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B T R R A G - 5B K T i ¥ (ultra performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS). F# FEM R CIFRIUS, Was iy HIE C beBig ik, 1E 22 0 1l (multiple
reaction monitoring, MRM)IE, SMRiZER ER  BIEZEZGYITE 5~200 pg/L BTk VLB N R RIF,
A R BRI KT 0.996. 5 Flisk iz A4S HEBR YR 5 pg/kg, FEAAIE A 10.0~150.0 pg/kg i [FICR K 90%~105%,
FAXFRUE (R 22 (relative standard deviation, RSD)<<7%. & E A7 RS | WEmRE R0 E, mEmr, #
PEbRig A, REXTHE A b ARSI S 5k B EA T PE A B0 AT o
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Determination of sulfonamides residues in pork by ultra performance liquid
chromatography-tandem mass spectrometry
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Kaili 556000, China)

ABSTRACT: Objective To establish a method for rapid detection of 5 sulfonamides, including sulfachloropyridazine,
sulfamonomethoxine, sulfathiazole, sulfadiazine and sulfapyridine in pork by ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods After the extraction of acetonitrile, the
concentrated extract was purified with hexane, and the positive ion multiple reaction monitoring (MRM) was
measured and the external standard method was quantified. Results Sulfonamides had good linear relationships
within the range of 5~200 g/L, with correlation coefficients more than 0.996. The limits of detection (LODs) were 5
ng/kg, and the recovery rates were 90%~105% with relative standard deviations (RSDs) less than 7% when the spiked
amounts were 10.0~150.0 pg/kg. Conclusion The established method is accurate, selective, rapid and simple,
which can be used for qualitative and quantitative analysis of sulfonamides residues in pork This method can detect
the sulfonamides residues in pork, with a better precision, higher accuracy, better specificity, and the result is
satisfied.
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i JHe 248 245 Wy S F AT ) 2 i A T e 25 4 1) — S 245 90)
FEFR, B2 BT & Bl A BRI IR v R ALA YT B R
PESIWBIG o B eSS 245 W) e 1A P A B T R ek ]
K, KIS B TR B AR &, X A bLRE
PG, R NS L R ST, A AT, JF R
SRR A T2 AR, SR T R 2R 2
BB ROEAR G o, HAR R R 25 E FR E
e BEEAL, S S AR B PR A AR B R E o 2
T R R 5 1 K R sl R TR A 1 i R R B PR
(maximum residue limit, MRL)%y 0.1 mg/kg!, F&E & #
2002 4K A 235 503 -t WA HLE e STV £ b P A T
Ji B MRL 4 0.1 mg/kg™ . DR st sh 4 5 £
FPE RIS B B R ) A ARSIy T AR, 4R A 45
SRR R Y

HBiE, T il 8 25 4 5k B8 A R I 7y 12 = A il G A
W Ffit 5 (enzyme-linked immunosorbent assay, ELISA)®! | X,
HA 3% (gas chromatography, GC)I®, S AR 3% %15
#:(gas chromatograph-mass spectrometer, GC-MS)" | ¥4
8,359 (liquid chromatography, LC)® | AR 2,33 - £ 1 i 1%
¥ (liquid chromatography-tandem mass spectrometry,
LC-MS/MS)! 1355 & Ry ik ARG 4 B AR 268 52 114 ey By
TR BB A TR AR Ao LC-MS/MS [RIH: R 47 (g ksl B
RIS g AR A S5 e T R ARG AR 1T R

% B R RO AR (3 k- R 3 2 (ultra
performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) & REE . msieR . Kk
U110 A 52 R FH I 4R URE & v i B e S AR B, Wk
YT IE O Be AR Ak, = SSOBCRR £33 - = DO A A
B AN E , SR AR 1 i, A P R R 2 24
Y5k B A pReE AN 7 vk

