Limit, IDL)E
microcystin 5 pg/ll. EFEAS B3 IN 31 ALtsHY
YeR QL W A S 3 (method detection limit, MDL)E=
GE2F 2FHAE AE AMESY 73] whE S35 4 (1)
< o) &d A4St AFAE EEAA] 108 FHo
AFRE AHEste gttt

MDL = t(0.01, n-1)xs = 3.14s @)

A71A4, t& AFE ()T FY5F 0014 tgt Student
tiExe] A& ol n FAE %Y AFolH, s F
AE kel EFAExlol dwzE oz 1(0.01, n-1)2 3142
o] &3l t) 5, 10, 25, 50 wg/Le] microcystin mix X8
A Fstal AFHNS FAYF 27 R gk 099932 UE
A A ()l YA AAE Microcystin-RR, YR, LR, LA
°] MDL #& 7z} 0.031, 0.065, 0.042, 0.064 g/, B
A9 LOQ #2 Z+zt 0.100, 0.206, 0.134, 0.202 ug/L 2
2 =S Yo
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