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SinChERS -

o gl Eal AW, KAaR, FE A et & R BEK
(1. RETEIASMIAER AR & e, KiE 116037; 2. hER A EEBEFRIIFERT, L5 100081)

# E: BB @7 SinChERS %54 i RORAH (315 - 53K B35 74 (ultra performance liquid chromatography
-tandem mass spectrometry, UPLC-MS/MS) R B0 2 8 2487 iy rh s e S 25 ) B LRGN b ki sk #F
SRR ZIEREUS, 2B 0d L3 B (SinChERS)¥4Hk, R Agilent SB RRHD Cjg (1i%41:(100 mmx
2.1 mm, 1.8 pm)#FF753 85, Lh 0.1% F BR/KIATRR 0.1% F R £ IS VAR I sh A EA TR BE VR IBE, R i R AR F L
555 F B AR, il ad 22 ) Wil (multiple reaction monitoring, MRM) 7 2CAG I, 455R Rl e 25 W) I Hit 3k
FIFE 1~50 ng/L W BETE RN LR MG R AT, HIDEREL(rD)H 0.9994~0.9999, 7 1.0, 2.0, 10.0 pg/kg 3 MK
ST, HORY U ERISTE 70.2%~99.5% 22 8], AH X} BR U 22 (relative standard deviations, RSDs)¥J/NTF 55T
8.6%, LIAERIRA 1.0 pgkg, & Iy . MEM TS . REUER, EE&E W)
T LIR30y 5% A

KHB1A): SinChERS; = A0 AR (O - AR I BT RE 1k, @287 i R ZGW); B s AGR)

Simultaneous determination of sulfonamides and sulfonamide potentiators
residues in poultry products by SinChERS combined with ultra
performance liquid chromatography-tandem mass spectrometry

QIAO Ying"", LIU Xue-Hong', HAN Feng-Li', YUAN Kui-Jing', HOU Ying', SUN Jin-Jian',
LI Jun®, GE Xiang-Wu'

(1. Dalian Center for Food and Drug Control and Certification, Dalian 116037, China; 2. Institute of Feed Research of
Chinese Academy Agricultural Sciences, Beijing 100081, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of sulfonamides and sulfonamide
potentiators residues in poultry products by SinChERS combined with ultra performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS). Methods The samples were extracted by formic acid-acetonitrile, purified by a
novel pressing of the SinChERS packing column, separated by Agilent SB RRHD C;3 column (100 mmx2.1 mm,
1.8 um) with 0.1% formic acid-water and 0.1% formic acid-acetonitrile as mobile phases for gradient elute, then
analyzed by UPLC-MS/MS. The determination was carried out with electrospray ion source under the positive ion mode
and multiple reaction monitoring (MRM) mode. Results The calibration curves of the sulfonamides and sulfonamide
potentiators showed an excellent linearity in the range of 1-50 pg/L, the correlation coefficient (r?) were between 0.9994

and 0.9999. The average recoveries were between 70.2%-99.5% at 3 spiked levels of 1.0, 2.0 and 10.0 pg/kg. The
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relative standard deviations (RSDs) were less than or equal to 8.6%. The limits of quantitation for the sulfonamides and

sulfonamide potentiators were 1.0 pg/kg. Conclusion The proposed method is efficient, reliable and sensitive, which

can be used for the detection of sulfonamides and sulfonamide potentiators residues in poultry products.

