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14.9% - 5 GYM SPX1 OA PTX2 AZAl 0.10 0.21 2.00 0.32
0.04 pg/kgo
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; CR22G ( ) ; Tailboys VX-3000 ( Troemner )
KQ-600DE ( ) ; Milli-Q ( Millipore )
N-EVAP112 ( Organomation ) ; T18 basic ( IKA ) ;s MAX
( Waters ) o

N ( Merk ) ( CNW ) N (
Fluka ) Milli-Q o
GYM SPX1 OA PTX2 AZAl ( The National
Research Council Canada Marine Analytical Chemistry Standards Program Halifax NS Canada)
( Ruditapes philippinarum) ( Mytilus galloprovincialis)
( Chlamys farreri) . ( Crassostrea gigas) ( Atrina pectinate) 2009 1 ~7 .
-20 C o
2.2 LC-MS/MS
2.2.1 > Atlantis dCg( 150 mm x 4.6 mm 5.0 wm Waters ) 135 C;
4 C; 110 pl; A - (95:5 Vv/V) B 50 mmol/L
2 mmol /L. :0.0~2.0 min 60% A; 2.1 ~6.0 min 5% A; 6.1 ~
8.0 min 60% A; : 0.2 mL/min,
2.2.2 ESI, ( SRM) ; 14000 V; 1350 C;
:172. 4 kPa; :68.9 kPa. (m/2):0.01; :0.5 s
1o
1 5

Table 1 Mass spectrometric parameters for five lipophilic marine toxins

Toxin Retfznrtri‘(i)rr]l) time EIS mode Pzzrstn/tz)ion Pr(oi,l/l/czt)ion Collis(i(:{/ )energy
. . 174.2 38
Gymnodimine ( GYM) 2.5 ESI M+H 508.3 490. 6" ”3
- . 444.5 34
Spirolided ( SPX1) 3.6 ESI M+H 692.5 €74.0" 93
. - 208.8 49
Okadaic acid ( OA) 6.0 ESL M-H 803.0 255.0* 47
. . 212.8 36
Pecenotoxin2 ( PTX2) 6.3 ESI M+ NH, 876.0 823.2* 21
. . 672.4 38
Azaspiracidd ( AZA1) 6.7 ESI M+H 842.5 824.5" 30
* ( Quantitative ion)
2.3
2.3.1 100 g 10000 r/min 5 min 2.00 g
15 mLL 6 mL 80% 1 min 10 min 7000 r/min
5 min o - (90: 10 V/V)
20.0 mL., 5.0mL 10 mL 40 °C 0.5 mL 2 mL
1 min 3000 r/min 5 min 40 C
300 pl 700 wl .
2.3.2 MAX 3 mL 3 mL
1 mL 5% 2 mL - (30: 70 V/V) 1 mL - (2:98 V/V) o
40 C 200 L 1 min 0.22 um

