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Simultaneous Determination of 24 Sulfonamide Antibiotics in Fish
Products by QUEChERS with Ultra Performance Liquid
Chromatography-Tandem Mass Spectrometry

LI Shuo', ZHANG Can?, MA Ling’, WANG Ke'*", YANG Lili', HUA Zhongxia’, ZHANG Mengyan’

(1.College of Chemistry and Materials Science, Hebei Normal University, Shijiazhuang 050024, China;
2.Shijiazhuang Center for Disease Control and Prevention, Shijiazhuang Technology Innovation Center for Chemical
Poison Detection and Risk Early Warning, Shijiazhuang 050011, China)

Abstract: A method for the simultaneous determination of 24 sulfonamide antibiotics including sulfamethazine,
sulfaguanidine, sulfanilamide and so on in fish products was established by QUEChERS coupled with ultra performance
liquid chromatography-tandem mass spectrometry(UPLC-MS/MS). The optimal experimental conditions were determined
by optimizing the chromatographic and mass spectrometric conditions and the QUEChERS pre-treatment technique. The
samples were extracted by acetonitrile under ultrasonication, and then purified by C,4 and anhydrous MgSO,. The solvent
was detected by UPLC-MS/MS after filtering through 0.20 wm microporous membrane. The separation was performed on
an Eclipse XDB-C ¢ column (4.6 mm x 100 mm, 1.8 pm) using acetonitrile —0.1% formic acid aqueous solution as the
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mobile phase, and determined with positive ion mode of electrospray ionization (ESI) under multiple reaction monitoring

(MRM). Then the matrix matching external standard method was used for quantitative analysis. The results indicated that

the 24 sulfonamide antibiotics showed good linearity in the respective linear range with the correlation coefficients (r)

higher than 0.999. The average recoveries at three spiked levels of 5, 10 and 50 pg/kg ranged from 80.0% to 116.4% with
the relative standard deviation (RSD) of 0.8%~9.4% (n=7). Moreover, the limits of detection (LOD) were 0.01~0.48 pg/kg
and the limits of quantification (LOQ) were 0.02~1.59 pg/kg. The method was simple, rapid, selective and sensitive for the

high-throughput detection of 24 sulfonamide antibiotics in fish products.
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QuEChERS

RIS A 30— HLAE X S S e e 45
oA SRR, B RSRIPTEERE ), B 12N
FH TR A il K = FRa R v i 25 R 35, B
Bz AN, BB A S —F PR IR AR K = 3550
S AP HAE R R ok ve P RE A TR E
IR R P % S 2 FE R 3R B RIS K AH B A
FEAMEMP, AT AR PTE R A MRS,
PRI RE . Rl AR S o3 file) S, (R AEsh )
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S ESTESIIIARNGR R, 55— o s BEHE Y LA Y s
AR I HE ARSI el i R ISt A= 2R
SRR W — e R EE T Y, PR SRR e
1A P9 B RN A A B 3 e PR PE SR, T e
Y RRKUAE T AR ST R 2 rEskig b iz,
B EFEMA AR AL IR | GeE R EE, MR AR A9 3% L 51
ES VAV X[ 43 e o AR I 3 G B 7/ 4 S AR A o (L L R B T2
ReshiA 2R, BRAMLE H R KRR BE &2l 100 pg/kg!'™o
FEE SR GB 31650-2019 1T T 2S£ 5
R e T R E R BR &l 25~100 ng/kg, HoAh# i
HPhiAE R SA 100 pg/kg,
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AR EFRFE . SIRER K™ 2 —, g
LU ST AR 2R 5R BRI i T HGHE, e
LT T N A 2% ) o PR PR RIS T AR 2R AR A
EAT HZAE, PRI AS SCHF Rt Rl TP s e IS e A= 22100

ReMIAFFE, % 7835 8 fh e AR R BHAA S22 3,
NI, AT B L QUEChERS RALFE 5. &
T ST % 258, JT & T 8 v RO £33 - R B T %
(UPLC-MS/MS) il x& fa P il &b v 24 R et ho A=
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1 #MRI5RE

1.1 MRS5S

fitg Bz Bk 4l BE >99.0%, & International L-
aboratory 2\ Al ; Hogx i e Js i A KA 4l
>97.0%, & [E Dr. Ehrenstorfer Gmb H 4% &) ; FJig |
ZWRE:  (igali, S5E Dikma 2N F]; HEE  @i%4al,
[E Fisher 257 NG ajkali, #8E Merck 23 H];
N-NHE 2 i (PSA) 3£ Dikma 23 )5 C g(40~
50 pm)  FE[E Welch 2 Fl; TC/KBLBREE . & ALEN
Sy Mral, KEE K KA R0 A B2 7l ; ZORBAX
Eclispse XDB-C,4(4.6x100 mm, 1.8 pum) . ZORBAX
SB-Aq(2.1x150 mm, 3.5 um) ., ZORBAX Eclispse
Plus C4(2.1x100 mm, 1.8 um) 3E[E Agilent 2YF];
HARESL . fS . Al fUFTE R G R A
T .

