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Simultaneous Determination of 76 Veterinary Drugs and Their
Metabolites in Pork by QuEChERS-Ultra High Performance Liquid
Chromatography-Tandem Mass Spectrometry

WU Yanlei, SUMin, ZHOU Chunjie’, TIAN Yuan, WANG Min

(Chonggqing Institute for Food and Drug Control, Key Laboratory of Condiment Supervision Technology for
State Market Regulation, Chongqing 401121, China)

Abstract: In order to improve the efficiency of the detection of multiple veterinary drug residues in pork, a method for the
simultaneous determination of 5 types of 76 veterinary drugs and their metabolites residues in pork, including quinolones,
sulfonamides, nitroimidazoles, macrolides and benzimidazoles, was established by QUEChERS combined with ultra-high
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The samples were extracted with acidified
acetonitrile and salted out by anhydrous sodium sulfate. The extract was divided into two parts after purified by C,4 and
anhydrous magnesium sulfate. One part was used for direct determination of the 22 weakly polar compounds, and the other
part was concentrated by nitrogen blowing for the determination of the 54 strongly polar compounds. The 76 compounds
were analyzed in multiple reaction monitoring (MRM) mode via electrospray ionization, and quantified by matrix matching
external standard method. The results showed that the correlation coefficients were greater than 0.995, and the limits of
quantification (LOQs) were lower than 10 pg/kg. The recoveries ranged from 61.3% to 96.2%, with the relative standard
deviation (RSD) between 2.0% and 14.6%. The method was applied to 170 pork samples sold in the market, 23 samples of
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which were detected with 2 types of 5 veterinary drugs residues. The method was simple, rapid, accurate, reliable, and

suitable for rapid screening and accurate detection of multiple veterinary drug residues in pork.

Key words: ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS); QuEChERS;

pork; veterinary drugs residues
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LRE(PSA) . T /\BEREE S RENL (C g) (40~50 pm) .
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1.2.2 FESAHTALIE

1.2.2.1 FESHREC FRBEYEARE 5 g% 0.01 g)
F 50 mL B.LE T, MILA 2 mL ZERAIA IE C 8,
WIEIRS 30 s, BHINA 0.2% W ZE 10 mL, #WiE
R 30 ss A 6 g To/K iR IR 41w i B PR 4% , 3 TiE
1 min, 37 kHz #7A#£HL 15 min J5, A 8000 r/min =5
.0 5 min, FpEb.

1.2.2.2 HEHEGRAE  F2ECS mL #2B0R R 500 mg
TCIKBRAREE A 500 mg C o WA ES A5, TR e
1 min J5 L 8000 r/min Z5.0> 5 min. 25.0>J5HL 1 mL
EIEWZ 0.22 um PTFE 3EAGE 38548 Q1 4H Hirfk
AR ; [FIBHER 2 mL VS WAE 40 °C FHAS
W, R I 0.5 mL 0.1% W2 Z15-0.1% H iR
K (v/iv,2:8), IRIEIR TG4 0.22 um PTFE JE it
&, 2t Q2 4 Hinfb G milxe o

1.2.3 FEEARAEIMZRIECH]  FREL 7 4 BIERE RAE
AhAS S g FE 1227 BB BRI TS, A9 8 a8 T
WL, A3 I AR A PR UE TAER MR, B a3 s R
FYN TR -

1.2.4 {554

1.2.41 %454 A% : WATERS ACQUITY
UPLC HSS T3(50 mmx2.1 mm, 1.8 um); #77: 40 °C;
WmBEIAH: A K 0.1% HEEZAE, B 4 0.1% HEE/K; i
;0.4 mL/min; PERER: 5 uL; Q1 LHBREEUE AR T
0~1.0min, 90%~5% B;1.0~2.5 min, 5% B;2.5~2.6 min,
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5%~90% B; 2.6~4.0 min, 90% B; Q2 £H Bf 5 Bk i F2 7= IEE 3 MBI, 2 /W W (MRM);
J¥: 0~4.5 min, 95%~85% B; 4.5~6.0 min, 85%~5% B2 3 . 5500 V; =57 (CUR) F& JJ: 35 psi; 51k

