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Determination of Seven Microcystins in Aquatic Products
by Liquid Chromatography Tandem Mass Spectrometry

YANG Zhen-yu, ZHOU Yao
(Shanghai Entry-Exit Inspection and Quarantine Bureau , Shanghai 200135, China)

Abstract: Microcystins are common hepatotoxic cyclic toxins released from blue and green
algae, which can harm to animal and human health. It is important to establish an accurate
and rapid method for the safety of aquatic products. All the parameters of sample prepara-
tion and instrumental methods were optimized. Seven microcystins (LR, RR, YR, LW,
LA, LF, and LY) in aquatic products were determined simultaneously by liquid chrometog-
raphy tandem mass spectrometry. Solid-phase extraction(SPE) and matrix solid-phase ex-
traction (MSPD) were adopted for sample preparation. For SPE method, the LOQ is 0.5
ng/kg, and the recoveries are between 75% and 106 % with RSD less than 20%. For MSPD
method, the LOQ is 2. 5 pg/kg, and the recoveries are between 73% and 93% with RSD
less than 16%. This method is suitable for daily inspection and confirmation of microcystins
in aquatic products.
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AR KAESERMMASZHAEMR T FEL R EIeNENEY SEEEALY
KKFESF. KIRLHEEFRLBRNBERRE  EE.

B, AR — 2 TR (RO
AT {5 K P A= M BB T, B 2 T DASE A AR K ik
FRERGEANLMEE. EAREERP, EER
W Y5 YT B B ) B 2 #E B (blue-green algae),
WEBRTYZ A0 A YL IR KR, R
BEEAEREIREPRETASFHER, Kb, %
% J 8 & (microcystin, MC) &2 W5 3 B A — 2
AABISUBERANTEEMMEEER.

MC B2—FIFRIFHF R, 45w AR (DH
BA LR, p D 5 EAAMLR, Ad
daDRAAMNFEBINAR ., H b,
N-F 4 N 2 iR (Mdha) 2 — B 4 ik 1 &
B2, & o f AN FBLAE; Adda 2544 3-4 3
9-HEH-2,6,8- = H H-10-ZK -4, 6-"IH IR, 2
MC 4Bt R BT TR R R, 2 BT A
L-Z&EB. BT R R, VB FREEBRAN,F
AR5 K AS TR Aor B 5 0 S ) 5 DA S I
b/ 2= F 34k 7= A4 B 22 5 T DUE R 2 Al R [R) 45
. BRIEAARFSEREE T TEEE TIE
80 Ft MC 549, A LEH KM Y 7 Fr MC 454y
R 5 R, MEREBRFAETTE 1,

R1 THMCEHMP R 5 R NEEBRFE

Table 1 Amino acid types of R, and R, in 7 MC structures

MC % R, R:
RR BER HER
LR ZEM HEM
YR T E M HEM
LA FE®R REm
LW RER ERER
LY REA® [2E=0.
LF TER FEHER

MC BA 7K ¥k A ok , 5 7 T B B, Al
WK BT IR A RO, AW RA
AR EE B R MC RERET,
BrABFEE e R MC Ry 3 22 35, 76 1K 9 5 1) st
ALHAHERESE ZEE. R, MC &R B
HBREG R F R R AL SR T M BN . MC
AMUBE EHE BB — 2K A Y (e MR K
IR0 Bl B FL T, i H—Se BF A gl ) B K & R
MY SABEZERAKE, 25 EFEHEERT,

MC R 7 gk 8 21, Al 43 S WA AR
T T A g g T T R B B A I kO AR
ORI B o T E MR L E B R AL 2
TR B R A AT B A R B R A Sy
$DLRe 96T 4 2 ORI 2 J5i 4 B 196 4 2 B b I Ak
BT 1k PR VR €8 3% - B IR D % vk A I K 7 L A
7 MC,

