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ABSTRACT: Objective To a establish dual-cleanup method for the determination of sulfonamides residues in egg
by liquid chromatography-high resolution mass spectrometry. Methods The samples were extracted by acetonitrile,
purified by pass-through cleanup and cation exchange solid phase extraction, separated by liquid chromatography,
qualitatively and quantitatively determined by quadrupole-orbitrap mass spectrometry, detected by parallel reaction
monitoring mode, and quantified by internal standard method. Results The retention time of sulfonamides ranged
from 3 and 7 min, and showed a good linear relationship in the range of 0.5 to 20 pg/kg. The precisions were less than
20% between day and day, the recoveries were 90% to 110%, and the limit of quantitative was 0.5 pg/kg. Conclusion
The method is rapid, accurate and sensitive, which provides a rapid and accurate technical means for monitoring the
residues of sulfonamides in eggs.
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T h AR A ) PUILRE X 2 v R 2K 24 B (L R 2K
11)<0.1 mg/kg, GB 31650-2019¢ £ il & 4 [E FhnifE 2 i o
PR RIR IR ) VI RE, 7 EIAS RS 25
KU, B TT R IR I T i, B ko I SR B, AR AR L B,
TSRS TR U W, X T DR RS B B i LT R

X B B KRR B (G D, 5 B ST R R
sl FIE A B AR AT L i B e 2 R ER, B, R
] A 5 1) ) P £ i v R Je 285 245 0 Y A ik A AR G
FrRUE, 41 GB 29694-2013( & i & 4 E K rdEsh Ptk & &
13 sk e 25 245 49y 22 5% B8 1 0 1R 8 R €% ik ) G
FHEFRS LA AR L9 13 Rl e 25 5% i
K, GB/T 21316-2007 Sy £ i rh ik e S 25 4 5% ¥4
I S SR - ST ) PAE T B LA
K b A A 55 Sl DR B R IS 2 e B k1
BRIEAE S, EEXSEMARER D, ngRLH 1025 5
I3 -15-2008 € X Fi e i i s ok ke B RS W g 80RO £ 3
2 WO ZARME RIS HHBR 20 ng/kg, EHEBR 50 ng/kg, H
T TEACRILAE 1 X6 2R v g fre s AR P 000 2 o A SR RS R il
R R Iy D o e 7 NI 1 o 7 e T
QuEChERS kUM, A gy 17— Bl E e fhik, K
2ok 2 T A B 18— 58 Joke [ A A8 BUOR A 25 4, RTS8 FH v
AL (1R YA 33 - DU AT - 8 FhL 7 0 RO 35 4 T i A
DA Jhy 0 267 it 14 3% B8 M s SR LB R S

2 MREREE

2.1 XEE. KSR

Thermo Q-Extractive ™ A (L i¥%- DU AT - H S i
B 7 43 W I PR (B i R 00 3R L B Sl peas AR
VOB - L S LB BB AT 8%) . Xcalibur 3.1 i 234
#A%t . Heraeus Multifuge X1R Z.0HL(3EE Thermo 28 H));
[ FH AR BURE B (32 [E Waters 24 F]); MS3 basic IR HE{L .KS501
W (B E IKA /A7), N-EVAP™I112 & WAL (3 H
Organomation 2 7)); LINK BLOW &/ & 4 4% (P B 4 1R B
AR,

FmE(fE i, f8E Merck 2 H]); LM (rbra, HE
LG IR A R, HER(LC-MS %, 3E[E Fisher v
")), JKBREREN (3 Hral, o E R Ak 2R R A HD);
SHIMSEN QVet-NM-+ifi i3 U it 4 {4l . WondaSep MCX
B8 - 32 He (5T M AE BURE (150 mg/6 mL)(H 4% Shimadzu 2%
Al); SR UK R SEsE N Al

TR AR T ik i S W (sulfisozole, SSZ) . fif i
N RE (sulfapyridine, SPD) ., i [l % i€ (sulfadiazine, SDZ) ., fiff
Jii B IE . (sulfamethoxazole, SMZ) ., Tifi i M (sulfathiazole,
STZ) . Tt i F 35 1% BE (sulfamerazine, SM1) . fiff fi& & Mk
(sulfamoxole, SMX) . i iz — ' 3% 57 3% W (sulfisoxazole,