B; 6.0~6.5 min, 5% B; 6.5~6.6 min, 5%~95% B; 6.6~ K(GS1)JET7: 50 psi; FiBI(GS2) £ J7: 50 psi; &+
8 min, 95% B, YRIRE (TEM): 550 °C; 76 FiEa24 K HA U 0 o

1.2.4.2 Brizeft B mmiss & IR (ESD; 3 ZHLER 1.

#1076 ME2G R AR PR BRI T] | RERS . RS D AR A AR
Table 1 Retention times, parent ions, product ions, declustering potentials (DPs), and collision energies (CEs) of the 76 veterinary
drugs and their metabolites

BT

=2 434 WIS liazy7] - B3 st ] (min) (m/2) FEF(m/z) DP(V) CE(eV)

1 Ql METAE TS SR v 1.76 262.1 202.07/244.1 80 43/23
2 Q1 METAE TS TR 1.61 262.1 216.17/244.1 80 28/23
3 Q1 METE TS ZENEMR 1.76 233.1 187.0°/215.1 90 31/19
4 Q1 e i e I bl 1.64 301.0 156.07/108.0 50 23/33
5 Ql e R T itk e 1.64 277.0 156.0'/108.0 100 15/31
6 Q1 e ik e A i e 1.66 315.1 155.97/222.1 100 28/23
7 Q1 fis ek T et A 1.72 336.0 198.07/294.0 100 28/20
8 Ql KA ERZE VrbksE % 1.51 688.1 544.3"/158.2 40 24/32
9 Ql RIFNBES A 1.54 734.1 576.37/158.2 70 27/38
10 Ql KA ERZE SRR 1.62 748.3 158.17/590.2 50 38/23
11 Ql KIA IR [OEaviE 1.63 749.1 158.27/591.3 60 38/30
12 Ql KIA IR HHEER 1.60 772.1 108.9%/215.0 50 40/34
13 Ql KR QUL 1.66 828.1 174.1°/109.4 50 39/40
14 Q1 pNINATEN BIRHR 1.54 916.1 173.8'/772.6 50 44/39
15 Ql KA NERLE BokE A 1.43 869.5 174.1°/132.2 78 55/55
16 Ql SN LIS TR SA R BRI 1.51 250.1 218.1'/176.1 100 23/38
17 Ql SRV N LSS B i s 1.64 266.1 234.1'/191.1 100 27/42
18 Ql SRV N LSS FH Rk 1.66 296.2 264.1'/105.1 100 27/44
19 Ql £ SIRUNES JYRTAME 1.77 300.0 268.1'/159.3 100 30/43
20 Ql ESIRUNLES TR T 1.69 3142 123.4'/282.7 100 47/32
21 Q1 AR PAS Sy L3/ 1.65 332.1 300.0°/159.2 100 29/50
22 Ql £ SIRUNES LS 1.51 316.0 159.0'/191.0 80 43/30
23 Q2 MRS Bisib A 5.76 360.1 316.17/245.3 80 28/36
24 Q2 METR RS HHV A 5.21 332.1 288.17/245.1 80 25/33
25 Q2 METR RS Wb A 5.10 3342 290.0"/233.0 100 23/35
26 Q2 MRS Wb A 5.88 386.1 342.17/299.0 100 23/35
27 Q2 METE TS AR A 4.99 362.1 318.1'261.1 100 24/34
28 Q2 METE TS KBV A 5.53 3522 308.2'/265.1 103 21/45
29 Q2 METR TS R R 4.94 320.2 276.27/233.1 110 24/30
30 Q2 ME TS PYiHTD A 6.02 263.1 188.87/244.1 80 37/22
31 Q2 META TS Br.y U 5.69 358.1 340.1/82.2 80 30/47
32 Q2 METE TS WD A 5.90 400.0 299.2%/382.0 80 38/28
33 Q2 MET T GillEfa= 5.90 393.0 292.17/375.1 70 32/23
34 Q2 MET T WU A 481 370.1 326.2"/269.0 70 22/30
35 Q2 MV kb R 4.46 363.2 72.27/345.1 60 22/22
36 Q2 METR T iR 4.68 3212 232.0"/303.0 60 45/32
