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Determination of 18 kinds of sulfonamides residues in eggs and egg products
by ultra performance liquid chromatography-quadrupole-time of
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ABSTRACT: Objective To establish an rapid screening method for the determination of 18 kinds of sulfonamides
residues in eggs and egg products by ultra performance liquid chromatography-quadrupole-time of flight-mass
spectrometry. Methods The samples were pretreated with QuUEChERS purification and extracted with 5%
acetonitrile formate solution. The matrix effects in 7 kinds of egg products were considered and the quantification
was carried out by matrix-matched with external standard method. A database including accurate mass and fragment
ions information was established. Results The linear relationship of 18 target compounds was good in the
concentration range of 50-1000 pg/kg. The limits of detection were in the range of 2 to 20 ng/kg. The average
recoveries were in the range of 68.7%-118.7% for 7 kinds of substrates at 3 spiked levels of 200, 400, 800 pg/kg.
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Conclusion This method is simple to operate and stable, which is suitable for the rapid screening of various

sulfonamides residues in eggs and egg products.

KEY WORDS: ultra performance liquid chromatography-quadrupole-time of flight-mass spectrometry; QUEChERS

sample preparation; sulfonamides residues
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itk 2 25 ) (sulfonamides)J&= A T4 B A0 — 2 HAG X
AR B A5 BT 25 SRR, HAAHUATE) .
BRaRE . 7R . W BRSO AR R, W T RA XY
PR BRI . R R A S et ) (A E B
R, 51 OB ok B, ol i 2 0k A AR s
TEMfE s, FERLRPUAT A R w2500 B, k2
B G Bt T S 2 0 1) B R AR B BR BT T,
— B 10~100 pg/kg, FeFERHUE SHPIIRIE D Sh P k2R 2y
W5k B 19 B AR TE R T 100 pgrkg! 1

B S R R E R AR T, SR = O T
A TR S TR A I G TR e 2 W ik B A R
QuEChERS JE—FPHR | fAj8e Bt mosk, rdg, L4
R TTAR 3y i, HR 2 s T AR 258 BRI A B Oy ik
AOAC 2007.01"IHIER CEN 2002/657/EC'Y, J4Ek, 7
2RIy AR R T zis

WEHE o o PR B HOR B R, RATIN ] BTk A
WA PR AR | SRR AT T RE
UG e IR o A M 4025 ) R U, A I 3h 4 v £
2y Bk R Tk, AR A S A v 2 Wk R A
T RGE R, AFFE R QUEChERS Jr kA T4k
B, ZEE WO T - i 43 AT ] SR BOR, HET
118 Tt 2 2240 Vg e AU € S BB A IR TR S5 1 v
(ultra performance liquid chromatography-quadrupole-time of
flight-mass spectrometry, HPLC-QTOF-MS) 1) — 25 A& 1ff i

B P A, . N — GRS X HAT IR A
i 18 T RO I B8 25 EA T M, X SRR I fL S P A T — 4%
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2.1 X5

Xevo G2 # = 0B A (.1%-Q-TOF FiREY . ACQUITY
UPLC BEH Cg#:(2.1 mmx50 mm, 1.7 um, 3£[¥ Waters 2%
F]); ST16R ¥4 %5 Lo HL(3E B ThermoFisher 23 ril); IKA MS3
TR A (FEE IKA 2 7)),

TR hR o A BRI | R e PP I | T fe Sk

il

WE(LEE T 99%, 1M Sigma 24 wl); fif i A AR | i
Joi PR SR TR AR R AN | AR | R S
WA | T O . T E SRR E | R A AR
WA NE R R ML (ZE YR T E T 98%, EE
Dr.Ehrenstorfer 23 ]); fif iz FF e —ms | i e ot FR B ms g |
itk Jile — P R (4l B Y T 99%, ZE1E] Fluka 23 w)); il i Y
TEE T RmEE A NE (L KT 99%, T E £ 2l
FRENFIERE); M. FEE. FRR(@i%el, £E Sigma 2
Hl); NaCl(Zr#rat, [ 254 A ik B2 wl); 1Ak
FEARARE IR B (Crg) . N-INEEZ i (primary secondary
amine, PSA)W 5], WondaPak QuEChERS SPE #2HUfU, |
WondaPak QUEChERS SPE b4 (5 Ht( 1) LR #v b A
[(FZNEINE
22 M ®

