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solid phase extraction (MSPE) pre-treatment ultra performance liquid chromatography-tandem mass spectrometry.
Methods Protein in milk samples was precipitated by zinc acetate and potassium ferrocyanide, samples were then
extracted with 8 mL of acetonitrile, purified with 10 mg of magnetic HLB purification material, and washed and
eluted with 5% acetonitrile-water and acetonitrile. Ultra performance liquid chromatography-tandem mass
spectrometry was used to detect avermectin, eprinomectin, ivermectin and doramectin in milk. Results The linear
relationship of the 4 kinds of drugs was good in the mass concentration range of 0.2-200.0 pg/L (r>>0.995). The limit
of detection and limit of quantitation of abamectin, ivermectin and dolamectin were 0.2 pg/kg and 0.5 pg/kg,
respectively. The limit of detection and limit of quantitation of acetylamictin were 0.5 pg/kg and 2.5 pg/kg,
respectively. The recoveries were 74.31%-96.67% and the relative standard deviations were 0.02%—12.24%.
Conclusion The MSPE pretreatment technology established in this paper greatly improves the sample pretreatment
efficiency, shortens the sample detection time, reduces the detection cost, and reduces the use of organic solvents. It
can be applied to the quantitative detection of abamectin drug residues in milk samples, and provides a reference for
the wide application of MSPE pretreatment method.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; magnetic solid phase

extraction; milk; avermectins
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Fig.1 Automatic magnetic solid phase extraction system process diagram
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Table 1 Operation steps of automatic magnetic solid phase extractor

wR RGeS BE 08 BE

BRI

ABYmL  RfE)/s  BEEls Bl RTAS
x4 ) 3.0 5 10 5 10
VM 20%ZIE 3.0 5 10 5 10
B B0 2 S N o £ 2722 S I 45 10 10 10
FRE2 BRI 35 45 10 10 10
R3O FREA 30 45 10 10 10
Wk 1 s%Z 2.5 5 10 5 10
WE2 10%5 B 2.5 5 10 5 10
VeI ik 35 45 10 45 10

152 k&It

B FUE: HLNE 2 AL B U (electrospray ionization, ESI);
P IER T, BB R 5500 Vi IR
300°C; FHBIS1 A 40 psi; HBIR2 24 55 psi; ATM 30 psi;
M AR, 4B 99.999%. R FH 2 K Wil (multiple
reaction monitoring, MRM)J7 20, 43 51) W 000 vy 4 7 25
ORI R | AR R M H R R 1. HEfL
HLE . B RE R S 28, SRR 2 Fs.

F2 4 MAHEERLBYNFERNSH

Table 2 Mass spectrometric parameters of 4 kinds of avermectin drugs

a=L/E (BRI /min B T(2) FET(m2) LRV i AE eV
(O 4.00 890.5 305.3"/567.4 60 34/21
LB SEI A R 3.73 936.5 490.2°/368.2 200 71/75
PR TR 2 4.54 892.5 307.07/569.3 71 37/19
EZA S 4.26 916.6 331.17/592.9 100 35/25

TE: B X
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Fig.2 Effects of adding protein precipitator on recovery
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Fig.3 Selection of equilibrium solution
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Fig.6 Elution mixing time

2.3 BIEFHMNK

ABFFEET 0.1%F BR-K/Z MG . /K/ZHE . 5 mmol/L
LTRERVEW G . 10 mmol/L ZRERIE IR/ I 4 Fhif shAH
EREXPTAREE . CBEEA R E . AR RN
R0 B R SR S ok B 520 . S5 5L R, 4 Fh e
DAL 4 Fpoish Atk = R AT g, e 10 mmol/L 2,2
BV I 0T B R R R TR A e B A I v A R

HAAR, HOEFSZIR AR o TGS A S AR RS,
BEFTREBE VRN, FEASBIETE IRAHARE T, 4 RO 250 S s+
i 033 ¥ (total ion chromatograph, TIC)WLIE 7,
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— FRUERT
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Fig.7 Total ion chromatograph of 4 kinds of drugs
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WA FURR b T, AT BRS, 2 5 AT ik
FEZA 100 ng/mL BTR-AARME TR 25 uL. 50 pL FlE
TR 2R 1 pg/mL RS AR E T BV 50 pL, JEAPIEG IR
FIHERZE 1.00 mL, ZiHE5R#E, T 0.22 um fGFLIERE, 4
SR A e B 24 9 2.5.5.0 F1 50.0 ng/mL AL T I,
Ht UPLC-MS/MS #5ll o REAN Bk vk B il 5 6 A TATHE N,
ISR TAE 4 S bR TAE Al s
43 B S S RSN (matrix effect, ME) il i 3 51 >0,
A I EEA LA . % ME<1, $EBIEE XS H AR4 i
NP AE IR A, ME>1, SR 35250 B AR B i 1o 7 A=
HRAEH];, ME=1, ULHIJCHEERAN . S35, BT ER
ME 252 1.2, ZBEEFER4ERZR ME 2924 1.1, HEERR
ME #j257 1.0, ZHi#E ME 225 0.96, 4 Flr AVMs 25411y
ME 7€ 1 A4, 1 BH JC I 8 1) 8 40
242 AREWMEREZMETEEGHE

