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Determination of 8 microcystins in drinking water by direct injection using
high performance liquid chromatography-quadrupole-high resolution time
of flight mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 8 microcystins in drinking water by high
performance liquid chromatography-quadrupole-high-resolution time-of-flight mass spectrometry. Methods After
filtration with hydrophilic polytetrafluoroethylene filter membrane, the water samples were separated by Poroshell
120 EC-C,g chromatographic column (2.1 mmx100 mm, 2.7 pm), detected by high performance liquid
chromatograph-four-pole high-resolution time-of-flight mass spectrometry, monitored by high-resolution multiple
response monitoring scanning mode, and quantified by external standard method. Results The linear relationships
of the 8 microcystis toxins were good in the range of 0.1-50 pg/L, the correlation coefficient was greater than 0.998,
and the detection limit of the method was 0.05—0.10 ng/L. The average recoveries at 3 spiked levels (1, 5, 10 pg/L)
were 83.2%-105.4%, with the relative standard deviations of 2.5%—11.8%. Conclusions This method is simple,
fast, sensitive and reproducible, and is suitable for routine detection of microcystis toxin in drinking water.
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3 5 5 K (microcystins, MCs)/& i #J5H # 4,
R E AR, AR EURMER, fEigxt A5 3
PO | O UE 25 3 B LA R s R G R s AR,
JE—RIRRE RIS Y, BAE KBRS RA L 100
i, Fh MC-RR, MC-LR, MC-YR &3 0, #1420
S7E FLHE A (00 AR R K b o i 3 o o 3 i T e e R
(MC-LR, 1 pg/L)HBREN, %FHEMEMGEE, 3k EB
17 CHEM AR DA ) AR M E MC-LR )RR &
4 0.001 mg/LP,

F A, A R KRR v ol 8 9 28 10 8 LAk o0 By 1%
AT TR RO €0 3 3 ORI A €3 R B 1R
A PR OB (0035 0 SR BB AT, 00 2 B 0 e R AR B UK AR
AT ELE, BATHER GB/T 20466-2006{ /K i ZE &
A sE ) 1) GB/T 5750.8-2006 ¢ A 11K FH K b vHEAG: 36 7 1
AHLFERR Y DO, W T R KR T 2w 4,
VL RS LKFESERT & AR YRR, A AR RIS SR B
T BB E HA R 0 RS, AR R
JERTIRE] 0.1 pg/L LR, & H A0 i 5 3 055 FA A5 )
Jiik o TR A HE RS (0 3 B s bR, EEURR A
TR B XA R A3 s A TR R, B
HoE vk U200 o AT IR IR i, R R R
K, PR ST T, 2 T Oy e R RE SR
SR A, BT DU i 43 AT I ] S A AR 2 A A
PR AR, T H 2 S B SRR, X T8 T4
Xt R A PRGN, I — 2D BRI T T, R
T RS A . 254 HOR R A 50K, AR SRR

SR RAT I ) B L AR DI S TRRTK b 8 R et aE R,

Tk, REEER, SRR, ARKPHMERSER
4 H ARG

2 MHEREE

21 4B/ AFI SR

AB X500R 75 200 AH £ 33 - DU AR AT~ A T Es) [ 5 % (3 [
IR AEY RS H]); LC-30AD A (i (H A 5B A H);
TDL-40C 50 DAL LI LSRR ).

MBBEAER-LA, MR R-LF, MEEFER-LR,
RS R LW, MBS R-LY. MEEHERE-RR, ME
BERER-YR, B R-WROKE N 10 pg/mL, JLat S0
AR ARAR), FEE. FiR. OIS0k, £
TEDIA {524 Hl); HWUTRH LM £ KIERL(PTFE-Q, 0.2 um,
13 mm, EELZHSAH),

WA S A AR T AR 2 KRR KR4S 10 4, LB
FERTRE L 50 ANMEESL, At 10 4k B RAKEE

22 LWEH
22.1 H & RIRAEAL

BUAFHKEE 1.0 mL, 33 0.2 pm /KPP 3 2 45 B
FERE R, BAEERE, F O ARSI T E
222 EEHRERM

(1) YA I 5 45 A

fajkE: Poroshell 120 EC-Cyg (Bi#:(2.1 mmx100 mm,
2.7 um); FsHA: A NG, B A 0.1%F ER/KE I, 0~3 min,
A 1 10%~90%, B H1 90%~10%, 3~4 min, A # 90%, B
10%, 4~8 min, A & 10%, B 5 90%; #ii#: 0.30 mL/min; 3
R 20 uL.