1 RBEHES
1.1 FENHBERE

TSQ Quantum Ultra ¥ M 8 3%- 5 Bk i 3%
¢ 2= B Thermo-Fisher 2N F] 7= %, BL A Accela
WA 435 X 5 Allegla X-22R & # & L Hl: £ H
Beckman Coulter 2 f] 7= & PT2100 3 i X .
Poly TRO 22 &) 7 i s QGC-12T A MKAL : Rl R
B AR 5 890/H B X : 18 E Elma 4 &
dh s KMC-1 300 Vi BEdi % #% : Vision 2 7] 7~
a5 [ AH 22 UK B 32 [ Supelco 24 8] 7l ; Wa-
ters Qasis HLB FEAHZE B/ A ; 28 F Waters 2
F] 7= s DSPE PSA/C18 MSPD #: i 4 B [F 4
FHE AEE CNW A 7= & 5 KA 5 2008 B (R
BEBRABA R, 13 mm < 0. 22 pm) : fEE CNW 2 F
7
1.2 EEHEMKF

KR GB/T 6682 #liE i —HoKER;
PG REah; PR . 354, & R =987 1EC A
i

MC #5 # & (MC-RR. LR, YR.LA,LW,
LF.LY % R B AR« Ht Alexis 24
A= . MC-RR.MC-LR 2} 0.1 mg, H'E ¥R
0. 025 mg, {5 FIHTH A BEFG R, B AL 7 A MC IR
BATHETA I, 20 %0 HBE 4 .
1.3 ZWEH
1.3.1 @iE4£M4 @i Hypersil GOLD
C18 (50 mm X 2.1 mm X 1.9 pm);#i 35 C;
PR 10 pL; sl 0. 1% F R /AK B (A I
HEZ(B) s B FEE VR BT : 0~3 min, 20%B,3~5
min,20% ~95%B,5~5. 1 min.95% ~20%B,
5.1~7 min,20%B,
1.3.2 Rk BMEFERTEL Z2RM
W, ISR 3.5 KV, BEE IR 300 CL.HA
S 30, 5B RUE 10, BHMERMAE R E 270 C,
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BET . TETHHEXSHITE 2.

1.4 ®IREBEH*

1.4.1 HMIEK WK 2 g RAKTHBE
FER4F 50 mL B0 P, A 5 mL 80 % F %
KYEW, A 4§ 1 L 20 000 r/min {4 1 min,
fERES IR S 3K, SR FF B 75 15 min, X 4 000
r/min B> 5 min,

1.4.2 [EAMHZEBIESPE) % 1.4 18.LFKH
FEREBRRRE .70 CAKEL 0.5 mL,
Kk ZE 2 10 mL,#F SPE B ik, HLB EAHZE

BONFETE S FIRTRL 23 5 A 5 mL HEERIK LD 1~
2 mL/min i 38 K BEIE 1k 15 1L JE B /N R R PR
. K 10 mL #E R B HLB /M E,#46
FREWEE N 1~2 mL/min; F 5 mL 10 % F EE L)
1~2 mL/minyi & kBt W T FH 5 mL 80% H
B LA 1 mL/min 3 28 6 10 5 05046 VR B, F
F 70 CTFAREIL T |5 20 % H B T
AR 1 mL, it 0.22 ym BB, AL A G IE-R
TEALI E .

R2 THMCHOWMONEEF . FEFONEXSH
Table 2 Parent and daughter ions of MC and relative MS/MS parameters

ey X TR BET (/2 B B FET (/2 AR R/ eV
135* 61
MC-LR 995.2 995, 6[M+H]Jt 190 213 62
375 54
103 44
MC-RR 1038.2 519. 8 M+2H]2+ 120 127 46
135* 34
135* 55
MC-YR 1044.0 1 045. 6(M+H]* 210 213 61
375 50
135 44
MC-LW 1025.2 1025.6(M+H]* 200 213 42
375* 32
135 44
MC-LF 986. 2 986. 6[M+H]T 190 212 48
375* 36
135 48
MC-LY 1002.2 1002, 4A{M+H]* 200 213 50
375* 33
135 45
MC-LA 910.0 910. 4[M+H]T 185 213 45
375* 30
P NERET
1.4.3  FFR4rBE M FERE (MSPD) % R