2 MH5EREE

2.1 UFE5IF

UPLC H-Class/TQ-S Micro ## = JOBAH 1%/ — 5 1Y
AT B S BE FH (SE [ Waters A F]); AR K A 4 (FEE Peak
2\ Fl); RE2000B Jigh 28 AL (IR A A 2R ); T18 43
B E KA 23 7)); TDZ5-WS B0 LY R 15 58 /K 525X
A IR H]); SCQ-151104E A i VE Vede ( H il A 2
PAERA BRA T o

Ttk il S A R (sulfachloropyridazine, SCP) . fiif (0] B 48
W& IE (sulfamonomethoxine, SMM). fiff JiizEM (sulfathiazole,
ST). Tt HEWEIE (sulfadiazine, SD)K M B BE (sulfapyridine,
SPD)(JE 100 pg/mL, LMV FRFREE R4 FHIF U B, W

il

B, ZHE(fOigal, 350 TEDIA 2w, HRR(GI%al, fEE
Merck A Hl); JTCKGREREN (S Hral, REFHERA ), K
(2K, ST K AR AR ()4 B ).

2.2 FERREH

T v it 26 R 2 e BB fle SRk R kg ) Y
WE R | I SR I BE (100 pg/mL)1 mL B
10 mL #Eaifh, AW ERmREZE, 5, SH VR
FRUERE A (10 pg/mL), PRI 6 1~ H o

TRAPRUESD T AR RS 25 I A Tl e o o i 25 T
(10 pg/mL)45 1 mL & 10 mL 20 rb, i H Wi i 2 20
VBT, M TR S bR vl T AR AR A WA (1 pg/mL).

23 HmaE
23.1 A&

BURE S LI 2 400 g, A KT 2.0 cmx2.0
cmx2.0 cm L, EHEAERE, @SR, AR
H, -20 CIRAF.

232 HamRR

FEBEFREL(5£0.01) g HEdh, BT 50 mL BLLEH, i
A 20 mL ZJi, SIFHRE 2 min, FEAIA 10 g TE/KERERGN,
S RVRIZUEREE, 4000 r/min 0> 5 min, LEWHBE 50
mL AR RETINA 20 mL 215, BE FdRiEs, &
HEMEBHRE SOmL ks, HOEERZE 50 mL,
FEA RS EL 20 mL ZHEH UK, A 10 mL iE CLeBRAR, 5%
o EJZIEC S, N 10 mL IES A RBEIR 4 30s, #E0
2, & ERIECK, WK% E 10 mL CFREUE,
45 CHRMET, 1 mL ZJE-K(50:50, V: V)i ffsR#E,
5 min, Lk 13000 r/min &.0> 5 min, i 0.22 pm JEME, L
R
24 BIEEWH

¥ ACQUITY UPLC HSS T; Ai%41(2.1 mmx100
mm, 1.8 um); A3 30 C; FEHAHAE ZM5+0.1% H R K IR
(V:vy; BREEVEBEREE; ST 0.3 mL/min; #EFER 2 pL, H
WS 1,

R1 EEREBMIEREE

Table 1 Elution gradient of sulfonamides

B[] (min) 3% (mL/min) LHE %) 0.1%H BRIK (%)
0 0.3 5 95
2.0 0.3 15 85
5.0 0.3 40 60
7.0 0.3 95 5
7.1 0.3 5 95
9.0 0.3 5 95
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2.5 FRiGFH

KB FIR, EE AW, 2N EN
(multiple reaction monitoring, MRM), W& E 500 C,
JREA R A 1000 L/h, BFIRIREE 150 C, HEAL
P 50 L/h, BANEHLE 3.0 kV, RN ES . g
SR 2.