(2) Jik sk

FH, 155 55 29 -1 (electrospray ionization, ESI), IF &5
M=, BFEIRE: 600 °C, % < (curtain gas, CUR):
30 psi, FALS(GS1): 55 psi, FBIMIA(GS2): 55 psi, il
f#“U(CAD): 7 psi, BT BiZ5HJE(IS): 5500 V, P
L Wil (High-resolution multiple response monitoring, MRM
HR)WEIZH % 1.

1 SHEESEHEN MRM HR NS
Table1 MRM HR parameters of MCs

P, IS FBEF EEH R RiEERE

(m/z) (m/z) 1A% %
135.0805* )3

MC-RR 520.00 38
620.3425 27
135.0801 19

MC-YR 523.30 43
911.4627* 14
135.0804 20

MC-LR 498.30 45
861.4829% 16
135.0809 19

MC-WR 534.80 76
934.4812* 14
135.0809* 64

MC-LA 910.80 32
107.0853 66
135.0806* 66

MC-LY 1002.80 34
163.1117 50
135.0801* 74

MC-LW 1025.70 36
213.0874 42
135.0804* 70

MC-LF 986.80 34
163.1120 48

s e T
3 #ER55%

3.1 BEFHSRIEFENILL

VUBRAT - 7 B CATI E] 5 9 MRM HR 4,
AEABA T ) PUARAT S BB S0, o X Rl i B B 1 1
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MRM HR 4345 B O & B R, FRAR T 3L 1
T, HRBAETEREL . MEREHFEREMO)ERIIE
T A b AT OB BB H B [MAHH]T R 2 A B
[M+nH]"", S+ MC-RR, MC-YR, MC-WR #1 MC-LR
PAIM+2H]> i 3B B %5, MC-RR ZEAR 1B [M+H] 5+,
i MC-LW., MC-LY. MC-LF #l MC-LA LLBAHLfif 551
[M-+H] W {E 8 = . Ik, 78 MRM HR 6l
W, MC-RR . MC-YR . MC-WR #l MC-LR PA[M+2H]*
WA FEEFIN T FEFERSSEUL, §S800E L.
h TR B b, B S IRIERESMT, AR A
BIRCHE 1 IR,

ST 8 FhiMFEEERE RIS PAK Cjg ACR
(2.0 mmx150 mm, 3 wm)#F Poroshell 120 EC-C (2.1 mmx100
mm, 2.7 pm)4 R . MC-LW .MC-LY \MC -LF #1 MC-LA
1F PAK Cj5 ACR(2.0 mmx150 mm, 3 pm) @i g4 Bsoies
22, WM b, DETRUARTE, REUE2E. M8 AU EEE R
Poroshell 120 EC-Cg(2.1 mm=100 mm, 2.7 pm)fE ikl 4854k
Rar, WK 1. B, 525K Poroshell 120 EC-Cig
(2.1 mmx100 mm, 2.7 pm) G 7538 o ARSI R
V5 SAFAERE, T PR IS s £
VERE A —E HRE, ZERIE A S, S
FIETEEHIRTFRISHE, NN E R, WiAKH T SRR E R R
(AR B S 45 T B B 2 I AR, DL 0.1% FH /K
YEFESIARET, mn(Ef e, Bk, SRS 0.1%F R
KA A, S TRRE VL. ik EIILE 1~2,

MC-YR
20005} MC-LR
C-WR
o
i 1000 - MC-LY
E MC-RR MC-LA MC-LW
MC-LF
0 A_A \ ; [& “ k
3.0 4.0

2.5 3.5

fif 1] /min

4.5

B 1 s RS ER (0.5 ng/L)
Fig.1 Chromatogram of MCs mixed standard solution (0.5 pg/L)

MC-YR
40000+ MC-LR
3000 F C-WR
= L
= 2000 MC-RR MC-LY
1000 A MC-LA .‘MC'LWMC .
0 . i ;A LA

2.5 3.0 3.5 4.0 4.5
fif 1] /min

B2 KRN SRR M E BRI pg/l)
Fig.2 Chromatogram of drinking water spilked with MCs (1 pg/L)

