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fitt. SR S HARYAE 0.5~50.0 ng/mL FYJT VR EESE RN RAF, HOCRBOYHRT 0.999, KB
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Rapid determination of toltrazuril and other veterinary drug residues in milk
by ultra performance liquid chromatography-tandem mass spectrometry

WANG Pei-Hong, WANG Xiao-Bao, LIU Yan, ZHOU Xin-Da, LU Tong,
ZHANG Ai-Zhi, ZHANG Shu-Fen’

[Ningbo Academy of Product and Food Quality Inspection (Ningbo Fiber Inspection Institute), Ningbo 315000, China]

ABSTRACT: Objective To establish a method for rapid detection of toltrazuril and other veterinary drug residues
in milk using ultra performance liquid chromatography-tandem mass spectrometry based on solid-phase extraction
purification technology. Methods The samples were ultrasonically extracted with a 0.1% acetic acid-acetonitrile
solution and purified using an solid phase extraction column (HMR-Lipid). Separation was achieved on a BEH Cig
chromatographic column with 0.1%o0 acetic acid in water-acetonitrile as the mobile phase. The target compounds

were ionized in the negative ion mode of electrospray ionization and detected in multiple reaction monitoring mode,
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with quantification performed using the internal standard method. Factors such as extraction, purification and

chromatographic conditions of the target compounds in the samples were optimized. Results

The target compounds

had good linearity in the mass concentration range of 0.5-50.0 ng/mL, with correlation coefficients all greater than

0.999. The limits of detection were 0.23-0.52 pg/kg, and the limits of quantitation were 0.23—1.45 ng/kg. The spiked

recoveries ranged from 92.4% to 105.2%, and the precisions were between 0.32% and 7.00%. Conclusion The

sample pretreatment could be completed within 15 minutes. This method is simple, rapid, highly sensitive and

accurate for both qualitative and quantitative analysis, and is suitable for the detection of toltrazuril and other

veterinary drug residues in milk.

KEY WORDS: milk; coccidiostat; solid-phase extraction; ultra performance liquid chromatography-tandem mass

spectrometry; rapid determination
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1.1 MR5RF

SEE AT, mik.

% # BR A (toltrazuril, i ¥ FE 1000 mg/L, CAS 5
69004-03-1) , ZZ A ERFIAN(toltrazuril sulfone, [F-EHEE 200 mg/L,
CAS 5 69004-04-2) , Z [ BRFIEAN (toltrazuril sulfoxide, it
P 200 mg/L, CAS 5 69004-15-5), Hb 55k A (diclazuril,
SRR 100.6 mg/L, CAS 5 101831-37-2), Z {2k F]-D3
(toltrazuril-D3, 4fiJ¥ =98.7%, CAS 5 1353867-75-0)( |-
LiENT); HEE. LM%l 25 RCI Labscan A]); F
Rkl | LIRS IR IR (taiEal, £1E ACS BRMEZEAFD;
HMR-Lipid [EAHZEEAE(300 mg/3 mL, ZNRSRME A\ |)); 4
KPR A TEET 18.2MQ * cm, [ Millipre 22 7)),
12 UFE5EE

Acquity UPLC I-Class/XEVO TQ-XS # =R AH - 52
B RE{Y . BEH C5 (432 4:(2.1 mm=100 mm, 1.7 pm)(3E F
Waters /A #l); ME204E Ji 432 —HF KF Gt Mettler
Toledo 7> l); SB-100D #8753 PEHL (7 I 7 2 A wl);
Multi Reax £ /SR iEdRY ¢ (T E Heidolph 23 ]); Sorvall
ST16 7533 B .L>HL(3E 1B Thermo Fisher Scientific /4] ).

1.3 LW F5E
1.3.1  ARBZEIREH

IRAPAERE R 1(10.0 pg/mL): F% A8 [R] 5T e i 50 53
MEHGE T ERR] . ZMh R 2 il BRI i 2R )
AR T, FHZNEES . —18 "CROLIRTE .