KEY WORDS: SinChERS; ultra performance liquid chromatography-tandem mass spectrometry; poultry products;

sulfonamides; sulfonamide potentiators
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LA AR 2GR0R FEIR SRR, B SRa i R P
Fg Tz BRI SE E 3 A S-BURE SE-2,4-
AR, FRALRE T AU e (AR E) A
P E (BB ) . U R R E (B M)A, R
5T e 24 245 O A5 fT PRI 4 R ) P R A3 32 380 X B U
PR A TR TR A58, D0 A B (2 A e F s+
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RN E T, RE AR B RE RO I s, T 5 S B An
J o NBRR A AR A I R AR i LA g
RO 2PAEE . GB 31650—2019 (& ik 22 & K AR
M Eahh B R KRR ) P E SR E
FR R KRR B BR B 100 pg/kg, R FIEER B AR K
FRE BTN 50 ng/kg, Hy-EMREEEH .
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25 B ILHEHGR R I, ib oy K F B AR A IEC
e ELREBRE! . B EUR G AR AEBUME(HLB K. MCX
F)U 11T X R I O 8 BRI, R b Al A B (7] 4,
(BN R AN, JE BTN BB R o T SR P A ZE T ok
BB, ATALFRAC BRI, RA) T RAL AL S BRI . ACBIE Y
1Y SinChERS (single-step, cheap, effective, rugged and
safe) 1%, J&3ET QuEChERS MiJF & M —FlogrfiA . %4
ANERRE R IR S5 F0 EURL 5 [ AH R B AR 25 61 S A bR
WA TEE ST, (R SRR 2 W b e

i 2% S5 Fe o WY, AT — 2 58 B plad AR U720 % vk e
HH I8 445 T AL B ST V), DR Dl A AL R A R A, [
B o 52 2 B B A AL A0SR R AT, B A B i e s R o T4,
KRR HFRT: T Pk 5 = W TERRE

AR SinChERS 144 7 1045 65 i S0 AR €2
% - 58 BE I 3% ¥ (ultra performance liquid chromatography
-tandem mass spectrometry, UPLC-MS/MS)|r] B #6035 ] |
XGTE . MG A AR RS 2 e AR, LA & 2 B
R DS 2 ) B ELE AR Y 8% BR A R AR L MR L AR
TE BRI T

1 MR5ERZE

L1 M RFIE5EE

ASLH R TG A . XGEE XGRS I T A
.

252y T i W8 BE (sulfadiazine, SD) ., fiff iz HH 2 ms
E (sulfamerazine, SMR) . fifi & Ff 3% Wk (sulfamethoxazole,
SMZ) . fif iz ] — /! 4 % IE (sulfadimethoxine, SDM). i
" FHBERE (sulfamethazine, SM2) ., fiffl Jli; 2 W% I (sulfisomidine,
SIM). fiffiJfic 48 — H 4L M E (sulfadoxine, SDM) . fifi fie-6-FH 4
% IE (sulfamonomethoxine, SMM) . fif Ji¢ X H 4% W% ng
(sulfameter, SMD) . fiff i 4% Mk % (sulfachloropyridazine,
SCP). Tk Mt (sulfalozine, SCZ)(4i/E KT 99%, fE[H
Dr. Ehrenstorfer 23 wl). B 5. — B 4807 & s I
(diaveridine, DVD), — HI % H %k % % %% ¢ (ormetoprim,
OMP) ., = W &N & W5 IE (trimethoprim, TMP)(Z 3 K T 98%,
H1 [ Frist Standard 22 7)),

G, WEE, HER(E g4, £ & Thermo Fisher
Scientific A /]); 1ECHE . TKBRERSN (ral, E2ER b
2RI R F]); SinChERS LA (SinChERS-ANT), #
BERAL(5S g NaCl)(KRIRZ PG AR AR, K=K R
Milli-Q #B4li7K; 0.22 pm GHP & (35 E Waters 23 7)),

Waters Xevo TQ-S i R AR (0 itk - BB BX B i A3 (38
Waters A F]); IKA MS3 RA R (TEE KA AF]);
CF16RX T 3 12 VR 5.0 ML(H 4% H 3223 wl); Lab Tech M64
R4 1 2y e il i AT R AR A (AL SRR BB R H);
KQ-250B 7 75 i ¥ v AN (B 1Ly 7 88 75 A 45 A BR A | );
Milli-Q 258 F 7K & A= %% (3 E Millipore A H]),
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1.2 XWFFE
1.2.1 AFsara s

