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 OE: By A 5 28 49 P25k R 19 QUEChERS J5 ¥4 3 I R i ROBAH €335 - DU AR AT - &4 T
B} 8] J 1% (ultra performance liquid chromatography-quadrupole-time of flight-mass spectrometry, UPLC-Q-TOF-
MS) e BSOS K P D E VE T AT e X 25 e Bk, BE R 5 mL 5% RIS I, C s 5 PSA W
B4+ L 9 QUECHERS J7 1 EFTRTAb 3, % Waters ACQUITY UPLC BEH Cg(2.1 mmx50 mm, 1.7 pm) (&4
o35, LA 5 mmol/L ZMREHFGE 0.1% M IR)-Z I st shAl, BIEEUER, Q-TOF-MS HIBEZEIE | 1 B T AR
W, i Waters Masslynx T /E ¥4 Chromalynx XS # & 37 Z2 5 24 8BRS o o e BORN S R Rl 4 075 5 A 125 e
HE TR EIRE. &R 49 MAYLEARGFHIEMECR, HXREIIRT 099, KHREN=3)H
0.2~10 pg/kg, EIBCREERTE 69.4%~121.5%Z [0, 530 Z kWil . P, R, EHAFELER G2
255k B 1 [ I AGE

KSR N 222558 QUEChERS; B S RGO (- BT AT BTG B A e

Studies of rapid determination for multi-residues of drugs in eggs
and egg products
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ABSTRACT: Objective To establish a method for the rapid qualitative screening and reference quantification of
5 kinds of 49 kinds of drug residues in eggs and egg products by QuEChERS-ultra performance liquid
chromatography-quadrupole-time of flight-mass spectrometry (UPLC-Q-TOF-MS) high resolution mass spectrometry
database. Methods The sample was extracted by 5 mL 5% formic acid acetonitrile solution, The pretreatment was
performed with QUEChERS method purified by C;3 and PSA adsorbent, and the sample was separated by Waters
ACQUITY UPLC BEH Cig (2.1 mmx50 mm, 1.7 pm) column. Using 5 mmol/L ammonium acetate solution
(containing 0.1% formic acid) - acetonitrile as mobile phase, gradient elution, g-tof -MS electrospray positive and
negative ion mode detection The accurate mass number and full scanning collision induced dissociation fragment ion
high resolution mass spectrometry database was established by Chromalynx XS module of Waters Masslynx

workstation. Results The correlation coefficients were all greater than 0.99, the detection limits (SN=3) were
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0.2-10 g/kg, and the recoveries were 69.4%—-121.5%. Conclusion This method is simple, rapid and sensitive, and is

suitable for simultaneous detection of various drug residues in eggs and egg products.

KEY WORDS: eggs and egg products; multi-residues of drugs; QuEChERS; ultra performance liquid

chromatography-quadrupole-time of flight-mass spectrometry; accurate mass database
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A R XU R ME TR 2R | AR RS WSS . DUFR R
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TR S S FE R IEAT 7 R 2T, S5 AR R -
[ A ) L5109 87 A 5 0 N e VAN -9 & = T R
25 49 Fh 25 5% BE 1) 5 SOV €20 35 - DO R A - YA ek 1) o i
(ultra performance liquid chromatography-quadrupole-time of
flight-mass spectrometry, UPLC-Q-TOF-MS)— 25} i it 1=
Bl S R O A A A R S i G R vk . SRR
W FE Y, R — R e BT B S A 2 T I 2 ik
TT%5E, XEERLH b G YT Z L, o] LARBIER
At T ER S AR b XS 2 S R A Y 5 2 49 Rk Y
BEFT O AT 2 PRI T LB IE o T T — A i 2 B AR
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2 MH5EREE

21 EFENESAF
Xevo G2 A ROBAH €23 - DU AT - AT ) S35 4Y
(35 Waters /A H]); VORTEX WX 8 HETR & %% (3 KA

VELP A#]); STI6R E.OHL(ZEE Thermo Fisher 23 H));
N-EVAPI111 &AL (3 E Orgnomation 2% #l); KQ500E #75
BF A (R LT A (B A R A D

49 Flrdw o Sh (46 Y > 90%, i Sigma A K
Dr.Ehrenstorfer GmbH /A 7); ZERE% . WER . 21 . W EE ({8
Teati, i Sigma 2\ H)); NaCl y4Hrab(E 2 4 F kR
FIABRA D, /e s SRR B (Cre) . N-NEZ —
JH W BRI (PS A)(H A S HEA F)

