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EmPRRERERE S w7 2 N

Bk BE%E AR AR BB ERR RLF

R EEET bt

W B

FAX Y A% BR (azaspiracid, AZA) & NG EM B & 0 R A A TR A A
R EY  ERAREHIER M RARRER AR Ay ABRRRER
RIZARBRIT R Z RS WRRs » Bk U R F 5 F ik - AL A RE
# B2 B 9r(azaspiracid poisoning, AZP) ° # 457 Bl B W 3L B 48 F 2R B 22
Zhl > BAZFAETRZ "RV TEMW T R A MARREELE  STARARE &
BIE S RAM AR Ty ik o AU R H A 5 AR R F BRI A R IR AR B AR - AR
AR AT B H B4R (liquid chromatograph/tandem mass spectrometer, LC/MS/MS)#k %
F R & 18] (multiple reaction monitoring, MRM)AE R, i 4T 5 #7 o 1 JH 44 #5722 & A BY i
AT e @RGSR 0 R R A2 %10 ng/g 0 RARIRRBRAZA-1 ~ AZA2AAZA-3Z B
FHF R ANGAT2.6 - 108.6% 1]+ 4 A E(CVY%)EF A 5% » Kk dr ik
2 R FARR 20.002 mg/kg o ARE L X ik o AT B AR A 4 # M) H CRM-AZA-Mus
AZA-1 ~ AZA 2B AZA-3XRME 5 7] 4 1.42 ~ 0.314%0.203 mg/kg#24% 7~ 181.16 » 0.273
20.211 mg/kgh & 3L » FEw ATy ik X EAEMEAE o B dh BT E 1340 L R B

B EE R B R 4 -

RABEE) - IRMEEA RS - ¥ E - RAEETRKEREE

|

Al

ASCIEFER (azaspiracids, AZA)SE FH{HA
BeAzadinium spinosumg &) —FESVE 2R
BhgEdEE > nEABPREE  5EEREY - &
FLZEF[R19954F » A 2 {R (7Rl AEZ A E
FLEBOERE R (Mytilus edulis)f%HE T3
EARTAZENEE - HE IR R R i &
(diarrhetic shellfish poisoning, DSP)f7E & &R
HEHERK TR EDSPEHEZESEIFED -
Satake% A KR B E HM A 5 B EETHER Y
Bt K A5 S0 T > Nicolaou M FrederickZE A ST

fefEEl - BREFZRSHR - B BEK
RIRHIEIEL BB EY) o BT ENNEEY)
FF M & Fyazaspiracid (AZA)? o Z A EEL
INERI 22 Ko 2R 3 N R 2% Tl 5 R e A
FIAZA - FEEIEEE - BB EAMSH - James
N2 B0 e R MR e (Protoperidinum
crassipes) * FE& I FEH Tillman$E A5 HH
2R A BUR B RNV ZAzadinium spinosum
— TR E R Y - RIRP. crassipes
T REfH B Azadinium spinosumE AR T & £ 5
20,

._f\
AZA-1ERFH T HEHAREFR - FH
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'E 2553 17 (mass spectrometry, MS) K B fit
HAR (nuclear magnetic resonance, NMR) &7
AZA-1HIAERE - I DUEE i B (L TR T
(positive electrospray ionization, ESI") » JiFHEf
A [M+H] BT $im/z 842 5 AZA-14E B AFE
e AR R i AT S el
fe L H AR A E - BIRAERR LS
Y- fEEIREYEERS - T 558415 g/mol
SHEEREREN SRR - Rin&sa5RE - wE
ZRER 40 bR IR ALK - 73T T 20{E 17 #8 2
RO ER R AL HE - 1997/ EE Mg
R/ # A IR H G [FEAYAZP - FENMR
iR BB 2{EHAZARIEEY) - 53 BIRC-8%%
HHERC-22EHUERES T - Khlai ks
AZA-2JAZA-3YY  HEET 3 7F5856 m/zRe
828 m/z °

AZAFE1 mol/LI Z R/ FEHETEL mol/L
HIZ/K ISR P IS0 R BIENZ %
TE ik e N ] RHAGET - BADSPERFEML
NEEAZRIAZAT FH BEEEU N - FH
B B A P AR R O e~ I RE
RS ER T RHE2 - 3RO -

