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Determination of 10 class and 30 kinds of pesticide and veterinary drugs
residues in aquatic products by automated solid-phase extraction combined
with ultra performance liquid chromatography-tandem mass spectrometry

XIAO Jian, HONG Hai-Yan', WANG Yong-Xin

(Guangzhou Yuexiu Center for Disease Control and Prevention, Guangzhou 510055, China)

ABSTRACT: Objective To develop a method for the simultaneous determination of 30 kinds of pesticide and
veterinary drug residues across 10 classes-including sulfonamides, tetracyclines, quinolones, macrolides,
nitroimidazoles, triphenylmethanes, f-lactams, hormones, organophosphorus compounds and carbamates in aquatic
products by automated solid-phase extraction coupled with ultra performance liquid chromatography-tandem mass
spectrometry. Methods Samples were extracted with acetonitrile containing formic acid, purified using HLB

solid-phase extraction cartridges, and separated on a Waters ACQUITY UPLC BEH C;g column with a mobile phase
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consisting of 0.1% formic acid in acetonitrile and 0.1% formic acid in water, and analyzed by a SCIEX\Triple Quad

5500+ tandem mass spectrometer. Results

The 30 kinds of compounds exhibited good linearity within the

concentration range of 5-100 pg/L, with correlation coefficients ranging from 0.9914 to 0.9998. The limits of detection

were less than or equal to 0.025 mg/kg, and the limits of quantitation were less than or equal to 0.050 mg/kg. Mean

recoveries for spiked samples ranged from 62.8% to 108.1%, with relative standard deviations of 1.0%—14.7% (n=6).

Conclusion The method demonstrates high precision, good accuracy and a high degree of automation, making it

suitable for high-throughput screening of pesticide and veterinary drug residues in aquatic products.

KEY WORDS: aquatic products; pesticide residues;

veterinary drug residues; automated solid-phase

extraction-ultra performance liquid chromatography-tandem mass spectrometry
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L FORIRNBRZE . 1 A BN BRI | 2 Fh i 2 vl i (2
FEBIRT 93%). HEE. HREIEL0)( g5 P
B A BRAFD; B (Fikal, 36 5 P88 /RBHE A
Al); JOKBREREN (DL, | MALFRT ).
1.2 75 &%
1.2.1 Af&RATA

FEALT A KR fa , ta | 0 DL AIRTERRERL 2 . &
., FITIVIREAIRLS, B2 200 g ZEMBERLH BRI 1 2]
MIFEAS I BE, B TR RE P RERR i

FEMAREG WEMFRIL 5.0 g#E M, BT 50 mL B8,
A 1%F R 205 10 mL, WHERY 2 min, #7 10 min, %
A>(10000 r/min, 10min), ¥R % 25 mL (L6 @&,
FRit R EINA 1% R 2015 10 mL, B IRE 10 min, 250
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HRGIRS), B0 FIHR, CEERZE 25 mL, B S mL
40 °CAF AR ZE/NT 0.5 mL, F 0.1%HBKEEZE 5 nL,
[EREZ L

FESh ;i HLB B AHAE Uk, 4351H 3 mL
FEEAN 3 mL /K36 b B AHAEOH:, W S mL RRid (i i b
FEWERY, SRJ5 3 mL K¥E%, 6 mL FHEESEE, HEk it
W, WU E T 40 CRBHF AR ZE/NT 0.5 mL, &
JERWHERE 5 mL, i 0.22 pm HFLER UK 4
(polytetrafluoroethylene, PTFE)JE &, 5 FHLA#T.
1.2.2  ARBEIR B

25 IR A TR A i 450 FREL 5.0 g 4% I 30 10 5 £ B
di, PR 1201 JrikBEATRE SR HTAL R, 53] 5 mL 1958 A
T

PRS- VR 200 AR I R 30 Foge 24
bR AER) T 2 B ST B R 100 pg/mL bR
B

TRA BRI R EC A 43 VO U 38 4% B T i
FEWGE L, FH N B AR BT R R 0.1 pg/mL (1)
TRA RN P

SE bR o AR T v W BT b o £ S R
FH s B 0T 808 s BRI I A5 B BT B S 5.0, 10.0,
20.0, 50.0, 80.0. 100.0 pg/L AyFEFFRHE T AEMZE .
123 &#EHs