WEEE . R RUGE. . RN, E¥E . AL
105 (M),
22 ELWHE
22.1 AFEERELH

A3 BIKE BRI 49 FhFRUES 10.0 mg, I MIEE
5% 100 mL, HIASHEE N 100 pg/mL FIER TR . HERRTEEL
49 Fif# £ 1.0 mL T[] — 50 mL &I+, M ERR
B FEA 2 pg/mL RS HRAER, T-20 °CIV A7
222 HmETAE

FRUC FREL S gORS TR 0.01 @) =585 4 T IR S TS
IR, BT 50 mL .08, A 5 mL & 5%H
BRI NG, P31, IREdRE 60 s, fTA 4 g NaCl,
THE 30 s, 8000 r/min 5.0 5 min, B 1 mL W, 7541k,

Fib: 1 mL E3EWREEH 2 2 mL QUEChERS H+ib
(% PSA 50 mg. C3 50 mg), JWHiE 30 s, 10800 r/min #.0>
1 min, ¥ FERGT 0.22 pm P8, EALOHT.
223 BBELEH

{6354 Waters ACQUITY UPLC BEH C5(2.1 mmx
50 mm, 1.7 pm); SFREARB 1 pL; HEIE 40 °C; WBIHE: A K
5 mmol/L ZBREEW (& 0.1%H ), B AN, ik
0.4 mL/min; >RFBEEVRTE, RERBRT L 1.

1 HEEBRRER

Table 1 Gradient elution program

i ARRBUHU%
A B
0 98
1.2 98 2
5 80 20
6 80 20
8 2 98
10 2 98
11 98 2
15 98 2
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Bt AP ESI BFU 1B GRS T4 A
100~1000 (m/z); T4 T 3000 V; THESIEE 500 °C,
THRARIE 1000 L/h; #EFL SR 50 L/h; HEFLHLIE 40 V;
REAERE 15~40 V; RAERT ] 2.0~11.0 min.

3 HBR5SH
3.1 BEFMHRK

2%} Waters ACQUITY UPLC BEH C4(2.1 mmx
50 mm, 1.7 pm)Y Agilent XDB C3(4.6 mmx50 mm,
1.7 pm) 2 P il i &g it T 548, K Waters
ACQUITY UPLC BEH C g A 7%4E BT L-44) 10 min N
SE4 g, H R S50 K88, I LA TS
Waters ACQUITY UPLC BEH C g ko Xt i sl AH 59 41 5%

B, AREEEHLEK . 0.1%F BRER . S mmol/L 4R
RS 0. 1% BR)E NN A, HEE . ZHE R
A B SRR, 45 5R, BARWTE N iy R U R
BT A AKON A A R B R LR R AR € 3 U 0
¥, WERREPR M ds . MIWmds . WA ELTIEE T
I B+, R & WA T s Fik, 25
ST, PRIEENARA GER pH B, REREK
W R AR AR S T W RE S B A I 2k . iRl i
GEAB BN T AR LA R BE VR AR Y, o LIRS
JEMRI Y585, T S 2 0 LB DL sk
WL T 25, XORE T 48 FE R B R), 9 28 U Sl A B R
BC LE A A R A0 B AR5 B 5800 o0 g . B i
(total ion current, TIC)WIE 1. 2,
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Fig.l1 Total ion flow diagram of sulfonamides, quinolones and tetracyclines
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S
=
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. [ e
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Fig.2 Total ion flow of chloramphenicol and estrogen
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3.2 HIRFEMMERMMK

il 1000 ng/mL MRAARERS IR, 7ERILI EE-1T
TEARME T TGS AT, RAEE 1. 2 348 BRI
PREABT] . BEESF, B HFRYIRE 0 57t B 2 6 il 18 B
15~40 V FHEATINE, REBRYHTFEFEE, Wi

Masslynx T /E¥} i Chromalynx XS #ibhi ASIE(E B, &
N 49 FIE )0 — GRORS B JO  e —R A A A O i
AT HEBGE RO, W 2. RERZEE D EET 5x10°,
25 H N H R OR B B ) d R pm w22, R B3 B ol g 1
0.50 min I35 2R 0 B0 1 O 22