BN & 522 2 J&) (european food safety
authority, ESFA)faii A < BRI IR IB =5 1k
22727 & (acute reference dose, ARfDs) * 2L160
ng AZA eq./kg HAE FIREIEHED - EFSAHY
ARIDEFRBIERVFAGIENEREE K
BRI E 24/ NEATHILR - HEEEEE
JR\ B2 A BHERRY R © T DAARTD IR Ry BB -
AZA-VERRNLFFEE30 png AZA-1 eq./kgH
W BRI E N EEIE2 ng AZA-1 eq./60
kg™ o IEAN o EBA Y EE F(food and
drug administration, FDA)t2LL0.16 ppm =5
FHIAZATF R -

HHEI$H ¥ AZAR I B TR = DV NEAEY)
#lE21% (mouse bioassay) = XU AHE T (high-
performance liquid Chromatography, HPLC) »
TR g A7 5 B8 38 % (liquid chromatography/

tandem mass spectrometry, LC/MS/MS)& 53
NEAEYREERE A ERZER - NEEHER
fHEER - HEHBERERKERENE - B
(EREMHIEI H AT 10 - 40%1IAZA - (£H
e EAZAR H AR A B A Y
LC/MS/MSIEEA il ~ BRI = Ko
FEEF R, - EHERTERLER S E TS
BERRE SR Y -

EREREG#EEFHERG - BHERE
s HFER R B 5 2 [REFLE - AR5t
Z B R s B R A IR ek H 5 2
Bk WDV 2 TR T E R EF AN
ERREESENE > BT RER - ik
B BN BRE Rt g AR R AN ER TR
BN -

MFERTTE

— ~ MR ER G 22

() B 2
e SR B AR R 1064E 11 H I H
adtt&E 2 FEH TSR KRES - B
W BES TG M VT TR
g~ W A8 JEbEE - FEREE 3
131 -

(VA T AR oy
BF I 5% FH 5 FE g AT (Meerck, Darmstadt,
Germany) ; R R HH % 8% Ry ol 22 i
(Wako, Osaka, Japan) (Sigama-Aldrich,
Louis, USA) - & fCIREEAZA- 1T HE i
(1.30 £ 0.07 pg/mL) ~ AZA-21E#E(1.22
+ 0.06 pg/mL) » AZA-3fEHAER, (1,18 +
0.05 pg/mL) K FEHEZE W) E CRM-AZA-
MUS-d (AZA-1& & 51.16 + 0.10 pg/g
AZA-2EE0.273 £ 0.024 pg/gh AZA-3
&&E%0.211 + 0.023 pg/g) (National
Research Council, Halifax, NS, Canada) °
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ERTTEEF
(et

BB (50 mL > PPME) - BHEI(S mL
520 mL) ~ JERE(FL1£0.22 um » PTFF#f
H) -
(oS VA W 2 P B

BRI AR IR IEREAZA- 1TEHE 384 .6
ul v AZA-21EHEL409.8 uL K AZA-3FEHE
nu423.7 puL - DB E AR RS mL » (FRIE
HEVAWE - R4CCREERETER AT -

=~ fRERE TR

()RR T SRR E R R - AR T
f#(Acquity UPLC" System, Waters, USA)
A1 E B 0B 33 (Xevo TQ-S micro, Waters,
USA)

CHRFEREHTERE © 1.7 pm - AE2.1 mm X
10 cm (Acquity UPLC® BEH C18, Waters,
USA)

(St (M (Allegra 25R centrifuge, Beckman
Coulter, USA)

(o) /i 8 . 7 B (Vortex Genie-2, Scientific
Industries, USA)

(B) & 2 A Ak b B R B E (2010
GenoGrinder”, SPEX SamplePrep, USA)

() Tk B35 (Millipore milli-Q,
Millipore, USA)

=~ iz AE

s - 2 ¢ 0 BHERE  BR
50 mLEELEF - MAFEE9 mL - fEIHE =)
% » DU s R AR P AR 2 258 B2 1000 rpmiiR
G108 0 R4°C ~ 2000 xg#fE 0105788 - UL EE
R - BEDL FR AP B EE R - &6F
B BUHBEEAZE20 mL > BEHE 0 &
PTFEVRBGETE - HEERIR -

