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glucocorticoids, nitroimidazoles, macrolides and amide alcohols based on pork, beef and mutton by high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods The samples were pretreated with 0.1 mol/L
ethylenediaminetetraacetic acid disodium salt (EDTA-2Na) aqueous solution, extracted with 0.2% formic acid
acetonitrile, purified by PRIME HLB solid phase extraction column, concentrated by nitrogen at 40°C, redissolved
with 90% water-acetonitrile solution (containing 0.05% formic acid) solution, separated by InfinityLab Proroshell
120 EC-C,g chromatographic column, and determined by AJS ESI ion source in positive and negative ion
multi-reaction monitoring mode. Results The 67 kinds of veterinary drugs were extracted by 0.1 mol/L EDTA-2Na
aqueous solution (containing 0.2% formic acid)-acetonitrile (8:2, V:¥). The linear relationship was good in the mass
concentration range of 1-50 pg/L, and the correlation coefficient 7* was greater than 0.999. The limits of detection
(LODs) range of 67 kinds of compounds were 0.02—-1.35 pg/kg, and the limits of quantification (LOQs) range were
0.05-4.51 ng/kg. When the spiked levels were 5, 10, 50 pg/kg, the recoveries were 61.6%—112.7%, and the relative
standard deviations (RSDs) were 1.0%—-15.3%. Conclusion The method has the advantages of simple pretreatment
process, small reagent dosage, high sensitivity and accuracy, which greatly improves the efficiency of risk monitoring
and detection. It will play an important role in the preliminary screening of risk monitoring projects of large-scale
primary livestock and poultry products at all levels.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; livestock products; veterinary