IR S A NI 2 3 504k, FRILS g ik
FEMERE 0.01 g) T 50 mL BUR LA, A 20 mL 1%
R BT, WWHE 1 min, HFAHEEL 20 min, FEANAFERR
HM, WIERS, -4 °CF 10000 r/min &.0> 5 min, FiER
B E 50 mL B8 H, ¥ SinChERS ¥ b it TR Bl AR
DEW, Z18 NGRS, AR 7 mL b5 5,
F 50 CARI PG ZI T o HERIIA 1 mL WILR S,
WHE | min FMERE. WIRA 022 pm IERGTUEE, fit
UPLC-MS/MS 1l 5E .
1.2.2 AR A B4

PRUERE AU 43 BIARIBCRS R i i, PP i i O
EZ, BRSO 100 me/L HIFRERE AW, T
=20 CHMAF T A7

TRAPRETARR: KR ARG &% (100 mg/L)
£ 1.0 mL F 100 mL #55ifih, AHREEAZZ0E, 152
JREREEYA | mg/L AIRA PR E LAER

IR AP ER Y TAEW: BOYH . XA, BELH
25 RS, TR 1.2.1 BESTAR B AR IR, A5 [R5
s R BT, ARSI TR SRR R E N 1. 2. 5.
10, 20, 50 pg/L (3L TR AFRIE TAER
123 BBELEH

()G aF

{4,784 Agilent SB RRHD Cp5#1:(100 mmx2.1 mm,

1.8 um); A:iR: 30 °C; FHEEHEE: 3 uL; WiE: 0.3 mL/min; i
BN 0.1% R 2 (A HH)-0.1% B K A WL (B HH); A8 1k
AR 0~2.0 min, 95%~70% B; 2.0~4.0 min, 70%~20% B;
4.0~5.1 min, 20%~95% B; 7.5 min, 95% B.

Q)G &

&R WS B R IE 8 T (electron  spray
ionization, ESI+); i £ 50 Wil (multiple reaction
monitoring, MRM)#Z; B F IR 150 °C; BN HIE:
0.5 kV; BRERISIREE: 550 °C; BN 900 L/h,
1.24 HIEAE

RS ERME 3 KB 6 K, &5HLIFHEEbRE
ZFR, FIF Excel B4 AR RIFIEEE 247

2 FER55H

21 FRiEEHmE

Z RN W B TRERE SR, MR RE A,
e 1, H LIEA Y ag PR B8 B[R] A 2 % MRM 257 XF #E4 T
EME, DE i MRM 2% e T AR T o o
22 BIEEHFHMRK
221 ARFHAMLE

WAL SR, WELEIEF 2N AR VE R sh e, 1k
BT USSR RN . ZER S A RERAY H 81k
BB FE FAR I, T REAd RR P RR I
FRHRRRE, TEFEhA A FIFESIAR B RI9EINT 0.1% L.

R1 BEREANREBYEFINRIERESHRESR

Table 1 Mass parameters and the limits of quantitation of sulfonamides and sulfonamide potentiators

sl B4 Bt [A]/min BB (m/z) FEFmz) HefLHL R/ V fiff# fE/eV TE PR/ (ng/ke)
ik i e e 2.33 251.3 155.9,91.9 25 15,25 1.0
Tif i R s e 2.61 265.3 91.9%,155.9 35 28,18 1.0
itk e F S0amee 3.36 254.1 155.9°,146.9 20 15,24 1.0
itk e — s e 2.82 279.2 185.9°, 155.9 20 17,18 1.0
it e R s 2.04 278.9 185.87, 123.8 30 15,20 1.0
Tl e ) — Y 4 3.62 311.3 156.0°, 107.9 20 20, 30 1.0
T e 48 — Y 4L 3.31 311.3 155.87,107.8 20 20, 30 1.0
Ttk ¥ -6- FF 4 W e 3.11 281.2 155.9, 125.9 20 20,18 1.0
it frig Xl Y 4 5 2.95 281.0 155.97,214.8 20 20, 15 1.0
Tifh i S ik 3.23 285.1 155.8",91.8 35 13,25 1.0
itk Jie S R 3.61 285.1 155.9,91.9 35 13,25 1.0
TR R R IE 2.24 261.0 2449, 122.8 20 25,15 1.0
AR M 2.52 275.0 122.87,259.0 30 28,22 1.0
SRR 2.37 291.4 230.1%,261.1 20 25,23 1.0
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222 &AM RE

