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Verification of Analytical Method of Azaspiracid Toxins in Shellfish and
Tunicates by Liquid Chromatography-Tandem Mass Spectrometry
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Although, mouse bioassay for the monitoring of azaspiracids (AZAs) toxins in shellfish has been used previously,
the reported method has low sensitivity and it is time-consuming. Recently, there is an interest in the quantitative
analysis of AZAs using liquid chromatography-tandem mass spectrometry (LC-MS/MS). The purpose of this study
is to verify the simultaneous analysis of AZAs in shellfish and tunicate in Korea using LC-MS/MS. To validate the
method, linearity, limit of detection (LOD), limit of quantification (LOQ), precision, accuracy, and repeatability were
determined. All standard compounds were analyzed within 7 min. The correlation coefficients (R?) of the standard
solution was higher than 0.9995 (within the range of 0.8-10.0 pg/L). The LODs and LOQs of AZAs in shellfish were
0.08-0.16 pg/kg and 0.23-0.50 pg/kg, respectively. The accuracy and precision of the method for determining AZAs
in shellfish were 87.1-93.0% and 1.23-4.91%, respectively. Consequently, the verified LC-MS/MS method is suitable
to analyze AZAs in shellfish and tunicates in Korea.
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we Zlow ByEt. o] MWETA o] 2E B AL A
sl 5o} el ok AR ST} Ol Ao e AT, o
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ORRIA A BA-S 950 Xevo TQ-S tandem quadrupole
mass spectrometer (Waters, Milford, MA, USA)2} acquity
UPLC H-class (Waters)& ARE-5}%3L, column acquity
UPLC BEH C18 column (1.7 pm, 2.1 mm X 100 mm; Waters)
2 AL85FL) o] BAM e 7 A 8o0e 7F7) 50 mM formic acid
2} 2 mM ammonium formate”} ==& A| %35k $=8-MN-2 AL
59931, B 882 A G} =9 =1 9] formic acid?} ammo-
nium formate”} 3+8-%1 95% acetonitrile -8 N2 A %5} AL
SkSITh E3F LC-MS/MSE o]-8-3F ofapA4ko] ZRkEAlL-
electrospray ionization (ESI)¥ 2] positive ion mode & A8-5}
%21, multiple reaction monitoring (MRM) 271 6.2 EA5}
% tH(Table 1, Table 2).
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Fig. 1. LC-MS/MS chromatogram of standard solution of azaspiracid shellfish toxins. AZA, azaspiracid.
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Table 1. Mass spectrometry parameters for detection of azaspiracid
shellfish toxins

Toxins' Prec(lrJT:;c,ZO)r ion Pro((:]l:/czt)ion Mode CE{)/r;ze ( g\/E)3
AZA-1 842.5 824.5 ESI+ 40 40
AZA-2 856.5 820.5 ESI+ 40 40
AZA-3 828.5 810.5 ESI+ 40 40

'AZA-1; azaspiracid-1; AZA-2, azaspiracid-2; AZA-3, azaspirac-
id-3. *Cone (V), cone voltage in volts. *CE (eV), collision energy
in electron volts.

LC-MS/MSE 0|87 opArAt A o] 2Lt gt
A A= e 97 B R E50] Aol ARekA] gl
sl71918l ol gl A= SRIE ASald | (Mussel Myti-

Table 2. LC-MS/MS parameter for the analysis of azaspiracid
shellfish toxins

Parameter Condition
Column Acquity UPLCC;)"I?qI,E:iJC;fng.1 mm |.d.x50
Column temp. 40°C
Injection volume 2L
) ) ) Mobile phase
Time (min) Flow (mL/min) ———— ———
A(%) B (%)
Gradient initial 0.35 80 20
0.2 0.35 80 20
1.5 0.35 80 20
5.0 0.35 95
7.5 0.35 5 95
9.0 0.35 80 20
lonization mode Electrospray ionization mode(positive)
tI?;?nslzc)nllvation 450°C
Capliary voltage 3kV
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lus galloprovinciallis), WA 2k(Short-necked clam Ruditapes
philippinarum), 7}2|8](Scallop Argopecten irradians), )%
7N(Ark shell Scapharca broughtonii), = (Oyster Crassostrea
gigas), 71 Z7)(Comb pen shell Atrina pinnata), 7} Z7}(Butter
clam Saxidomus purpuratus) 5 3|5 752}, 1|t g (Warty sea
squirt Styela clava), *§ 7]l (Sea squirt Halocynthia roretzi) 5 2
5 250 A|2ol 350] oI ATA EERA B 41
Ttsto] Slot e o 2 210l 2482 SAshath

o s
A o D3
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=]
LC-MS/MSE o|-§3t opxf AT 4k A 2 0] 8-5Fo] ofafA
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a7t Ee|Eglon], o Hrke Wollsh= peak= AEE
okokth(Fig. 1). SHe Aol S a435-S flote] &