drug residues
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Table 1 Liquid chromatography gradient elution procedure
IS A] /min Lk A Table 2 Ion sof‘ci co:;(;?tl%;rf fl:% ;f:ss spectrometry
/(mL/min) A /% B /%
0 0.300 95.0 5.0 H A L
2.1 0.300 95.0 5.0 ﬂ%g‘ﬁfg/oc 325 325
TR
3.5 0.300 70.0 30.0 /(L/min) 8 8
4.9 0.300 40.0 60.0 ARSI A7 /psi 45 45
6.3 0.300 10.0 90.0 SR /PC 350 350
9.3 0.300 10.0 90.0 B H/(L/min) 12 12
9.31 0.300 95.0 5.0 EBMEHIE/NV 4000 3500
12.0 0.300 95.0 5.0 TG L [/ V 500 2000
QRS i L iNEAY 0 300
B TUERC £ ESI+Agilent Jet Streat, 252 WA= =
FESH, REFMINER 2 PR, ) EREN
14 HuRaLiE -
ACHIFFRG T S0 1 5 e i 4B 0 L A0 € 2.1 BURFEFAAL
FEZFE(S Masshunter 34 P52 AL, A UIIJE%%ﬂJﬁL J%JEE%W&EUJ 100 pg/L RS ARME SRV, _EALR,
3 UCHATINGE J LIS E S 1 o Bdls o BRI Microsoft WIEAWILAL R FIRAME . BRI . B R H R ARG
Excel 2007 #E1 74858 A S B, R IBM SPSS 22.0 4k HREE XS, BRLREEFmNERK . S8R
PEAT G 00, R/ B35 2 8 (least significant I RS SN TSRS R, 67 AL 20 JRTE S 5 R L
difference, LSD)ikilf17 2257 WA, "IRALEITE 2 #£3,
#3 67 THBHRIESH
Table 3 Mass spectral parameters of 67 kinds of veterinary drugs
o) e 1563 1 [r] FERE T FETER T PN iR Tl < AE o
/min (m/z) (m/z) /V /V
1 ] 242 K e 6.02 266.1>234.1 266.1>191 130 16/34 +
2 Faf 2 Ak 2 S BN 3.49 240.1>198.1 240.1>133 150 16/30 +
3 I 25 ks A R 5.49 298.1>266.1 298.1>159 160 16/39 +
4 T s A IV AR 5.06 282.1>240.1 282.1>208 130 7/21 +
5 R H T frie 5.70 277>156 277>108 70 12/28 +
6 85 P % e e 5.85 315>158 315>92 130 36/40 +
7 T i it 3.14 250>156 250>108 110 16/28 +
8 ik e Y e g e 4.78 281>156 281>92 110 16/32 +
9 i e P s e 1.98 279>186 279>92 110 16/36 +
10 it il — HY S5 g 5.53 268>156 268>92 102 12/32 +
11 Tt e ) — FFY 4R W 5.81 311>156 311>92 110 20/40 +
12 Tk i FA e 5.37 254>156 254>92 97 16/28 +
13 Tk i FR s e 3.56 265>156 265>92 102 16/36 +
14 ik i ] FY 4 e 5.15 281>156 281>92 112 16/32 +
15 ik i F i e 4.84 271>156 271>92 97 12/32 +
16 ik i FFY A A g 491 281>156 281>92 117 16/32 +
17 Tk Joie SRk R 5.20 285>156 285>92 92 12/32 +
18 ik e 408 — Y 4 i 5.37 311>156 311>92 121 20/40 +
19 T i v e 2.03 251>156 251>92 102 16/28 +
20 T P o e 2.95 256>156 256>92 112 16/32 +
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=R 3(4)
o) e ] Bj‘l‘ﬁﬂ ER BT EMER T EN LS Rl < g e
/min (m/z) (m/z) A /V
21 NS 4.61 291.1>230.1 291.1>123 120 25/25 +
22 YR 1.55 215>156 215>108 70 8/20 +
23 buy R 4.94 358>340 358>96 150 24/40 +
24 TR R 5.18 400>356 400>99 150 20/32 +
25 WE A iR 5.64 262>244 262>216 110 20/32 +
26 Bk 2 4.99 360>316 360>245 150 20/32 +
27 JUH 6.16 262>244 262>202 110 20/36 +
28 WHNT AR 4.85 332>314 332>231 130 20/40 +
29 KRR 4.92 352>308 352>265 130 16/28 +
30 Wb 2 4.80 320>302 320>233 110 24/28 +
31 TR R 4.83 334>316 334>290 130 24/20 +
32 YE DR 5.15 386>342 386>299 130 20/32 +
33 Gl 5.18 393>349 393>292 130 20/28 +
34 HR R 4.81 362>318 362>261 130 20/32 +
35 b 2 474 321>303 321>234 130 24/24 +
36 AHE 5.60 320.9>57 320.9>152 118 8/16 -
37 FEE % 5.43 356>336 356>185 134 8/16 -
38 WK e F 0.649 248>230 248>130 94 9/25 +
39 HIER 4.64 354>290 354>185 134 8/20 -
40 7Y 3.44 304.15>134.61 304.15>106.59 105 20/36 +
41 SR 5.07 277.11>258.94 277.11>202.78 95 8/16 +
42 EEYN 4.79 214.13>195.97 214.13>153.75 90 12/16 +
43 ez Mk 4.90 302.33>163.87 302.33>106.77 105 16/36 +
44 WA R % 6.14 292.36>236.22 292.36>201 115 16/20 +
45 VT e 1.23 240.17>221.97 240.17>147.7 95 8/20 +
46 A bR 1.18 226.15>151.74 226.15>124.67 95 16/28 +
47 TS 5.07 228.22>171.88 228.22>153.9 95 12/16 +
48 [IEEEs 1.26 220.18>201.95 220.18>143.3 85 8/20 +
49 SEHE 4.90 479>462 479>444 120 16/24 +
50 SRJER 5.45 445.1>428 445.1>321 130 15/33 +
51 [UE7S- 491 445.2>427 445.2>410 125 8/16 +
52 +&EZR 478 461>443 461>426 110 12/20 +
53 AFH 5.79 734.5>576.3 734.5>158.1 170 14/30 +
54 BER 6.15 837.5>679.4 837.5>158 170 18/38 +
55 VINIE=E% S 4.04 407.2>359 407.2>126 150 15/30 +
56 EYR S 5.89 916.5>174 916.5>101 240 42/54 +
57 A A 5.54 869.6>696.4 869.6>174 250 45/50 +
58 [RE S SN 6.20 409>391 409>147 110 6/30 +
59 RIS SN 6.11 393>373 393>355 110 6/10 +
60 HiLFERARS 6.11 393>373 393>355 110 6/10 +
61 FILIR e 6.06 375.2>357.1 375.2>161.1 110 6/20 +
62 ke 5.83 359>341 359>147 90 6/24 +
63 wem i 5.82 361>343 361>147 110 6/20 +
64 i SE i 1.89 142.1>96 142.1>81 90 14/30 +
65 T 1.51 172.1>128 172.1>82 90 12/26 +
66 R T b 3 T 1.38 158.1>140 158.1>55 90 10/18 +
67 P2 I H i 1.07 188>126 188>123 90 15/10 +
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Fig.1 Sum of peak areas of each substance under 4 kinds of different
mobile phase conditions
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V-VE M IRBOR TS 8 M S2 g 45 1, 25 RuE 2 fiows, 0.1
mol/L EDTA-2Na /KIFH (& 0.2%H #R)-ZJE(8:2, V:ER
FEBOR AR BIT .
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Fig.2 Average recoveries of various substances under 4 kinds of
different extract conditions
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W 3 BN, BR T BEEEEISAE 3 FRBUR T MR AN
B, RSBl S b6 25 SR TR ] A 38, 22 20 44
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Fig.3 Average recoveries of various substances under 3 kinds of
different combinations of extraction methods
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Table 4 Matrix effects of pork, beef, and lamb
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Fig.4 Chromatograms of 67 kinds of veterinary drug residues detected in lamb using this method
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Table 5 Regression equations, correlation coefficients, LODs, LOQs, recoveries and RSDs of 67 kinds of veterinary drugs in beef (n=3)