L4150 51 LE W% % 3 DSPE PSA/C18
MSPD i 43 ¥ B A8 25 BUE 7, JR $8 2 min, D)
4 000 r/min B.[> 5 min, ;N2 EEH ZE 10 mL
thEEd, HKEAZE 5 mL, BAK, B 1 mL
VST 0. 22 pomn JE AR, ALV 68 3% - 0 3 XU E

2 HFRMWE
2.1 RiEFHHAL

Bol 10 mg/L f) MC iy e ¥ W 23 51 Xt 4
A MC FRER BT RE T T8 TRSH

HTESIEFREE-FHREHE A, K
s B G SR 1 ME T, WAl RETE AR 2 Hr
B .Z2MEriE EMmmne®Er. k2L
B, K4 MC EZEUME R 1 M ER T,
{8 MC-RR B FIEREHMEF AR, B4
2 BT R B R AR B 0, B DLk
Fi m/z 519. 8LM+2H]** % MC-RR #%F,

FEFLLm/z 135,213,375 Jg 3,1 3 fh T
BTHE MC W E 738 1, ik g7 fgs
WRE 3 ME 1, m/z 135 & MC fy3tH FH
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-E E-9-H A H-2,6,8-= H H-10-FE -4, 6-—
W (Adda) B P AR ST B B AR AR B, B
£ MC-LR.MC-RR.MC-YR F& 7% & 1
FEERA HM MCHFEFHERFLEF.
T3osm/z 213,375 @R KIS MC HHFHH I
FEAERE B BT LAAS S2 56 ek W 49 7 Fp MC 19755
FUHAX 2 FIHEHWE T, MC-RR,LR,
YR ¥ m/z 135 R R E BB F, HAh 4 # MC
m/z 3T5 AENERE T,

J TR BB RROCER, A ESI
IR, T mA— B AL R, AL

R F B BR AT D B 1 AR 3G %o S A o R H R
F BT RASE R , A [F) PR Mk 2 ) 2R 480 #Y) #2
T H 2,

x3 FETHSTHX

Table 3 Molecular formula of possible daughter ions

FEF(m/2 SFak
135 CoHio+H
213 CoHi,O4N:+H
375 Cy1Hi50+Glu+Mdha+H
D-Glu
H  COOH CH;
7,

miz 375

CH; P|I Y D-Ala

1 3MFETFITRAOBEREX
Fig. 1 The possible fragmentation of daughter ions

x10*
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Fig. 2 Effect of different concentrations

of formic acid on sensitivity

MWK 2 7l LE 2, in AR5, MC-LA,
LY LF.LW Ay 7 S H R K3, (B7E 0. 16 Al

0.2 HRE BAF, REEZMAK. UK
HZEF S AN 0. 1% P e IBALIF BB F
MEMERESTFOIEERTH 3.
2.2 HIANEBAEHIIEE

HRYE SCERY A MC 4 5 1) 4% 1%, SPE # —
R C18 /Mt EE HLB /IMESLFE B4 5
AL X HLB /N (9 9 Bk 5% 0 50T [0 e SE 58
AWM AR HLB M E B, B4 10 mL
&7 F MC kR H &g MC & 20 ng, A5
B A 5 mL 100%7/K.10%.,20% .30%.,40% .
50%.60%.70% .80% .90 % H B /K ¥ ¥ . 100 %
F B AT VR I . 43 S WO AR R B VR, B AL & MC
FERFITERBE R T M MCERE, SRE
BL:RR 7E 50% ~ 80X H [ /K ik vk B B bk 8 T
¥;YR.LR.LA,LF.LW.LY 7£ 20% ~80% H
FE K MR IR BV T ok FTLAARSZR @A 10%
P K 7 VR TR 0 5 80 U PP I /K V75 W R

