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B OE: BK S OB 5 HR IS R I E DU S b 4 MRV RS R T iR A
Ph SR P R EEES S B, I HLB /ML, 16 Z0E-5 mmol/L BERRE/KIE IR ZR H, 4 Kinetex Cg (150 mmx3 mm,
2.6 pm)BREEVEBE, SCHLT 4 FPEEEE R RATANE . R T LS IE 67 B T IRl AR O 4 FIR T R R R
PO ERIE . GR HAMEAWEIK HBR R 2.3 ~ 20.7 pg/g, 7 3.8 ~1378.0 pg/g WEETE RN LE R
I, AHOCFREL P #E 0.99407~0.99923 ZIH], [FIRF LA DI 277 i R B IE g 4 b A fE R . P A 3 ARk oF ik
BE A IR A 70%~95%, AR bR 22 (relative standard deviation, RSD) A 2.3%~7.7%. &5 %71 R L.
WA . R, AT DLZK ™ S A Y H R AU 5T

KR WA RORAR - BRI, VISP IR, Wi e, IR R (R

Simultaneous determination of 4 types of lipophilic algae toxins in shellfish
products using ultra performance liquid chromatography tandem
mass spectrometry

HUANG Bi-Hui"

(Xiamen Institute for Food and Drug Quality Control, Xiamen 361004, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 4 kinds of lipophilic algae toxins
in shellfish products using ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS).
Methods Samples were first extracted by methanol, followed by a purification using an Oasis HLB SPE column.
Further separation of the 4 targets compound was achieved on a Kinetex C;g column (150 mmx3 mm, 2.6 um) via
UPLC by gradient elution with acetonitrile and 5 mmol/L ammonium acetate aqueous solutionas mobile phase.
Quantification of the 4 targets was performed on a mass spectrometry, which simultaneously carried out by means of
electrospray ionization in positive (ESI") and negative ion mode (ESI) mode with an external standard. Results
The method showed a good linearity in the concentration range of 3.8—1378.0 pg/g, with the detection limits of
2.3-20.7 pg/g. The correlation coefficients (r*) were between 0.99407-0.99923 for 4 toxins. The average recoveries
for the high, medium and low concentrations of external standard were between 70%—95% with the relative standard

deviations(RSD) 2.3%—7.7%. Conclusion The method is sensitive, accurate, with high efficiency and is suitable for
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the daily risk monitoring project of shellfish food safety.

KEY WORDS: ultra performance liquid chromatography tandem mass spectrometry; shellfish products; lipophilic

algae toxins; electrospray ionization; positive and negative ion mode; simultaneous determination
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PR BRIV R R e R W A i — 2k AR R
/NN L/ SR AOE YN TGS o4 2 (R 1g
i HR i AT s R S KR 4 DL 2K sh ) e A
HZE BT 3 B 5 335 3 00 DL 2R 0 T g 5 | ke vp 2 S i
Bl S A e AN I], 88 85 2 0T 40 Ry /K s e 4 2 AR
WPEEERER, HAP IR BT R 2 90%, FEH
K H K 45 R (okadaic acid, OA) R K | W #H K
(pectenotoxin, PTX)R 4K . IR ki Il 8 & (yessotoxin,
YTX)ZRFIFEZ . JF £ H 3R (azaspiracid, AZA)RH|TH K |
5 41 4 87 2 (brevetoxin, BTX) R B X, UL LI G
# (gymnodimme, GYM)FIZIR PN g 4 Z (spirolides, SPX) &
FIRERI iy F i s R ENE R, I & A4k
RS, EEEANE TAETMES . HERIRE
PEEEE R AT OA Z G4 MR A E FAREN ), v Hoft
JURMBREMEBERE 2L, H A T AR R A Iy vk, Tt
AH VL B4 B B A, R O g S — i) o i A 1 e g AT
HERA R () T vk AU LB . HHTAE E AR F i
F ORI 2 (/N i /& Yasumoto
LRI 1978 AR#ESE, JE—Fh R F T2 945 Go Ak ik
W, (HIEERR S 22, ToIR O UERE & A2 7E R Ah 3k
B35 QMR G ys W M o e i I PR S sl g K 1Y) v e 5
P PR S B R HEA T I S e M IS5, H T E A R Ak
WA GWAT G P, (HHE B R B RRAITA T Z
e B T )R ik . R R A R
B 5956 I & HE AT A A RN AR ISR e S T, 64T
AU H SR BR T T I & AR VG EC A9 AT A R Sb,
XoF T 45 R AR Bl ELAE (35 b O B8 I 8] A% S A B 1Y [ & 0 T
7, HirAw A —Eres 250 B . (4) M 83Uk @
- TTIEE . R ERE . EIMS . R
A TR T IZ N T A R A A W i AG ) T
(5) R BOBCRR 35 -5 20 BRI 1 o MV FROR BB IR 3 1y 22 M
B2 R, (HA T H R AR, AEE s A
L, AFIFHET ST, W SgERASMAEE—ER
SRR, AT EAR A R AU RO IR AR B 5 R A A
T SO A 5,335 - R DR BT R R, A Ny — b B[] B A I DL
FKT b 4 FOARIA MR SE R R IR DB R | RAF B
D13 & (homo-yessotoxin, hYTX) ., 137 % 2(pectenotoxin2,
PTX2). ISR ZR Wik, X H XK i XU W
MARKIHE T2 L