®2 49 MBYBRIERIEES X
Table 2 Method of mass spectral database for the 49 drugs

i W prst PRI e PO PREE e pr
/min A (x10)
1 Tk g i CHIN;0,8 3.30 250.0650 250.0639 4.40 156.0108  184.0860
2 i e F ek g C H12N,O58 4.29 281.0708 281.0701 2.49 156.0124  108.0450
3 ik i P s C H12N,0,8 3.43 265.0759 265.0750 3.40 108.0453  156.0112
4 ik e — TP S e C11H15N;058 5.52 268.0756 268.0750 2.24 108.0424  156.0115
5 Tl e 408 — H A W C1H,N,O,8 5.15 311.0814 311.0806 2.57 156.0114  108.0446
6 Tk e g s CoHyN;0,8, 3.19 256.0214 256.0207 2.73 108.0445  156.0114
7 Ttk file — FR S i Ci,H14,N,0,8 2.81 279.0916 279.0910 2.15 124.0875 186.0346
8 Ttk Joie SRk R C1oHyCIN,O,S 4.74 285.0213 285.0209 1.40 156.0097  108.0451
9 T i e 2 bl C1:H;,N,O,8 6.76 301.0759 301.0749 3.32 156.0108  108.0441
10 ik e 1) — Y SR L i C1H4N,O,8 6.57 311.0814 311.0804 3.21 156.0772  108.0441
11 T i Y g g CoH oN40,S, 4.19 271.0323 271.0311 4.43 156.0107  108.0452
12 i e P e g e CiHiN,058 4.09 281.0708 281.0710 0.71 156.0128  108.0443
13 T g P S0 e C1oH11N;058 5.13 254.0599 254.0594 1.97 156.0121  108.0454
14 T e — F e C1oH14N,0,8 4.08 279.0916 279.0911 1.79 124.0873  108.0450
15 i i s C1oH10N,40,S 2.62 251.0603 251.0596 2.79 156.0108  108.0444
16 A E C14H1sN,O; 4.00 291.1457 291.1452 1.72 230.1166  261.0984
17 it i [ PP 4 5 C1HiN,O58 4.73 281.0708 281.0705 1.07 156.0135  108.4380
18 Tk PR A i e CisH140,N,S 6.68 315.0920 315.0912 2.54 158.0724  160.0873
19 Whb CH,7F2N;0;5 3.58 386.1316 386.1312 1.04 299.0987  342.1405
20 TR CyH oF2N;05 3.67 400.1473 400.1476 -0.75 356.1560  299.0984
21 WHY R Cy7H5FN;0; 3.05 332.1410 332.1395 4.52 290.1672  233.1086
22 AT A C1sH0FN;0,4 2.99 362.1516 362.1525 -2.49 261.1030  318.1608
23 T B CysH,7FN,O; 2.86 321.1363 321.1362 0.31 303.1248  206.0724
24 Al A C19HFN,O;3 3.68 393.1738 393.1739 -0.25 349.1830  292.1253
25 KED A C7H19F2N;0;5 3.19 352.1473 352.1461 3.41 265.1140  308.1558
26 R A C16H1sFN;0;5 2.96 320.1410 320.1404 1.87 233.1083  276.1510
27 AU AL C\7H 15F3N;0;5 2.98 370.1379 370.1382 -0.81 326.1465  269.0903
28 R v A C19H2FN;0; 3.30 360.1723 360.1717 1.67 316.1809  245.1086
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/min Prigrwi (x10°%)
29 BV R C19H20F3N;0; 3.40 396.1535 396.1528 1.77 295.1043  352.1625
30 HR R C17H20FN;058 3.02 334.1567 334.1567 0.00 290.1662  233.1087
31 LY R C20H24FN;04S 3.19 358.1567 358.1556 3.07 316.1818  245.1083
32 A C14H,FNO; 5.28 262.0879 262.0873 229 244.0771  202.0302
33 s 5 Cy;H; FNO; 4.19 262.0715 262.0707 3.05 244.0601  216.0301
34 U7 CpHaN,Og 3.24 445.1611 445.1609 0.45 410.1233  154.0496
35 G+ HER CyHasCIN, Oy 4.12 443.1454 443.1436 4.06 426.1194  201.0550
36 EHEER Cy1Hy CIN,O5 3.60 465.1065 465.1078 2.80 448.0763  430.0671
37 EH/E CHaCpN, O 4.04 479.1221 479.1229 1.67 444.0850  154.0471
38 4-2210 LR HE CH,4N,09 3.02 461.1560 461.1578 3.90 426.1169  444.1315
39 EWER Cy3HCIN;O; 2.81 458.1927 458.1915 2.62 441.1658  352.1189
40 4- 2510 IR E CHysCIN, Oy 4.04 481.1378 481.1358 4.16 446.0840  154.0506
41 4-Z "R CpHyCIN, Oy 3.70 479.1221 479.1235 2.92 444.0856  462.0959
42 (LWL S 3 CHa4N,Og 4.27 445.1611 445.1601 225 428.1334  410.1209
43 +HR CHN,0, 3.02 461.1560 461.1577 3.69 426.1169  444.1315
44 iR C12H,sCLNOsS 3.82 353.9970 353.9976 1.69 185.0276  119.0497
45 AHE CiH12CLN,05 5.75 321.0045 321.0056 3.43 152.0342  121.0286
46 WK H CpH 4 CLFNO,S  5.10 355.9926 355.9941 421 185.0274  119.0496
47 O 475 M By C15H200, 7.79 267.1385 267.1372 4.87 237.0915  251.1070
48 XOUAG M C1sH,50, 8.51 265.1229 265.1218 4.15 249.0914  235.0759
49 bt CisH»0, 8.59 269.1542 269.1531 4.09 119.0494  134.0735
100
3.3 REUBTIRIRE 90
XS % 49 FAWRMAORW, KW o %