AB SCIEX Exion #8 =50 AH %X . TRIPLE
QUAD 5500 — & PUZ% A1 58 156 T 335 (P Hi 5 55 15
(ESD) X AB SCIEX Z(#a b ¥4k 4) Z£E AB
SCIEX /3 #l; EVAP-12 &MY  3£[E Organomation
45 HE] s VXMNAL iRfiedR s 52 1E OHAUS 2\ H];
T-460/H #EFE 5P FEE Elma 2\ ] Milli-Q #841k
JKHL  Z&E Millipore 2\ F]; CR2IN 5 318 R 55 40>
ML HA B2 AB240CK BE 1/10°) a7 RF
%t = Mettler Toledo 2% ¥l ; GM 200 WFEEHL &
Retsch 2y F] .

1.2 KWHE

1.2.1 PRUEFWABECH]  FRIBGE &A=
FrRuES R SN, e 1 g/L i PA—bRiiEfiti A
W, T—20 °C vKFa B EBAAF . HGE 3 19 25 b A
R, LIS EZS, 185 1 mg/L BYIR- SR MEE B,
SR SR 25 I ROE R B TC i A5 b ) Bk
JE A 0.1, 0.2, 0.5, 1,2, 5,10, 20, 50, 100 ng/L
M RINREARE TR

1.2.2 FESLETALER  AEFRPRBUR 2SS IIFES 1.0 g
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CRSWIZE 0.01 g), A 50 mL B.05 1, A alisk
2 mL FIZJIE 10 mL, FR43-RHER S, #5755 min J50
A NaCl 1.5 g, {8} 30 s, LA 8000 r/min 7E 4 °C &5
L 5 min, BHL 7.5 mL EIHEM A C5 0.3 g F1JC
7K MgSO, 0.4 g & .0, WAHEIR ST 30 s, LA
8000 r/min &[> 5 min, BX [1JZ2 ZH5 5 mL, £ 40 C
TR H A AT T, A 1.0 mL WA TR SR E %, &
0.20 um JEMELUE, it UPLC-MS/MS I5E .

1.2.3 WAHEE 251F  ZORBAX Eclipse XDB-C 4
{6,354 (4.6 mm x 100 mm, 1.8 pm); FEi: 40 °C; ¥
#: 0.3 mL/min; #FAEHE: 2 pL; WishAH: A 2 0.1% H
BR /K R, B S & 5 46 B2 e A2 ) : 0.0~7.5 min,
21% B; 7.5~7.6 min, 21%~40% B; 7.6~11.0 min, 40%
B; 11.0~11.1 min, 40%~75% B; 11.1~15.0min, 75%
B; 15.1~18.0min, 21% B.

1.2.4 JEiGAMF B TUR: FRmESE B TR (ESD) s 94
T2 TE BT Ry = 22 500 Wi (MRMD) 5 25
FALHE: 5500 V; BETFIRIEE: 550 °C; =A< 40 psi;
M55 <.: 50 psi; AN 50 psio 24 PRSI ISHAE R
TR SRR 1.

K1 24 PP R S S8
Table 1 Mass spectrometric (MS) parameters for
24 sulfonamides

1 itk iz ok 336 2152 156.07108.1 58.1/71.2 20.3/30.9
2 ST 3.99  173.0 93.07/108.1 136.2/106.9 30.2/22.0
3 ﬁgé‘?@z 400 279.2 1242'/186.0 81.8/78.1 27.5/23.0
4 FHANIE 446  291.2 230.1°261.1 77.0/60.3 31.5/34.8
5 GRS 526  215.1 92.0°/156.1 103.9.116.0 29.0/14.6
6 fpER 551 2561 156.17/108.2 83.8/83.8 21.0/31.8
7 fHREERE 5.64 2511 156.2°/108.0 59.7/48.9 22.0/33.0
8 BMLNLNE 624  250.1 156.0°/184.2 73.3/82.1 23.0/23.9
9 TMEHIEEMEE 700 2651 156.17172.0 40.3/61.1 23.1/23.0