2 MH5EREE

2.1 MRS

Frifdi: HRERE DIEER[YTX, (4.9240.2) ng/mL] Z4F
UL 3 Z [hYTX, (5.8+0.3) pg/mL]. 53 % 2[PTX2,
(4.4+0.2) pg/mL], FWRZEFR[GYM, (2.50+0.13) pg/mL ]
(= RIEEAR R, ClE. BlEE . IECbe(@il
afi, SEEBREA A ZUKGTal, RIS s b
WH RN, LBRE (T4, TR RRA B A B2\ );
SEg KR B il Mill-Q 2tk .
22 UES5EE

1290 8 & M AH (435 402 R 4E . Vac Elut20 [FAHZEEL
X (SR E 2R A TF)); APISS00Q Trap % = 5 UL AT i1
L EERE AB 2Aw]); SQP B K- Sartorius 22 H]);
MS3 BUERTR AT A . T18 T m sl AL IKA AR
#l); CF1SRN B E /A A B L H AR Hitachi 24 F]); MVS
AR 45132 E LabTech A w]); BAT-D AU 4l K fb %%
H (3 [ Millipore A F]) [EAHZE WA : Oasis HLB(3cc/60 meg,
ZE[H Waters A H)); WA i H: Kinetex C (150 mmx3 mm,
2.6 um, 3&[E Phenomenex 2\ A])
23 ELWHE
2.3.1 AR B

PR FRUES M 0.5 mL AT R IR, A
Bl HAE R 5 mL A5, AR EEE A EZE, 195 4
FPARAE Sh 1At T, PR 3 DL 3 (YTX)492 pg/L . 2%
HRFRR DA Z (WY TX)S580 pg/L. BA 82 2(PTX2)440 pg/L
TR R (GYM)250 pg/mL, BT 0~ 4 "CHREIGHERT .

FRUE T AR # HE— 2 B9 HL B4 IR 4 2
HIBAARAE &, R E 10 mL K00, FH BRI E
REAEL, 52 4FERNRA RS, HhYTX.
hYTX. PTX2, GYM W43 500 4.9, 5.8, 4.4, 5.0 pug/L,
I EF-20 CHA T hfr4 H -
232 &L

FEIR: 35 °C; Wi 0.3 mL/min, #FRER: 2.0 uL, Fi3h
A 5 mmol/L ZERE(ADMZIE®BL); BhEEVEHRRF N
0~1 min, 35% B1; 1 ~5 min, 35% ~90% B1; 5~8 min,
90% B1; 8.1 ~ 12 min, 35% B1.
233 REEN

B WIS B, b PTX2. GYM RAIES
F-#5 % (electrospray ionization positive, ESI) i, YTX,
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hYTX R 1 & 745 2 (electrospray ionization negative,
ESDOyR I, H# 7. E/ s FHH, 20 EN
(multiple reaction monitoring, MRM#i(, Jiiil% S5k W3R
l. B BRSESHENE . /8T, AKsE
(declustering potential, DP) S fill i Fi, F (collision energy, CE)
ZHILE 2.

234 HEATAE

(DFE S 2

KRBT RECEUE M DUERE S AEL, 00 I ik )
400 g Lk b, K52, BOTEAERS, ATBAEAK ket st by
Vb, RPN S M.

