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Rapid and simultaneous determination of 7 kinds of fishery anesthetics and 2 kinds of sedatives in

freshwater fish by dispersive solid phase extraction liquid chromatography-mass spectrometry
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Abstract: Objective A simple and rapid method for the simultaneous determination of 7 kinds of fishery anesthetics

and 2 kinds of sedatives in freshwater fish was developed using liquid chromatography tandem mass spectrometry (LC-MS/

MS). Methods

diluted with water, detected in the positive / negative ion mode.

standard method with matrix calibration curve. Results

The fish sample was adsorbed with C g and PSA after extracted with acetonitrile, then centrifuged and

Quantitative analysis was carried out by isotope internal

Under the optimized conditions, good linearities for 7 kinds of

fishery anesthetics and 2 kinds of sedatives were obtained in the range of 0. 5-50 pg/L (MS-222 was 0. 05-5. 0 wg/L) with

the correlation coefficients (r) higher than 0.999. The limits of detection were 0. 02-0. 4 wg/kg (S/N=3). Recoveries at

three spiked levels ranged from 87.0% to 117.3%. And the relative standard deviations was 2. 5%-8. 2%. Conclusion

This method was simple, sensitive and selective, which could be applied to the rapid qualitative and quantitative analysis

of the 7 kinds of fishery anesthetics and 2 kinds of sedatives in freshwater fish.

Key words: Liquid chromatography tandem mass spectrometry; dispersive solid phase extraction; freshwater fish;

fishery anesthetics; sedative
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F B (Ultra performance liquid chromatography-triple
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EQraR iR RSN N R i R R S ]
[ Multiple reaction monitoring-conditional trigger (IDA
Criteria) -enhanced product ion scan, MRM-IDA-EPI]
(CIEEVE S T B S A 7 e o S K T D= S
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V5 R O A I 4R, HOBUAR IR R AL
R

ARG 50 38 o W BEE AR AR TR T G Al PSA
¥R BEAT 73 BT AR AR B, 45 R €3 - A B o
TEVE X IR K FRE b 7 i P RR TR R 2
FR AT RV E B b

1 MH5FHE
1.1 EZAUER 550

30AD M R AL W A s A (H AR )
5500QTRAP H 1 U A #T 28 M B B o 3% 1 ( 3¢
AB SCIEX) , =y # ¥ ¥R 850l , 8 iE 4k 1 4% L e i 1R
8% B AR P v A (R I A S A IR A,
Gradient A10 Mill-Q # 2l /KX (3 [F Milli-pore) .

B2 (HPLC 9% ) . Z M5 (HPLC %) % 7K (HPLC
%) R (%) ;HC-C,(40~63 nm) .GCBCKL N
100~400 H) ¥4 q | i 435 A 7] s PSA(40~63 nm)
WA R AN SEAN IR\ 5 2 BERR 9 OK A (HME 20~
30 nm, K& 10~30 pm) A7 A1k 2 BE B 99 K 4 (SR
20~30 nm, £ 10~30 wm) B [ 7T 950 6% F 28 A 5
T 6 FE A AR MR W (1 000 pg/mL) g H Jb 5T
B M A T AN -D,(95%) I & K TRC; B
Yo7 P -D, (100 wg/mL) W B K HE First Standard 2%
A HLPE P (1 000 pg/mL) VP PEPE (100 pg/mL) |
VG P -Ds (100 pg/mL) \MS-222(99. 5%) 41y H 7T
i /NS

1.2 hik
1201 R W e i)

B ARAE S SRR BRI AL 10 pg/mL IR &
]V (MS-222 1M £ 1 we/mL) ,—20 ‘CoKAH {4
£ B 50% O G E R B EMEHEE . &N
B 25 B B &2 10 wg/mL, g N A5 1l IR &
W o
1.2.2  FEShaTALBE

WK i ] B FER L i 20 U PR HILFE A i
PEATFE A Ab B . MERRAREL 5.00 ¢RI 2 0.01 g) &
S BRAF O RE R BT 50 mL BRSO T, A 20 pl
WARTRS IR, A 10 mL 25, 56 S8R iE %€, 4R ¥
FEH 5 min, L 12 000 r/min Y3 FF 2.0 5 min, #E#
WEH 2 mL 3B T 10 mL 3R 85045 o (T 58
A 30 mg C,, Al 20 mg PSA) , i iE ¥k % 3 min, 28 )5 LA
12 000 r/min (%) 3 B 2.0 5 min(GELJE N 4 °C) , WL HL
0.5mL W, MK 0.5 mL, B EIRAT, 3T 0.22 um
AL UR AR, DB o T 2
1.2.3 LC-MS/MS £ 14