SSX) . sk [l FF 188 — 4 (sulfamethizole, STZ) . Bl [ 2K FH I (sulf
abenzamide, SBZ). fi# % _H SN (sulfisomidine,SSD) .,
fiff iz — W L MR E (sulfamethazine, SM2). il Jii X F 42 W% g
(sulfameter, SMT). fifi& FF 415k ¥ (sulfamethoxypyridazine,
SMP). 7 iz [] B 42 5 IE (sulfamono methoxine, SMM), il
¢ 4 Nk 1% (sulfachloropyrazine, SCP1) . fifi it & mk 2
(sulfachloropyridazine, SCP2) i f& s Ik (sulfaquinoxaline,
SQX) . il 4l — H S ME IE (sulfadoxine, SDX) . i i ] —
4 W5 BE (sulfadimethoxine, SDM) . fiff % & ik mk
(sulfaphenazole, SPP), —H4&(“FIE(diaveridine, DVD), H
SR IE (trimethoprim, TMP)(Zdb 4= RN 28 7l B 1
Dr. Ehrenstorfer 2 wl); N 5 fiff fi [0 — & w5 ng
-Dg(sulfadimethazine Dg, SDM-Dy)(dt I HR SR 2 A4 [
i WITEGA A7),
22 FROERREIHIE

TS e 2o R A A, KGR, R A R,
A 100 pg/mL MIFRHERE AT, T-20 °CYeifRAE; HUNE
T MERE-Ds ARG B, WEEARE, B, A
100 pg/mL F ARG, F-20 °CRIIRIE .

A H B LR A A S, BT R
H, PR, HIHREEZEZ5Y) 500 ng/mL KRG FRE
AW o K 2 e B e — W S5 E -D MR A5 0E 1E,
WG B, 145 500 ng/mL 19 PIAR TAEH .
2.3 AEECH

K% 1 mL R, FK#BEZE 1000 mL, 13
0.1%FRR/KIFIR . K% w1 mL 2R, HZHmkEE
1000 mL, %5 0.1% LRI LIS - K585 I 5 mL
K, FAFERBEE 100 mL, Hl45 5% 4k P EEA K .
2.4 FEMATALIE

B 16 MO BEXS E (20 1 ke), Yhid-Loc)a AL SAL
FEAT R S, BRI EEAE S 5 g, SILA 100 uL fiE i
T HAEBENE -Dg NAR AR, FINATCKERIREN 5 ¢ A
10 mL ZJ§(E 0.1%Z4R), fREGHEH 20 min, kL 2
O, BRI S mL 295 ik SHIMSEN QVet-NM+i#t{L
B, ORI, RS BE 1.0 mL JRRRI, PIA 0.1%H iR
KW 5 mL, WS, Rk,

WondaSep MCX [EAH A BUEAR Y R HF B . /K TE AL,
Fr AL TR 7 E WA ZE ORI T e, IRk, B
bk, S%Z ML REDERE, WEBEBLR, 72 50 °C/KIRH A
S TFRT, 0.5 mL WIS E %, FFlE o
25 R E-REEN
2.5.1  &EE

{6 % Waters HSS T3 #:(2.1 mmx100 mm, 1.8 pm),
AR A: 0.1 %R, sl B: HEECE 0.1=%H1R), #
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BEVRIE S5 ILZE 1, Wid: 0.25 mL/min, FE: 30 °C, A
H:25ul,
F1 BEEREH

Table 1 Gradient elution conditions

252 JRitktt

JTE 4 BT R A7 S R W M (parallel reaction
monitoring, PRM)fZL . 3R A {# ] Thermo Pierce 1E & T
BIE W £ miz S 138.06619, 195.08765, 524.26496,

YRS 1] /min T A% FEH B/% 1221.99064, 1421.97786 1 1621.96509 kb A% 1F, £ 1EA &UH

0 % 10 Yerefe 5 d Mo FIRESEG Wi M E: 4000 V, 550A:

40 L/h, 5B 15 Lih, BFAEHNREE: 350 °C, B

7 » » TRE: 500 °C. /3 ¥E%: 17500 FMWH@m/z 200, AGC target:

7.2 % 10 1x10°, C-trap 5 K¥EABIE]: 100 ms, £F&F4rBI% 1:

10 90 10 0.4 miz, BFrY) K ILE B+ 5 F AR TR AULE 2.
#2 BREAAYEMRTEBEFER
Table 2 Qualitative and quantitative ion information of sulfonamides
Bl THET
Birfe &9 {3 74 B 7] /min Tl g eV
418 JRr L (m/z) 418K i T 2

SSZ [M+H]" 240.0 CeHoNO,S" 156.01138 4.5 25
SPD [M+H]" 250.1 CeHoNO,S" 156.01138 4.0 35
SDZ [M+H]" 251.1 CeHoNO,S" 156.01138 3.6 30
SMzZ [M+H]" 254.1 CeHoNO,S" 156.01138 5.3 30
STZ [M+H]" 256.0 CeHoNO,S" 156.01138 3.9 25
SM1 [M+H]" 265.1 CeHoNO,S" 156.01138 42 35
SMX [M+H]" 268.1 CeHNO,S" 156.01138 4.6 25
SSX [M+H]" 268.1 CeHNO,S" 156.01138 5.6 25
STZ [M+H] 271.0 CeHNO,S" 156.01138 4.8 30
SBZ [M+H]" 277.1 CeHoNO,S" 156.01138 5.9 20
SSD [M+H]" 279.1 CeHoNO,S" 124.08692 3.6 30
SM2 [M+H]" 279.1 CeH oN;058" 204.04374 4.8 30
SMT [M+H]" 281.1 CeHoNO,S" 156.01138 4.7 30
SMP [M+H]" 281.1 CeHoNO,S" 156.01138 5.0 30
SMM [M+H]" 281.1 CeHoNO,S" 156.01138 5.5 30
SCP1 [M+H]" 285.0 CeHoNO,S" 156.01138 5.3 30
SCP2 [M+H]" 285.0 CeHoNO,S" 156.01138 6.2 30
SQX [M+H]" 301.1 CeHoNO,S" 156.01138 6.6 30
SDX [M+H]" 311.1 CeHNO,S" 156.01138 5.6 30
SDM [M+H]" 311.1 CeHNO,S" 156.01138 6.4 30
SPP [M+H]" 315.1 CeHNO,S* 156.01138 6.1 35
DVD [M+H]" 261.1 CsH/N," 123.06654 4.3 40
TMP [M+H]" 291.1 CsHN,* 123.06654 4.5 45
SDM-D6 [M+H]" 317.1 C¢H,DgN;0," 162.11441 6.4 35




5523 W MK, A U A A VTR P 2 Dt 2 X6 2 e 1 e 45 24 4 3 8961

2.6 FIEFIIE

o B FULIRAE B 7 S0 A 30 I 3 0 28 TR O
JO VR S ARG EERE S RPN ik 2 S 8. A A
X0 FE A it 1 5 — ZR 40 e B 1) B T bR o R RN I T
P, Y8R E R BR (limit of quantitation, LOQ), i it [ 25 14
FEM RN 145 LOQ .2 4% LOQ 1 10 £ LOQ RyBM ¥y,
SEATINE 2R, K55 H RSB RER H RS 25 B, @ il
PHE S PRI IME R L, THEL IR, W3k 2.

3 HBR50H

31 MBNEFREE

Tt Je 21 22 0 190 o i A ) = A ) LB A 4- S R T
M5 MY BS F ([H,N-CgHy-SO, ", miz 156), {HE 245 H 66 1
oy, tbB AT B R AR B T, A0 SM2,
BFAMEME 1 FR, LA E 2, 7835
Frep, SM2 f st B iy miz 186111, (B 7E 8 1 B I i,
AL FE L B LA B, ELR R B R R I R DO B T I
HA BHEARF A, g7 miz 186 1EHHIZHUE B E
SRR, HEENK, @idna H0, BT miz 186 R E
T miz 204, HIL, ¥ miz 204 155 SM2 BYEREE T,