10 EME UM 718 2682 156.27/108.0 88.0/81.0 23.7/33.4
11 BERETFME—ME 823 271.0 156.07108.2 49.2/45.1 20.8/31.3
12 WEMTPAEmAE 861 2792 124.17186.2 85.1/77.0 32.1/24.1
13 WM _FEERE 879 281.0 156.27/92.1 83.2/77.9 24.0/37.9
14 BEMW FEERE 9,10 281.1 156.17108.2 55.0/61.1 24.9/33.2
15 BRI AEE 1126 281.1 156.27/108.2 56.9/18.1 24.2/35.1
16 fificEk 12.17  285.1 156.2'/108.1 82.0/83.1 21.6/34.0
17 JEskdsERE 12.58  311.1 156.0°/108.1 82.1/73.1 24.1/33.0
18 B e 12.62  254.1 156.1'7108.2 106.9/84.9 22.3/31.9
19 WEE_FSM 1304 268.0 156.27/113.0 87.7/100.2 19.6/21.8
20 R R 1398 277.1 156.17/92.0 72.9/76.9 17.8/38.8
21 e bk 14.18  301.1 156.0792.1 38.0/47.9 23.2/39.7
22 i AR 1425 3712 156.2'/108.1 55.0/39.8 27.4/37.9
23 BRI M 1458 3152 156.2'/108.2 90.1/93.5 27.7/38.1
24 AR 1516 3363 156.27294.0 155.2/153.8 17.1/16.9
H: R T,

1.3 HIELIE
K Analyst ZKf7F 1.6.3 #EHlA A . SRAEEYE,

MultiQuant 3.0.2 {4474 P b FHFNAR v i 2k 2
ST o AR M AE Mk B 2R FH Microsoft Office Excel
2007 AR . FEIBGRIA LR A g Tl
IR BER A PATRE S B BHETTE, 25145
4 7F [ R Y b 52 >R FH Origin 2018 R4 17 43
Mo RS BEEGEREAC. b = UREE, AR BEAL S
WS R AL 7 S8 00 W T R R AT A X R v O 22
RSD {HYITH,
2 RS9
2.1 FRIERHMRL

ISP E R e h & 25k, a6 HY,
Kk, SR IE B 2, DAST St it o oofs s
24 PRSI G P A A BEES T, 43 B H bR
HEVE W (50 ng/mL) A T— B4 (Q1 MS) 15 5]
FCREES 7, SR )G X A T B A, e g
i A5 5 AR AR 3, SH v S (B 2 v 1) AT
BT, S — e M T, PR RS TR PR A
BN BS X, 4F MRM A2 R Ak 25 7%
JE(DP) FIRHERE(CE), Ak g Ran 1 s,
22 BIEEHMHL
22.1 gk PE LI T ZORBAX Eclispse
XDB-C,4(4.6 mm>100 mm, 1.8 pm) . ZORBAX SB-
Aq(2.1 mmx150 mm, 3.5 um) ., ZORBAX Eclispse
Plus C,3(2.1 mmx=100 mm, 1.8 pum) 3 3K €& 5% £ X
24 Fh BRI 5 BRI . S0 25 S o, 24 Fhfisk i
JsPiAEFEAE ZORBAX Eclispse Plus C g f1 ZORBAX
SB-Aq ot 4B BER2E; AHLRINT F, £ ZORBAX
Eclispse XDB-C, (o354 I BA EUF 1943720 H
T, Kk, #E4E ZORBAX Eclispse XDB-Cq
AR STES 24 FhEShiAE 2K
222 WshAAfe L G shARxT B AR a4 BE s E] A
WEIEAFAE—E SE . 558 T ANUH N B . 20,
IKARAIK . 0.1% FERZK AT 2 mmol/L ZPREFRI (7%
0.1% HR) IS o Bt . IS Ls R o, 205
AET T B B = EA U A . S A PR AR
FRAF R 20 | aliskit, 24 B EARYI LS 2485 H.
WA TN F IR, WA oA HL 02408/ L i |
AN R e 3 B B A A 1A i 17 AR, PR, 200 -
0.1% WK NEARTREIAH. &l 1 2R 24 FhiEREEHT
AR RGBT O3S E(TIC) .
2.3 BIRCIEETSEMA
2.3.1 $#BGIULE  HTFRES LT E A, $EH
TR TG RE REAR U o7 it AR b &), ShBys /Xt 2
JRIGZEEL . ZHEFIPI B2 QUEChERS & 1032
G, EAMNEA ZNEXT V25T B AT ARG
BN P, ARSI AR T 3 ARG (LG . 0.5%
Bk 20 AR R ) X 24 P fisk Jiie 2 Ho A 22 00 $E Bk
., HE 2 AT, AH He T H A B RR SRR, 20 X
24 Fifiss Fe2sho A 2R i IR 2RIk 3] 75.5% LA 1,
17 FL N A AR Af-Hb 5325 58 ST FIB I, RS
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3.2x10° - 17,18 PSA. 0.3 g o7k MgSO,+0.3 g C, ¢ X HE S Ik %
2.8x10° ’ O E 3) . w5 E s o, B PSA B JE K
2.4x10° MgSO,+PSA 1E K5kl fit, 15 Fhfif e bt