3.2 HmBTALE

FA T KR rp 3 8 5 R 0 ARE S AL B0y vk 2R [E A
AEEOT I e 41O el B HERE AT A AR
B, In#hgE R W AR W] B e TR R R, (A LR T
BHEZNFEEBIE S, BT E P TR R B s R s
=, ELEIERE A TR, R B AT IR B H R R I T K,
B, 7R EAZERE ST

FE SO E B, SRy 1B LA I T R N R et )
ERGRIFE, — R FAE S R RS, AT
FE o A SCHRIRIE, JRH R R R AW E L,
ke, SR LET 9 FORFEIAE . AN FIRUAR PR U8 X i
TEBHROWMAER, 85R LK 2, DORKRNUFE CE
(hydrophilic polytetrafluoroethylene, PTFE-Q) . 3% B 4F 4
(glass fibre, GF), FH4=£F4k % (regenerated cellulose, RC),
& PR T 2 (cellulose acetate, CA)BRFAIIENE, X mig R
P R P B /S, 25 BB AR, SE B0 R e 4 T 2 7K 3R DU 96t
I BRI A TAE S AL T
3.3 &MEE. BXRBSKER

F 5% B e e B 0.1, 0.5, 1. 5, 10, 20,
50 pg/L MIFRE TAR R TIE, Shlbreiiz, Lo
Yy TR RO HOVR FE AR L PR BT, 15 20410 & r 4tk 1T I
TR, H MR RNE IR 3, S EWTE
B B i & iYE L (0.1~50 ng/L)NEPER R RIF, MR AR
BT 0.998. 43I LL 3 AF5 M HE(S/N) B AGI R 5 v 1)
TR, 10 f5 15 M L (S/NYHH G 5 i 8 it B, 8 il 2 e =g
F AR BRI R L3 3.
34 FHHEMEBWERSHEZRE

4 B I TR B R ARER A N3 25 AR K
Fedhh, W15 3 ANKEE, 20500 10 5. 10 pg/L, #4754
SEATREIAT o AT 5 R A F 2 IR 83.2%~105.4%, H
Xt #R #E W 2 (relative standard deviation, RSD) N
2.5%~11.8%(IL3& 4), &5 7 2OR (FEMR BE 5 4
1077 BF, A AR AER 22 /N T 30%)21,
3.5 EBRHEmIQN

S0 7 A b 78 T W 3K A 2B K RS KA A 10
AL SRR ERREA 50 MM . ACHE 10 40 B SROKAE, B
KKK 8 PR di a2, 25 KR Bt ii g i m
R N Y G ¥ & S e et/ Mg/

4 % B

AJrFoKkFE4dE)R, SRA LC-QqQ-TOF-MS Huilll,
MRM HR LI, ik R USSR & L A Dok,
JEEA RO IR % B S UERR B, REVH R b BRI 0K,
EATARZHFE R E
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Table 2 Recovery rates of microcystins in water samples treated with different material specifications

Bl /%
R
MC-RR MC-YR MC-LR MC-WR MC-LA MC-LY MC-LW MC-LF
PES 87.6 85.6 105.6 479 78.3 80.1 24.8 62.2
(0.2 pm,13 mm) ' ’ ’ ’ ’ ' ’ '
PVDF
(0.2 um, 13 mm) 49.1 17.0 21.9 1.6 0.8 0 0 0.6
Jee 88.5 753 94.2 37.9 445 3.3 0 1.4
(0.2 pm,13 mm)
PTFE
(0.2 um, 13 mm) 87.8 93.8 96.3 96.5 66.7 70.2 49.5 51.9
PTFE-Q 93.0 105.4 97.1 102.0 97.4 101.5 89.9 83.9
(0.2 pm,13 mm)
GF 97.3 96.1 117.1 103.1 95.3 91.0 89.4 82.8
(0.7 pm, 15 mm) ’ ’ ’ ’ ’ ’ ’ ’
PES 98.3 109.7 117.6 83.0 97.0 80.5 45.1 70.1
(0.2 pm,15 mm) ' ' ' ’ ’ ' ’ ’
RC 114.8 108.5 121.6 112.0 113.1 103.8 88.6 104.7
(0.2 pm, 15 mm) ' ' ’ ’ ’ ’ ’ ’
CA
99.1 99.2 109.7 113.5 94.1 114.0 97.5 90.3