SM2 [ [ 43 5 Fa 7k SSD iy —F 85 44 1 ULIET 3, [R5
N L A1 5 B IBE 1 B2 07 S O R [, SSD A K i 8 142

100

124.08664

iERE S S
3

108.04440 149.02336

80.94818

136.07486

57.07054 89.96420

156.01074

o Bl . ..l [N T A N A

miz 124, M, 28 m/z 124 fE % SSD (E B E T
3.2 RAIRCIBSERIERE

XGRS A R E AR, FenlRuElE, £
BRI T I B2y 3R B A T A B Pk i . A 3 =X
FALFE A He, SHIMSEN QVet-NM+E B A B 5 i k: 25 8,
AT LK 6 K Z2 B8R 0 T W B A R e A R b (HU2ATS
BN BERIR D, ER4 25, BliiE,
ANIE FHEREAT BT, 7502 B0 s A A FE e, 5 ) (8 1% 4
B, TSR EBM:, Wik, 7EILEmL -, SEHE
T E AR I, s B AR AR TR it — 2 43
B, LUSEIer B, FE, WHABERERE T, A
21 A AR AR BURE A 36 28, S 2 DR 1 4R 28 BRURE A9 3 28 58
LA TR, AT SIS B % 4 157 0 R
3.3 FFEFWIE
331 HREA

XS BRI GR IR 1 pg/keg) ik LA 4.
25 ARG B S O E O, A& THRIE P s, B
PR AR G, B R BT A 3~7 min, fRE
I8 HEIE X RR, [, B e 25 25 b i [ 4 5 0 A
SMX FI SSX(m/z 268), SMT, SMP I SMM(m/z 281),
SCP1 #1 SCP2(m/z 285), SDX 1 SDM(m/z 311) S T
Hek sl

204.04324

279.13065

238.27429

60 80 100 120 140 160

180 200 220 240 260 280 300
m/z

Bl 1 SM2 T T HiE

Fig.1 Ion mass spectrum of SM2
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Fig.4 Chromatogram of spiking blank egg at 1 pg/kg

332 MEMERRALKMTEH

K2 EL 500 ng/mL B2 AnE TAEMGE =,
gl s g A g, S HARAY &R 0.5, 1.0, 2.0,
5.0, 10, 20 pg/kg B FRFIZ HB AR, HKIKZ LC-MS 41
B, 4300 h g it 0 BN PR AR i 08 I AR LG S 4L
Ak, DAb-G W BT B R A bR, fildniEthZe, mliE
TR R AR B E BB 1O 3 3. 7] LG 22y
YITE 2.5~20 pg/kg VUM, B RIFHLEEXLR,

Fi W A TN ST A 5 R A T IR N AL G, £
BB A L E BN, B A RS S I
Hirtb &¥n9E 2R 0.5 ng/kg.

333 MWEELERE

SRR RS R B AR, TR R 1 B

LOQ.2 % LOQ HI 10 £ LOQ 3% 3 Mk B i i [al i S 6,

It HAEEA MR- AT S AT, 20l 45 3 d, R
5 05 00 445 SR S D 3R, I FH A G A o i 22 {H (relative
standard deviation, RSD)YFEAT H N FT H [EDRS 2 3, X 8 Hofith
W25 R 45 R W3 4.

3.4 SEPREESENE

XYL IR & 7 i B A B Hr O B A7 55 MR
FESUEAT T i, AR i eSS 2h sk B

4 &

AR SCER X B S i R & S % 4 H K bR fE GB
31650-20198), S&F W E G ik, Hyr T A E 2
BRER N SE 1 3, Jr ik R P, 38T HE O A W,
FE A 2 A E AR UE RIS ITURIT R AL T Sk A
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Table 3 Standard curves of sulfonamides in eggs
Hinfb &9 [ I AR R AL LOQ/(ng/kg)