- BE AR EMR HUF

Ui 22 il b i B DR IR E
W R EIER] mL o DLARRWREZ - 555
A RAIEERL B E AR LEVATR2 - 100 pL »
A B RERE B 1 mL - BRI S BUER
AZA-1 > AZA-2FAZA-3 0.2 - 10 ng/mL (0.2
0.5+ 12> 5810 ng/mL).Z FE VL i &R -

7 ERBHZETE
(-JUPLC/ MRt

BEHE A © A %$£0.315 gk &
U1 mL > DLEBET /KA R R 1000
mL AR BGEE - DR ER B AR
/A -
BENFRATEB © THEFF 2540315 g &HY
F%1 mL - DL ESVARE T RE1000 mL - £%
VEIEEE - BRI B E R B A B -
M EIETATR © 03k — -

T_—  AREBIRIL T IR ETTHE DT

i (min) A (%) B (%)
0— 9 95 > 0 5 — 100
9 —> 12 0— 0 100 — 100
12— 13 0— 95 100 > 5
13— 15 95 — 95 5> 5
BFEVEEE ¢ 0.25 mL/min
EAE : 10mL

(VBRI
Bt iR - EIEEE T (L IEME T (positive
ion electrospray ionization, ESI")
E %5 B FE (capillary voltage) : 1.0 kV
AL IR (column temperature) : 45°C
B J5H £ (ion source temperature) :
150°C
I HEBUE E (desolvation temperature) :
450°C
VA IR FE A % (desolvation flow rate) :
850 L/hr
Bl © 28 & (S H](multiple reaction
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monitoring, MRM) ° {5 & 7% - MR
$EFEBR (cone voltage)Ei Tl HE & (collision
energy){13= — -

&= aBEMIEER 2 SEREBEAKRIZ2H

Ton pair Cone Collision

Compound  Precursor ion (m/z) > Vvoltage — energy
product ion (m/z) V) (eV)

842.6 > 824.5" 28
AZA-1 48

842.6 > 806.5 40

856.6 > 838.5" 28
AZA-2 38

856.6 > 820.5 42

828.6 >810.4" 26
AZA-3 76

828.6>792.4 38

“MRM ftransition used for quantitation.

ARE: il

e e S MU e R BB Ui AR A IR 10
IEARAHE AT BB RE 6 0 RS AR
é‘ﬁ%ﬁzwﬁﬁﬁéﬁﬁ*ﬁ Pt R E B VU i &=
A TR FIT 1SR e o Y o e i e 25 B I (A
PR LR o AR R YR E R R
B E I FERRAZA-1 ~ AZA-2ERAZA-3 2 &
=
PR RIEEBAZA-]

cxV
AZA-3ZZ B(mgke)= =700

C : HEB LA i 4 R IF R - & IR
TEFEAZA-1 ~ AZA-2ELAZA-32 & &
(ng/mL)

V R R E A Z SR (mL)

M : B S i e < 2 (g)

ST e P T MR T B E R

IR T RE AR T 1< 100%) » ZREF#E £

t N //J\\DDIELIQ_*%

IS EHRA2 g BEREELET - 551
100 ng/mLIFHEA TR 4052200 pL » FHETR

EE/ JIHF:

v AZA-2E

*~= YT HREREE

TSR T 30 (%) HitEE (%)
>50 +20
>20-50 +£25
>10-20 + 30
<10 + 50

Frifpag i o BIIN2 K 10 ngZ fRUE N, - ki
T SRR BRI T 0 07 > R AEEL
Bots AR LS - BELRINRE g - AR
FEETAEERE - FRFREZERE
B L R Sl B i 2 S i [ e 3R R A B (R
(coefficient of variation, CV) » DAFF(i A F712:2
MM AR B -

N\~ BB XFE (matrix effect) 5T

43 Al i TR #E HH R (calibration curve in
solvent) Jz #£ /B VUit i & #% (matrix-matched
calibration curve) * Wik FYIEFEANXGEEEE
RANE -

EE N E=(EE VLR B 2 R - R0
R BER) /BRI 2 RIER X 100% -

N~ EEMBRZFHE
AR YR W o3 BT 22 Bk i — R I ITR
InlElE S - ARET T S E AT T - AT

e . FRE 56 A 5 T L HL RIS EE(S/N ratio) » B>
Mr¥) .2 € BT AR EL > 10 L[] R R 8 A
REEEAE RN LSRR R
Fotaba 15182 F EBR(limit of quantification,
LOQ) °