(0.45 um, 28 mm)

#3 BEWREESHENLMRIASE. BHXEY RURMEER

Table 3 Linear regression equations, correlation coefficients , limits of detection and limits of quantitation of MCs

Wi H &% [ )1 7 A FHC RS, far H BR/(ng/L) FE R /(ug/L)
MC-RR Y=1870.9X-151.6 0.9999 0.05 0.1
MC-YR Y=5238.7 X+2128 0.9989 0.05 0.1
MC-LR Y=4968.8 X+147.5 0.9997 0.05 0.1
MC-WR Y=3126.0 X-797.2 0.9995 0.05 0.1
MC-LA Y=630.50 X-785.9 0.9982 0.10 0.2
MC-LY Y=500.42 X-140.4 0.9994 0.10 0.2
MC-LW Y=454.7 X-431.8 0.9988 0.10 0.2
MC-LF ¥=516.93 X-519.8 0.9983 0.10 0.2

R4 FEMEWERNERE
Table 4 Recovery rates and RSDs of the method

NIl I 1 ug/L 5 ug/L 10 pg/L

Wi H &k ST R % RSD/% SRR % RSD/% S IR R % RSD/%
MC-RR 93.5 9.4 88.3 7.0 953 4.1
MC-YR 83.2 10.3 86.1 4.3 96.2 6.9
MC-LR 100.9 10.0 100.2 6.2 89.4 8.9
MC-WR 105.4 8.2 101.2 8.2 102.2 8.0
MC-LA 86.7 11.8 91.1 9.7 96.8 8.2
MC-LY 92.3 10.7 94.4 6.8 91.1 10.6
MC-LW 89.0 9.1 98.2 25 96.3 4.6

MC-LF 89.5 8.2 89.9 8.8 89.1 8.5




548 B ah % 4 B R I A i EERVE
%%j{ﬁk environmental water samples with ionic liquid magnetic graphene [J].
Ecotoxicol Environ Saf, 2019, 176: 20-26.
[ EAT, BIEE, SR, SRR YRt e L 5 TR Sk

[10]

(1]

[12]

RIBFFR )], IREET5 9 5PIR, 2015, 37(6): 90-95.

Wang XN, Yang CX, Zong WS. Research progress on the mechanism and
regulation strategy of microcystins [J]. Environ Poll Control, 2015, 37(6):
90-95.

TREELE, SRIEMH. MRS R 0EHE BT SR )] 0
IRTE K2R (A SRR 24 AR), 2014, 37(1): 53-57.

Zhang TT, Zhang SJ. Research progress of microcystins’s harm and its
analysis techniques [J]. J Anhui Normal Univ (Nat Sci), 2014, 37(1):
53-57.

WY, TRERL GO TR A BRI A A B XU PR BT R
[0]. AEASFREEEEAR, 2013, 22(2): 357-364.

Huang Y, Zhang ZH. Advances in the study of toxicology and human
health risk assessment of microcystin [J]. Ecol Environ Sci, 2013, 22(2):
357-364.

Guidelines for drinking-water quality, fourth edition [Z].

GB 5749-2006 A= iR FH/K TAERLTE[S].

GB 5749-2006 Standards for drinking water quality [S].

TRAESE, PR/, AR AR AR (R0 K R R R R (1]
SAHTEEE, 2001, 29(5): 522-525.

Zhang WH, Xu XQ. Determination of trace level microcystins in water
using solid-phase extraction and high performance liquid chromatography
[J]. Chin J Anal Chem, 2001, 29(5): 522-525.

X, HIRE, XY, 55 RIKMIR RS R i s SO
JESE J A IART]. AT, 2005, 33(11): 1577-1579.

Liu BB, Xiao BD, Liu JT, et al. Optimization of high performance liquid
chromatographic method for analysis of trace microcystins in natural
water bodies [J]. Chin J Anal Chem, 2005, 33(11): 1577-1579.

EFR, RUIF, SEER, 4. CERMIHPLC & /K K A e 5 32
B EiRE, 2016, 37(22): 210-215.

Wang Y, Xu MF, Zeng XC, et al. Comparison of HPLC and CE for
estimation of microcystins in drinking water [J]. Food Sci, 2016, 37(22):
210-215.

GB/T 20466-2006 7K P e et 3 P 5E [S].