E 2.0410° 21,22 IR T 70.0%, 5 AS F e e ) [RDAcs
1.6x10° S 7.3%, ATREH T PSA X2 FP LA B 450 A s oft
;312 o VEMI. TTRL Cg A LRI, 24 Bl IS0 3100
0x10° st 11205 [ i 5 A A v, FLIEZK MgSO, (i A BERE 24 Fif

00" 24 H ARy ) [BSCRIR 3] 78% LA L. 7 LikIEat I, ik
20 40 60 80 100 120 140 16.0 — AL T C MG 7K MgSO, 19 FH 5, 24 I /K
BFH] (min) MgSO, H 0.3 g i}, FLE T Cg 4 0.2, 0.3, 0.4 g i}
KT 24 FRBUICS UL SR 0455 S LR A B . 25 Sr%, AL T L
TR (50 pg/L)

Fig.l1 Total ion chromatograms of 24 kinds of sulfonamides
standards (50 pg/L)
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13 8 Je — Y W 5 14l e 0 P SR OE 5 15 i) P S O 5
1605 e SR W5 17 JRI R0 g5 18k e FH S s 19,7 e — FH 5
W 20. 4 FH BRI ; 2 1 R e ks 22, Bt 2R 5 23 B
M s 24 B E 4K

T, B, St NSV E RG]

2.3.2 HLFIEIUEE QUECHhERS 22 A1) FH W B 51
OB 5 R 5T 1 2% BT AE B, W2 BT DA iR 2 B
i B iy, FERAERE | 0% e | 3l AR
QuEChERS &5 FHEEFRIA PSA | C g, f185100K
MRAE . PSA T RKBRIBNIE . HES . VLR AR
FRAF BB, T C g REA LR BRABIEY . A Hb
BT 03 gPSA. 0.3 g Cg. 0.3 g JG7K MgS0O,+0.3 g

hE, 2 Cg 0.3 g I, 24 RSB AR 2 MIKCR
f, T8 79.0%~112.8% Z[d] . [ C g HHEN 0.3 g,
#%LT 0.2, 0.3, 0.4, 0.5 g o7k MgSO, %f F r4 [l
BCRAIFEI . BEIGZK MgSO, FHESEHN, 24 Fhf
ZehiA R PDBCR L BT S PR A A, A
Je7K MgSO, 0.4 g B, 24 Fh H Ar% 64 a1 3R B b
i FIRZE S, BEHE 0.3 g C g 1 0.4 g Jo/K MgSO,
VE R AT, 24 T i S H0 AR 2R 09 BHKCR R I 2]
84.2%~110.5% 4],
24 EFEMK

T R 435 DAL 5T 25 P AN R0 e i), AR 40 ik
DS AR R /N W S5 g GIAs IDIK Ay A1 15 i e ¥azas]
R HTZR AR < 10003, 2 B TN THA(EAE 80.0%~
120.0% Hf, AJ A A L AR 4555, 1T 208 . 25 SRk
BH, B R DK . st i — H L S g | ARCSE | BRI
P | e FH R0k IR | il e b 22 o | A e el 1) L I
R 41.5%~77.6%, HLAT B 5 14 S s 4R FH L i

LI

120 1 B 0.5%MRIL LN
B2 PR
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S
g 60
=
40 §
201 g
0 7=
&
: & 4
& &
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Fig.2 Effect of different extractant on the recoveries of 24 sulfonamide antibiotics
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Fig.3 Effect of different purification on the recoveries of 24 sulfonamide antibiotics