37 Q2 MV RGP A 5.78 396.1 352.07/295.0 70 21/32
38 Q2 s itk e 2.20 251.1 156.07/108.1 63 22/34
39 Q2 s T file — PP Rk 420 279.1 156.17/186.1 75 35/25
40 Q2 e ik fie FY I 3.19 265.1 156.1°/172.0 73 24/24
41 Q2 s T e ) R e 5.50 281.1 156.17/108.1 85 24/31
42 Q2 ffifes i e FF e 5.91 254.1 156.17/108.1 100 21/32
43 Q2 fififes Tl e ) — AU 6.21 311.1 156.17/108.1 60 25/33
44 Q2 fififes R A0 — FF A 5.93 311.1 156.17/108.1 60 25/33
45 Q2 fif ek it e G Ik 1 5.60 285.1 156.17/108.1 80 18/33
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F5 s s et BRI 0T FRT(mz)  DR(V)  CE(eV)
46 Q2 [Eies AR E 4.05 291.1 230.0"/261.1 70 30/30
47 Q2 Ttk et itk P 1.74 215.1 156.1°/108.2 120 15/27
48 Q2 [Eyies Tk i e 2.89 250.1 156.17/184.2 100 20/20
49 Q2 fitk et ik ek 0.60 215.1 156.17/108.2 120 15/27
50 Q2 fitk it i e s 4.11 268.0 156.17/113.2 100 19/21
51 Q2 itk et ik i g el 2.81 256.1 156.17/108.2 100 19/27
52 Q2 fitk et it iz — PP S 6.04 268.0 156.17/113.2 100 19/21
53 Q2 [EeS ik i P W — s 445 271.0 156.17/108.2 100 19/27
54 Q2 [EES g e — PP S s 2.19 279.1 124.17/186.1 75 27/25
55 Q2 fitk et ik i PP S kg 4.40 281.1 156.1°/108.1 85 24/31
56 Q2 fitk et E i P AR e 4.65 281.1 156.1°/108.1 85 24/31
57 Q2 (B USUES FH g 1.54 172.1 82.07/128.1 70 29/23
58 Q2 fiE SRk et i S e 1.85 142.1 96.2"/81.0 60 20/31
59 Q2 B LRSS T A kg 2.05 201.4 140.17/55.3 60 14/25
60 Q2 fiF Bkt A-Fipg FE R 0.77 114.1 83.9/68.0 50 18/25
61 Q2 (R LRSS FR I s 1.12 187.7 123.07/126.1 60 22/22
62 Q2 (R LRSS 2-F BE-5-fipg B s 1.06 128.2 41.87/82.0 70 44/20
63 Q2 (R LRSS F2 H I g e 1.49 158.3 55.0°/140.2 50 20/17
64 Q2 BRSNS S R 3.00 162.1 115.87/144.8 80 21/20
65 Q2 fiHEpk et AR DRI 2.64 164.1 118.17/91.0 80 25/50
66 Q2 [EERSUNLES ST 5.74 169.8 124.1°/109.2 100 24/42
67 Q2 KNS [y S 5.93 843.4 174.0'/141.8 50 45/45
68 Q2 HIF BRI IEAR IR s 3.35 202.0 175.07131.3 120 34/43
69 Q2 E SRS S 5-FRILWEAR DRI 2.87 218.2 191.0°/147.2 100 34/43
70 Q2 E SRS S 2 HE-5 A P AT R 5.93 238.1 105.07/133.1 120 32/32
71 Q2 ESIRUNLIES o] 24 T -2 LA 3.09 240.0 133.17/198.1 120 37/25
72 Q2 S RUNLIES 2- TR TR 5.97 256.1 95.0"/123.2 100 44/35
73 Q2 SRV NLIES ] 24 TR A I B 5.44 282.2 208.0/191.3 100 26/26
74 Q2 ESiHI SIS (GESIN 6.02 298.2 159.0°/224.0 100 48/34
75 Q2 SRV LIES 5-FRHE PR DK 5.92 298.2 160.07/266.1 100 46/28
76 Q2 SIS S POR kMg 6.00 303.2 217.0°/261.1 100 37/34
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2.1 EERHAIHL