1E PRI AR |, ASLIEE T 3 A H
LS IR o B8CR, 5390120(1) Waters BEH Cig (100 mx
2.1 mm, 1.7 um); (2) Agilent SB RRHD Cj5 #(100 mmx
2.1 mm, 1.8 um); (3) Kinetex F5 {aif%#:(50 mmx3.0 mm,
2.6 um). 45 FF M G 1E M Agilent SB RRHD C g #:(100 mmx
2.1 mm, 1.8 pm)AT, JB A G IEIEIEIEIE, X SDM Fl
SDM', SIM Fl SM2, SMM FI SMD, SCZ FI SCP 4 414}
SRR AR B RO B A, bR B AiEEE(Q2) Agilent
SB RRHD C;5 #1:(100 mmx2.1 mm, 1.8 pm). PiAkJ5 JLAH [ 43
SR g A 1 TR
2.3 RIREBF AN
23.1 RBGKAGGLE

CNE R M 2 6 #B HA UV 3 A ROR, FLAR I
HIRE I S AR, AR TR SE R BRI AE Y, S0 v He gk
T, BFRONERMZRR NG 3 FRBORF IR,
FE25 IS ARE S R a3 A 20 pg/ke BTRA BRsESY, KA
PAE 3 FPRIBORGEATHEIL, XA A EHLE,
B3 PR IR B eI 25 K I RGR] e TR R R, 45

RFVRH W R 2GR BGAF, REBG R R, [F
IR AR TR i, %t 2 v H R v JE A TR Ak, 431
BO01%HMRIIE . 1%HRZIER 5% RN, 2REH
K FH 1% R R 2001 BV AT 3R A5 4 i A SR BB
232 Bkt

ARIFFRAEZ AXGEMAFTIRMT 10 pg/kg MIEEH
PG, 38 3 TSRt e 215 24 ) B 8 s8R0 1) S 2 Tl i
FAGE w Ak A ) I Ok B BRAE . AR A BUE
(MCX FE¥4k) & SinChERS ¥ 3 Fhvdrfb 7 kA7 e, 45
FUNE 2 o, WK 2 Rl LB, SRTIE O b B R g
Hedk, R YR AL BT A A X e, E X A i 2k
2449 T FLR AR Y SF- 2 [l 2R 4% SinChERS A%, i H i
L HLE B AR, PR L R [ R A EOA B
fIg, ATAL PR GO TR 1A, AR T AL E A R,
i B S 3 [ e & [ SinChERS ¥:AKE 30%; 1 5%
SinChERS Wk #AT Ak, Tl e 2 25 9 B HAGROR i ~F- 34 [ml
W R, HLRrAh BERE R 4, 78 JRARE S g Ab SO
(A RIS 28 7 A A BRI ), PR AR K 3% 8% SinChERS A
KA 5T B AL T s

100 SCP 100 SMM
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B i SMDy
< ul
s S0 scz w0
= &
E E
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0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
A B B5F [8] /min

SCP 5 SCZ. SMD 5 SMM. SDM’L SDM. SIM 5 SM2 i@
Chromatograms of SCP and SCZ, SMD and SMM, SDM’ and SDM, SIM and SM2
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Fig.2 Effects of different purification patterns on average recoveries and treatment times of sulfonamides and sulfonamide potentiators (n=3)