NFRPRAHERE (1.0 mg/mL): FREGE &2 i BRF]-D3
FREYI BT, HCIEESS . —18 CREOGLIRAF .
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IRATRE TAER: BB A i i &0, H 80%
ZIEKAESS, BB 452 0.5, 1.0, 2.0, 5.0, 10.0.
25.0.50.0 ng/mL Y R AUbRAE TAERRW, Horb ks g
A 5.0 ng/mL,

132 HRaras

FREL 2.0 g ZEATRERS T 25 mL 8.0, A 8 mL
0.1% LM IEIHFMRST, B 5 min, FRRHIE=REG
4500 r/min B0 5 min, FBHL 2~3 mL L35 & HMR-Lipid
SPE #rfbtvrfl, FFdA ik 203 H o FEE 2~3 mL L34
Wk, BRI 1 mL EALIER .

133 &#4Hh

A% FE: Waters BEH Cig (2.1 mmx100 mm, 1.7 pm);
AN AN 0.1%00 LIRIK, B A N, #EFE: 5 pL; A
40 °C; ¥i#k: 0.3 mL/min; B PEBFEF: 0~0.5 min, 40% B;
0.5~5.0 min, 40~90% B; 5.0~6.5 min, 90% B; 6.5~7.0 min,
90~40% B; 7.0~8.0 min, 40% B.

134 F#i#t

HL 5 25 25 1~ (electrospray ionization, ESI-), Z i
k=, BAEHE 2.50 kv, BARIS S 950 L/Hr,
BT AREE 600 °C, B FIRIREE 150 °C. HABBTIESEL
W2 1.

14 HIEALE

BUPE Kl Waters ¥ Jfi MassLynx V4.2 B2EAREE20#7,
BRI R WPS office(12.1.0.20784), %1 BIIE % H
Origin 2018 # A, il [A]— 206 S5 (R H A0l 2 3 Ykl 6 1K

2 HR55H
2.1 RhERIL
2.1.1 KAgegikdF

it B AH 0 2 BRI S5 B A 4 e A % £ 5 A TR
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B TR, WiR. O, Wi . O MHRE
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K AR B AR TE A0 58 HRKIRR, AR 287 (3%
FEARSR A BE MR Pl I 22 1 (1R, Wl 1(a). HM4lizKHmA
HER., 2R, HiRE . LW IR A YRR 8 EEE
TR, 4 1(b).

AN IR B AR A8 225 5 W, TR Z BRI
Wi (B A . AN SR 2.

#z1 RiEsH
Table 1 Mass spectrum parameters
EW HEFLHL R/ V Tll 5 B /v K F(mv2) FBEF(2) BT FEE % {4 B4 15} ] /min
Z MR A 20 0 424.5 424.5% 100 4.03
ZZ T 3R A 20 0 456.4 456.4* 100 3.33
B 18 371.2% 100
ZZ W BRI AR 20 440.3 2.64
12 383.1 1.92
18 334.2% 100
i e ERA 20 407.2 3.69
26 335.2 16.1
Z ¥ F]-D3 20 0 427.4 427.4% 100 4.02
o ERE T
(@ X ® -
T BRA] Z BRI Z M ERA] ZZ I ERFIBR
424.5>424.5 456.4>456.4 424.5>424.5 456.4>456.4
100 6.24 2100 4.53 100 4.20 <100F 3504
= i = i
H# # H H#
2 0 J/ ‘ z 0 = g 0 - 0
= 2.00 4.00 600 * 200 400 6.00 200 400 600 2.00 4.00 6.00
{3 B 5} [ /min £ B 5[] /min {5 B2 15 (] /min {5 B3 5} 7] /min
FMHFTI 440353712 HUFEERA 407253342 EMRFNEBU 440353710 HLSEHAY 407.2>334.2
2100 2.97 100 2100 2.81 2100 3.86
= i i i)
# H # #
E o Lo z PRV A - Z o . . o " . .
2.00 4.00 6.00 2.00 4.00 6.00 2.00 4.00 6.00 2.00 4.00 6.00
15 B4 IR 7] /min {3 B4 Bt [ /min 154 it 1] /min 15 4 Bt [ /min

