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[Abstract] Objective To establish a method for simultaneous determination of trace levels of microcystins,
cylindrospermopsin, anatoxin, and nodularin in lake water based on liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Methods After being adjusted to alkaline conditions and mixed with six internal standards, the water
samples were enriched using dual HLB and ENVI-Carb cartridges. The eluates were then evaporated under nitrogen,
reconstituted, and subjected to instrumental analysis. Both water and acetonitrile containing 0.1% formic acid were used
as mobile phases. An ACQUITY UPLC® BEH C,; column (150 mm X 2.1 mm, 1.7 pm) was selected to separate the target
cyanotoxins. Multiple reaction monitoring was applied for data acquisition, and quantification was accomplished using
internal standard methods. Results Within certain concentration ranges, all 14 cyanotoxins examined in the study
showed good linearity, with all correlation coefficients greater than 0.998. When the water volume was 100 mL, the limits
of detection and quantification for the 14 cyanotoxins were 0.1-0.9 ng/L and 0.3-2.9 ng/L, respectively, and spiked
recoveries and relative standard deviations were 81.7%-132.9% and 1.2%-14.9%, respectively. In the 10 lake water samples
analyzed, cylindrospermopsin, anatoxin-a, and multiple microcystins were detected. Conclusion The method
developed in the study has high-throughput capacity, as well as high sensitivity, accuracy, and reliability. The method can
be applied in the simultaneous detection of microcystins, cylindrospermopsin, anatoxin, and nodularin in lake water.

[Key words] Cyanotoxins Microcystins Cylindrospermopsins Liquid chromatography-tandem

mass spectrometry Lake water
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AL 40 ~ 1.5 min, 5% B; 1.5 ~ 7.0 min, 5% B ~ 90% B;
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7.0 ~ 8.0 min, 90% B; 8.0 ~ 8.1 min, 90% B ~5 % B; 8.1 ~
10.0 min, 5% B. i }0.3 mL/min. PEEEATIA2 uL.
142 Jrig&At

K #5555 B 75 (electrospray ionization, ESI), 7E
IEBFRAT, 2 R0 L (multiple reaction
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300 °C, B Wi HL T N5 500 V, A0S M50 psi, IS
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Table 1 Multiple reaction monitoring parameters of fourteen cyanotoxins and the internal standards

Toxin Abbreviation Retention time/min Parent ion/(m/z) Production/(m/z) Cone voltage/V Collision voltage/V
Anatoxin-a ATX-a 2.76 166.0 130" 50 21
149.0 50 17
Cylindrospermopsin CYN 2.08 416.3 194.2° 70 48
336.0 70 30
Nodularin NOD 5.66 825.5 1033 220 155
135.0 220 90
Microcystin HilR MC-HilR 5.90 505.3 135.1" 50 15
875.6 50 14
Microcystin HtyR MC-HtyR 5.79 530.6 135.1" 20 14
514.6 20 14
Microcystin LA MC-LA 6.94 910.7 776.4° 35 30
375.0 35 37
Microcystin LF MC-LF 7.59 986.5 478’ 20 36
375.1 20 45
Microcystin LR MC-LR 5.84 498.4 135.1° 20 14
482.5 20 14
D-Aspartic acid-3- [D-Asp3] MC-LR 5.82 4913 1352 45 14
microcystin LR
847.6 45 14
Microcystin LW MC-LW 7.41 513.3 135.1" 20 13
891.4 20 12
Microcystin LY MC-LY 6.98 502.0 135.17 25 13
486.0 25 11
Microcystin RR MC-RR 5.39 520.2 135.1" 20 33
620.4 20 37
Microcystin WR MC-WR 5.93 534.7 134.9° 20 16
934.4 20 16
Microcystin YR MC-YR 5.77 523.6 135.0° 30 15
507.5 30 15
Anatoxin-"C, ATX-"C, 275 170.1 153.1° 45 19
Cylindrospermopsin-""N, CYN-"N; 2.08 421.1 197.0° 90 47
Microcystin LR-""N,, MC-LR-"N,, 5.84 503.4 135.0° 20 16
Microcystin YR-"N,, MC-YR-"N,, 5.78 528.1 135.0° 30 15
Microcystin RR-"N,, MC-RR-"N,, 539 526.2 135.0° 20 33
Leucine-enkephalin LEK 5.03 556.3 396.8" 60 33