WA 2544 : Shim-pack GIST C,4(50 mmx2. 1 mm,
1.8 wm) , M i : 0. 3 mL/min, H: i : 40 C, PEREIA
10 pL; MBI AH 0 A:0.025% E K (B TR/
0.1% WK CE & R0, B HUEE BB B2 % I 72
o, 788 783 0~0. 5 min, 25% B;0.5~1. 5 min,
25%B~30%B; 1. 5~7 min, 30%B~70%B; 7~7. 5 min,
70%B~90%B; 7. 5~8 min, 90%B; 8~8.5 min, 90%B~
25%B. 1E& FHEA:0~0. 5 min,25%B;0. 5~1. 5 min,
25%B; 1.5~5.5 min, 25%B~90%B; 5.5~6 min,
90%B; 6~7 min, 90%B~50%B; 7~8 min, 50%B~
25%B.

JT i S 1 - M S5 L B OE /B B RIS . A
B 22 B0 W I (MRM) B A 40 56 5 B 15 (IDA)
5 B0 B A4 (EPD ;s 2 £ L (NC) £ 3. 0 mA
(PR /3. 0 mACIER PR ;& F k.
-4500 V(& FHixL) /5 500 VOEE 7)) B F
J5EE (TEM) :550 °C ;A L (CUR) : 35 psi; Al <
(CAD) : Medium; % 1L (GS1) : 55 psi; 4l By #1 <,
(GS2) : 55 psic H i Jii 3% 2 8. B 8 F W3R 1
FF7R o
2 BR
2.1 BTl A 0 00 Ak A R = Y e R

HTEK:1,V/ VB 50 pg/L B4 FR 7
O, T 8 S XA HEAT BT IR HERE 43 S FE EST B
FHVE B RN AT — GBS S e
STETE, TEBSRTEBESRKE DR
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Table 1  Mass spectrometric analysis parameters of 7 fishery anesthetics, 2 sedatives and 3 internal standards
&Y 3 B 1] /min B F (m/z) FEF(m/z) LERIE/V ilf 3 AE it /e V AR
T 6.79 162.9 148.0°/121.0 -51/-51 -16/-34 D- T 7l
5T HB 6.98 162.9 -51 -16 D,-T 7 M
D,- T &l 6.76 166.0 148.0°/121.0 -78/-78 -18/-40 —
HEE T A 5.62 179.0 138.07/129.0 96/120 21/29 D-Hb P P
WAL S T A& 5.72 179.0 105 21 D,-H P ¥
SR A W e 5.55 207.2 189.1°/165.0 138/114 12/10 D - b 7 7
CBEHE ST A 5.64 207.0 165.0'/137.0 114/128 10/24 D-Hb P P
MS-222 3.47 166.0 138.0°/94.0 108/105 24/30 D,- L7 g
Hu PG P 5.55 285.2 193.2°/153.7 196/176 46/40 D-3b 75
D,- 4 7 5.53 290.0 198.17/227.2 195/188 47/38 —
L SUNIRES 5.14 287.2 241.17/268.9 124/124 34/24 D,- BV P P
D - BV Py P 5.12 292.1 246.27/274.3 190/190 34/25 —

VN R T
TR T m/z 163 [M-H], I H4& 5 i@
L Ay B RS [ M-H-CH, ] 25 7 (5T & B
55 THB AR FM 98 F¥HIE, N2
i i A % S5 R X 2 AN A4y SRR R SE A A B
A e WA HEAT 8 PR E = T

Hax 7 Fifb A& Wk HIE B 7R, ] 15 8 f2
FE I I A e R B [ M+H ], A RE B AT
R, EER SN 2 MR TEAENES
FE R RHAE BT (5 T & I AR L S T A i HRR A
LANRR B ) SR el Ak, o 4% 8 0 3k 8
AR 1 2 7 HL S R G 4R RE B

¥ MRM-IDA-EPL B, — W FE AL AT 15
) R BUE A MRM & B 45 5L, 36 7T [a) i 45 310 A8 1
B9 4 % B B (EPL) , ) FH € 28 8 7 4 10 33
P HEAT R E, AT TR T R g AT e