W% Lob Lo bR (ngkg)  HIRRACE (ugke)  RliARKF/(ng/ke)
5 e Lt ife 25 ooy ke
= HERE) HERE) ko, RSDs%  [FIEE% RSDs®% [HICE/% RSDs/%
1 (BRSNS ¥ :6]85797'537337340398)(’ 0.99999  0.08 0.27 75.4 45 64.7 54 73.5 7.0
2 PR 2 2L Y=2327 2818714 99997 031 1.03 75.7 5.0 754 5.1 90.9 5.6

232.726097
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=54

- oty - ;ﬁﬁ /LODS L0Os TRIBRACE (ug/kg) IR K FAngke)  RilbaKF/(ugkg)

R gke) Mwgke)  mymn, Repeve IR RSDs%  EUEM%  RSDs%
3 g Y=1389793_'28167“153712X’ 0.99985  0.33 1.10 99.0 29 88.2 3.7 86.9 45
4 (SR SLINIATE ngggé‘%gﬁ 099953  0.17 0.56 67.5 2.9 713 5.8 92.6 6.2
5 A Ik Y:2§81£$§51;;3X+ 0.99995  0.09 0.32 62.7 22 66.4 6.4 71.1 8.6
6 TR n ngjg:g;‘gig?ﬁ 0.99960  0.49 1.64 65.6 1.9 66.2 6.1 82.1 73
7 Tt e Yzzgfﬁgfffgg’)ﬁ 099978  0.13 0.44 64.1 4.0 68.5 6.2 85.7 7.1
8 TR FH SR Y:5399()"1326104()13fx+ 0.99998  0.09 031 78.7 22 78.8 48 78.9 6.3
9 Tt — g Y=1245676_'92§7402917‘1'X+ 0.99984  0.08 0.27 71.7 3.9 68.6 5.6 81.7 6.7
10 fR SR YZ]&??;;%‘?X’ 0.99984  0.16 0.55 65.2 3.0 68.4 6.1 79.0 7.6
1 R © :38121; §)3023§3902X+ 0.99947  0.04 0.14 66.3 52 66.8 6.1 81.0 73
12 T frie FR e Y=51756_‘105074283817X’ 0.99994  0.54 1.81 67.6 3.1 65.8 6.0 75.9 7.6
13 Tt FH S YZZ‘I‘;%E?Z??“X* 0.99964  0.10 0.33 75.0 1.3 734 52 84.8 6.2
14w 748154095 6 90000 006 0.19 74.9 5.7 65.0 54 723 7.1