{4184 ) Waters ACQUITY UPLC BEH Cig (2.1 mmx
50 mm, 1.7 pm); WENAHHN 0.1%H B2 Z G 0.1%H BRK;

WA 0.4 mL/min; #EAEE A 10 pL; RN 30 °C. #E
Ve 3% 1,

®1 REEBERRERF

Table 1 Gradient elution procedure of mobile phase

A 0.1%H iR L& /% 0.1%H 27K /%
0.00 90 10
1.50 90 10
2.50 85 15
3.00 85 15
3.01 75 25
4.00 75 25
6.00 20 80
7.00 20 80
7.01 0 100
9.00 0 100
9.01 90 10
11.00 90 10
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L 2 HELIBESE L 5 2 Il (electrospray  ionization
ion source, ESI), IE & FH A, £ h il (multiple
reaction monitoring, MRM); M35 %k 5500 V; FALIRE
h 550 °C; KA 30 psi; AlEAES 9 psi; Z KT 55 psi, HHBY
355 psio BRI EME T | BEEEERE IS SN,
FRZHERTI 10 2 30 Fhofe B2 Al A1, ansk 2 Pos .
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Table 2 Mass spectrometry parameters for 10 class and 30 kinds of pesticide and veterinary drugs

ETR &Y 4 B4 5 8] /min BERSF(mlz) TBI T (mlz) LRV AR e RL/V
1 it Jie s 0.85 251.1 92.0, 156.0% 40 38,22
2 i g o e 1.01 256.0 108.0, 156.0% 40 32,22
3 T JHe it 1.07 250.1 108.0, 156.1* 40 32,23
4 i fig R S miz g 1.19 265.2 92.1*, 156.1 82 43,25
5 i e — B g 1.67 279.1 156.0, 186.1* 60 27,23
6 it fig Y e 3.63 254.1 92.1, 156.0% 65 39,22
; o 430 479.1 444.0%, 462.0 80 31,24

4792 444.0%, 462.0 80 31,24
8 +RE 1.73 461.2 426.2%,443.2 80 27,19
0 —— 22 445.1 410.2%,427.1 80 27,19

4453 410.2%,427.1 80 27,19
10 WHRY R 2.03 332.1 288.1, 314.0% 120 25,27
11 V587U 3.06 360.1 316.1, 342.0% 120 28,30
12 LWER 5.94 828.6 109.0, 174.1* 70 65.43
13 A-fil§ FE WK s 0.48 114.0 67.8%, 83.8 71 26,19
14 ¥ A g ms 0.55 188.2 123.0%, 126.1 65 19,23
15 2 FR I F g s 0.67 158.2 55.0, 140.1* 70 24,17
16 T i ik e 0.82 201.2 55.0, 140.0* 50 30, 15
17 L4 6.06 329.3 208.0, 313.2* 101 46, 53
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F28)
ErE= &Y A B 5 8] /min BERSF(mlz) T BT (mlz) EIERENV iR e RL/V
18 Fe e fL2E 4k 5.74 331.3 239.1%,315.3 76 45,32
19 Sk At e ik 426 4549 155.8, 323.0% 70 21,15
20 FH 35 5250 il 6.14 303.2 97.1,109.1* 112 35,34
21 PR =2 L 7.16 3453 97.1%,109.1 115 29, 41
22 KZ 1.16 163.1 88.0*, 106.0 50 12,13
23 Loy 2.44 239.1 137.1, 182.1% 80 32,22
24 A A 5.53 222.1 123.0, 165.1* 82 27,16
25 2R 5.72 202.1 127.1, 145.1* 70 39, 13
26 X 6.76 292.0 236.0%, 264.0 80 20, 15
27 LR DR TR 77 6.52 331.0 127.0, 285.0% 130 17,10
28 [ieeis 5.23 221.0 109.0*, 127.0 70 23,30
29 AL 7.29 349.9 197.9%,321.9 62 25,15
30 B 6.92 261.0 47.0,75.0% 80 42,24
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Total ion chromatogram of 10 class and 30 kinds of pesticide and veterinary drugs mixed standard solutions
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Mo
222 Hiei Xwgiks
H AR A 5 25 S TR VR 4 T 2 JBCRIT (7R 25 T
Fige b= IR AT ECAE U AR AR, K™ &
XGRS MBS, Hm AR R, fls
4 H By [ AR ZE ST LSBT AE 2 O 1 B T8 A B SF AL
SIEAT, A I R T AR A R R R, AT AR
MAAE UGS SR AT PE R B B . XBEPFEEDT | F s
KR LY BFFEIN Y HLB [ AHAEIBUR: 0 i 2 . by
WRE, MRS KIFNERSS . ARk | =20 b
H. B-INTRICSS . B ER SR R 2 S R P AR A A,
HORLBAE, [ICRE R TSR iSSP B
HLB [ AH £ R X o) 24 5 R R i 2k 25 F g AL 2 e 24
W 66 0 3k SR s L At R B A, Ml R, R
HLB [ 2 O X R Bk 79 M 8 M A 45 0 A A0 1 W o
e 1, BERSWL /b HARY P, [FIRT R L P MO+ i T4k
Y, SEESAE KM 3), TE0.05~0.25 mg/kg U AN BE G F
W, Bgfn, fffa G DURIXTERER S R 10 28 30 Flefe E 2y (al
N 62.8%~108.1%, Wl & 7K 7™ &b v 22 -5 24 F1 R 2 5%
B ISR B ISR, BB HLB /MEAE A biE
23 FHAEFWIE
231 AMXZ