R 1 pg/mL AVMs JR&FrE TI/ERGE &, H
50% N -/KE R RE, BOHil U 330 0.2, 0.5,
1.0, 10.0. 20.0, 100.0. 200.0 pg/L [ R FIRAER R, M
AH 1.0 mL, 3N AZS RS ZARE . B b IR T R 1Y
FREYIT, FRATIRAT W, VRN SERCECAR YA, 3
FLUERSSS, (OH S A0RAR IS0 E . % LR TRy
DUEREIE, DAY HT) T R B R AR bR, A
TEIE T AU ARAR TR R . B IR %
AT R MR R AR ZR, 5301155 4 Fh AVMSs 259
MR DTRE . MO REL, 25 3. Z5 R, PIYEi % .
CRAEIERTAE R A ML R TE 0.2~200 pg/L 7
BN R RAF, HRRE P HKT 0,995,
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Table 3 Linear equations and correlation coefficients for
avermectin drugs

HBR, SN>10 104 7€ & FR

Ew s PS5 ((0) 3 '
ZREIETA R Y=599.0%+112.0 0.99509 %’f*”i%/ EFI’J(U"J;E mué %E&’e!ﬁiﬁﬁ;» ML, B2
2 Y=7656.6X+460.2 0.99977 T 2 SR BT A4 ) 2R 1 et B AR B = F GB 31659.4—2022,
EZTAES Y=4259.8X+576.8 0.99738 {HBR NI ZR
244 «fﬁfﬁﬁ" Tkl 5 B 5 B
243 HERAZZR YRR, £E2.5, 5.0, 50.0 pgkg 3 K
B2 gz LAY R BT AT S (RIS S 5, s ik TJJﬂJMTIEL[&C;L?A BRI E 6 T

JEHY 4 B AVMs 25 R9ARUE TAER T2 b, 28 Big

ATALEL AL BRI AE, WK 4 Fl AVMs 25 W HEE 2 T 5
TGRS L (SINVRIDG N 25 i vk . IN>3 AE kS TE 70%~90%2 [8], FIXTAREINZEI <15%, W T EsR .

R4 INAREYCEERFIAE I ARERZE (n=6)

Table 4 Recoveries and relative standard deviations (n=6)

PR PR R 0.2 pg/kg, Eh
LT R A R 0.5 ug/kg, EHE

TR R E  FHERE. £
PRI M 0.5 pglkg; Tk
FRA 2.5 ng/kg. 5

(TRERh, 5
S ZLU’JWZ HOMERR B RIS R, 4R L2 4, PRI, Indrke
ZE AR ETE I LA 8. A= 05H 4 Fh AVMSs 25171 [l

2.5 ng/kg 5.0 ug/kg 50.0 ug/kg
&y
[T /% RSD/% [mT 1% /% RSD/% BT % /% RSD/%
[SE N 92.54 0.87 88.18 0.23 83.90 0.02
T 2 R Py 4 TR 78.3 12.24 89.78 0.22 78.92 0.10
liE AT 94.81 0.42 86.58 0.23 79.04 0.05
EZA 96.67 0.41 84.23 0.24 74.31 0.05
A B 60000
1 L — ~
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80000 |
s 40000
%( 60000 - E 30000 F
= =
= 40000 | 20000 |
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(I ‘P w V “ WL
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8 ARHUEMEIRI(A). FREER(B). 25 FTREAR (CORY 15
Fig.8 Chromatogram of standard solution (A), standard sample (B) and blank sample (C)
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2.5  SEFREE RN

XHITALAE 13 AT XAMAT Y 130 HE2F WhRE S 1EA 4G,
R 25 02 4 R Ak
2.6 SERFEFRENTEE

VEICWORE S, BT IS GB 31659.4—2022 11
T3 VEAE R 8] 75 T KA AL R 5 T A T A, 25Nk 5
FiR e AJ7HEE, FA LR SRR, AR

#£5 KF5ES GB31659.4—2022 ByxttL
Table 5 Comparison between this method and GB 31659.4—2022

KNy R7N GB 31659.4—2022
Bisf [61] /min 90 110
ALY ) S /mL 27 30 2 70

3 e

T P [T R A5 XU Ak 3 ST 43 5 500 A6 U DM 3 J9T A mT
FesZ, FORTRE il AL R s SR VR FIR 2 i 0 T T 25 ik
Wb, [AfE% SPE BIFIZEROY sCAH b, BEMERE
AR ARG . ARSI . 4 B Bhmg ik A
PO EA . P AR WU, VBB T
MUEEAVE. S1E%E0 SPE R AbBREH b sk Ml b, 12l R it
M, KRS T TAERCR, (HR b AR 2 BRSO B
PEURLAA LA BR, i eE i RSt 52 3 TR, A AR
TR AR AR BB T AR B AT R T S

ARG R PR 2 T A T A6 45 AR 5 8 v TR A £
TE- RIS U, 5L T —Fhd H 405 AVMSs 259
FREAH UPLC-MS/MS AAds il ik At S IE ST T4
B, 2 e 13 AR 2 B M S Aok Ak s, AT S BT 2R 4
W 4 Flr AVMs 299 RIA R o % A ARERT R, FERR e
T RE S AT B RN LS R AER BRI, S T AT W
Ji. W R IR, 5 HETHY GB 31659.4—2022 M, 7E/#
EMERS B R, 4 KT E2end bl 7, FRAUA .
A5 H AVMs 254 0058 B AR AL T 1 AR ScHE, v
DAAR ST M6 2 2 45 AVMEs 24549 (0 SR i 5 2

SE 3k
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