A 1 kg FERE T 2~ 3 L Z W IBLIK T
RSN 3 min 224, Bith, BEEER, L5, W
w4y, HZ LR UL AEE] 400 g UL E, FAHREPLE I
JR# .

(2)FE S AR EL

FREL 2.0 g Hil#5 )5 EES T 50 mL R OB LE T,
A 8 mL HEGEHE 2 min, #7520 min J57E 4 °C,
12000 r/min 25/ F &0 5 min, LI EH#RME 1K, S9F
B, FHRBIERE 20 mL IR HPRE S Z20E,
i W B B R R BOR 5.0 mL i & AH 2 BU (solid phase
extraction, SPE)+k, .

G)FE S AL

¥ ik 5.0 mL BT 40 *CAWT A, A 2 mL,
25%(V: V, I SCIRD I F BRI A, FEIA S mL IECL e,
REEFEECHE, BEE —RIECERmALTER. Rk
3 mL FEERI 3 mL 25%0) F B TS L HLB /IMT R, BBk
WAL AW B, B 3 mL 25%M B B A T
Wk, TR, S mL . 1%(V: VYUK B EEEF TR, sk
BB AE 40 °CRMRMAT =T, M 1.0 mL WEAA, e
RS EPLIE .

3 LRS00

3.1 BEREHmML

ARWFFER T Phenomenex fY) Kinetex C s AR (0,354,
REARUT B 4 FloRie el R . SRERM T IEREF
BT W A MRM A5E5X,  Hh T 1E 25 PR 2 A 3 sl ki vl LA 5
TR A i B AR, SRR, (HZERR R ShH T
B B AR S, R A e R U s A A R
L TRV, 1Rk A PR RE Ik B R AP AW Y . Z06-0.1%
HR K (V: VIR Z2 2 3 vh o L I B i sh iR &R, 1
IR, LE 2 -0.1% F R /K T shAH Ik & o 1 B
A TR PTX2. GYM A] LI RAT () R AR E FgTe, (H21Hh
BRI YTX  hYTX S R . 58 S 22 1 1 0
PP KA R 02 5 3% v o R S P s AR R, 7 P -
KB BIARIR R R FR T 0 YTX ., hYTX W] LA AR AT
1 R EERE T, (HUZIE S AT PTX2 . GYM &6
WA TR Hi 2 A 150 R AS RIS R ) T 2 - 2 R e i s i Ak
R, LR HATE N pH APEBALE, REasHE s By B
FHCR, BEUGE 4 Fh BRSSP ETE R (e, 4
Tl i 1 5 2 2% 8 2 5 MRM LA 1,

3.2 FRIEEHHMRL

Xt 4 AR PE BT R AR WO TR B A,
AW PTX2 HEEHE FHAAAGFS, ZE™E
[M+NH,] (mVz 876.5)8F; GYM H7EIF & PR A1E S,
FEHE [MHH] (mvz 508.4)8F; YTX RAEG B TRl
HTFAEES, £E™AE[M2HR Wz 570.2) & T .
[M-H](mVz 1141.5)&F; hYTX i R7E5 8 TR & T
HAES, FE™EM2H)2(mz 577.2)8 F . [M-H] (mz
1155.5) B F. HAFREWE, BT YIX M hYTX B
[M-2H]> 8 W i 137 378 38 55 T [M-H] 85 U i w17, PR it
AP T [M-2H] B A

x1 RS

Table 1 Parameters of mass spectrometry

AT A /MPa FLIBE 55 L /V BRI EE/,C FAA KT /MPa TS J1/MPa
IE BT 30 5500 550 55 55
BB F R 30 -4500 450 55 55
FR2 AMBERMEESERIZSH
Table 2 Parameters of mass spectrometry of 4 lipophilic algae toxins

ity ESI #3X L B4 B[] /min HEFH(m/z) TEF/(n2) FFEHEDPYV Rl RER(CE)YV

GYM IEREE 5.30 508.4 490.3*%/162.3 85 33/55

PTX2 IEREE 6.98 876.5 823.5%/805.5 110 35/35

YTX Uit sy 5.50 570.2 467.4%/396.4 -90 —43/-45
hYTX 2 5.51 577.2 474.2%/403.2 -90 —40/-42

B TR T
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Fig.l Quantitative ion MRM chromatograms of 4 lipophilic algae toxins

SRIG T TR, W kR T
T, EREPNME 0 IE A B A X
B A MRM AT IR A5 85 X0 19 2 7 i R B il 43 P
HIASHE 2.