W RO AR AR IR ZIES . ZIE) . 22 &

B, 0.1 mol/L EDTA-Mcllvaine ZZilifi(pH 4.0)'4, = 50

T & ZH25Y), HOIERBECR, RELRER T % ggg

TR MRS, 455, BEIREhSE R 2 Fh 2 v A 20

B E, CROTHNBERIEZE, XN RE 10

B LT S KA R, R o ; .5 "

TER TR S . MALBE T, ARy ImEn PAFYmL

UREAE FR AT S5 45 0, BRE S5 0F R 0 G 7T DAtk — 25 k3
FEBUPRLR . 40 5% F R LG T, 49 Fp 2 4 0 - 35 =]
WCRET, 25 B AR PRI 65% 0L b 25 8 HURE
BRI MY H B, B AR AL (2.5.5.7.5.10 mL)5%
R 2 B 49 Fi 2 4y 1) F- 2 IRl ke, g5 5L ILIAL 3, 5.7.5.
10 mL JCHA 25 5, (HREARREE K, LEEECTF It £,
FLR H BR R AG, 5 2 2 SR B 16 1 S mL 55 5% H iR
ZNE.

B3 AR AR IROA ) b i 1 4 [ i 2 (n=3)
Fig. 3 The average recoveries in extraction solvents by different
volumes (nN=3)

34 BUEHREE

H A, SCHk B b R B ek Jr X T S A AR R
IR, BB EORE . QuEChERS 2051 [ AHZEEL
T EARE 2 Y2 AR B RN 2 1 SPE AR R v fb 5 e i i
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F, DMRUEGAL G R SR, FAS I A, $ e %,
TR AE PR BRG] B, I KON O PR, ME DA e 22
e R R R T R 25 IR A 25 IRl 22 . W
2515 s ORI, (BRERTG | RIRCRAR . AHFFE
K Fl QUEChERS JE 43 B [ AHZE B, #E#% NaCl.C 3 Fl PSA
FFARR, G RIR . DIEFERILT R 5 25 49 Fh2y
Yo (R AR FRTE LR 2) 091 3 [l SORAE S PR AR B, L
Cis. PSA. NaCl =[N, M4li QuEChERS ¥ ¥k
i R B =K, Wit L3 =W & =K 528, @it
IEAC R B I AR HOR S b R AL A, PRI e 3 .