183.240081

15 T file FF g Yziﬁg:gigﬁég)ﬁ 0.99986  0.68 2.25 66.8 46 65.4 6.1 722 8.0
16 Tl FH ARUmA Iz nggzzzggix+ 099967 023 0.69 72:1 25 71.7 54 80.6 6.7
17 Tl Uk Y:69()75"373()57655635X’ 0.99997  0.45 1.49 63.1 3.7 61.6 6.6 723 8.5
18 fHifRR — A e Yzfié‘_;ﬁggg)ﬁ 0.99989 ~ 0.60 1.98 74.9 1.0 64.7 5.4 81.6 6.4
19 T Yzlzl;’ﬁfgggfswr 0.99981 ~ 0.15 0.52 68.4 9.7 66.1 59 79.7 7.2
20 Tt e Y:1553;;‘0620%8857X_ 0.99969  0.04 0.14 74.7 1.7 69.9 53 81.1 6.5
21 FRARCRIE Y=2;J33_55;‘f‘§222“x+ 0.99985 0.05 0.17 83.4 2.7 82.2 45 96.7 47
22 Z T ngggzig?gz?ﬁ 0.99966  0.36 1.20 724 49 63.4 56 8322 6.5
23 IR Y:ﬁggfgggggx— 099980 039 129 99.8 6.0 86.6 37 929 42
24 TR R Y=62372_‘7§;946463673X’ 0.99960  0.52 1.74 79.4 2.0 81.7 4.7 91.1 54
25 T nggggéj‘;g‘égﬂ 0.99996  0.26 0.87 78.4 32 80.9 4.8 952 5.1
26 DR Y:760;'183739187?X’ 0.99914  0.18 0.61 85.2 1.4 84.0 43 89.5 5.1
27 s Y=§g(1):ggiggzx+ 0.99983  0.17 0.58 79.5 1.0 75.1 4.8 952 5.1
28 DA Y:1106554'.106613367333X+ 099958 096 321 93.7 14 793 40 87.8 48
29 WD Yzl%i;‘;ﬁ;?’“ 099959 038 125 752 1.9 73.9 52 82.7 63
30 R YZ];;;'919692646236X+ 0.99954  0.30 0.99 98.0 33 80.5 3.8 90.4 44
31 HERD Y:fgg:‘;‘z‘ﬁzgﬁ 099968 038 128 76.6 6.7 89.9 47 93.5 54
3 YRR Yﬂzxgggggggéx— 099975 036 121 69.5 7.0 88.1 52 83.9 6.7
33 Gl s Yzlgg.sd?ggggsm 0.99981  0.17 0.58 69.9 1.6 782 54 89.8 6.2
34 SR Yzfj(fg‘zlggs)ﬁ 099968 021 0.8 67.1 4.1 70.8 59 834 7.0
35 Tl YR2222035137X= 90981 032 1.8 93.1 24 84.7 40 89.5 47

268.923618
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= 5(8)

- o - ;H;i /(L“(g)/]ka) /(El(g)ﬂ(g;) bR ngkeg) IR K F(pgke)  BIFRKF(ugkg)

= [BI%/% RSDs/% [EISCR/% RSDs/% [EMi%/% RSDs/%
36 RER Y=}§§:(3)‘7“7“3‘;?X+ 099978  1.12 3.73 67.6 2.7 74.9 5.7 1102 47
37 WA H Y=234406897XF 09995 0,06 0.21 82.5 58 98.0 42 112.7 3.0