3.3 BIRCIEBEEZHRMAL
33.1 REUEFA

A 4 FERRBEREEGY, 2B THEE.
. CRRCTRFEAPIER . ARSI LIS AR, 43517
FETIX 4 FIPEFIXTIX 4 FIEe s RIEBRCE, 45 0A 2,
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Fig.2 Recovery rate of target compounds using different extraction
solvents (n=3)
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MIE 2 ATLAE 26 2R 2R VR AR B 77134
RSB R, 17 H R A R EGA R A [ SCR e s A 5 2
K, XPTRESIX 4 FbA ikt A oG, PTX JEFK
BRI B O Y), YTX  hYTX 8 T LR BEAL G

Y1, GYM J& T & WM KIRGEMAL &8, KIF LA Z24%
SRR, T R SN, T AU, TR
MM LA YA RO AR . IR Ak Rl
PR
332 HF XAk

DR AR R AT . b e, WARAE S
KAHALE 518 A %, TR, Rax Hirfbd
Yt T e E M E R, BT, XTI R ARSI A A
K iE, 7Ry B RE A IE 2 bR i A7 5K,
4 11 QUEChERS J5ik, A5 — Lok I [ AH A8 Hith: R #EAT
LA RE . QUEChERS 77k BARHTADH {52, (HUR [l
AN, R R RE, BARPd s e b . ASCR
FHT IE C e 4s A 1A 28 B0y 2O AR St T A B, AEXT
H. T Oasis HLB #+: . Strata-X #£ Fl1 Cy5 7 )5 & PR, 4 Strata-X
FEALBEAGRE S AT PTX2 WG Y, 2R C g A B AUAE Sl 24 TR
Wiz, SRR TR, BEILASIIE I T HLB EAHZEIU N
FEAE A/ M

TEIRBOE BRIHE F 7 4 B, 5 AT i 5 e,
S Binfb A Y7E HLB BAHZEBOE AR R, 5 A3
FALFES I E . EHIEME A SPE FILE!, Sel R I
PR Heds 2T J5 R BKE R 20, e T 38 m At
B, R BRI SE A IE 2 ke bR s i BAREE B . &
BRI P HEEN S EARS S, OSSR EEER Birf
A YTE BB AR, SRR FIRE 1 B e
i PRSI 52 T A R B 1 B BKE R R VA
FI HEs Pl 45800 3,
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Fig.3 Recovery rate of target Compounds using different resolvents (n=3)

M 3 ATRAE B, B B R R 3 m, [kt iz
Wi, X B Sk R B B A TR IR e A
Vi o X H R BE IR B 25%0, BARPIBE T YTX 78 H Bk
JE 30%[ml S A i — e 4h, oAl 3 R ik 54 0 [BLBCR AR
BT K, (HBE T E AR A0 [ 0505 i 2 P e (1 34
R RIS, 2 B R H AR AE = R IR 2R AN o [ A 2K
FEARBEMIRE . Hit, 255 e R Ak 25% H B
FUVE R ST o AT SCHREE BA B VA v e v R Ae st 4544
TR EEHID B ARSI T T8 1%%
K F A A RV
333 FikFiEM

(1) MR . R

AMWFFER IR MR L X B AR A PR T 53 HT
BRI AR NS, &5 R RARRTAEE, AR
GG BV 0 H ARV WA AR A . DA ik g i 1
FURINABR, e B A b AB bR HEA TR BT, DA e I i
BEF 3 RS L (SN = 3) % 87 A8 3k B2 4 Sy ey BR (limit of
detection, LOD), LA 10 f&{5 M HL(SIN= 10)X%] i ¥ EAE A
72 5 FR (limit of quantitation, LOQ). H T H Al [E KL WA &
FI) AR S AR T 1 e i 2R Y B R A vk b e, DR AR 5K
B FEABOT TR I I 2 B T AR TE R MY, 25 LR
3R 3 AT LIE 4 Bk & P — 2 13 N 2k G &
RAF, HARSERE k8T 0.99 DUE, s TP RE