LCMS/MS o
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3
3.1
3.1.1 +80% 3 3
( 2 80%
80% o
2 5 (n=3)
Table 2 Influence of extractant on recoveries of five lipophilic marine toxins( n =3)
Recovery( %)
Extractant 2
GYM SPX1 OA PTX2 AZAL
80% 809% Methanol 97.9 95.8 94.5 121.1 91.0
Methanol 87.7 102.5 93.3 125.4 86.7
3.1.2 N 3 80% 1.2 3
305 90%(  3) .
3 5 (n=3)
Table 3  Influence of different extraction time to the recoveries of five lipophilic marine toxins( n =3)
Recovery( %)
Times of extraction i 2
GYM SPX1 OA PTX2 AZAL
63.5 78.2 86.0 75.7 69.7
2 86.2 92.1 89.9 94.3 83.0
3 97.9 95.8 94.5 121.1 91.0
3.2
. OA (4
4
Table 4 The influence of Dichloromethane and Ethyl Acetate to the recoveries of five lipophilic marine toxins
Recovery( %)
Reagant -2
GYM SPX1 0A P2 AZAIL
Ethyl Acetate 116.2 118.4 52.0 62.8 103.6
Dichloromethane 64.3 106.9 62.7 56.2 98.4
GYM SPX1 OA PTX2 AZA1
12.55 17.65 100.00 21.45 2.44 pg/L. 3 mL
10 mL 30% HLB
MAX.MCX N N °
3 mL <3 mL 30% 200 pL 5.
3 6.
MAX GYM SPX1
PTX2 AZAl 95% OA 70% HLB GYM
80% ; MAX PTX2
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SPX1 PTX2 AZAl ; MCX SPX1
60% OA PTX2 90% ;
PTX2  AZAl o MAX
5
Table 5 Washing and elution methods for different solid phase extraction columns
HLB MAX  MAX column MCX  MCX column
I I 1] I I 1]
1 mL E; 1 mL C; 1 mLE 1 mL C;
Wash method Iml B 1 mL B Iml B 1 mL B 1 mL B Iml B 1 mL B
Elution method 1 mLA 1 mLD 1 mLA ImL F 1 mLD 1 mL A ImL F
(Note): 1I. ( Acid washing and alkaline elution) ; 1I. ( Neutral washing and neutral
elution) ; 1. ( Alkaline washing and acid elution) . A. ( Methanol) ; B. 30% ( Methanol) ; C. 2%
( Aminic acid) ; D. 2% ( Acidified methanol) ; E. 5% NH,OH; F. 5% ( Ammoniated methanol)
6 5

Table 6 Recoveries of five lipophilic marine toxins cleaned by different solid phase extraction columns with different elution

method( n =3)

Recoveries ( %)

. HLB MAX MCX

Toxin

I | I I I I

GYM 73.8 0.0 67.4 102.3 102.7 0.0 0.0

SPX1 101.4 0.0 104.8 101.8 52.1 0.0 36.2

0OA 70.7 0.0 0.0 72.9 74.6 94. 65 32.4

PTX2 104.3 100.9 101.3 101.2 80.3 0.0 102.0

AZAL 104.1 48.2 102.4 109.6 102.3 107.5 90.7

(Note): T I I 4( 1 1 and Il are the same as in Table 4)

3.3
3.3.1 10 pL/min ~ GYM SPX1 OA PTX2 AZAl
o GYM SPX1 PTX2 ZAl  ESI( +)
- OA ESI( -) GYM SPX1 PTX2 AZAl
GYM SPX1  AZA1 M+H * PTX2 M +NH, *;
OA OA M-H ~ N
N N 2.2.2 &
( 1o
3.3.2 Atlantis dC g 50 mmol /L 2 mmol /L
- (95:5 V/V)(A) . (B) o N
GYM  SPXI ; 80% AZA1
GYM  SPXl1 2 min o
GYM  SPX1 8 min 5
1.
3.4
3.4.1 5 2.3
Y 5 X 5
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3 3 <
5 60f £ 60 HO OH
2 3 Z 444.50
2 s0f GYM 2 40 SPX1
= E =
& 20f & 20
E 174.20
0 1 0 ' . ' ' ' N
174.195 174.205 490.600 490.605
m/z m/z
100 25500 100
a OH E
H ol i E
8 80 R 3 o ) 8 80 E
= ont S = E
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£ 60 OA E 60F
=) = =
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208.77 3
0 I | I L n 0 s L 1 "
208.765 208.770 254.995 255.005 212.850 212.855 823.220 823.225
'z m'z 'z 'z
100F
g 80 P15 FIBRIIERE % M L 2 I (SRM)
= 3 Fig.1 Mass spectra for product ions of five
E 60; lipophilic marine toxins selected reaction
i 3 monitoring mode
z 40
E 3
[ -
&~ 20F
- 67240
672.40 824.50
miz m/'z
7 5 N

Table 7 Regression equation

five lipophilic marine toxins

correlation coefficient and linear range of .