Hoe 17 Fhiss B 25 i A 2R A9 3L TR AW FE 82.0%~ SN 5 | LR 22
100.9% >8], KTV ERSS . J T BRI & 4y 2.5 JFEERHE
T, B ph 2R FHEE 2 PR B e i, LAV PR 3k 2.5.1 hpAERRLR . KRR FIE R IR EUifb g o

K2 24 PRSI RAVLIETE | PRI RE ARG EL, Kt BRI e R

Table 2 Linear ranges, regression equations, correlation coefficients, limits of detection (LOD) and limits of quantification (LOQ) for
detection of 24 kinds of sulfonamides

A R LM (pg/L) MR AR REL(r) LOD(pg/kg) LOQ(pg/kg)
itk i ok 0.5~100 Y=38706.0X+1285.6 0.9999 0.48 1.59
Tl 0.1~100 Y=50961.8X+429.2 0.9998 0.07 0.22
itk e — PP B e s 0.1~100 Y=297084.0X+227232.0 0.9997 0.01 0.03
FARBE 0.5~100 Y=143071.0X+114250.0 0.9991 0.46 1.54
itk S T 0.1~100 Y=31022.4X+16145.0 0.9991 0.13 0.44
itk A 0.1~100 Y=158857.0X+18768.8 0.9991 0.02 0.08
itk i s e 0.1~100 Y=162054.0X+55211.6 0.9999 0.01 0.02
fitk JHe e 0.1~100 Y=240612.0X+145528.0 0.9998 0.01 0.03
it i FPY s g 0.1~100 Y=171866.0X+89013.4 0.9993 0.01 0.02
i e — FP s 0.1~100 Y=176961.0X+10432.8 0.9995 0.02 0.07
i i Y W s 0.1~100 Y=87403.6X+668.0 0.9995 0.05 0.15
ik i P Sk g 0.1~100 Y=108254.0X+94216.9 0.9996 0.03 0.09
i e — P W g 0.1~100 Y=148426.0X+103685.0 0.9991 0.01 0.03
ik el P S g 0.1~100 Y=137057.0X+11984.6 0.9992 0.04 0.13
figk g i) PP S P 0.1~100 Y=84598.9X+17802.8 0.9999 0.02 0.08
fitk e ik 1 0.1~100 Y=94606.8X+19310.5 0.9997 0.08 0.28
SR 0.1~100 Y=596140.0X+619509.0 0.9991 0.01 0.02
ik i Y S0 0.1~100 Y=147442.0X+60190.4 0.9991 0.02 0.05
ik e — P S 0.1~100 Y=128310.0X+9993.8 0.9993 0.01 0.02
7 H kA e 0.1~100 Y=263456.0X+170164.0 0.9990 0.01 0.02
it s % 0.1~100 Y=119085.0X+80723.1 0.9996 0.02 0.07
it it 28 0.1~100 Y=500130.0X+575174.0 0.9992 0.01 0.04
iE PR T e 0.2~100 Y=65902.4X+52926.6 0.9994 0.26 0.86

Tl et A 0.5~100 Y=11686.6X+2465.5 0.9998 0.40 1.33
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FITREG 25T I 5 B3R 1.2 FR45 B ) 5L 57 VC Bl bn v
AR, P £ i RE Aebn 25 B ik G i 2,
YAARAR A R B B XTI T AR, A5 2L R R 3 7 2 X A
KRB (), K H R (LOD) FliE 5 R (LOQ) 43 H A
3AEF 10 FERIE MR LA, L3R 2. 31X 24 Fihfisies
PrAEFEARREG)ITE 0.999 DU I, ZRTER R E
4F, LOD F1 LOQ 4351 27 0.01~0.48 ng/kg F1 0.02~
1.59 pg/ke, REAEIH B L AHTIVER .
252 IAREICRFREE R AE 3 bRk EE 4351
i 5. 10 F 50 ng/kg N XFas AR T AR [T 52
5, g5 WA T3 3. 24 Fh AR Y 6% S ¥4 8] i R
TE 80.0%~116.4% 5 PN, FHXT A5 A 22 (RSD) 2H
0.8%~9.4%, it ] T R il 5 v 24 Rl e b =R
A% B8 1 [a] 20 s A

F3 24 PRSP RO INAR A A

FABR B 22 (n=7)
Table 3  Spiked recoveries and RSD of 24 sulfonamides (n=7)
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