Fh 50 3 e S R A L R s 2 Ak A 1 AR
Tr g, AR 5T 3 FH A P /N o AR B PR RE A K AY
WATERS ACQUITY HSS T3 i AT %452 .
5 BRI AT FER FH NS R R AR BRI 7, ARSI
BrBE R CNEFUK R SR RVE DR B, IF558 T I
SAHTP G pH U 5 R 5% 28 %R £ 1R B
X 76 i 24 K HAR ) 1) 0 35 05 TR K T3 e 1 1)
R . G5 RFRIH, ZNE-/KVETRSIAHRT, M2 Fns
PRS- (o it T2 ik s Z15-10 mmol/L
CTREK A ETR SR, Wil 5 e eAT5 8%
NFHAR; 0.1% HIR ZN5-0.1% HIR/K U 0.1% H
TR Z G- 0.1% TR 10 mmol/L ZREKIFBIETR )
FHET, METAHRZE IR T DRI S W 2545 2 B
R, UL ShAR T S AR R nT A SO R L
HYEIE (& 1 (Hishti OReEnsI A S(E
FHIFREAE S (SAN) [ BT i 7 BEEAIG 1 a2 L

(E 2), HIEATFIFE LS 0.1% HE Z05-0.1% H iR
IKVEHANE R R SIAHIEA TAR VR . 5 IS RISk
B 5 RS SRR (RERETE I AR K | e ek
i P VP SRRV | A e VY R R I /S e PP S
WE | i g (] F 4, s e /e e o) P 4 e W /15 e FFY 4 ks
W it P ] Y 4 s e/ e 08— F 4 e ), SIS R
FHSESR I BEIRR PRI Y, v LA 76 Fhik&4
FAJIGETEZ TR0 BT M 3
22 EAGRRERE

T 76 Fig- 24 R AR rh 22 Je e ok, itk
o A AT AL B R v A TSR B R O, ARSI
ZZELT 76 FALE W IR SRR UEFE (30 ng/mL) %
T )5, 5351 0.1% HF R E-0.1% iR ZKAARFR Eb
>} 5:95.20:80. 50:50. 80:20 [ AN 0.1% H IR
CNEBERI AL G CTES TR, KB 3 FRMsiE R
ZE. A PPEERESS . 8 PR IFINERZE . 7 Fh ARSI Rk S
3L 22 ik G (Q1 4H) TG b 35 3§ IO, i He e
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Fig.2 Mass spectroscopic response of sulfanitran using
different mobile phase
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Chromatogram of 76 veterinary drugs and their metabolites using mobile phase as solvent (50 ng/mL)

IHEERA AR UE i [RIZE E24 [RT ARSI () i AN 5 R

A SIS AR Y 3% 4T S R R 76 Rl 2h 2L
HACIHY 43 AP H I T (Q1 ZH A1 Q2 2H): Q1 4H
SHEFHE 22 Bk &Y, AR IR R EAT, TC
AN, PR 28 $ U Ak 5 I RE A R nT 4
MR Q2 4 My s Y 54 FhAb A9, 1 77800 58
IR, FEMR TR S A WIS 0.1% H R 2 015-0.1% PR /K
W (v/v, 2:8) IR INAE . A, - Q1 dfb s
YITE ST 3 O B e, I8 2.1 b b B R
AU S PR BRI BEHH FE 6.0~6.5 min, A4
Sy HTETIR], AS 5T R BT BE R RS BE B2 7 e Q1 2
i 22 Fpibad, WIE 4.
2.3 RBUATIRIHAL

2T R PR P e A 25 7 B AT b ) B G
2G5 R AR b9 ags Pk T 5 LTI 25 A BRI R S 4,
K A S B3 2 NEVE R R BUA T, FHERx
BALE Y SR EFE A, 16 SN R AT LR AR TR
BE, 5 Hinfb & as & ik PO H s $R O ER, AR50
BT MG 0.1%. 0.2%. 0.5%. 1%. 2%. 5%

razhy, Hoa e 5 B ORI e AR R R 22 5, iR CNEVE R FEEGRIBT, 3 3L Q1 441 Q2 4H1k
g
& 110
§ A: Wk WE Wi Wk
g F X X e e e S e A R
R O S N R O O
¥ ® A5
HOAELLE]  BE5% O20% B50% M 8%