B
Quantative ion.
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Fig 1 Recoveries of fourteen cyanotoxins from water samples with different pH values

The abbreviations are explained in Table 1.
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Fig 2 Recoveries of fourteen cyanotoxins under different elution solvents
MEOH: methanol; 0.1% FA MEOH: methanol containing 0.1% formic acid; 0.5% FA MEOH: methanol containing 0.5% formic acid; 0.5% FA DCM : MeOH:

dichloromethane and methanol mixture containing 0.5% formic acid; the other abbreviations are explained in Table 1.
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2.4.1 AR KA At

1£0.05 ~ 150 pg/Lyt [, Aol —24H & A 8 MR B i) =571
BRI, I A AR HERS R AR BRI B2 1 pg/Le 4%
HERHALZE 4 | AH I (] WS 56RO B k) 55 S U, FE 61> #5328
PIbR FF PR 4B I AR (F22) o LA B ARBE R IR
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Table 2 Linearity equations and coefficients of 14 cyanotoxins

Toxin Concentration range/(ug/L) Linear equation Coefficient Internal standard
ATX-a 0.5-150 y=0.128x — 0.012 0.9997 ANA-"C,
CYN 0.05-150 y=0.477x — 0.002 0.9991 CYN-"N,
NOD 0.5-150 y=0.105x — 0.034 0.9993 LEK
MC-HilR 0.1-150 y=0.842x — 0.006 0.9982 MC-YR-"N,,
MC-HtyR 0.1-150 y=1.012x + 0.050 0.9983 MC-YR-"N,,
MC-LA 0.5-150 ¥ =0.409x + 0.004 0.9997 LEK

MC-LF 0.1-150 y=0.129x — 0.007 0.9996 LEK

MC-LR 0.1-150 y=0.407x + 0.035 0.9992 MC-LR-"N;,
[D-Asp3] MC-LR 0.1-150 »=0.419x + 0.006 0.9992 MC-LR-"N,,
MC-LW 0.1-150 y=0.364x — 0.0100 0.9994 MC-RR-"N,,
MC-LY 0.5-150 »=0.116x + 0.0004 0.9985 MC-LR-"N,,
MC-RR 0.5-150 y=0.541x — 0.049 0.9989 MC-RR-"N,,
MC-WR 0.5-150 y=0.502x — 0.039 0.9995 MC-RR-"N,,
MC-YR 0.1-150 y=0.783x +0.017 0.9988 MC-YR-"N,,

The abbreviations are explained in Table 1.
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6 F4T. ATX-a. CYN, NODFIMCsHY [l #4551 Ky
89.8% ~ 103.0%. 85.6% ~ 100.3%. 124.1% ~ 132.9%#l
81.7% ~ 117.3%, A X ¥ 7H fii 22 (relative standard
deviation, RSD) 43l 2.4 % ~ 6.5 %. 3.0% ~ 7.2%. 3.3% ~
11.6%. 1.2% ~ 14.9%(5£3) . SIMREM L, WARE: B3
P T ATX-aFICYNRYE S MERTE, mFERY57.4% A
69.5% I F+51189.8%1185.6%; 1 HoAth i 1 27 2 1 Ht A 1E R
AT —E R
24.3 Kl fE Ik

TEARHE BEAARACRE R, 453 : 1AI10 ¢ TAYAE I L2091
T 1450 05 w7 2 A9 5 I FR (1imit of detection,

LOD) filE & B (limit of quantitation, LOQ) . WNZR3FIR,
KH11FIMCs, CYN, ATX-afINODYJ5 246 H BRAK v
“40.1 ~ 0.9 ng/L. 0.1 ng/L. 0.7 ng/LF10.7 ng/L, J7 ¥ & &
FRAKIK 0.3 ~ 2.9 ng/L. 0.4 ng/L. 2.5 ng/LF12.3 ng/L.
25 FHiEMA