T (a). AUKKAH B FOE L (b). T BRAF AR B 1A

1
Fig.1

3R B Pl e T T

Comparison of mass spectra before and after improvement
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Fig.6 Comparison of mass spectra of 2 kinds of different extractants
12 égi;ﬂjm 232 By X Aend ] 6h ik
- P N7 | o N Y —=
2 sk F 2 R BURE ST A, 43 B 5% T e R S
100 | B vn kA ﬁlhﬁﬁxﬁf JEAE 5. 10, 15, 20, 25 F1 30 min F4RIE
LB T, AT & B SSE . 2 X R B
80 —+é N 3:3
< N %%%rxm T HERIRCREON R, KR ] 2
£ ol M2 5. GRr 7 EACRAIRAERT (EE, 72 875 S min.
& 2 5 233 Ao Kehikdk
40 e 16 11 R S LA R SY, UL 4B
ol 5 F TR, S A A IR P T 0 2
5 I, T SCHL A AR S S AR R A A B, MR TR
4 BA AR AE BORE AT 2 RV T . 35 SR L e slcR g

SiRRE 0.1%ZMTEE AN 0.1%Z M2 o
PRGN AR Lo

Nl R 2y V1 . . I H

Pl 7 ARG Rl Y B EEXTR A FLIL AR ¥ ] HMR-Lipid SPE AE{L4R

Fig.7 Influence of extractant types B, 4554 Nl HMR-Lipid SPE FETE BRAE IR



%5 13 3]

TEARE, S5 v AT (1 - HP BB T 1 V6 DR ) 5 22 R M) 25 B 2 M S 5L R i T

115

MIRRFIR S FEATA E LR TERE . BRI AR 2
FLIE B 00 X6 i A 5 S P Y, 5 AR D P T B A 582 i G
MWy BT isE o HRR Y G RS AL A5G A 5 K P i )
IR AL T B R F e TET AR, 5 A B 2 b W B 43 i B K
HAR T

P 8(a)FHE 8(b) R ALl (i Il o X Hb & 3R,
F HMR-Lipid SPE #:¥{b )5, B 8(a)Z &b 7R 4 B L T B,
BFEUGE T B IRE, BT T HAR R EUE . X A
E MR bR E SN/T 2318—2009 il GPC %k, IR
%o AJrkE b . SOREE, Kim4a%E T I )
24 FEFEEM
241 ZMTEE. AERRAEZER

L 80%Z it 7K R AL il 4 Fh A bR A6 A4 R4 b
VW B, DAV BE R, i BN AR . 25
BoR, 25 EARY e B 5 0 AR B S A 2R M E R,
FRFRBIIKT 0.999.

FE 53 BT A 27 SRS, i BR A o o PR — g v 8 7 10
R HMe R e, RS BRI 3 RE (R kL, e BR
10 F5AF M EL, FX 22 SR ST AR b, 5 B R 3ok 28 18 8
FF BRI G Y, AR RE DX I) R 1 855 T I,
WAL DA E BB b T PR i, 2, A7
TEAR BE R B XURS: . B 2021/808/EC SCAEHRHE H, w5009k
JR R AE B T oA rh R AR AR BT 2 I S I, AR A b A
R AT SR ER P, WU IR AT RE . B, A7k
@ ZhgkA Z KA

424.5>424.5
100 N\ il S
rd

& 100

= , N
# i v

>=

Z 0 0 —

/%

i

IES

~

456.4>456.4

2.I00 4.60 6.60 2.00 4.00 6.00

5 B3 s} 8] /min £ EF 15} 8] /min

ZZ I ERA AR 40353712 Hb T ) 407223342
J 3> . o 2> )
100 =100
i H#
= =
= =
£ 0 Z 0

2.00 4.00 6.00
P B3 B[] /min

2.00 4.00 6.00
4 B s} ] /min

22 ) IV AR b, s 3 ) B 9% LA M 8 11 3 A1 e L
SERG H PR, B 1 R F S0 A0 b R A Y E R A
g, i RS R B R — 2 2 il R AR AN 2k
FIRR: B4 Hh BR A E i PR AL 48 7 e, RVEUE &= 55
T3 fi5. 10 fEEME . RS 2.
242 Ik EFAEEE