K3 QI AL EWITEARIRA U 5 L b i S i AR

Fig.3 Solubilization of group Q1 in solutions with different amount of organic phase
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Fig.4 Chromatogram of compounds of group Q1 in acetonitrile with 0.1% formic acid
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Fig.5 Average recoveries of 76 veterinary drugs and their
metabolites with different extraction solvents
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Fig.6 Number of compounds in each recovery range with
different extraction solvents
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Fig.7 Purification effect of the extract solution from pork when using sample pretreatment of group Q1 and Q2
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W = I BERE C, g W BRI S A B Iz 7 T R SR
Q1 HAYEIENREYL, 24 C, o WRFIEIHE = 50 mg/mL
Bk 0 o AE AL AR W 45 SR Q2 A A AU S 52 7%, 24
C g W2 BRF 37 f9 FH 2 = 100 mg/mL At 048 725 48 £k AS B
o itk ARSI ERE 1 mL RESIREGR T C s
FFRIa FHE S 100 mg.
2.5 EFEMN

FE TN S b B8 AR L T S B AR S
WA T A BT S B AR A A e L 5 R R A

AN TR B B 5 el s B G o  HRS 2: SR BN,
(ME, %)=kt s AR TR S A S e SR
4l AR S R (B —1) < 100, T 76 Firf2h
Je HAREI ) AL TR400 , ME A 1FAE Fe7s 1958 19 35t
SEONE, SAAELZES M Hi] FJ2 JT G0N, 28 BB R e 7 ik
RN Y, WL 2 76 Rl 2 K AR T A
3 PR AIRZE 1 APREIEZS . 6 FRORFRINTSZE ., 3 Fheas
TR SIS Ak 5 W) B SOV, 28 XHE = T 20%, B
AL 2%, BIdSR ] QuEChERS AR L )5ATS

2 76 MALE IR TR AHOCHREL, B PR AR ISR | AR AR O 22 AL B0 (n=6)
Table 2 Regression equations, correlation coefficients (r), limits of quantitations (LOQs), spiked recoveries, RSD and
Me of the 76 compounds (n=6)

o o e T LOQ fRACEbR (ugkg) AR (ugke)  HRPIAR (ng/ke) g
(ng/ke) [EI% (%) RSD(%) [ (%) RSD(%) [ (%) RSD(%) (%)

A WETE

1 B e y=8.77919¢4 x+4.84266e4  0.99887 0.4 64.1 7.5 71.4 7.9 71.7 9.4 10.5
2 HHTE y=4.18761c4 x+17851.16215  0.99995 1.6 61.8 5.7 67.5 5.9 66.7 4.6 -7.9
3 S R y=6.63777e4 x—3354.75582  0.99983 1.0 71.1 7.8 773 6.3 77.0 3.5 12.3
4 Uz DRu y=5.99307c4 x+6.50456e4  0.99921 0.5 61.3 52 66.6 5.4 66.8 6.1 -5.5
5 ARDE y=1.45192¢5 x+3.99343¢4  0.99961 0.7 66.5 2.9 75.5 2.4 74.2 7.5 17.3
6 KRR y=8.77989¢4 x—7611.92400  0.99968 1.2 63.8 7.7 69.8 5.0 69.6 4.4 4.2
7 oL s y=1.35255¢5 x+6475.09899  0.99966 1.0 73.5 8.2 80.4 7.3 78.8 7.8 35.9
8 R R y=4.15611e4 x+2827.31987  0.99999 0.6 63.1 8.9 71.3 7.6 72.1 4.4 8.0
9 PUH R y=5.93231¢4 x+9574.84394  0.99993 0.5 70.4 24 74.1 6.7 76.1 8.5 18.9
10 RIS AL y=2.29035¢5 x+3.79034e5  0.99587 0.4 69.2 5.3 77.9 42 77.8 8.8 19.1
11 EWERR y=4772.72729 x+3.07264¢4  0.99532 6.6 91.9 9.5 86.4 7.5 93.6 8.3 2.9
12 ZIEmR y=1.51124¢5 x+1.46960e5  0.99589 0.4 76.4 5.4 79.9 9.8 82.3 4.7 31.0
13 MHRIPE y=24869.42943 x—11043.08797 0.99989 0.7 67.2 8.1 74.2 7.8 74.4 7.0 315
14 Gl y=7.50198¢e4 x+7117.77919  0.99968 0.5 61.9 6.4 67.1 4.0 68.2 7.0 0.9
15 BB R y=9.32207e4 x-13190.26022  0.99994 0.6 64.5 72 69.0 3.9 70.2 7.0 18.5
16 kb & y=5.80599¢4 x—7484.00978  0.99992 0.6 61.6 6.3 69.2 142 66.3 7.2 4.1
17 R B y=7.31679¢4 x+26628.95143  0.99825 0.8 63.1 6.5 69.6 7.1 71.6 103 2.8
18 LiAU) y=9.19517e4 x+1.33648¢5  0.99985 0.5 64.5 6.8 63.1 4.0 66.9 9.1 13.5
B T et