A 35S AL 29 #5892 0.8-10.0 pg/L HE = T
| HESHCE AIE Al 22915 <
]| A3}, ofAAPAR3E REEH L
AFA G (12) = 0.99950] 4k S 2 Codex Alimentarius Commis-
sion (2014) 7}o] E2klof| 4] A|QFsl= 12>0.98 ©]442] =2 2
IEE UFER $itK(Table 3).

AZA-1,2,39] H&3H|1= 742740.16, 0.13 9 0.08 pg/kgo] 3
o, AeRetAl= 2H2F 0.50, 0.40 2 0.23 pg/kg SHel=Qict
(Table 3). Otero et al. (2019)= LC-MS/MSE o|-g-3}o] mj5
A R(AFER)NA AZA-1, 2, 32 FA AT A3}, AZA-
1,2, 39 A&EA= 030 pgkg, A= 0.90 pgkg 55
=2 H315}% 31, Yang et al. (2020)2 LC-MS/MSE- 0]-&-5}
o] CRM-Zero-Musol| 3 4918 H7}1810] AZA-1,2, 35 &
At A}, AZA-1, 2, 39] BEFeHA= 0.30-0.33 pg/kg®] H <l
2 2 AFZ9] HETA B AR ST et o
2 ghel= et

A 2] % g (accuracy)?t 0 /d (precision)> -2 utet
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=& H7psto] 1Y 53] 9 3971 53] BHE S5 A}, AZA-]
o] A At} HUAL 7H2F 87.5-89.4% U 3.41-4.91%
O] HLIE UEh $laL, AZA-29] U Fehd ot Ad g 717t
88.8-93.0% Y 2.34-4.34%% YeRH It AZA-39] YW
St AU AL 87.1-91.6% W 1.23-3.33%2] A3} 7S B¢l
519 TH(Table 4). T3, U7H FeHd W AHAd-2 3U%F 53] vt
5 245t o n, AZA-19] U7 A1k AU g2 742t 83.0-
88.9% 9 4.45-6.57%F YEFH 1L, AZA-29] U7+ A=
A AL 747} 86.7-90.2% 2 4.92-6.06% 5 EH1=] Q). w3,
AZA-39] A7F AEA T A2 85.5-88.4% 2 2.72-4.18%
9] A5 YEFY Itk(Table 4). Codex Alimentarius Commis-
sion (2014)3+ AOAC (2013)0llA] AlAsk= AR A5 71o]
el EEA A7t w2 WA 7] whal, 4210
ug/kgoll A 60-115%, 4842 10 pg/kgoll Al 15% 5 2 A
S atskal Qlrk. whaba] i A2 Codex2t AOACSE]
71%8 WSS 20 R et on, meba SeE Aol

T 5 obABARS BAshE AR Yo SIE 4

A FeA| oAl ofAAF Aol B]4=8-2 87.6-93.8%, =l Al
91.4-93.4%, vk 2Hol| A 76.4-92.1%, 1) Z 7 )| 4] 86.8-93.2%,
712714 91.1-96.0%, 2N A 91.7-93.2%, 7}2]H]o]| A
+ 93.0-94.6%2] H9E UEFH QItK(Table 5). 1'd+ 2% 5

Table 4. Accuracy and precision of intra-day and inter-day for aza-
spiracid shellfish toxins (n=5)

F2 WIS B Sl ASHEAE dom g, & Spiked i-cay Inter-day
_ - o= . . - oxins concentration 2
Ao sl 3} 320 33 T2 LNLS 3714 =

o AIEE UGB BT, 350 B3 HEGAS /1A 5 5 s 3s B30 63
AZA-1 20 889 341 86.3  6.57
Table 3. Linearity, limits of detection (LOD) and limits of quantita- 10 89.4 4.91 889 4.45
tion (LOQ) of analysis for the azaspiracid shellfish toxins (n=5) 4.0 896  4.34 86.7 492
Toxins' Concentration  Linearity = LOD LOQ AZA-2 2.0 980 234 9.2 6.6
(ugl/L) (r?) (ug/kg)  (ug/kg) 1.0 888  3.68 86.8 5.86
AZA-1 0.8-10.0 0.9999 0.16 0.50 4.0 87.1 1.84 865 275
AZA-2 0.8-10.0 0.9995 0.13 0.40 AZA-3 20 86.5 1.23 87.0 272
AZA-3 0.8-10.0 0.9998 0.08 0.23 1.0 916  3.33 884 418