233 TEHEHSATLIEAHA K IEE
XGRS A RRIL RS G, FRi S, i
PR G ARMERE AR S AT, ASHF TR S R R i3RI, A
FEE RS AR, EIARRAL ZIETT, SeA 1 mL KR
BEVR S P At R BEAR, TRIEATIRI, AT RISE AT M ER IR
R BEAGHHEST A RKEMNEAR. B RZEZR
&, N T RIS m AL A AR BRI TR RS A S A T 3 A3 AR
1, A7 EETE R A SinChERS 38 B AL AT, 45/ 20 mL 2 i
TN IE O e X SR U E A TR R, AR )5 FE1T SinChERS

Hefk, AT LIS E g B A0 R DI
24 FEFER
241 KHEE

BETURAVAER S ARG 022 pm IERRE, HALM
FrsE, LASRHEE(X, ng/L) MREAER, i MRM B Xt
VTR Y ARz, LRk RN 2 B
SEILRW, WIS NG E R R 1~50 pg/L
ARV FEIN 2R PEDC 2R LA, HESE R BR(r) M 0.9994~0.9999.,

2 FARRIEHY R EIBH A B R 1 51

Table 2 Average recoveries and linear equations of sulfonamides and sulfonamide potentiators

XA PLT X

VR (ug/kg) At e
EIC%/%  RSDs/%  [IKR/% RSDs/%  BICH%/%  RSDs/%
1.0 86.4 3.8 88.5 42 72.8 72

i i s 2.0 87.3 33 89.6 33 73.4 4.1  Y=18146.9X+1412.96
10.0 87.6 2.0 88.0 5.2 71.9 22
1.0 91.2 2.1 85.3 3.6 73.4 6.6

ik e R Sk 2.0 90.2 4.1 86.2 4.8 72.8 52 Y=18635.2X+1738.68
10.0 923 1.5 84.9 6.3 73.4 3.3
1.0 88.5 55 81.2 5.3 723 42

itk e FR S0amee 2.0 89.3 4.6 82.6 6.6 73.1 33 Y=4797.6X+345.34
10.0 88.7 25 83.4 7.9 73.5 2.8
1.0 89.3 4.8 83.0 2.1 712 1.6

ik e — FH g e 2.0 91.2 7.8 84.5 3.2 72.2 3.2 Y=44745.6X+2147.06
10.0 90.7 6.0 82.9 43 71.8 4.1
1.0 81.8 2.6 79.8 4.4 74.4 45

T e 2R W 2.0 83.3 3.6 79.5 4.5 75.7 7.1 Y=37525.7X+1943.32
10.0 84.2 5.9 78.4 52 73.9 6.2
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=28
X5 X X i
TN E /(ng/ke) L
EX#/%  RSDs/% [FIILF/% RSDs/% [EIXZE/% RSDs/%

1.0 86.0 2.8 84.0 23 74.8 43

it f 1) — Y 4 2.0 87.9 4.4 85.3 33 73.5 32 Y=47469.9X+2165.13
10.0 85.8 5.8 84.1 4.6 729 2.8
1.0 89.7 3.4 85.8 2.8 73.5 6.5

T e 48 — Y 4L 2.0 88.6 5.6 85.2 3.4 74.4 3.4 Y=43659.7X+1853.38
10.0 90.1 6.2 86.6 43 72.1 52
1.0 86.9 42 79.4 6.2 713 7.9

itk J¥e -6 FF 42 W g 2.0 87.5 7.8 78.4 5.7 72.4 6.3  Y=25595.2X+1148.94
10.0 88.2 43 79.9 8.6 73.6 4.1
1.0 0.4 5.4 84.4 45 73.4 5.3