FEZS FIRESR A BIMALE L L & 3 ASASIRIVR B2 KT
M E R, PEATIARIESCSC S . AR KRR SR 6
W, E 2R E N E TR AS BB, AR B v 22,
FERITIEWRE SR . WA B e & vr 25 iseE
92.4%~105.2%, FHXTAREmZE 0 0.32%~7.00%. 25 RBH4F
EIFER . HARE R WL 3,
243 AR ER

L RN (matrix effect, ME)ERUT/MTH 2 — AR Z
B A R 200 S et s RSPRG54 R b AR
k2 SREN T AEEMS ME, HitE AR A:
ME=Y/Xx100%, FH: Y. X A5 B B . 4l d B
PRI TR . AR PEFL . BRI . HIFL.
KR AT S TR R B I 8 3 AU ] o R
FIETIAR R, FH 80% .15 A T B il b v 22 91 T4 il 2k
AT A5 25 A SEFURR B VR ) ST TR . 5 SRS 4 Pk
B 3 NI 1.02~1.07 ng/mL ., 10.2~10.8 ng/mL .
51.8~53.9 ng/mL, ME $J7E 90~110%3E Bl . Rk, A58

I A9 ME. HAKE L2 4.
ZHMERF ZZHERAH

424.5>424.5 456.4>456.4

HIXEERE/%
S
HIRFE 1%
> 8

2.00 400 6.00 2.00 400 6.00
PRBA I} 5] /min {5 B4 5} ] /min
7 Hh kA kA

ORMSRRWR 00, SRR
2100 2100
# i
i i
2oolliw ool E

200 4.00 600 200 400 6.00

A B s} 7] /min £ B s} 7] /min

TE: (a). WALETIIBTRE AL (b). ks R BTE A
8 Bk E A BTG X L

Fig.8 Comparison of mass spectra before and after purification

Fz2 HMHE. RHRSEER
Table 2 Linear equations, limits of detection and limits of quantitation
&Y LML/ (ng/mL) Byt MXRE() K B/ (ng/ke) FE HE PR/ (ng/kg)
Z R A 0.5~50.0 Y=0.65866X+0.06097 0.99916 0.44 1.45
Z It ZR A 0.5~50.0 Y=0.77734X+0.06909 0.99922 0.40 1.32
T MR LA 0.5~50.0 Y=0.06133%-0.00213 0.99976 0.52 0.52
Hh BT BR A 0.5~50.0 Y=1.49408%+0.10148 0.99958 0.23 0.23
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Table 3 Recovery and precision (N=6)

oy AR WIOKE SEME ECR RSDs

=

Mng/kg)  /(nglkg)  /(ng/kg) % /%
0 2.50 2.60 1040 449
Z A 0 25.00 25.90 103.6  3.25
0 100.00 98.00 980  0.53
0 2.50 2.37 948  6.19
Z BRI 0 25.00 24.80 992  4.77
0 100.00 102.50 1025  4.03
0 2.50 2.31 924 548
ZMBKEAEM 0 25.00 24.90 99.6  7.00
0 100.00 97.00 970  3.09
0 2.50 2.63 1052 4.40
HhvE BR A 0 25.00 25.80 1032 5.17
0 100.00 102.00 1020 032
%4 MEsHIER
Table 4 Investigation of MEs
e FEhR TR sl o s ME/%
Y /(ng/mL) Y /(ng/mL) (n=3)
1.00 1.05 105.0
Z M RF 10.00 10.30 103.0
50.00 52.20 104.4
1.00 1.07 107.0
Z M RF
il 10.00 10.60 106.0
50.00 53.90 107.8
_ 1.00 1.02 102.0
= i;;ﬂ 10.00 10.20 102.0
50.00 51.80 103.6
1.00 1.07 107.0
Hh v BRI 10.00 10.80 108.0
50.00 53.20 106.4
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