'AZA-1, azaspiracid-1; AZA-2, azaspiracid-2; AZA-3, azaspi-
racid-3.

'AZA-1, azaspiracid-1; AZA-2, azaspiracid-2; AZA-3, azaspirac-
id-3. 2RSD, relative standard deviation.
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Table 5. Recovery of azaspiracid toxins in shellfish (n=5)
Short neck Comb pen
Original Spiked Mussel Oyster clam Ark shell sh eIFI) Butter clam Scallop

Toxins' conc. conc.

(ug/kg) (uglkg) Recovery RSD?Recovery RSD Recovery RSD Recovery RSD Recovery RSD Recovery RSD Recovery RSD
0,

(%) (%)  (p) (%) (%)

(%)  (B)  (Ch) (%) (%) (%) (o) (%) (%)

AZA-1 ND* 20 89.9 574 928 296
AZA-2 ND 20 93.8 467 914 351
AZA-3 ND 2.0 876 383 934 208 921

80.2 5.62
764 492 887
3.54 932

86.8 4.67 911 512 932 372 930 294
368 949 447 917 239 946 219
188 960 343 925 310 933 1.11

'AZA-1, azaspiracid-1; AZA-2, azaspiracid-2; AZA-3, azaspiracid-3. 2RSD, relative standard deviation. *ND, not detected.

Table 6. Recovery of azaspiracid toxins in tunicates (n=>5)

Toxins' Original conc.  Spiked concentration Sea squirt Warty sea squirt
(Hg/kg) (Hg/kg) Recovery (%) RSD? (%) Recovery (%) RSD (%)
AZA-1 ND3 2.0 91.5 3.97 87.8 3.08
AZA-2 ND 2.0 90.9 4.78 88.6 3.85
AZA-3 ND 2.0 89.2 1.29 94.5 1.97

'AZA-1, azaspiracid-1; AZA-2, azaspiracid-2; AZA-3, azaspiracid-3. *RSD, relative standard deviation. *ND, not detected.

HA2 882 89.2-91.5%, BT Yol A= 87.8-94.5%°] ¥
2 1% tH(Table 6). 2 A A= Codex Alimentarius
Commission (2014) 7}o] =2}Q19] HA7] &2 WHE53itt. 5t
At BpR[ 2ol A AZA-29] gto] 76.4% % thE Al =0l Hlsl of
4 e 51488 YERY QL) Garcia-Altares et al. (2013)2
A, =, gE7l(clam), A Al(sea urchin)E tjAlo 2
LC-MS/MSE o|-&3ll AZA-1& BA43%F A3} 92.5-117.3%9]
237, Yang et al. (2020)> XFE2], &, tigdz7fol tido=
LC-MS/MSE o|-83}0] AZA-1,2, 38 8431 Aut, AZA-19]
A 78.8-102%, AZA-200 A 78.1-94.5%, AZA-32] Z}ko] 66.2-
104%3 = A-Aatet gAbekglch webA 2 dddae A
Ao 97 W AR £ 97 AR 3582 76.4-94.9%
2 o} 9 OfEg 470 2 SelElglct.

2| 21 97 o] AA oY Ao ez SbE= ARZE
aE A glom, Sejutet Al ofddistE Qleh AF f5E
FAEY HEE A&A R HuE Qo) weba] =W si&
O] SJAYeHA P HE sl A] opatTAtol T gt 2 =2 <l
U o] g E T

B oA A& LC-MS/MSE 0]-83t ofgpAg AR BLA]
HE SAA Rl 84 7S WSS A o= gelEglom,
SF-ejuetol A AatE= =8 9 F 3 ool A ofR AT AR
A sh= ARt Aoz 7t

P

Al AL

o] e FYLATIY SABATAY S EHT
S W AR SARANR2021060)9] #9102 529 ' A7
o]} 1] x| ol A} =R,
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