Ssz Y=0.03855X+0.006160 0.98241 0.5

SPD Y=0.08668X+0.000226 0.99153 0.5

SDZ Y=0.05436X-0.001310 0.99036 0.5

SMZ Y=0.07081X+0.000499 0.98952 0.5

STZ Y=0.07756X+0.000338 0.99383 0.5

SM1 Y=0.06043X+0.002400 0.99137 0.5

SMX Y=0.07260X+0.002540 0.99438 0.5

SSX Y=0.09485X+0.001860 0.99591 0.5

STZ Y=0.06767X-0.000373 0.99182 0.5

SBZ Y=0.09121X+0.002900 0.99431 0.5

SSD Y=0.09004X+0.004530 0.99085 0.5

SM2 Y=0.14237X+0.005790 0.99393 0.5

SMT Y=0.05213X+0.004430 0.98780 0.5

SMP Y=0.10601X+0.000161 0.99354 0.5

SMM Y=0.05380X+0.002470 0.99379 0.5

SCP1 Y=0.05740X+0.001760 0.99518 0.5

SCP2 Y=0.03144X-0.000079 0.98802 0.5

SQX Y=0.04336X+0.006350 0.95738 0.5

SDX ¥=0.13236X-0.001080 0.99595 0.5

SDM Y=0.13268X+0.003600 0.98614 0.5

SPP Y=0.05785X+0.000142 0.99428 0.5

DVD Y=0.42758X+0.006740 0.98869 0.5

TMP Y=0.19120X+0.000666 0.99439 0.5

R4 BEPBRBREBYRN G EEFEEE
Table 4  Recoveries and precisions of sulfonamides in eggs
H PIK§ B (RSD/%) H B % B (RSD/%) SR S %
2R
0.5 pg/kg 1.0 ng/kg 5.0 pg/kg 0.5 pg/kg 1.0 pg/kg 5.0 pg/kg 0.5 pugkg 1.0 ugkg 5.0 pg/kg

Ssz 11.3 9.1 5.6 10.2 8.2 6.7 99.2 101.8 102.6
SPD 12.2 7.3 7.1 10.4 10.4 6.5 98.0 101.0 97.7
SDZ 133 14.3 2.3 14.5 10.0 5.9 97.9 104.6 105.6
SMZ 15.1 8.9 6.2 15.1 15.6 6.7 96.0 106.6 99.8
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k4
H PR 25 8 (RSD/%) H [ 45 %5  (RSD/%) P15 I %
2R
0.5 pg/kg 1.0 pg/kg 5.0 pg/kg 0.5 pg/kg 1.0 pg/kg 5.0 ng/kg 0.5 pg/kg 1.0 pgkg 5.0 pg/kg
STZ 15.2 6.6 7.3 14.6 9.7 8.5 98.8 102.0 99.8
SM1 14.0 7.6 9.0 13.4 8.5 9.7 98.2 101.6 97.2
SMX 13.5 6.7 5.1 13.0 11.3 6.7 99.2 101.3 99.4
SSX 12.4 33 3.8 11.7 8.8 4.8 98.8 101.6 100.5
STZ 14.1 3.7 32 10.6 9.6 5.7 98.2 104.8 102.5
SBZ 10.2 8.0 6.8 11.6 12.5 6.6 98.7 103.3 98.5
SSD 13.3 14.2 7.3 11.5 12.0 7.5 101.7 98.1 102.4
SM2 13.8 43 2.8 12.8 11.9 5.9 99.9 97.1 99.0
SMT 13.5 15.9 6.6 14.3 10.5 6.5 98.4 100.2 100.9
SMP 10.7 7.3 7.0 14.2 7.8 6.8 98.5 102.4 103.0
SMM 9.2 8.0 8.9 15.3 11.9 5.6 98.6 103.6 101.1
SCP1 8.9 5.2 52 14.9 11.3 6.3 98.9 103.8 96.9
SCP2 11.2 14.1 4.4 10.2 15.6 5.9 96.4 108.8 98.8
SQX 9.4 7.0 14.0 11.1 11.8 10.7 102.6 92.5 99.1
SDX 7.4 8.4 44 12.1 10.8 5.5 99.3 101.9 104.0
SDM 15.3 2.6 4.9 15.2 15.4 7.2 99.1 99.8 98.8
SPP 9.5 6.7 3.1 14.1 12.3 7.1 96.9 106.5 96.6
DVD 15.4 9.7 8.8 15.2 12.9 9.8 99.5 100.6 94.3
TMP 13.2 5.6 8.3 10.5 9.3 8.1 100.0 100.4 99.3
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