ML

AA

OA rk

Toxi Regression Correlation Linear range
oxm equation coefficient ( pg’ke) GYM
A e
- Y=104934X +7531.1  0.9971 0.3-2.0 /\sm
SPX1 Y =13110.3X -3722.9 0.9990 0.71 ~4.25 ATAL
0A Y =2334X -1322.9 0.9962 8.0~35.0
PTX K
PIX2  Y=7106.3X-5432.9  0.9934 1.72~7.5 _ I | —
0 2 3 4 5 6 7
AZAL Y =965.3X +6989.4 0.9981 0.19 ~0.84 Time (min)
( Note) : Y- ( Peak area) X: ( Concentra— 2
tion of standard solution pg/kg) - . .
Fig.2  Chromatograms of spiked scallop
3.4.2 N S/N =3 muscle
5 0.10 0.21 2.00 0.32 0.04 pg/kg-
3 6 8.

78.6% ~94. 4%,

(RSD)  6.8% ~14.9%.
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8 5 (n=6)
Table 8 Recoveries and precisions of five lipophilic marine toxins spiked in blank samples( n =6)
Toxins Spiked level Mean recovery (RO/S( ]; Toxins Spiked level Mean recovery (RC/S,:;
i (pg/kg) (%) i (pg/kg) (%) )
0.25 85.8 8.5 0.88 79.3 7.7
- 0.63 91.0 12.4 SPX1 1.77 93.8 14.9
1.26 89.7 10.0 3.53 91.9 10.8
10 78.6 10.2 2.15 81.1 7.3
or 20 88.9 11.7 PTX2 4.29 89.2 10.8
30 94.4 11.2 6.44 87.7 6.8
0.24 88.70 12.7
AZAI 0.48 89.3 10.1
0.72 90.1 13.3
3.5
2009 1 7 N N 112
( 9 .
9
Table 9  Content of shellfish poisoning in some polluted shellfish
) Sampling time/ . L P Toxin content
Samples (day /month/ year) Sampling locations Toxin ( pe/kg)
20/2/2009 GYM 5.48
. Guangzhou
Crassosirea. gigas 20/1/2009 SPX1 1.16
20/6 /2009 Dalian OA 5.27
Chlamys farreri 15/2/72009 Yantai PTX2 8. 11
15/7/2009 Dalian AZAl 0.09
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Determination of Five Lipophilic Marine Toxins in Shellfish by
Liquid Chromatography with Tandem Mass Spectrometry

YAO Jian-Hua' > TAN ZhiJun' ZHOU De-Qing" "'
"( Yellow Sea Fisheries Research Institute Chinese Academy of Fishery Sciences Qingdao 266071
i Y 4
X College of Food Science and Technology Shanghai Ocean University ~Shanghai 201306)

Abstract A liquid chromatography-tandem mass spectrometric ( LC-MS/MS) method for the determination of
five lipophilic marine toxins including Gymnodimine ( GYM)  Spirolided ( SPX1) Okadaic acid ( OA)

Pecenotoxin2 ( PTX2) and Azaspiracidd ( AZAl) in shellfish was developed. After being extracted with
methanol and water (80/20 V/V) the extract was cleaned by solid phase extraction of MAX column then
determined by a reversed phase HPLC gradient program coupled with tandem mass spectrometry in selected—
reaction-monitoring mode. GYM SPX1 OA PTX2 AZAlwere analyzed in positive ion mode while OA in
negative ion mode. The calibration curves were linear well between LC peak area of the selected ion—pair and
the concentration of five lipophilic marine toxins with the correlation coefficient over 0. 99. The average recov—
eries from spiked scallop muscle at the concentration ranged from 78. 6% to 94.4% with relative standard
deviation from 6. 8% to 14. 9% . The limits of detection were 0.10 0.21 2.00 0.32 and 0.04 pg/kg for
GYM SPX1 OA PTX2 and AZA1 respectively.

Keywords Lipophilic marine toxins; Shellfish; Liquid chromatography-tandem mass spectrometry
( Received 1 February 2010; accepted 18 May 2010)
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