B YTX 5 hYTX #B&HIEEFREZCRETH GYM 5
PTX2 (R s BRANE fE R s — 4k, (HdL ARSI 2 H 3 T
K

(2) [ENCASFOAE 25 B2

FAAL G TRy, 43 IR BTG . TRDL . JRiR
25 RSO IARAE f, RIS 3 BRSSP h 2 1, —
Dy AR BAL TR, — Oy BT, 43 BIHER T 3 PR
o AR R B AT (AR SR 5, AR AT A7
6 IR A KT i 3 IR, BB 3 IK), &IEY
[E] WSe 3R FNAH X R ME i 22 (relative standard deviation, RSD)l
TELETINDE 4 iR, SRR 4 b B YrEst . MRl
PRIRZ AR . L R 3 IR AR R (9 DGR
A 70% ~ 95%, RSD N 2.3% ~ 7.7%/NF 10%(n=6), i £4>
BBk .
334 FEFEARER

s FARTIF ST T i i v T AT . R UL L SCHs L IR
K& 10 AR AL HEAT 4 R IRV PR B 2 AR, A 45 R B
& GYM MK e, A 18 (hkEa G, WREETE 0.35 ~
15.5 png/kg Z 0], HURIE PTX2 IR 3%, A 5 GyRESnAG
WEEAE 0.17 ~ 2.80 pg/kg Z[Al; i hYTX #l YTX #H A 1
ByRESRASIN W BEAM A 14.3 1 20.6 pg/kg. FHIZK:
W7 A8 SE BRI T A P REAS 204G AL N FH, T AR DL 2k
AR S A B R RS I T AE

®3 4MERMESENEMEERE. QEFE. BXAYK. RURMEER

Table 3 Results of linear ranges, regression equations, correlation coefficients, LODs and LOQs of 4 lipophilic algae toxins

EY LMV F/ (pg/g) E)Epiy A REL 5 HBR LOD/(pg/g) FERIR LOQ/(pg/g)
GYM 3.8~ 152 Y=224371X-37004.9 0.99407 2.3 7.6

PTX2 12.2 ~ 480 Y=45051.3X-6537.3 0.99904 7.3 24.0

YTX 31.5~ 1260 Y=2680.1X-243.0 0.99923 18.9 63.0
hYTX 34.5~ 1378 Y=6543.7X-1710.5 0.99557 20.7 68.9
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R4 NEIEFARE AN E L1 25 R (n=6)
Table 4 Results of recovery and precision in different sample (n=6)
AR} =g biet o
HEI g ik , ik
IR /% RSD/% /% RSD/% R /% RSD/%
(pg/g) (pg/g) (pg/®)

5.0 75~ 83 4.1 5.0 70 ~ 81 5.6 5.0 77 ~ 85 3.6
GYM 15.0 76 ~ 85 4.4 15.0 71~ 82 5.1 15.0 76 ~ 88 5.6
50.0 83 ~ 88 2.3 50.0 85~93 32 50.0 80 ~ 88 3.7
8.8 82~ 89 34 8.8 81 ~90 43 8.8 79 ~91 5.1
PTX2 26.4 82 ~90 33 26.4 83~92 3.7 26.4 72 ~ 84 5.7
88.0 78 ~ 90 5.0 88.0 83 ~95 4.9 88.0 74 ~ 90 7.7
49.2 77 ~ 86 3.8 49.2 75 ~ 86 5.4 49.2 76 ~ 85 4.1
YTX 147.6 75~ 85 4.4 147.6 78 ~ 87 43 147.6 81 ~87 3.0
492.0 75~ 86 49 492.0 73 ~91 7.6 492.0 76 ~ 93 7.0
58.0 79 ~ 85 2.6 58.0 75~ 85 4.7 58.0 73 ~ 80 3.3
hYTX 174.0 74~ 83 4.0 174.0 79 ~ 84 2.4 174.0 78 ~ 89 6.6
580.0 77 ~ 84 2.8 580.0 80 ~95 6.9 580.0 77 ~ 85 4.0

4 FHR5L

AHFFEHESL T — Tl s OB AR 3 - R IR i (] i)
Kl DUerh 4 RIS R Ik, %) IA TR AREE |
REUER . WCREE, BB L [RIAGI DI R RSl b 4 Fib
PR RER A 2R, AT IR DI287™ v 4 Flg i1
BERE R AR T A
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