PO 0775 F T 1000 WK FE it v, S5 5 L 3k4
FRNOD., MC-HtyR&bh, Hifl 127 #7552 /D 7E 14 /K RE
G, KRN 10% ~ 100%., i, CYNTE A KL
Bk, EE R P 05502 109.9 ng/LF198.9 ng/L, B
W TATX-aMIMCs, ATX-atl7E4 KRG Y, i
WE N <0.7 ~29.6 ng/L, 7 T REZHH—~MC., MCsHr,

F 3 3FMARAKTE T KR 14F ISR S E RN EWE 6 H RFES R
Table 3 Recovery, limits of detection (LOD), and limits of quantification (LOQ) of 14 cyanotoxins in lake water samples at 3 spiked levels

Spiked level
Toxin 2.5ng/L 10 ng/L 25ng/L LOD/(ng/L) LOQ/(ng/L)
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
ATX-a 100.4 6.5 89.8 3.9 103.0 2.4 0.7 2.5
CYN 95.4 7.2 85.6 3.0 100.3 3.6 0.1 0.4
NOD 124.1 8.5 132.9 11.6 132.2 33 0.7 2.3
MC-HilR 108.2 8.0 116.6 6.3 92.9 1.2 0.4 1.5
MC-HtyR 109.3 7.2 111.7 8.7 95.4 9.3 0.3 1.0
MC-LA 106.8 4.9 101.6 5.4 109.3 2.9 0.8 2.6
MC-LF 89.3 53 100.0 6.3 90.0 7.9 0.2 0.6
MC-LR 92.4 8.5 94.8 8.0 106.6 4.2 0.1 0.3
[D-Asp3] MC-LR 94.8 6.5 93.0 14.9 102.9 5.1 0.3 0.9
MC-LW 94.4 10.3 92.8 6.8 93.1 7.6 0.2 0.7
MC-LY 106.1 11.2 106.3 8.1 116.8 9.1 0.8 2.6
MC-RR 90.9 9.8 95.6 11.3 95.6 2.6 0.6 2.0
MC-WR 84.9 7.2 81.7 33 88.3 8.5 0.9 2.9
MC-YR 110.2 6.4 117.3 5.7 110.7 8.2 0.1 0.3
RSD: relative standard deviation; LOD: limit of detection; LOQ: limit of quantitation; the other abbreviations are explained in Table 1.
F4 100K ERPI4FIEESENRHER
Table4 Detection of 14 cyanotoxins in 10 lake water samples
Toxin Detection number Detection rate/% Mean/(ng/L) Median/(ng/L) P,;/(ng/L) Range/(ng/L)
ATX-a 4 40 3.9 - 18.1 N.D.-29.6
CYN 10 100 109.9 98.9 266.3 1.9-322.2
NOD 0 0 - - - N.D.
MC-HilR 3 30 0.5 - 1.4 N.D.-1.5
MC-HtyR 0 0 - - - N.D.
MC-LA 8 80 1.5 1.3 2.5 N.D.-2.6
MC-LF 1 10 0.3 - 0.9 N.D.-1.7
MC-LR 6 60 12.4 4.8 49.7 N.D.-64.4
[D-Asp3] MC-LR 6 60 6.2 1.9 20.5 N.D.-21.1
MC-LW 4 40 0.4 - 1.5 N.D.-2.2
MC-LY 3 30 2.3 - 9.8 N.D.-14
MC-RR 5 50 9.3 1.5 32.6 N.D.-40.1
MC-WR 2 20 2.2 - 10.0 N.D.-17.3
MC-YR 3 30 1.0 - 4.4 N.D.-6.4
XMCs / / 36.3 11.2 121.9 2.4-153.8

N.D.: not detected; XMCs: the total concentration of 11 MCs, with the levels below the limit of detection (LOD) substituted by LOD/2; the other

abbreviations are explained in Table 1. Some results are represented by —, which indicates that the statistical result is below the LOD.
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Fig 3 The chromatograms of 14 cyanotoxins in different samples
The abbreviations are explained in Table 1. A, 10 ug/L standard solution; B,

10 ng/L spiked lake water sample; C, a real lake water sample.
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