T Jhe o FR 4 s i 2.0 79.3 3.8 85.3 3.2 72.8 4.6 Y=11756.2X+3048.49
10.0 82.4 4.6 87.2 4.1 74.3 7.8
1.0 85.3 12 81.9 5.8 773 6.2

it Jie SRk R 2.0 86.4 2.6 82.4 6.2 78.9 54 Y=18735.2X+1789.22
10.0 85.9 1.7 83.3 42 78.1 3.3
1.0 80.2 1.8 73.8 5.3 72.6 2.8

ik i S 2.0 82.2 2.3 742 438 70.2 6.3  Y=4479.8X+458.02

10.0 81.6 4.6 72.8 32 71.5 2.5
1.0 98.6 2.9 87.3 2.0 79.6 1.6

RN 2.0 97.3 3.2 89.2 4.1 78.4 3.1 Y=33316.3X+3183.56
10.0 99.5 5.1 88.6 13 80.2 2.7
1.0 99.3 3.6 89.0 1.4 83.8 32

:m/ﬁﬁ%%ﬁm 20 98.6 5.6 89.3 32 84.1 46 Y=26420.9%+2290.94
10.0 97.3 4.1 90.1 4.8 82.9 5.4
1.0 97.7 33 88.6 1.9 75.9 2.5

SRR S 2.0 96.8 2.4 87.4 2.7 74.8 32 Y=25320.1X+1548.66
10.0 99.2 43 88.9 3.6 76.2 12

242 FREMR 10.0 pg/kg 3 MEIAKT, TAKT 6 ASTFA47, IR 1.2.1

I E 2 BRI AR ZE RIS 1 DR AR 22 1Y)
R4 R, FERESD b T DURIN 2 F AR A fo ik B 1221 A
J7 1% v A% T e 24 2 B L R ) Y s e R AT S B
1.0 pg/kg, TEIZACE T B3N ISRy 71.2%~99.3%,
A A AE e 22 AR T 7.9%, % B H W2 GB/T
27404—2008 (2565 Bk A HIAE Bk BRI A ) Xty
P IE o B A R
243 EKREfAEEE

S FAS A, SER . WHERS, BE 1.0, 2.0,

FE Sl B T4 By A, AT 9k Y IR R RTORG % S
o S5 2 PR, 11 RSS20 10738 R AE
70.2%~92.3%Z [0, AHXIHRUER 2235/ F 55 F 8.6%; 3 Fhiith
iz 285 £ S 2 [T A AE. 74.8%~99.5% 2 1], AE AR i
ZEBINTF T 5.6% . 45 AL ST 575 0 v RIOR 2% 5 1
RLAT, 38 T 8 285 i FP s e 25 W B 8 3030 B AG

2.5 SEPRtFEm AT
MBI SIS T 1k, MSEPRAg A XS ISl
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FESLHEATINE, LA TUEE, 60 LR . 76 1 (R3S BIAE S, FhAs:
T I BELE, 5 GB/T 20759—2006 ( & & At 1< Fh
Tk e 2 5% R (R I S SBORH €0 3% - FR EDC B TE0 ) i a
5T S ASHIFSE 09I 8 45 5 0 (15.8+0.5) ng/ke, [
FRRETT 0 5 45 5 K (13.6£0.3) pg/kg, 2 Fvill) g J7 A6
SEIR MR 22 R 7.5%, 25/ 10%, FWIA T e
gL SR AR ER AR I 25 R e 2 R, UIR A
HIF5E s A 0 T LA ) o 1 T ) B

3 FHi5iie

AW R SinCHERS 454548 153 R0 IR0AR {033 - B BB
TR EXS A . S MSAT 3 R 2 i R R 259 )
Hasnl, LI CHE1ENIRBUR, £ SinChERS ik,
AL SO AR R B O . RN R e 5 T, sk
AR TR A B DR . T HSR A SinChERS b
e, RSB RE S — B 0 ik, R 2 T AL B
B, W358 THVRROEHE, AR ERERE . &tk
KRB, HAG A0 B RS B R, D e g SRR e ]
HE, ATHRANE AR A AL AR R I AR 2, AT H R
Xof A B 8 287 it v B Jle 288 245 0 R EC R S35 9% B ARSI
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