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Development of a Highly Sensitive Method for Analysis of
Microcystins in Water by Solid Phase Extraction and LC/MS Methods

Tatsuhiko KAWAMOTO*, Tomio YAMASAKI, Miho YANO
Eri MAEDA and Takao MITSUHASHI

Life Science Division, Public Health Science Research Center, Hyogo Prefectural Institute of
Public Health and Consumer Sciences, 2-1-29, Arata-cho, Hyogo-ku, Kobe 652-0032, Japan

We have established a highly sensitive method for analyzing the concentration of Microcystin-RR, Microcystin-YR and
Microcystins-LR in water by solid phase extraction and LC/MS methods. In order to evaluate the analytical method, we
conducted recovery experiments from distilled water, tap water and river water samples using a PS-2 column. The
recovery rate were greater than 80% and the coefficient of variance were under 10%. The determination limits by this
method were 0.01 u g/l for Microcystin-RR, 0.02 1 g/Li for Microcystin-YR, 0.01 u g/L for Microcystin-LR, respectively.
Furthermore, we conducted a water-quality test using this method for 30 water samples collected from 15 monitoring
points in the Hyogo Prefecture. The results indicated that the concentrations of Microcystin-RR, Microcystin-YR and

Microcystins-LR are over a range from N.D. to trace, N.D. to trace, 0.08 to 0.18 . g/L, respectively.
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Fig.1 Chemical structure of Microcystins
Microcystin-RR (X:Arg, Y: Arg), MW=1038
Microcystin-YR (X:Tyr, Y: Arg), MW=1045
Microcystin'LR (X:Leu, Y: Arg), MW= 995
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Sample (500mL)

Solid phase column
Conditioning [PS-2]

1. Methanol 10mL Tap water: Ascorbic acid Smg

Acetic acid 25mL

2. Purified water 10mL

Solid phase extraction
(flow rate:10mL/min)

Purified water 10mL
Vacuum (30min)

Elution

SmL (Methanol:0.05%TFA=90:10)

Concentration

1.0 mL

LC/MS iSlME

Fig. 2 Analytical procedures for Microcystins
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Table 1 LC/MS operation conditions

[Lc]
Instrument: Agilent 1100
Column: Symmetry RP-18 (Waters, 2.1 x 150mm, 5.0 £ m)
Mobile Phase: A; 0.05% TFA B; CH;CN
Isocratic: Time A% B%
200 75 25
Flow rate: 0.15mL/min
Oven temp.: 40°C
Injection volume: 20 u L
Injection speed: 20 i L/sec

[ms]

Instrument: Finnigan AQA

Mass range: m/z100-1100

Ionization ESI(+)

Fragmentor: 120V, Nebulizer: N,(50psi), Drying gas: N,(10L/min, 200°C)
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Fig. 3 Location of sampling points
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Fig.4-1 Mass spectrum of Microcystin-RR
Microcystin-RR: 1 mg/L
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Fig.4-2 Mass spectrum of Microcystin-YR
Microcystin-YR: 1 mg/L
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Fig.4-3 Mass spectrum of Microcystin-LR
Microcystin-LR: 1 mg/L
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Fig. 5 LC/MS SIM chromatogram of Microcystins in
river water

Spiked microcystins concentration: 0.1 mg/L

Table 2 Various parameters of Microcystins

measurement
Chemicals MS(m/z) Retention time(min)  Regression curvex  Correlation coeff.
Microcystin—-RR 520 5.81 Y=191.60X 0.9988
Microcystin-YR 1046 778 Y=152.50X 0.9989
Microcystin—-LR 996 8.87 Y=370.38X 0.9994

*: Conc. 0— 1000 ¢ g/L (6 points: 0, 5, 10, 50, 100, 1000 x g/L)
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Table 3 Recoveries of Microcystins added to water samples

Chemicals Distilled water Tap water (+VC) Tap water ~ Raw water
Microcystin-RR R, % 90.3 91.5 30.1 90.5
CV, % 2.5 24 4.3 3.0
Microcystin-YR R, % 88.6 90.3 33.2 91.2
CV, % 2.3 2.1 3.3 24
Microcystin-LR R, % 88.3 89.4 32.5 89.5
CV, % 4.3 3.5 3.9 3.9

Spiked conc.: 0.5ug/L, R: recovery, CV: coefficient of variation (n=3) , VC: ascorbic acid
Distilled water: pH; 6.8, $8<0.1mg/L, Tap water(+VC): pH; 6.8, SS<0.1mg/L
Tap water: pH; 6.9, SS<0.1mg/L, Raw water: pH; 7.0, SS=2.5mg/L
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Table 4 Concentration levels of Microcystins in water

Sources
Water samples M\croiystlns—RR M\croiystlns—YR M\croiystlns—LR
Conc.(g/L)",  Frequency Conc(ug/L)”,  Frequency Conc(pg/L)",  Frequency
River water ND. 0/10 ND. 0/10 ND. 0/10
Lake water N.D., trace 0/2 N.D., trace 0/2 0.08,0.18 2/2
River bed water ND. 0/2 ND. 0/2 ND. 0/2
Shallow well ND. 0/12 ND. 0/12 ND. 0/12
Deep well N.D. 0/4 N.D. 0/4 N.D. 0/4
Total N.D.(trace) 0/30 N.D.(trace) 0/30 ND.~0.18 2/30
Sampling date: June 21, 2011 & October 18, 2011
*: Determination limit: Microcystin-RR; 0.01 & g/L, Microcystin-YR; 0.02 ¢ g/L, Microcystin-LR; 0.01 £ g/L
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