fEEE . AR . R B, B, BE. MEGE).
23 tRERREEIE

Ay BIREHAFREL 25 mg 18 R AZARMESL T 50 mL 25
i, b CIEEEIFESS, BUkl Rk 500 mg/L 1Y
SEATW, f#AET—20 °C. 43I HERAFZ L 0.8 mL 18 FlFAbRfK
FHWTFF— 50 mL AP, FAVIIRRIHEZ, Fsg
WHE 8 mg/L IRAARUERA AR, f84F T°-20 °C. IR HRUER
B AWIIR IR S A E BRI BN 0.1, 0.2, 0.4, 0.8,
1.6.2.0 mg/L MIRAFRIE TAEM, f677F T 4 °CAMF T & .

2.4 {UEBEH

B8 5k @ikt ACQUITY UPLC BEH Cg 4
(2.1 mm*50 mm, 1.7 pm); HEIR 40 °C; HiFEE: 1 uL; sl
H: AMIH 5 mmol/L ZRREVE R (F 0.1%H R), B Mk 211
(% 0.1%M ). BEEEVEMART L3R 1.

it 2514 Electron spray ionization (ESD)EFIH, 1F &
T4, TSR miz 100~1000, B4 S 3000 V;
THRAREE 500 °C, TS 1000 L/h; HESFLSHHE
50 L/h; #EFLHLFE 40 V; BliH#RE 15~40 V(MS/MS SRAERT);
JE i SR AL R A]: 2.0~11.0 min,

2.5 HERETAIE

HURE Sy, By RESIR R, FREX 5.00 g, FTA 5 mL 5%
MR E, &% 30 s, A 4.0 g NaCl(8i—1 WondaPak
QuEChERS SPE 2, R4 (FR), #jiE 30 s, 8000 r/min
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0 10 min, U1 mL IS, Rl FF 1 mL BB