1 Ttk i m y =5.84613e4 x+6053.52902  0.99928 1.0 72.1 5.7 70.4 5.7 76.1 11.3 -15.5
2 B THIERENE Y =15303.64269 x+4893.06738 0.99961 0.9 71.6 35 75.1 42 76.7 10.9 -13.0
3 WARETPEEMENE  y=6.46915¢4 x—2498.83651  0.99938 0.5 78.5 6.4 75.6 38 78.3 4.3 -17.8
4 BN EPERE  y =5.25886e4 x+3980.10513  0.9998 0.7 723 7.4 69.2 3.1 73.7 8.3 19.2
5 REHTESUEME  y=3.69051e4 x+8854.49948  0.99985 0.8 73.8 43 75.4 5.8 77.8 8.4 0.1
6 WML HEMEIE  y=1.14726e5 x+7.88381e4  0.99808 1.4 68.9 6.5 70.1 72 72.9 5.3 19.6
7 AR T ITAMELE  y=1.08816e5 x+8.06670e4  0.99632 1.5 722 48 73.6 5.8 76.3 12.2 3.9
8 ik e bl y=4.19304¢4 x+3.83946¢4  0.99816 0.5 83.1 6.1 87.3 33 89.6 4.0 5.3
9 Tl e SR A R y=5.04529¢4 x—5999.96334  0.99995 0.7 65.5 52 65.7 4.6 69.1 13.3 15.5
10 AR IE y=1.38957¢5 x+4.38855¢4  0.99778 0.6 62.4 13.0 64.4 12.4 66.9 4.5 142
11 ik e P y=15113.48769 x—5063.34401 0.99699 1.2 67.1 6.8 68.7 13.0 712 10.0 19.5
12 T Nk e y=6.47060e4 x+8942.74485  0.99878 0.5 82.8 8.1 84.1 8.9 88.8 144 227
13 T bk y=13912.19605 x+2735.05120  0.99997 1.0 70.4 9.0 67.7 8.6 7.5 7.9 7.3
14 T e s y=7.95421e4 x+24453.19716  0.99927 1.1 74.1 7.1 69.8 5.8 74.7 7.0 2.1
15 it JRie I Ak y=6.42743e4 x+9122.26320  0.99988 0.9 73.3 6.8 69.2 3.8 75.2 7.0 -8.7
16 Wi I RUEmE  y=425203¢4 x+14870.05950  0.99883 1.2 69.4 3.4 65.9 6.5 71.8 5.4 9.9
17 WEREHETME y=573779¢4 x+131.02092  0.99921 1.0 63.7 48 63.4 8.8 66.7 6.5 1.9
18 ZRHIBEE  y=4.63782¢4 x+10966.83686  0.99950 1.8 82.2 5.7 85.5 5.6 89.1 3.4 -8.5
19 BERE_HIREELE  y=1.13749e5 x—5720.81666  0.99982 1.2 67.0 8.5 68.0 9.7 713 10.2 -19.2
20  FEREHAREE  y=6.38340e4 x+8075.34550  0.99994 0.8 64.8 9.2 68.9 53 70.3 8.8 19.3
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s e B — LOQ TOKFIAR (ngkg)  FAKFIAR(ngkg)  BAREIBR (ne/ke) 3t ot

(ng/ke) [ (%) RSD(%)  [FIH(%) RSD(%)  [WIc%(%) RSD(%) (%)