3 ZER59%

3.1 ATRIEREMHLL

RIBRREBINGE, 1623 AL TR S dS 2 - 10
ng/kg BIbRIERY, FREEEE, 25 . IR CTRIF N HRIGH $2
WO R i 2R 258, AR R LG RADTE R FAAE A,
WetkiE e, A B TR E HARYII i A0, SRl B o8
4, IR, AR ORI 25 ) 5 TS VA

FRIURY,  FUEL T AR S R TC A B BR B A0 R — I
CIESRBUR IMATCKBRFREH, 45 H K BURT# BTN 45 AR,
BRI S O B, RTRESR R AT A F
S E RIS, Jo/K BRI B8 B b A N R B Kk
HREEHE, IR S B B E TR BRIR NS B, 3
RBCRIESY . 2, A AEREaD ] SN S B U P A TG K
BRREN, I HAr BRI ZUIREE, i B0 O 22 B S ek />

BRARES, oA T S BORUIE 28 e 47 ) B3k i A S B i P
R 2 B, 25RO AR ORI A8 W 4 ) BRI 7 UG
DR ARG . AT RE DR MG O RIEZE 22 T, MR AR
BOR, FEOhZ A LEEE b, AT mL U SR i afE L 5
SRR, R, BRIRIR, AR kA,
M R TR B R A R, R ANERR . DA TR T A 2
TES— 7P 20 mL $RIBGR I, JHIECLERRR, BiRigeHs
PIC10 mL AW, PR EAUGI, H EOC R s D
T HBRIG I A K o

3.2 BERHMRK

P THE-K . BEE-0.1%H K. ZH5-K. 20
-0.1%F K . FEE-0.03%F IREK . ZHE-0.03%F gk
Xt bR ) €3 0 I s AR R, 25 R & B2 -0.1%
HFERK . ZNE-0.03%F R K1 A s 5 Fiib A 9169
ST ERE, R, H B R E YRR R
UPLC-MS/MS A& 5, @itk ), RAZEpE:
YER T B2 7 3 AN AR 36 28, BT Lk $E 215 -0.1% H iR
IKAE R 2 AH o
33 FRiERHMRK

Frhith e BIEC A 100 ng/L MIBRUEIA IR, A& OGS,
EEEFGIERE, TR AT TR, Wl A
AT, RS S, Ik TR TR R, R EEE
FHIE & B RS A F, BRI 2,
34 EFRiERZST

S SR FH B J5 DG A o4 fh 2 3 B B T AKOE, PR B
(5£0.01) g 28 FAREAL LB T 50 mL 5.0 b, FREL 8 14y, 4%
2.3.2 TR S ARG TR A AR B 2 (LA . HVR
5. 10, 50, 100, 150, 200 ng/mL 4 F& 525 [ 3 T bR v
W, ARV 0 B A R AR b, TR R R AR R, 4
HIARHERRZR . 5 FPEE RS2 W MR EEFE 5~200 pg/L FEFIMN
i, LR, HIDCREULE 3.
3.5 EMENBEEIRR

SR FH 3L VG FLAR HE S-SR vk i, BUB IR 28 R
AR (5+0.01) g, 43 BIE N 3 ANV B 1 i e 2 AL 5
HNFRIKSFE 10,50 F1 150 pg/kg, ¥R 2.3 05 b i 7184, &
MbRACEERSR 6 UK, 455 3. B ISARER R MRM
EEIILE 1, 25 RS IAR MRM B LA 2,

*2 BEREAVMNRIESH

Table 2 Mass parameters of sulfonamides

(S AN BNt (m/z) FE X (mlz) HEFLHLE (V) i gE 2 (e V)
o 285>92 28
itk e S b g 285>156 20
285>156 15
281>92 31
i 1) Y 4 281>156 281>156 35 22
281>215 18
) 256>92 25
ik i 1B s 256>156 31
256>156 15
. 251>92 27
ik P Vs W 251>156 30
251>156 15
N 250>108 25
itk Fe kB 250>156 33
250>156 16
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R3 SHUAYNLMESIE. BEXRER. MAREYLEMBEXFRAERZE (1=6)
Table 3 Linear equations, correlation coefficients, spiked recoveries and relative standard deviations (RSDs) of 5 kinds of
compounds (n=6)