®1 BERREFR

N . Table 1 ient eluti tabl
BE 2 mL @ﬂﬁ%qj(/éi\ PSA 50 mg. Cys 50 mg)(ﬁ able Gradient elution procedure table
WondaPak QUEChERS SPE b4, SR ZERDH, WiE BffEl/min+ #iE/(mL/min) WS A%  FEhAE B/%
30's, 10800 t/min #5.0> 2 min, B W, 14 0.22 pm A HLIE
i . 0~1.2 0.4 98 2
B, BT RIS ESE 5
" - 1.2~5.0 0.4 98~80 2~20
2.6 BUREMEL
TEORALA ERE-TUAPE T, 3 18 FTHAL A 93T 5.0-6.0 0.4 80 20
—RBTIE AR, P BRI R ) BR o, 6.0~8.0 0.4 80~2 20~98
Chromalynx XS 44 AML-E Y1475 . PREBETE , 435X, §.0-10.0 0s ) o8
KRR 735t . CAS 5, PRI HARYIAE i o7 it B 25 1 o '
TEREHRE R 15~40 V FHFTIE, REBWRYFEFHE 10.0~11.0 0.4 2~98 98~2
B, BT 18 FhEERAL G W0 — R GO o T S 11.0~15.0 0.4 98 2
HARMEE WL 2,
*2 18 HERULEMRIEERR
Table 2 Information sheet of 18 kinds of sulfonamides
b HFR R E/min - BEBTEEMRESE)  TET1 TET2 Vi CAS 5
1 T M IE sulfapyridine 3.30 250.0639 156.0108 184.0860 Ci 1 HiiN;0,8 144-83-2
4k = m
2 ﬁ”‘;ﬁ%Eﬁﬂ”ﬁ% . 4.29 281.0701 156.0124  108.0450 Ci 1 Hi,N4O58 80-35-3
sulfamethoxypyridazine
i T T
3 e Ok &' - 3.44 265.0750 108.0453 156.0112 Cy1H2N4O5S 127-79-7
sulfamerazine
i Jrie — 1 S
4 Ll s 5.52 268.0750 108.0424  156.0115 Ci1Hi3N;058 127-79-7
sulfamethoxazole
AR A - /:‘.ﬂl’i%;u*
5 s <6 EP%L - 5.15 311.0806 156.0114 108.0446 C,H141N40,4S 2447-57-6
sulfadoxine
B Y2 I 1A
6 e g i 3.19 256.0207 108.0445 156.0114 CoHoN30,S, 72-14-0
sulfathiazole
i — T2 L
7 6ﬂﬁ§:fqﬂ%_m "t 2.82 279.0910 124.0875 186.0346 C,H141N40,S 72-14-0
sulfisomidine
% r‘-»{:‘ - 2
8 ﬁ"ﬂkﬂuﬁ% . 4.75 285.0209 156.0097  108.0451 C1oHyCIN,O,S 80-32-0
sulfachloropyridazine
9 ﬁﬁﬂt%”% 6.76 301.0749 156.0108 108.0441 C14H1,N4O,S 59-40-5
sulfaquinoxaline
5 JHig ] — F AR L s g
10 LH#IEH T %}E 6.59 311.0804 156.0772 108.0441 C1oH1aN4O48 122-11-2
sulfadimethoxypyrimidine
B iz P I
11 AP e e 4.19 271.0311 156.0107 / CoH;(N4O,S, 144-82-1

sulfamethizole
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R 2
e LR TR B3 i} []/min BE B (52 D0 5 450 TET1 THET2 o3 CAS &
i i » "ﬁ:']r\'
12 ﬁﬁﬂﬁﬁ‘t‘?% ke 4.09 281.0710 156.0128 108.0443 C1H2N4O;S 651-06-9
sulfadiazine
5 e S
13 T S 5.13 254.0594 156.0121 108.0454 C1oH;1N3O3S  723-46-6
sulfamethoxazole
i Jri — R s
14 ﬁ/‘ﬂﬁf Eﬁ M E 4.08 279.0911 124.0873 108.0450 C,H4N40,S 57-68-1
sulfadimidine
i Ji W g
15 E"Hi{‘“’ E 2.62 251.0596 156.0108 108.0444 C1oHoN40,S 68-35-9
sulfadiazine
o i
16 EF%VF }:E 4.04 291.1452 230.1166 261.0984 C4HsN4O; 738-70-5
trimethoprim
iz 5] FFY 4 W g _83-
17 W) P L E 4.73 281.0705 156.0135 108.4380 C1H;2N405S 1220-83
sulfamonomethoxine 3
i e A g
18 R AL 6.68 315.0912 158.0724 160.0873 CsHi4N4O,S  526-08-9
sulfaphenazole
. 2iyEk A ZHER R, R TR B AR,
3 GBR5HH

3.1 HEAICEEHREERL

1k e SR M s 558 0 Ak B L R K rP U AR AR,
ST NGRSO SR R, B
RE AU A U0V 2R SR S P R T, T DA R 2 IS 1R
RPEBOE R . BERE Yo T A DA e, RS
P, DR P R Ak 26 A S 5 BB AT AR AR B 4 1 8 1Ak
BOR . R HEET 5 AR H IR &5 I AE 3 Fig
BT (B . R ER) T SRIBCR R, 30
ALNE . I%HBROIE . SHRHFRINE . 7% FRLIE . 10%
HIR NG, BATAT 3 48, FIRBCREE R WK 1. 42
GARBUOR B2, MRRIE O I BA HL T A R BUSUR,
R 32 3ok i 1) FE TR 0 VS A 2 X B IR AT 5, I L
LA A A E, B, SRS 5% IR O
A A 4 B 711
32 BEEHREEMRK