TRNS
2.2 IS &MERIE
2.2.1 (S AR kS

i % ¥ £ ACQUITY UPLC BEH C,.ZORBAX
Eclieps Plus C,, # F1 Shim-pack GIST C,, % % , LA
FH T - 7K AR Sy S 20 AH AT 0 B R AR Al g0 . &5 2R
R IX 3 P A ] E B Y R A R A RS
B f#i Jl ACQUITY UPLC BEH C 3% 4:, T 7 fpy Fl
1 M N BEAS B A o B, T ZORBAXEclieps
Plus C,, £ #1 Shim-pack GIST C,, £ 3% 41 23 55 %% 5
LSRN B R NNt B 2 I = R 5
4, ZORBAX Eclieps Plus C, il Shim-pack GIST
Co 385 H pH {ELYE B 4300 8 3~9 Al 1~10, A b ¢
i PG B B Y Shim-pack GIST Cq (8 3% K 45 K 43
Bt
2.2.2 WAL

3 99 T B i KR H B K AR A T B AR H A H
I3 BRI S5 R R B NG BT R B RE 0 R xE LA

S NER 7 R = TN o DR = S SO 4
Ah WS AR Y pH A LA K B T 5R B B R/ T g Xt H
BP0 Wi 1 A 52 M, F R FE KA TR 0. 1% HER
0.05% 2 7K F1 2 mmol/L Z R % X+ H ki W 1 43 5
FE W R R B RS2 . 45 R BoR s R
TS EIMA 0. 1% W, T 7 B AL T 7
SEAWEINE M 2 mmol/L Z 1R 4%, B n¥ 2 i
JE L 2 AR, A 0. 05% &K, R 4805 nT LR i 8
i AT Rh T A B 04 53 B R K32 5 i IR A
KV FE DR A A BE R B0 R L TR R BRI 9 o S 2
B, B AT E KA R 0. 025% K L1593 B bR a3
WAy R R o A E B AL L KA
A 0. 1% WRR I, 508 ARAT BORS B 35 0, 5 1F 25
P2 R KA 0. 1% B RRK IS . 7 it FH JRR
PSR 2 FhEELER R MRM &1 3% L AT 1.
2.3 PRI IR

W T M N L 2R g T EEXT IR K
At rf 7 ol RR R0 R0 2 ol e ) A AR ORI, &5
- Y S R D T e S = 1]
N X HE Y 0 UE AR T A 4 U T S
L WER A 5 BB G AE A5l 56 i 42 3B 71 .
FRELUS. 00 g BE A, 7EBRBURHINA 2 ¢ S Ab AN, 45 51 &
ST A 0 R S T A M R IO R W T B
HoAb Ak A W $2 BURCR JC M B A8k . i TR oK M
T —EmIgN, F R T A 2 mL IFE &k
PR AE Wi, %5 58320 TR R U ) BB 5 e 2
KB, OE O B B i X A5 00 7 Tl i e R oKL (H
S HMERAE B B A IR 5 % 1 2 0 X IR K fa R i E
4R,
2.4 VA 43 HICW B 50 A 8 B

B % 8T 3 Bhewy I A AR A6 HO0E B R A
2 Fofr e 4 KA X 43 BT 45 2R 095 e, I AL dE PSA L
Cis A ALK B (GCB) K BERR 49 K4 (MW CNTSs) #l
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Figure 2 Comparison of recovery rates of nine target sub-
stances with different adsorption materials

BR AN T A B LAAR Y 7 Fl 5 A5 P #0A — 2 W
I FE C o 43 20 F11 30 mg Wi, %} PSA (1 JH &
(10~50 mg) AT T H 5. 45 &I, PSA &
HmE] 30 mg B, & B bR By 1 0CR A BT AR, L
B 3. MR BE#E 30 mg C,, A1 20 mg PSA 1 Jy [F A1
3 IO B 5
2.6 BRI FIRON

TR &, Y AW R NGB R0 00 1
2280 H b 0 B A e S8 28 ek D RE Al K A R
1A% J5 25 W 0 W B X B, O L — s R B B /b B
BN o WA 50% N AKAE R dERER A .
2.7 ik g
2.7. 1 J5iEFEBTAUN (LM R

DL M A oy B 5T, 45 30 28 1 B VA L A 0l
AR A b T 1] R R 0.5.1.2.
5.10.20.50 pg/L(MS-222 J 0.05.0.1.0.2.0.5,
1.2.5 wg/L) WY 5L BT bR v W, JT 5 ) Jo 22 VK B2 1)
HEVR W (50% SN EC ) — 2 B AL, b o i i th
LHRIE R b, BTN REE N b, LN /%=
b,/b,x100. 45 £ J5t (1) % 50 85 7 43 53 R = T A 1