21 TR y=19023.10054 x+9056.69007 0.99822 0.8 82.8 3.6 90.2 3.5 91.1 2.9 4.3
22 IfieTERS y=3620.11395 x+3.40577¢4  0.99718 2.0 78.0 6.6 84.0 8.2 84.9 55 -18.6
23 WEREXTHIEMENE  y=9.95313¢4 x+23154.12760  0.99954 1.2 84.3 129 822 5.1 86.7 8.5 -10.2
C B VRIS
1 FH iy y=4.47588¢4 x—10207.54416  0.99989 1.2 78.6 5.0 86.3 6.7 84.6 44 -2.1
2 b S fims y=6.63294¢4 x+10630.09481  0.99992 1.0 72.0 6.0 73.4 5.0 76.2 14.6 9.3
3 TR AT y=20704.64833 x—3229.22793  0.99994 0.8 80.1 12.4 80.9 6.8 85.0 4.4 -12.4
4 A-THEEBRIE  y=16555.59582 x+12972.60635 0.99678 1.4 65.0 6.3 68.6 10.4 69.3 6.6 23
5 PRI P g y=6701.54251 x—3165.48560  0.99711 2.0 70.2 10.6 72.1 7.1 74.8 8.8 22
6 2-HIEE-5-THIEDKIME y=5940.05641 x+12547.97091 0.99976 0.6 70.9 8.9 75.7 5.2 75.5 13.1 -7.1
7 FRHILHIAHPRIE  y=11551.04400 x+4.15116e4 0.99672 1.8 72.6 6.9 69.7 9.2 74.3 53 11.3
8 SR y=13661.14335 x+3950.87767 0.99740 2.1 68.3 8.5 74.5 4.8 76.5 10.6 4.1
9 AR DRI y=1.20497¢5 x+6.34526e4  0.99981 0.6 65.6 4.0 68.8 3.8 69.9 73 15.9
10 ST y=8.46358¢4 x+2767.15574  0.99977 0.5 65.6 9.3 63.6 95 68.0 8.8 0.3
D pNINATES
1 IRk R y=1.50001e5 x+13805.95765  0.99944 0.9 88.5 6.8 96.2 9.5 95.0 7.9 -19.0
2 AHR y=11771.66737 x—4635.79587 0.99802 1.0 94.7 8.0 93.0 11.1 96.2 6.4 -31.1
3 TR R y=8.72120e4 x—3.66243¢4  0.99906 12 83.4 6.9 87.5 6.4 89.7 7.7 -26.2
4 [TIEa e E y=27376.31810 x—3754.40816 0.99968 0.7 85.3 126 82.7 143 87.8 6.6 -20.2
5 HEER y=1343.82820 x+914.46496  0.99662 1.0 74.0 5.6 78.1 6.9 80.0 4.8 -5.1
6 LR y=1772.62792 x+4951.40019  0.99996 1.0 78.4 13.6 84.9 7.8 83.9 8.4 -31.8
7 IR R y=2553.39535 x+1897.72306  0.99665 2.6 72.0 7.1 68.6 6.9 726 8.0 45.1
8 FIRWR y=7142.20118 x-3284.89451  0.99792 8.8 85.8 9.8 90.8 8.8 925 6.4 3.4
9 BAER y=3103.37890 x+5314.52058  0.99649 8.9 68.7 12.8 75.1 10.9 75.0 6.8 202
E IRIFmknge
1 WEZ DRI y=2.66215¢5 x+5.78693¢4  0.9996 0.4 65.4 6.4 67.3 53 69.7 55 33
2 SFRERMERIRME  y=117664e5 x-543.07894  0.99970 0.5 70.1 7.3 67.9 5.4 72.9 13.5 24
3 2@%?@? y=1.02057¢5 x+1846.69510  0.99977 0.9 61.6 45 63.8 7.1 69.2 45 -7.9
4 BURIKIE-2-5 M y=1.28590e5 x—19174.60489  0.99867 0.5 64.6 5.1 63.5 4.1 66.5 8.8 12.6
5 AR PR y=2.37419¢5 x+2.37457¢5  0.99590 0.4 73.7 6.7 80.5 12.4 81.0 7.5 -2.1
6 2-EIEFURIAME  y=8.12271e4 x+23593.63964 0.99983 0.7 61.4 42 65.5 6.0 712 10.1 -9.7
7 B2 ke y=2.35718¢5 x+1.50045¢5  0.99799 1.0 70.9 7.0 76.2 55 77.6 44 26
8 FARAMKIEAR y=7.95412¢4 x+861.48543  0.99994 0.4 64.9 5.7 63.0 49 67.4 4.5 23.5
9 R BRmE y=2.13796¢5 x+1.80789%5  0.99739 0.6 79.8 2.0 84.5 10.8 86.6 6.5 73
10 o] 24 TR IR, y=1.44073¢5 x+7.05995¢4  0.99787 0.5 68.1 6.1 67.6 4.4 69.5 6.3 272
11 5-FREHURBRME  y=3.04862¢4 x+5623.43029  0.99955 0.6 63.1 6.5 62.8 7.7 64.3 9.4 12.1
12 PAS Sl y=1.76930e5 x+9.22278¢4  0.99662 1.0 71.0 32 75.6 24 77.1 5.0 15.7
13 YOR KM y=1.67852¢5 x+1.54293¢5  0.99573 0.5 63.7 73 65.6 102 67.6 55 6.6
14 AT y=4.66398¢4 x+12853.82427  0.99614 0.5 78.5 3.1 85.4 13.8 84.9 5.5 5.6
15 FFAIEMET y=2.00387¢5 x+8.12650e4  0.99848 0.6 79.9 3.4 86.8 12.1 85.1 3.7 8.3
16 L-BASINI y=1.33556e5 x+6.25765¢4  0.99718 0.7 79.3 5.6 82.6 9.2 84.6 53 21.6