H B, 3 5 23 5B A K BT ¥ (matrix solid
phase dispersion, MSPD) E #% B T £ i 5% 8 />
BT 7 Ak E0200 78 MC A& o, MSPD 15 —
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g Ry

AH R CNW /A 7] i DSPE PSA/C18
MSPD % 4y # B A A IUE . X2 — R A
15 mL (3.0, RS T 150 mg PSA.150
mg C18,900 mg Jo/K TR BREE FE A K. H#t
At B R B K 32 O /81 A MISPD 4%, C18 2 I it
HA e MY R, PSA(Z —H-N-TH 5) & 1%
AR R . A LR A M 0 R W F YR, iR
5 U] £ % B K T I 082 RS K A P 2 L T MC
SRETFEER T AMEHSMERN., FE
T8I Z AL R A I Ak R 2
Jen] Wz 2 R A A AU AHL 25 R 4 K 00 s (i) L 4B 4
050 R BR A5 B R R s A R T k.

2.3 FHiEiER

HRAE A [ B Ak 38 ¥ 5 BUK AS R R 1 PR 5 i
B AR B G K T, XK MC 47 [E
WORFE B BE LB, SPE BB MATE R 0.5,
1.2 pg/kg; MSPD B MK FH 2. 5.5,10
pg/kg, W FALEE R MC S EAKFER 1.2,
4 pg/L. BT ¥ Jg IR & 1 50 P R i
BN AE o R I AE G BT, FAT I & 6 1K, 45 2R 5
FE A4,

% 4 W LA S H . SPE 3 /Y o) ik R N
75 %~ 106 %6 , # Xt 4% v R 22/ F 20% ; MSPD
WA [l 3R Ky 73% ~ 935, A T B A R 2 /0
F19%,

MC-LR
100 PH1¢ 100[- 4/'&
£ 7IMC-RR £ oy
3 | 3.96 3 4.36
g 100 2 100 k
< <
= =
= =
= 0 =
= MC-LA 2 MC-LW 450
2 100f 2 100F A
o 0 o o 0
=~ MC-LF e MC-YR
100 100} ‘“”N
0 [ T T 0 T T T T T
3.0 35 5.5 6.0 3.0 3.5 4.0 4.5 5.0 5.5 6.0
t/min
B3 7@ MCHEER
Fig.3 Chromatograms of 7 MCs
F4 THMCHFMEEEMBNGERE
Table 4 Recoveries and RSDs of 7 microcystins
SPE % MSPD #
MC # %%
Ia] e / %% AR AR AR 22/ Bl / %% ABXT AR AR 22/ 4
RR 77~98 <20 73~85 <15
YR 75~93 <16 73~89 <13
LR 81~96 <10 82~93 <16
LA 78~102 <13 75~90 <19
LF 83~106 <12 77~91 <12
Lw 86~96 <13 80~89 <8
LY 82~93 <10 78~93 <11
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HENT T WROME 6 - B B U i E 3 A TR K
FEER T F MC B F .7 B MC £ 0. 5~20
pg/LYE B &M RIT. R4E 30 Y I A
S IE B, B2 T SPE Il MSPE B f R 4k 8 5
Y. SPE RBEREH, MELBEE K, E&N
BRI, 7 0. 5 pg/ke, ¥l i R 3K 7504 ~
106 % , M X bR vEE IR 22 /N F 20% ;5 1 MSPD #: #
E 87 5, (ER W BR WS 4n SPE 35, 8 2.5 pg/kg,
NI e Ry 73 % ~93% , M X BR v AR 25/ T
19% ., B, 7T RLAR 4 S2 Br BE0R, 3% BUAS [R] B BT
b 3T B AT R
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