TR A Y L 5 mtE, KL, £ A, B #ish
FHHRBIIAARFRL IS E 0.1% H R, R A58 47 1 i v G0 g 317,
53N R B FRIGIETE, BT L AYITE 7 min AR
U, A SRR, AT IR B B A B AR . 18 B
W22 W5k i 0 BB IR AN 2 R RIS P TR

P PR S e ARG, @ LS RO S 115 31
ARl R RR ISR, DT AR A B — v 1) o i 15
33 EMIFEREIE

T8 S ST A XA AT R A, R R R ()R 22
RN . R E 3 MR E R
JER, gl BUAS RE, i T  AT SR A e T 4k
T8 T3 B ARENCE SANTE/11945/20151 e, ffi
PR AP IERT, 24 2 A& 2 AL ERRRE R 7
VL, 20 —ANKEH0 T BB P A — AN A,
ATRRIE A HAR o W AR I HE ST (0 2, 18 Fhi e
21 5% R S R HE R B I
34 HLRERMEMNER

L IR FR 20 BT 400 100 3 S 2 40 5 i b I 5 4 1111
B FARECR TSR, R B R sR s i R N A
ANl 5 o R BOR A 2kl o s, I Xt b B AR A
BN, DA Y H(EDR 2 4% B AN (ME= H FR Ak
B W AE A5 11 O R EOUR i T R A VS ) YA v 0 T
BOCEF ME > 1, M3/ ; ME < 1, iiI1EH; ME=1,
KIARAEAEIL RN ) o S5 HEFR I, 76 7 PR S AR S i,
18 Pl i B RO AE 0.83~1.19 28], JERA A &,
X PRI R TR S AL S — B KR
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Fig.1 Influence of 5 levels of formic acid on extraction rate
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2 e
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Fig.2 Total ion flow of 18 kinds of sulfonamides
s g N 1 IBREIRT
3.5 RIS I 500 uL 0.1, 0.2, 0.4, 0.8, 1.6, 2 mg/L IRAHREL

YEW, fin 500 pL 2s R, Bl sk A 50, 100,

351 ZMEE 5B
XL &40 ik R 200, 400, 800, 1000 pg/L (s, JldE ., &, &7,

23 AL RE A T AL B, 1525 AL . 79K
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Y. B ) E)IERPMER T, ShlbrdE TERZ . U
e T BN AR BR, W R B AR AR, & B AR A W
50~1000 pg/kg U FE N &MEC R R A, MERENH
0.9950~0.9996 ., 7£ L JFi s [ARE S IR AR MEVE WL, DA
H SIN=3 B 5E ik H FR (limit of detection, LOD), %%
N 2~20 pgkg. PUREILT K, 51 SIS WLk
AR . MG R BT HE B R, W3 3,

352 ERERE

FE 7 FIEE SR b A VRS R 4 RIS IR Te) i TR
PRUEVETR(S mg/L), IR TF-43 31 200,400,800 pg/ke,
ANHRBEIE 3 AEATRE, Hi EIREAR RS kDI E 18 Fif
T2 2 % B8 1) IDSCRRIDRG 2 1 o LA 26 R i), 25 SR sk
4 ISR INTE 68.7%~118.7%Z 0], K& EHI/NT 10.8%,
DAEH L, [CR R, RERHE 2 B RmTR

