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ABSTRACT - Azaspiracids (AZAs) are a group of shellfish toxins that cause azaspiracid shellfish poisoning (AZP).
They have been detected in mussels (Mytilus edulis) and oysters (Crassostrea gigas) in the Netherlands, Ireland, Italy, France,
and the United Kingdom. In this study, we aimed to develop a method for the simultaneous detection of AZAs using ultra-high-
performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS). Simultaneous analyses of AZA-1, AZA-
2, AZA-3, AZA-4, and AZA-5 were conducted according to AOAC ISO 17025 guidelines. Between 2020 and 2023, 467
imported shellfish were purchased from retail and wholesale markets in Korea. However, none of the samples tested positive
for AZA-1,AZA-3, AZA-4, or AZA-5. Only two Arca avellana imported from Russia were positive for AZA-2 above the limit
of detection (LOD) but below the limit of quantification (LOQ), with concentrations of 0.68 and 0.71 ng/g, respectively. This
study found that the prevalence of AZA-2 was very low in shellfish imported into Korea.
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Table 1. Structure of azaspiracid-1, azaspiracid-2, azaspiracid-3, azaspiracid-4, and azaspiracid-5

Toxins Chemical structure Cas no. Molecular weight (g/mol)
Azaspiracid-1
(AZA-1) 214899-21-5 842.07
Azaspiracid-2
(AZA-2) 265996-92-7 856.09
Azaspiracid-3 265996938 5 04

(AZA-3)
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Table 1. (Continued) Structure of azaspiracid-1, azaspiracid-2, azaspiracid-3, azaspiracid-4, and azaspiracid-5

Toxins Chemical structure Cas no. Molecular weight (g/mol)
Azaspiracid-4
(AZAA) 344422-49-7 844.04
Ao
Azaspiracid-3 344422-51-1 844.04

(AZA-5)

g=, dejd, sl ag, A, 7EAE 5 1070= oA

¥ =54 azaspiracid-1 (AZA-1, Cas no. 214899-21-5),
azaspiracid-2 (AZA-2, Cas no. 265996-92-7), azaspiracid-3
(AZA-3, Cas no. 265996-93-8), azaspiracid-4 (AZA-4, Cas
no. 344422-49-7), azaspiracid-5 (AZA-5, Cas no. 344422-
51-1)= LGC Limited (Teddington, U.K.)ollA] ull 3} o}
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Table 2. Multiple reaction monitoring (MRM) conditions and standards for the analysis of azaspiracids (AZA) and its analogs

Compound Retention time Precursor ion Fragmention Collision  Linear range Standard curve Correlation
p (min) (m/z) (m/z) energy (eV) (ng/mL) coefficient (7%)
806.6 42
Azaspiracid-1 4.92 842.6 0.5-20 y =35382x - 3410.67 0.999
824.6 32
820.6 40
Azaspiracid-2 5.62 856.6 0.5-20 y =196287x - 17022.2 0.999
838.7 30
792.7 41
Azaspiracid-3 4.33 828.6 0.5-20 y =79897.4x - 6322.96 0.999
810.6 32
o 808.7 40
Azaspiracid-4 3.66 844.7 0.5-20 y=178713x +3657.07 0.999
826.71 30
o 808.71 40
Azaspiracid-5 4.02 844.71 $26.7 30 0.5-20 y = 80486.9x - 7334.05 0.999
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Fig. 1. Chromatograms of azaspiracids (AZA) and its analogs.
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Table 3. Calibration and validation of azaspiracids (AZA) and its analog analyses using 2 different food matrix

582 AZA FAHIE 30
AEIA} AFAE

0.32 pg/kgs

2 534
Table 39l #A|A|SHA T A&
of detection, LOD)= =3 &gtollA 27+ 0.18-0.30, 0.11-
ATt A (limit of quantification, LOQ)

td &
Z3HA| (11m1t

= =94 0.31-1.03 pg/kg, 3ol  0.59-0.96 pg/kge] A

ok g A%
2l 75-120% HAHE 1=
< YelJ= RSDE AOAC7]IES] 8% HLAWA gels
AT Table 3).

¢l 3 FEL 84.75-117.64%Z AOAC 7]
ou:] ;<4

1 4] (precision)

Matrix Compound Linearity (+*) LOD" (ug/kg) LOQ? (ug/kg) Concentration (ug/kg)  Recovery (%) RSD? (%)
0.002 109.11 6.35
Azaspiracid-1 0.997 0.30 0.96 0.004 113.18 3.89
0.02 116.83 1.61
0.002 112.06 3.22
Azaspiracid-2 0.999 0.30 0.96 0.004 109.57 0.76
0.02 111.72 1.57
0.002 112.76 3.02
Mussel Azaspiracid-3 0.996 0.19 0.62 0.004 112.27 5.27
0.02 115.23 3.04
0.002 75.22 8.98
Azaspiracid-4 0.999 0.21 0.62 0.004 71.39 1.28
0.02 75.95 1.79
0.002 104.67 13.46
Azaspiracid-5 0.999 0.18 0.59 0.004 108.35 5.48
0.02 103.77 4.82
0.002 105.13 4.56
Azaspiracid-1 0.999 0.32 1.03 0.004 99.33 1.83
0.02 103.02 1.29
0.002 104.49 2.08
Azaspiracid-2 0.999 0.16 0.50 0.004 100.37 1.45
0.02 103.99 1.41
0.002 116.39 2.47
Oyster Azaspiracid-3 0.996 0.11 0.36 0.004 105.75 1.28
0.02 106.19 1.58
0.002 117.64 1.11
Azaspiracid-4 0.995 0.41 0.31 0.004 106.86 1.90
0.02 105.37 2.26
0.002 113.51 2.28
Azaspiracid-5 0.995 0.32 1.03 0.004 96.41 2.88
0.02 84.75 2.45

DLOD: limit of detection.
2 LOQ: limit of quantification.
» RSD: relative standard deviation.
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