120

100 |

80

60 -

B ELA

401

20

0 1 2 3 4 5 6 7 8 9 10 1
A B

VE €, FEE/PSA FE £ 1:20 mg/10 mg;2:20 mg/20 mg;3:20 mg/
30 mg;4:20 mg/40 me;5:20 mg/50 me; 6:30 me/10 me;7:30 mg/
20 mg;8:30 mg/30 mg;9:30 mg/40 mg; 10:30 mg/50 meg
B 3 C o MIPSA R X JURR H AR 8 [l R 1) L g
Figure 3 Comparison of C,; and PSA dosage on recovery of

nine target substances

103.9% 5 T & B 89.3% W 3T F W 85.4% .24
FR T g 85. 1% W 2% T & 116. 6% . £ &
ST A 114. 4% MS-222 92. 5%  Hb 74 ¥ 94. 9% .
YL VG 101. 4% th THAET HFWH AR T & W
i A 5 5 11 56 O 0 55 R0, R L S T A I T 2 T
S 1A T A R A R BTG 5RO, PR U, A R
JH LTl 2 HEAT a8 s H B, 7 e JHRR R R AN 2 el
B FIAE 0. 5~50 wg/L v BE 30 [ N 4Pk R A7 (o
MS-222 3 0. 05~5. 0 pg/L) , 56 RECALT 0. 999,
2.7.2  Jrk ISR RO %

Xf A [ B AR SR T INAR , O R AT R0 R R R
S A T a5 71 7 ) =T LA = 7 S O o |
k4,20 Fl 80 pg/kg, HoH MS-222 2 0.4.2.0 F
8.0 pwg/kg) MY AR MEV W IR 2T, & 30 min J5 FH4%
FE G H A By 2 AT AR P AT E 6 A, P34 (al
R TR 2 B 45 R L EE 20 i [l iR 3 L 43 S 7
87.0%~117.3% Z [al , A XF ¥5 #E f 22 (RSD)
2.5%~8. 2%,

2 THb TR RN 2 BB R B9 5 152 2 B (n=6)

Table 2 Methodological parameters of 7 fishery anesthetics and 2 sedatives (n=6)

sy LIy R X R M P (RSD) /% LOD/(ng/kg) 10Q/(ng/ke)
4 pg/kg 20 pg/kg 80 pg/kg
T & ¥=0.042 83X+0.077 66 0.999 1 109.2(5.9) 105.3(6.3) 102.3(3.0) 0.03 0.09
ST HmH Y=0.007 58X+0.001 99 0.999 3 96.0(4.4) 99.4(2.5) 94.1(3.7) 0.06 0.30
3T Y=0.007 58X+0.001 99 0.999 4 107.3(6.9) 101.2(3.7) 95.5(4.5) 0.08 0.40
3L 5 T iy ¥=0.003 04X+0.000 603 0.999 5 94.0(4.8) 102.2(2.5) 96.3(5.2) 0.25 0.75
R T 7 W g Y=0.000 704X+0.000 15 0.999 0 (5.9) 109.6(4.7) 105.3(6.2) 0.40 1.20
MRS T iy ¥Y=0.007 20X+0.000 33 0.999 6 87.0(6.8) 100.5(4.0) 107.6(8.2) 0.13 0.39
MS-222 Y=0.006 85X+0.001 22 0.999 1 108.5(5.7) 117.3(4.2) 105.6(3.5) 0.02 0.06
b PG ¥=0.047 95X+0.009 89 0.999 8 92.3(4.8) 97.5(4.0) 97.2(3.1) 0.06 0.18
BYL I Y=0.070 28X+0.005 75 0.999 8 95.5(3.6) 94.6(3.5) 98.9(4.3) 0.06 0.18
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Figure 4 IDA-EPI mode scanning spectrum of eugenol
3 /J\zﬁ and application of fish anesthetics MS-222 and eugenolon in

PA Gy R PSA A g 43 HICIET AR A 0% B 550, 36 ok
5 B0 TG A% IF R HOH S RS 7R Ao 6 0% R R
R i s R DAE S i VA PN I 0 VTR
SR ST T 73 H I AR A IO 5 A (3 - R I
JoE R D K 7 R 7 b R JRR T SR R 2 el
B IF R S O7 A BEAT T IR R %k
T £ AR R R SRR R 7 b JRR e R A
2 Pl B R A% B R A TN e A . SRR W% ik
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