f# FAPE AL B i 45X R L W BV Rl 72 5~100 pg/L
L TR A AT T ARV T, LA IR AL FR(Y),
JRE A R ARBR(X, ng/L)2HbRifE TAERZE, 25 RRILk
PEER B, FICRBUE 0.9914~0.9998 Z[a], 455 LK 3,

F3 10X 30 FHREAWEYASIE, BEXRY. BHIR. EEMR. EERERMBIITERZEN=6)

Table 3 Regression equations, correlation coefficients, limits of detection, limits of quantitation, recoveries and relative standard

deviations of 10 class and 30 kinds of pesticide and veterinary drugs (n=6)

0.05 mg/kg 0.10 mg/kg 0.25 mg/kg
MK FESh KB, R/ FixT it FixF
/H:A% Euﬂﬁﬁ 2 B33 22 B33

" R AR (ke (mgkg) PRF g TR e BIICRD 0,

S %% S RE% C RE%

B%fn 0.00015 0.00050  84.4 5.9 87.5 7.7 81.4 5.2

I #if 0.00015  0.00050  85.5 9.9 80.5 9.8 79.6 7.5
Tieh P s W Y=1.73065¢"X 0.9990 ——

JuOl 0.00015  0.00050  81.8 7.8 75.7 45 70.9 6.4

XHIF 0.00015  0.00050  87.3 4.8 77.1 7.6 75.8 8.3

B%fn  0.00015  0.00050  89.6 9.3 81.6 8.9 81.4 5.4

o #if 0.00015  0.00050  84.6 6.9 79.5 6.3 76.4 45
Tieh g 1 s Y=1.66516e’X 0.9988 ——

JLOL 0.00015  0.00050  78.2 5.4 75.5 3.8 69.9 6.4

¥HUF 0.00015  0.00050  88.6 10.4 80.5 5.4 78.4 7.1

%4 0.00015  0.00050  82.2 8.7 79.5 8.2 79.4 6.4

I S #if 0.00015 0.00050  81.4 75 80.7 25 78.6 7.8
Tieh g i B Y=1.70300’X  0.9977 ——