GB/T 20466-2006 Determination of microcystins in water [S].

GB/T 5750.8-2006 “E TG AX FHAKPRUERIER 575 A HUMIHEAR[S].

GB/T 5750.8-2006 Standard examination methods for drinking
water—Organic parameters [S].

Beltran E, Ibafiez M, Sancho JV, et al. Determination of six microcystins
and nodularin in surface and dringking waters by on-line solid phase
extraction-ultra high pressure liquid chromatography tandem mass
spectrometry [J]. J Chromatogr A, 2012, 1266: 61-68.

Liu XY, Gao SQ, Li XY, et al. Determination of microcystins in

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

97, BB, SHRE, S WO =T DU e IR BT R S T
K R fOHE B K -LR[T]. B 5E 4 IR AR I 2% 4, 2018, 9(20):
5423-5427.

Li F, Wang Y, Li XG, ef al. Determination of microcystin-LR in water by
high performance liquid chromatography coupled with triple quadrupole
mass spectrometry [J]. J Food Saf Qual, 2018, 9(20): 5423-5427.

W, VRRIE, 2R, SF. B RSB S - A TS P I o
K 9 FhEERE R (], ALK (fh2 a0, 2018, 54(11): 1287-1291.
Shen F, Xu YY, Jiang S, et al. Rapid determination of 9 algal toxins in
surface water by UHPLC-MS/MS [J]. Phys Test Chem Anal (Part B:
Chem Anal), 2018, 54(11): 1287-1291.

KT, UK, SR, 5. BRI B AOR - = T U
T (] P PR A o 12 PR SERE B | R BRI RER )], i,
2017, 35(12): 1286-1293.

Zhang XY, Cai XX, Zhang XY, ef al. Simultaneous rapid determination of
12 mi-crocystins and one nodularin in water by direct injection-ultra
performance liquid chromatography-triple quadrupole mass spectrometry
[J]. Chin J Chromatogr, 2017, 35(12): 1286—1293.

ARBREIE, 1ORALL, R, R S GRS B B TR K e
EEHARRT]. =T, 2017, 26(1): 42-46.

Zou KB, Xiang CH, Dong YL. Determination of microcystin in drinking
water by UPLC-MS-MS [J]. Chem Anal Meter, 2017, 26(1): 42—46.
AR, LR, XIGRHR, 5. ECHCHERE- R OB (- PO BT R
WK 9 PhMEESERE R[], HTILSE, 2015, 43(4): 594-598.

Zhao QY, Zhao JS, Liu BX, et al. Simultaneous determination of 9
microcystins  in  surface water by high performance liquid
chromatography-tandem mass spectrometry [J]. Chin J Anal Chem, 2015,
43(4): 594-598.

L, BRAR. RO G - HR R T I S Ak o 9 AL
[3]. 47KHEK, 2013, 39(6): 37-41.

Jiang L, Zhang D. Simultaneous determination of nine cyanotoxins in
water by high performance liquid chromatography-tandem mass
spectrometry [J]. Water Wastewater Eng, 2013, 39(6): 37-41.

JEIE DN, ATRAE, WAt 5. KPR IR A SO - DR
- L 7 A B A M I A2 7R 0] FRBE SRR, 2018, 35(6):
524-527.

Zhou QR, He AY, Yang W, et al. Determination of microcystins in water
by ultra high performance liquid chromatography-quadrupole-Orbitrap
mass spectrometry [J]. J Environ Health, 2018, 35(6): 524-527.

Flores C, Caixach J. An integrated strategy for rapid and accurate
determination of free and cell-bound microcystins and related peptides in
natural blooms by liquid chromatography—electrospray-high resolution
mass laser

spectrometry and matrix-assisted desorption/ionization



2

S, AF: OB (- PUARAT - 20 B AT IR TR B B AR S TR K b 8 PR e R 549

[21]

time-of-flight/time-of-flight mass spectrometry using both positive and
negative ionization modes [J]. J Chromatogr A, 2015, 1407: 76-89.
GB/T 32465-2015 AL AbHT 7 I B0 DA R A 0 5t 42 225K [S].
GB/T 32465-2015 Requirement for verification & validation of detection

methods and internal quality control on chemical analysis [S]

(WAE% 4 i)

{EEEA

REW, L, SRIEM, ETEHR
B ARGRERSRERDEN.
E-mail: 28923734@qq.com