+ ~ REREYE 2 FHE

fH#E 222 W)’ CRM-AZA-Mus-d.2 BB 5y
Mpytilus edulis 2 28 W H AR - TREUERHES
EYVER2 g 0 FEHEREE - KM SR AR R
TEALAETT oA - #80 A BB VL Ed b S 4% LU ¥
e » EICANRE LR - ARHE A ET =8
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iR - FHE=E R TR R (A)
R8> DAEHEAR TR Z AT - CH

+—  mE#RERRAE

REICHE & B 5 oK E S hE T E !
R EHH o DUARIFSERT L ko #T o 3B0A Bt =
TR TR A R R A T & R e L
AZA-1 ~ AZAQ R AZA-3Z & » '

R ®

.62 > 838.
nnnnnnnnnn

— BRI OTIRM
DAROAH R 7 o et = AR I Rl R A i

ey - BRHIE R EE L (electrospray ionization, L =
ESI) » (SHI AR RS EREMRMESS - Ble o e

111111

HERETERIBINE R AT ZBE - REFFERE
A FRIN0.1% H 8 - DUP B EhnE Z BE T
FrE¢[M+H]" » BRI & RIRER 2

BEAZA-1 ~ AZA 2K AZA-32 Bl 28 ©)
REHE EE B - ANEERT - g o
TR HERRSE TR R AR R - AT ] S
NEF Tt - 2872 HBERE T (precursor ion) & ZE
PIBET (product ion) » DU (SRR fEHIECHE - - J
il —/50.5 ng/mLASNIRJEFRAZA-1 ~ AZA-2 K S S P
AZA-3TEHEVE 2 MRMIE AT IS - 434 e ]
Fo1553 8 - |
|
= JERER & — + LILC/MS/MS#70.5 ng/mLE R IRHERZ
(e RS AGE H#IFRAZA1 (A) » AZA-2 (B)RAZA-3 (C)2
5 B S E AR E i Ao R EE T VU R AR AR MRMEH7 858
DS {5 5 B S - 0 0 (R 7 ) o
FRESFRTEZE0.2 - 10 ng/mL 2 FEAE VA Tl RO ~ EREERIE 2 571E
fi - SHENZE AR - MR RO R IR Solvent Matrix Matrix
3 > Compound effect
TIAFHE R B8 0.2 - 10 ng/mL.2 EEEVLRD Sope £ Slope £ %
BB - AERARFTR - RIEH R AZA-1 240235 09964 15289.8 0.9986 -36.4
BHILCR R ZRILEIR TR E AZA-2 210859 0.9977 12864.7 0.9974 -39.0

HTE0.99LL | - BURIR LR L R E N AZA-3 249482 09957 20418.6 0.9992 -182
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(A) — 5 DU/ MR HE SR IR BRI S/N EHE
- — R KIR0EHIBERHLOQ - AFFFRH ES/N
# ERIEEAENES 76 ol L MW= LSEEE T
ARIEIEFEAZA-1 ~ AZA-2FLAZA-3E R
! X T o : 0.002 mg/kg (&) -
S g e s NEl e
@ | HA9E HA2 g3 HIHTA 100 ng/mLiHE
V14052200 L+ FHE RS RE 5
URII2 5210 ng:Z fRHES, - JEFTER BN
® 5 C ERIEEBAZA-1 » AZA-2FLAZA-3
T Z HEFEFEERS TR T72.6 - 99.5% -
6] H P8 BARE(C V%) /A28 - 10.4%(F
Ti) » SR HEERREITR4.0 - 10.8% (&
— N BERFEHESFE - ErlTEER
ST E— I M R R
" = EE2EYE
© RA - SRBAPE IR BN R RS R R
e s P (FEE)
5 Spiked level (ng/g)
Compound 2 10
{ a P P s Recovery CV Recovery CV
s o (%) (%) (%) )
s AZA-1 726 2.8 98.6 7.2
AZA2 828 35 995 104
AZA-3 846 48 99.1 93
: n=5
B RSB RIBERAZAL (1)  AZA2 R SR RERERINERS BN RER R
(B)RAZA-3(C) 2 E 2 MRMRMEH B 5L (EHM)
Spiked level (ng/g)
BB AT - HERUEFMEZGRET - Compound 2 1
AZA-1 > AZA-2RAZA-3Z B AIE 5 Rec(?/:)e Y (C/\; Rez%ery (C/V)
1E-39.0%-18.2% Z [H] » BURIIITE B2 5 AZA-L 730 40 1040 7.3
BT - WL AR DA E LR AZA2 819 40 1086 108
RHETTERIIT - AZA3 878 55 1069 97

i E =R (limit of quantitatiom, LOQ) =10
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xT  IBEZEYECRM-AZA-MusH R XIRNEER