0.201320

38 TR e HE N Yzégg:gﬁ?gﬁ 0.99986  0.97 323 71.5 1.8 93.1 4.6 96.6 5.1
39 HER Y=?§é§3ig§‘“ 0.99963  0.13 0.44 72.7 8.7 91.8 49 88.5 6.1
40 e[S e Y=1528331..27‘:)21563gx+ 0.99980  0.06 0.21 68.7 34 75.7 5.6 91.3 6.2
41 SRR Y:3961936.6293§913661X+ 0.99989  0.02 0.05 71.0 6.3 713 55 88.3 6.2
42 EE %N Y=i§?2;gg§g’“ 0.99947 027 0.91 65.9 5.8 727 59 91.0 6.5
43 B3 il YZ];?;?;;;;;” 0.99994  0.10 0.34 72.1 23 75.7 5.3 88.3 6.1
44 AR Yzlzzsfﬁ f;fg;m 0.99990  0.02 0.08 722 26 733 54 90.5 5.9
45 T Wi Y=§(1)(3)ilg:g?§gggx+ 0.99983  0.31 1.02 69.3 2.0 78.9 55 99.4 5.5
46 Ak YZ];;;;‘;J;S;” 0.99947  0.10 0.35 71.0 45 75.3 5.4 96.3 56
47 ZATVRE ngé‘;gz?gégfﬁ 0.99967  0.06 0.19 64.9 1.4 70.7 6.1 90.2 6.6
48 PUThRRS Y:;;(fédlgf;gf 0.99934  0.04 0.12 63.7 23 80.5 59 97.6 6.1
49 BTR Y=1§ﬁ£f§” 0.99959  1.10 3.68 64.5 5.7 70.2 6.1 86.8 7.0
50 IR nggﬁggzgm 0.99992  0.52 1.75 63.8 4.6 66.2 6.3 727 8.3
51 PUIRZE Ydlug.;%;zgm 0.99963  0.63 2.08 66.8 6.4 84.8 55 80.6 73
52 iy ngg:ggﬁg‘g‘“ 0.99954  0.40 1.34 74.6 14 65.0 54 714 7.2
53 LR Y:9§§99(ffo376” 0.99978  1.35 451 71.0 153 733 5.5 100.2 53
54 BUHEE Y:11%§566260122X_ 0.99936  0.06 0.19 82.1 32 79.0 46 90.4 52
55 MR R Y=6f;j'101137071097X+ 0.99988  0.34 1.14 81.8 23 759 4.7 939 5.0
56 BIRWR Yzl‘l)g.ls'ﬁ%g“* 0.99990  0.07 0.24 82.9 2.5 93.5 43 109.6 39
57 BB A Yzfzg:?g;ggxf 0.99929 0.1 0.71 84.8 1.9 95.1 42 110.3 3.7
58 [P SN Y=%§(l)§?zgﬂ)ﬁ 0.99909  1.32 438 84.8 26 64.8 48 772 6.0
59 FEfAHS Y:;?‘;'giz;‘l‘” 0.99941  0.12 0.41 69.8 1.9 714 5.6 91.6 6.1
60 IR YZ;%‘;EZ;?;X* 0.99941  0.23 0.75 66.0 13 70.5 6.0 88.8 6.7
61 SR e Y=§§§§§;‘gg’“ 0.99963  1.07 3.57 86.0 43 734 45 89.6 5.1
62 e YZ]f;g;’ffgg” 0.99969  0.66 2.19 90.0 1.5 86.3 4.1 90.2 48
63 ke r i%éﬁggg}“ 0.99985  1.03 342 68.0 6.0 79.6 5.6 91.7 62
64 HhSEAHE Y=1§2%§;§6X’ 0.99993  0.48 1.61 783 2.0 74.1 49 86.2 58
65 FH et Y=1;3§5§$§§95X+ 0.99995  0.20 0.68 76.9 22 76.9 5.0 94.8 53
66 FRIEHhSER Y:Z‘llggggg)(— 0.99914  1.01 337 91.7 149 822 4.1 89.4 48
67 FRIE e Y=2ﬁ?:§§§ﬂé‘“ 0.99925  0.30 1.00 67.5 72 719 5.8 88.4 6.5

7 i PR (limits of detection, LODs), & & fR(limits of quantification, LOQs).
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Table 6 Comparison results between this method and the national standard method
(et ik i F e B 2R ka2 - FEAH i 2 1) FY 4 I AR A AR
GB GB/T GB GB GB/T
WIR7S AT i 31658.17— ATk 21324—  AJrik 31658.17— AL 31658.17— AL 20762—
2021 2007 2021 2021 2006
K 4120.99+ 4189.96+ 1157.03+= 1143.98+ 245258+ 219125+ 649.26+  638.79+ 237772+ 2606.41+
Aug/kg) 89.44 16.51 22.50 32.07 86.04 57.15 54.36 36.30 85.84 142.32
P 0.259 0.595 0.012 0.795 0.076
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