JGUL 0.00015  0.00050  83.1 7.6 78.6 7.4 75.9 4.0

YR 0.00015  0.00050  82.5 8.6 78.4 6.4 75.6 4.8
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0.05 mg/kg 0.10 mg/kg 0.25 mg/kg
M B KRR R HRA Feoxt Epe]
E EVEpp " L = % =
FH AH (mgke) (mgke) ““f/‘z/ g R e FHCRD
C W% % 2/%
B%f 0.00015 0.00050  85.7 11.4 82.1 9.6 80.3 6.9
fillfs  0.00015 0.00050  82.5 3.2 80.2 3.9 74.9 9.6
LR LE  Y=1.10078¢°X 0.9996 —
JGOl 0.00015  0.00050  80.5 5.2 71.5 9.1 69.1 9.1
YR 0.00015  0.00050  81.4 4.8 78.2 6.6 71.2 6.0
W 0.00015  0.00050  79.1 9.3 80.5 7.3 78.1 6.1
o N fiflfs  0.00015 0.00050  78.9 8.4 75.4 8.5 73.4 8.7
i i — HH g ¥=2.73002¢°X 0.9965 —
JEOl 0.00015  0.00050  82.4 7.9 74.6 8.1 72.9 6.5
TR 0.00015  0.00050  83.5 6.3 76.0 8.7 68.0 5.3
Bff  0.00015  0.00050  79.3 9.6 75.7 7.7 73.4 7.6
fiflfi  0.00015 0.00050  80.5 6.6 75.8 6.2 73.0 2.1
itk iz FR g Y=1.55458¢°X 0.9986 -
JGOL 0.00015  0.00050  82.1 3.4 74.5 7.7 73.5 23
%R 0.00015  0.00050  81.1 4.1 77.4 8.0 72.9 5.1
B%f  0.00100  0.00300  78.1 8.3 63.5 8.1 67.3 9.4
SER Y=2.13781e'X 0.9997
fiflfi  0.00100  0.00300  77.2 9.9 72.3 5.5 66.2 5.9
JEOL 0.00100  0.00300  79.4 4.1 77.8 4.5 70.0 3.3
SE/E Y=2.31465¢'X  0.9990
XM 0.00100  0.00300  75.4 2.7 72.9 14.0 70.5 4.6
#%44 0.00100  0.00300  81.9 5.9 75.9 10.1 76.9 4.6
#1f 0.00100  0.00300  85.7 2.4 78.8 6.4 73.5 5.3
+EHER Y=2.73833¢'X 0.9996 —
JEOL 0.00100  0.00300  84.0 7.9 81.6 8.0 77.6 8.7
XHEF 0.00100  0.00300  82.5 6.7 76.1 7.0 72.1 5.3
gt 0.01000 0.02500  76.7 9.8 70.9 8.1 69.2 9.0
UIEZS-3 Y=1.17237¢*X 0.9980
#if 0.01000 0.02500  75.4 10.5 70.4 2.8 67.1 2.9
. JEOl 0.01000  0.02500  76.1 2.5 72.6 4.7 66.8 6.5
PR ¥=6.65160e’X 0.9988
XHEF 0.01000  0.02500  74.8 7.9 70.7 5.1 66.3 8.5
g1 0.01000 0.02500  73.7 6.9 70.4 8.1 68.5 47
fillfs  0.01000 0.02500  78.8 6.4 75.5 7.1 72.1 7.8
WAV AL Y=9.89524¢’X 0.9994 —
JGUl 0.01000  0.02500  77.5 2.9 74.3 43 71.8 6.1
YR 0.01000  0.02500  79.5 6.2 75.5 5.7 73.9 6.6
%1 0.00100 0.00250  85.3 6.8 81.0 4.6 71.5 1.6
fillfs  0.00050 0.00150  86.2 7.4 83.1 2.1 79.4 1.1
R AL Y=1.23319¢’X 0.9997 ——=
JEUl 0.00100  0.00250  89.3 8.4 84.1 3.6 80.8 4.6
YR 0.00100  0.00250  88.1 6.8 82.8 3.6 79.5 2.4
Wff 0.00025 0.00075  87.7 5.7 83.4 3.8 81.3 5.1
fillts  0.00050 0.00150  91.7 5.1 86.3 8.9 82.2 4.0
LW E Y=6.82472¢*X 0.9970 ——
JEUl 0.00025 0.00075  89.2 42 84.6 5.9 80.2 4.1
YR 0.00025  0.00075  89.9 7.7 83.1 8.2 79.5 2.7
gt 0.00250  0.00500  89.1 2.3 83.6 5.9 80.8 7.6
b filglfs  0.00250 0.00500  85.7 3.3 84.1 3.3 86.7 3.6
A-THSEDKIE  y=4.67934¢'X 09979 ——
JEOl 0.00250  0.00500  85.6 7.1 78.1 43 77.6 3.6
SPHF - 0.00250  0.00500  84.5 2.4 83.4 43 78.6 7.0
Bgf1 0.00050 0.00150  99.7 5.3 93.2 5.5 90.9 5.8
. fillfs  0.00050 0.00150  96.4 5.6 97.8 42 94.7 6.6
FEIE g ¥=5.25332¢*X 0.9987 —
JGOl 0.00050 0.00150  97.2 1.6 93.2 3.4 92.0 3.9
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Fig.2 Total ion chromatogram of blank matrix of aquatic product samples
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