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Simultaneous Determination of Seven Cyanobacterial Toxins in
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Water blooms, formed by cyanobacteria such as Microcystis, Aphanizomenon, and Anabaena have been
occurring frequently in lakes and rivers in Korea. As such, there is a need to develop a sensitive method to
determine cyanobacterial toxins to minimize potential hazards in raw water resources. In this study, we devel-
oped a highly sensitive analytical method for seven cyanobacterial toxins (microcystin-LR, -RR, -YR, -LA,
anatoxin-a, nodularin, and cylindrospermopsin) using liquid chromatography-tandem mass spectrometry (LC-
MS/MS) with direct injection. The method was evaluated in terms of calibration curve linearity, limit of detec-
tion, limit of quantitation, accuracy, and precision. The limit of detection and limit of quantitation were in the
range of 0.010-0.026 pg/L and 0.030-0.081 pg/L, respectively. Good accuracy and precision was also obtained.
The optimized method was used to measure the concentrations of the seven cyanobacterial toxins in river water
from Nakdong River, and microcystin-RR, -YR, and -LR were detected.
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Table 1. Sources and acute toxicities of cyanobacterial toxins

Primary target LD50
Toxins organ in Cyanobacterial genera (i. p. mouse,
mammals ug/kg body wt)
Microcystins Liver Microcystis, Nostoc, Anabaena, Oscillatoria, Nodularia 25-1000
Anatoxin-a Nerve synapse Anabaena, Oscillatoria, Aphanizomenon 250
Saxitoxin Nerve axons  Anabaena, Aphanizomenon, Lyngbya, Cylindrospermopsis 10-30
Nodularin Liver Nodularia 30-50
Cylindrospermopsin Liver Cylindrospermopsis, Aphanizomenon, Lyngbya 200-2100
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Fig. 1. Chemical structure of cyanobacterial toxins.
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Fig. 2. Sampling site locations in the Nakdong River, Korea.
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Table 2. LC conditions for the cyanobacterial toxin analysis

Parameters

Conditions

Column
Column temp.

ACQIITY UPLC BEH Cig (2.1 mm X 100 mm X 1.7 um)

40°C

A: 0.1 % Formic acid in distilled water, B: 0.1 % Formic acid in acetonitrile.

Mobile phases

Gradient: 0.5 min A 95%, B 5%, 2.5 min A 80%, B 20%, 4.5 min A 35%, B 65%,

5.0 min A 20%, B 80%, 6.5 min A 95%, B 5%, 8.0 min A 95%, B 5%

Flow rate
Injection volume

0.2 mL/min
20 uL

Table 3. MS/MS conditions for the cyanobacterial toxin analysis

Parameters Conditions
Source electrospray ionization (ESI)

Ion mode Positive
Capillary voltage (kV) 0.5
Cone voltage (V) 30
Desolvation temp. (°C) 350
Desolvation gas flow (L/hr) 800
Cone gas flow (L/hr) 150
Nebulizer (Bar) 7.0
Collision gas flow (mL/min) 0.13

Table 4. MRM conditions for the cyanobacterial toxin analysis

Compounds Molepular Pre;ursor Prgduct Dwell time Cone voltage Collision voltage
weight ion ion (s) %) eV)
Cylindrospermospin 4154 415.9 194.0, 336.0 0.080 40 34, 20
Anatoxin-a 165.2 166.0 131.0, 149.0 0.080 30 15, 15
Microcystin-RR 1038.20 520.03 127.21, 135.11 0.050 2 46, 26
Nodularin 825.0 825.65 70.07, 135.10 0.050 76 64, 52
Microcystin-YR 1045.29 1045.72 127.14, 135.30 0.050 96 80, 66
Microcystin-LR 995.17 995.72 127.17, 135.17 0.050 96 80, 70
Microcystin-LA 910.07 910.66 135.17, 213.19 0.050 12 58, 48
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3.2. Method validation
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Fig. 3. LC-MS/MS MRM chromatograms of water samples spiked with cyanobacterial toxins at a concentration of 1 pg/
L. The peaks in order from top to bottom are: cylindrospermopsin, anatoxin-a, microcystin-RR. nodularin, micro-

cystin-YR, microcystin-LR, and microcystin-LA.
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Table 5. Calibration curves and linearities of the cyanobacterial toxins

Compounds Conc. range Calibration curve (Y=aX+Db) Linearity
(pg/l) a b x2)
Cylindrospermopsin 0.1-1.0 51098.8 634.78 0.9999
Anatoxin-a 0.1-1.0 19573.7 -39.8251 0.9987
Microcystin-RR 0.1-1.0 59804.8 281.725 0.9994
Nodularin 0.1-1.0 24035.8 125.984 0.9993
Microcystin-YR 0.1-1.0 3873.84 190.077 0.9984
Microcystin-LR 0.1-1.0 7841.97 47.1844 0.9993
Microcystin-LA 0.1-1.0 15698.4 110.14 0.9996
Table 6. Limit of detection and limit of quantitation of the cyanobacterial toxins
Compounds Spiked conc. (ug/L) n LOD* (ug/L) LOQ** (ug/L)
Cylindrospermopsin 0.1 7 0.010 0.031
Anatoxin-a 0.1 7 0.013 0.041
Microcystin-RR 0.1 7 0.019 0.062
Nodularin 0.1 7 0.010 0.033
Microcystin-YR 0.1 7 0.026 0.081
Microcystin-LR 0.1 7 0.013 0.043
Microcystin-LA 0.1 7 0.010 0.030
*LOD: limit of detection (SD*3.14), **LOQ: limit of quantitation (SD*10)
Table 7. Accuracy and precision of the cyanobacterial toxins
Compounds Spiked conc. (ug/L) n Accuracy (%) Precision (RSD, %)
Cylindrospermopsin 0.4 4 103.2 2.1
Anatoxin-a 04 4 90.0 10.8
Microcystin-RR 04 4 111.5 2.3
Nodularin 04 4 97.1 1.6
Microcystin-YR 04 4 93.8 5.8
Microcystin-LR 04 4 99.9 2.0
Microcystin-LA 04 4 99.1 0.3
nodularin, microcystinlLA 5 452 HAEEA FUtt = Qs FH T8 sk B SAA gdERRF o
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Table 8. Concentrations (water+algae) of cyanobacterial toxins in river water

Sampling Microcystin-RR Microcystin-YR Microcystin-LR
site Ndetected/Ntotal Conc. (Hg/L) Ndetected/Ntotal Conc. (ug/L) Ndetected/Ntotal Conc. (Mg/L)
ND-1 0/26 - 0/26 - 0/26 -
ND-2 6/26 0.1-0.2 1/26 0.1 1/26 0.2
ND-3 5/26 0.1-1.4 3/26 0.1-0.2 4/26 0.2-1.0

1. Cylindrospermopsin, anatoxin-a, nodularin, and microcystin-LA were detected below the limit of quantitation.
2. The sample was mixed with surface, middle, and bottom layer of the river. Sampling was performed according to “A
guideline for algae alert system (Ministry of Environment, Korea, 2016)”.
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