®3 EXZHWITE
Table 3 Orthogonal test designs table

SEHS A:NaCllg B:PSA/mg  C: Ci/mg ﬁﬁ;ﬁ
1 1 25 25 75.7
2 1 50 50 85.3
3 1 100 100 76.8
4 2 25 50 82.5
5 2 50 100 83.4
6 2 100 25 79.1
7 4 25 100 80.2
8 4 50 25 83.0
9 4 100 50 84.1
T 79.267 79.467 79.267 81.067
T, 81.667 83.900 83.967 81.133
T 82.433 80.000 80.133 80.767
R 3.166 4.433 4.700 0.766

gEIRFM, smi eI R I Cig>PSA>NaCl,
A, B, CEHELEZAKFE ERZELL, A By, CAf
H At A W 734 [ SR A B8 43 51 55 = R 82.4% . 83.9% .
84.0%, BImfEIREGAILLA A 4 g NaCl, 50 mg PSA.
50 mg C3(AsB,Cy)o

3.5 EFHNHER

AWEFGELLNT L 49 B HAME S PIEGERE . B2 . ik
E.E . BN, EE. }E 7 FOREZLFEERBOE N Z,
75 R AR A A T 2 R L (R P 6 TR0, 7 M 2 5 i o
14 FPE SR 0.76~0.87, 15 Rl RIS A 0.71~1.02, 10 Ff
PUFRREN 0.36~0.71, FEH I MMERZIE N 0.94~1.05,
BV DY 2R 2R 20 R0 B S, RS L 2K 1
AR LML R LI TUEN AR . B Wi
TETS A 6 FhaR il i L0 o TNk 1.45~2.36, FEIEA .
EFPRT 2, WSO R, AR EZRTE 0.55~1.15 2

], FERINEAY AR 581 M R A
0.88~1.04 Z[f], SELFH AR . BEENI 2, B
D BT A a2 2 S i i I 1) e 4
S5 T 3 2k R AT B T 4 7 S T o £ P B R
HFAE MRS, Rt R Rk, SRS ERGHEE
S, A B S R R ST BRI o AT ML B I T R
A FE R FH L AR T VA T 0 S B0 R 9 28
3.6 FEFXW
3.6.1 FEHEEMHER

Sy BITE 7 BB BAMERE S R I 49 FIEA AR R TR
HEET 3 AACEIR . ) [R5 D g T 5 32 1 A
Pk, BIAKCES 34 20, 50, 200 pg/kg, BAKFEHAT 6
UCPATEL o 7 LTI [ IS 3 25 RAE 69.4%~121.5% 2 [H],
YR ZE BRRZIYIA RIFRIENCE . 54, RSD 5 RET
20%, J7 KRR o e TPk B I R AT T
Hek 3 d MR EE SRR, 45 7 R A RN s
RSD Z5 KT 20%, FikpEBRT
3.6.2 AR/l & AeAe TR

R 7 FhIE T 2 (1 BAMEAR S 4 52 50 Jr ikl A5 4
FERRERW, o BIRE B I R SNIR A BRI T AR 500 pL,
Jnzs FIEFUA W 500 pnLIRSI G EHLRIN, DLk B R Ak A,
WETETRR O PN AL, 2l BE B bm ol 2, 380 TR1 05 ) 2 R Al
KA VR, }&E. EHohel, miEmsegrkim iy
5.0~500 pg/L, MRS . SR K MR ILMIEE A
10~500 pg/L, PURRRILMIERY 20~500 pg/L, ety
TRABRZRBER 4. G553RW, 49 LY R 5 =
0.99, S RAFALMEICR . FEEL AT (IRE S R s i
W, WA 0.2~20 pg/kg, LA IN=3 BEA L IER
K5 B (limit of detection, LOD), FF45 7 FhiJL i () 49 Fhzh )
G BRZE R, & 96.5%A9 LOD<S5 ug/kg.
3.7 EPrMEmBIRA

o ST QuEChERS T4k B 5 5 132 Jr v 5 2L i
FHE ZARAENS N E B 105 B 28 B 2B i b E T HE XS,
B e i A 5 TR PSS SR — B, o BB PR S R B
3 HLEFE IR AR e . B E AR R, E2
EHIEREEZER. WS,

4 %

ASCR ] QuEChERS A i AL A5 PUAR AT AT HT [A]
R A B vk, fRAL T R RN S R . M
M2 . RE R PUIREAE MEMER I 5 Jdbit 49 Fhzhy
PP A SRR AR o At . W6, RS, JERT
FIL ST 259 i 5 B PR sl i e ok, 208 T TAEAL
B, BT AT AR, X B I B e A RS KU
T IT LR N 2R A 2 B R
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Table S Concentration of drugs in samples

ATFEIE ARG

A lﬁﬁ%z\
Kt SRR H 2 2E R (nglkg)  EER/(ng/kg)
fif 7 1 A 34 29
fit 2 2 B A 47 5.2
fif 2 3 A 1.9 24
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