IRXIFS A B I AE BRI R RN . BRI, ARAFgR FAEME L (S/N) = 10 B+ E R R (LOQ), 76 ik

SR FHES R TRE I 2o A IE R BT BE RR(LOQ) ML T 10 pg/keg.

(ISR RO R AR RS AR al s —

2.6.1 ZRPEFEFEISKER SR BAESRG AR Sl 5%
25 A SE TR E N2k, F Ot A n S 08 S5 EA 700, LA
HAMEA Y E BB T T (y) A AR | BTk
& (x, ng/mL) IR AL bRl AR £k, 1981 76 FhE
25 X AR Ao 28 M 1] U5 D5 R FAR S ZR 8, ANk 2
7R . L5SEREH, 76 P AL WAEAH N i B Yl Y
LM R BT, AHIERE r BIRT 0.995, I8 E e

AU AR IR RS, 53 AT 6 RPATEE5, 2%
22 76 LA W EI IR BISCRFRG 25 5 . 25 R ZR 0,

76 Rk [RIACRIE BIFE 61.3%~96.2% = [8], FH%T
FRUER 22 (RSD) TE 2.0%~14.6% 2 [8], 74 GB/T
27404-2008 L 56 =5 i e das il AT £ A B AL AG I )
B i F oobodsl [l e 38 ROKS 5 B 85K, AT f2 B B ARS:
MFFEL
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Table 3 Comparison between established method and the state standard methods
Binib & T ) FH i T i T e PP B AR e
. i AR i fi i
Jrik Zfiiﬁgi_ t%gﬁ% Zl:;?g@ GB 31658.17-2021 Z’K;Iﬂgi% GB 31658.17-2021 Zfiiﬁgi_ GB 31658.17-2021 ZIK%Z@ GB/T 21316-2007
3853 3812 1900 2004 517 518 277 281 79.4 79.7
514 498 14562 14598 520 527 770 779 87.3 87.3
Kl 382 378 3915 3951 204 202 3552 3497 100.5 99.7
(ng’kg) 393 407 416 422 354 361 402 409 66.1 67.9
233 235 / / 417 423 / / / /
169 173 / / / / / / / /
P 0.428 0.116 0.106 0.611 0.592

TE: M FORARK

SCRRAE SR E
KA FTEE S BT v, XF 170 HER A REE &
AT A i, Hodp 23 LR s 5 Fh 2R e
i GB 31650-2019¢ & ME & EFhnifE &P
Wi RER R R R RE R . 54T B S br Ty
VEHEAT AR, SEEG A R HECXT T R der Iy B4 743
M, G5 WoR 5 H P>0.05, 2R3 LG4 X,
ENHIA K R T AR ZE IR TC W 22 5, TEILER 3.
3 4

AW 98 45 45 QuEChERS #¥ S B &b B 4% AR F
UPLC-MS/MS HAR, #2377 1 [ H ARG I3 P w4
B 5 28 76 Pha 2 R AR vk . ARYEAL
G OTEAT R R ARTE, B 76 Rk M I
TR RALIAZE, 53 R E5HR R Q1 4H 22 Fifb-& WA
SRBPERY Q2 ZH 54 Fib-EW), LISE IR A REREL T, 2k
FH—25 )5 43200 2 14 7 =X, BERefoe st ik &
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