*3 BEERSLAMEMEITFE. HXABRGENGHR

Table 3 Linear regression equation, correlation coefficient and limit of detection of each compound in salted egg matrix

oy o ST HIEFH o ot
1 fish e e sulfapyridine Y=1.9044X+7.8036 0.9994 5
1 =
5 R S e Y=1.7456X+39.0428 0.9961 5
sulfamethoxypyridazine
e I LI
3 M P v i Y=2.1045X+2.4230 0.9992 5
sulfamerazine
4 e — P S5k Y=0.9346X+3.2819 0.9986 10
sulfamethoxazole
i 0 P A
s M A — S Y=4.7789X+62.9131 0.9950 2
sulfadoxine
i e WA e
6 M Y=1.0673X+0.5542 0.9988 20
sulfathiazole
B — T
; e = S R Y=2.4296X+0.2574 0.9995 10
sulfisomidine
e S
g WA E Y=0.3782X+17.9986 0.9963 20
sulfachloropyridazine
9 T e i Y=0.7956X+4.2233 0.9991 20
sulfaquinoxaline
i) — R
10 M ) FF R W i Y=3.7256X+14.2678 0.9994 5
sulfadimethoxypyrimidine
it e B g —
" A e Y=0.5723X+9.0134 0.9993 10
sulfamethizole
L
. MR XY FH S Y=1.7224X+45.2289 0.9957 5
sulfadiazine
I
5 T P e Y=0.9846X+48.2265 0.9952 5
sulfamethoxazole
" M — F W Y=2.6711X+30.2517 0.9969 10
sulfadimidine
B T
s A Y=1.2195X+17.7763 0.9996 20
sulfadiazine
e
16 AU Y=5.8765X+0.0241 0.9990 2
trimethoprim
N
17 AT S R ¥=0.9312X-2.3391 0.9986 10
sulfamonomethoxine
18 R L Y=1.7892X+17.2835 0.9978 10

sulfaphenazole
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F4 HEERNBZEEMEWRESER0N=3)
Table 4 Results of precision and recovery of preserved egg matrix (N=3)
200 pg/kg 400 pg/kg 800 pg/kg
ZFE
IS/ % K% IS/ % K% Il %% L%
fisk [z i IE sulfapyridine 89.4 5.3 88.9 4.7 93.2 7.1
e J=m
ﬁﬁﬂﬁqﬂﬂuﬁ% . 93.1 4.8 953 3.6 97.2 0.6
sulfamethoxypyridazine
LLSES o 7 95.6 9.1 95.3 7.4 94.7 7.1
sulfamerazine
i i i
M — F S 98.6 8.5 100.5 6.3 101.6 7.2
sulfamethoxazole
i e Al — HH AR B g
T ﬂ aht 103.3 33 99.9 9.5 105.4 1.4
sulfadoxine
ﬁﬁﬂt%% 110.5 4.8 111.9 8.2 114.3 5.2
sulfathiazole
i e W%
Rtk — 3 D 107.3 7.5 104.1 4.1 108.6 6.4
sulfisomidine
2 =5 l]
WAL 92.1 6.2 94.4 13 94.7 5.6
sulfachloropyridazine
Ll ,*‘ © W 68.7 5.5 73.5 4.3 72.9 8.8
sulfaquinoxaline
it J ) — FY A T s e
sulfadimethoxypyrimidi 73.2 7.3 70.5 7.3 76.8 29
ne
i Jiie FPY IgE e
fis e g, = 99.2 10.2 104.6 5.9 106.2 6.1
sulfamethizole
177 g uﬁ:ur‘v
ﬁﬁﬂ;ﬂﬁf‘% moE 114.5 1.2 115.2 3.5 117.0 0.9
sulfadiazine
i Jriz F s
e T B 102.7 34 104.4 9.3 104.1 2.7
sulfamethoxazole
e — nfb—:l]r‘v
ﬁﬁﬂﬁfq}, & ® 99.8 9.4 102.8 4.9 103.1 3.8
sulfadimidine
Tjﬁﬂt,“’ E 88.4 5.2 88.7 2.7 89.4 9.2
sulfadiazine
= |.r~|]n,
_EF%LT}I? 113.6 1.5 113.3 10.8 118.7 4.6
trimethoprim
i Fia [ B 4 18 I
M) S 825 0.8 86.2 44 85.7 49
sulfamonomethoxine
AR e 91.0 24 93.9 6.2 92.6 43

sulfaphenazole
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