ZIRIRER
Certified value Detected value® CV
Compound
(mg/kg) (mg/kg) (%)
AZA-1 1.160 1.420 4.5
AZA-2 0.273 0.314 3.6
AZA-3 0.211 0.203 4.6

“n=3

=\~ mEENREAPRRIRER 2 SR

P TEEH A AZA (mg/kg)®
1 S = N.D."
2 EEiE =t N.D.
3 BT =2 N.D.
4 TR =] N.D.
5 TG = N.D.
6 LS = ] N.D.
7 TuE = N.D.
8 =10 = N.D.
9 BHTRR A EE N.D.
10 HABN+ HAE N.D.
11 tFE HA N.D.
12 =1 HA N.D.
13 ErTH HA N.D.

“n=3
"N.D. : K © AZA-1 ~ AZA-2 L AZA-3 7 T SRR Ry
0.002 mg/kg

DNz Sy bervanilt: = EVNETEE 3=
< B2 EY)ECRM-AZA-Mus * EELEREA
RIEFEREAZA-1 ~ AZA-2 K AZA-3HaHI{E 53 B
F51.42 ~ 0.3145£0.203 pg/kg » SFER(EL16
0.273520.211 pg/kgBilr » Bl BEREZ
122 ~ 115K96% + HEELZHITHR3.6 - 4.6%2
- BURAT ik e -

0~ EER Bigit 2 AERER

BT EER R - B3 1FX
i TR  1FRIT - 1R H AR

T TR ~ LPRITES TR 1R
W~ 1R R REE A 1RIEH R
RO R A BRI SR )  EtEES
8RB AR DHTAERNE AR 13
P is B R g A IRGERR

A

ARFFEHEENT DALC/MS/MS /A 7% EURE
ARIRER HE 2w % - TERHERRGE
fli » [ECREIE @ BT » & B LR
W - DRI Z Tkt A2 EY)
B CRM-AZA-Mus-d - 1 JHIM{E B A B MRy 5%
T MEWERE(E - BREUEIGEEHER - AT
LR - iR R BRUEE - Rk ATt
A A iR R RS -

SENR
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Method of Test for Azaspiracid Shellfish Poisoning
Toxin in Food

YI-CHEN TSAI, YUNG-SHENG CHANG,KAI-CHIH YANG,
MEI-HUA CHANG, CHIA-DING LIAO, YA-MIN KAO, DER-YUAN WANG
AND HWEI-FANG CHENG

Division of Research and Analysis, TFDA

ABSTRACT

Azaspiracids (AZAs) are lipophilic polyether marine toxins that accumulate in various shellfish
species in the tissue of bivalves through filter-feeding. Humans ate poisonous shellfish containing AZAs
may cause nausea, vomiting, diarrhea, and stomach cramps, known as azaspiracids poisoning (AZP).
In view of the incidents of AZP were happened internationally, this study aimed on the establishment
of the analytical method for azaspiracids in foods. Liquid chromatograph/ tandem mass spectrometer
(LC/MS/MS) with the multiple reaction monitoring mode (MRM) was applied. Bivalves samples were
homogenized, extracted with methanol and analyzed by LC/MS/MS. Recovery studies were performed
by spiking of 2 and 10 ng/g standards (AZA1-3) into blank calm samples. The average recoveries were
between 72.6 and 108.6% and the coefficients of variation were between 2.8 and 1.8%. The limit of
quantitation was 0.002 mg/kg. The established method was validated by testing of certified reference
material (CRM-AZA-Mus). The detected values of AZA-1, AZA-2, and AZA-3 in CRM was 1.42, 0.314,
and 0.203 mg/kg, respectively, which were closed to the certified value of 1.16, 0.273, and 0.211 mg/kg.
Thirteen commercial samples of bivalves were surveyed. The results showed AZA-1, AZA-2, and AZA-3

were not found in all samples.

Key words: azaspiracids poisoning, bivalves, LC/MS/MS