wa&Y 4 £4 BiF 8] (min) L MERBRY bR (ngke)  ENRE(%) RSD(%)
5 83.45 5.78
10 92.07 3.50
ik e Sl p 571 Y=25.5927X+78.2971 0.9984
50 100.93 2.84
150 93.40 3.07
5 81.68 7.26
" . 10 91.17 5.63
it fi 1) Y 4 5.49 Y=38.6143X+101.226 0.9977
50 99.15 3.68
150 90.11 2.11
5 80.51 6.84
- 10 98.67 2.49
i g o e 4.12 Y=41.4486X+139.948 0.9974
50 99.71 2.46
150 91.18 2.64
5 82.42 6.42
N 10 98.27 4.14
i e o g 3.75 Y=19.5655X+90.2267 0.9993
50 96.34 2.48
150 100.25 2.55
5 81.78 6.15
" . 10 103.47 3.66
ik g n e 423 Y=19.8381X+89.1036 0.9961
50 94.92 6.03
150 96.86 2.25
Neg SPD 285>156 SMM 281>156
100 4 5.70 100 SMM
S S ] 548
i i 1
# #
B B
= =
0 min 0 - min
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
it 6] /min i 1] /min
ST 256>156 SD 251>156
100 4 ST 100 + SD
_ I 4.10 1 3.73
S 1 4099.59 S 1
= 1 4.10e3 o 1
# 1 + 1
=S 1 = 1
= ] = i 421
0 min 0 - min
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
F i) /min FF i) /min
SPD 250>156
100 4 SB
] 421
S
i ]
H |
& ]
* |
0 v min
2.00 4.00 6.00 8.00
i} 1) /min

BT SRR AE I MRM (3% &1 (100 ng/mL)
Fig. 1 MRM chromatograms of sulfonamides standard solution (100 ng/mL)



Yo My, S R RSCGRON (- HS IEBE T  RE P R R I S 2 B 3637

559 1
SCP SPD 285>156
100 5.71
=
P |
o
=
=z
0+ min
2.00 4.00 6.00 8.00
i 1] /min
ST ST 256>156
_ 10y 4.12
S
=
# |
B
=
7.80
0 1]
2.00 4.00 6.00 8.00
it [i7]/min
SPD SB 250>156
100) 423 )
S '
Ead |
=k '
E .
=z
8.08 .
0 sh min
2.00 4.00 6.00 8.00
i [i1]/min

SMM 281>156
100 4
< 1
< ]
i |
# ) SMM
=y 1 5.49
= |
1 |
0 - min
2.00 4.00 6.00 8.00
5 1] /min
SD
D 251>156
_ 100y 3.75
S
B
# ;
& [
= |
f 4.23
0 A min
2.00 4.00 6.00 8.00
fif ] /min

2 ZEPARESINER MRM @35 (50 pe/ke)
Fig.2 MRM chromatograms of spiked blank samples (50 pg/kg)

MF 3 HETLUE H, $EAZS HEEBFEALTE 10, 50, 150
ng/kg 3 MR TR A, 1 TEInISOmAR IR,
[FR A 90%~105% 2 (8], HH X #5122 (relative standard
deviation, RSD)<7%. UiHIIZIT TN 36 A P25 25 Mok B8
BN E A RAFRMERR R 2 B, TR AFR AT ER
3.6 KR

PIEMEE SIN=3 i 5 RSS2y ik thBR, DA
M b S/N=10 i JoE it N PR SR IR DBGEEA T IE, 75F
B — R BV RORS 2 B 2R A AR B, 0 AR T
J2 W5k LR, AT IR IS . RS2 SRR,
TSR EE N 5 pg/kg B, HAFMEE SIN=3, 5 P2y
PIRHBRA 5 ng/kg, MURINHIE R 10 pg/kg B, HAFME
Fe SIN=10, BT DA E iz i i e & TRy 10 pg/kg.
3.7 HmNE

KA (4 i A B 3 R0 43 M 2 R B 4 50 4tk
W RREIEA TRE RSS2 ak B AGI, Horp S HERE LA A A
YRR 235 SA S P REEIGRERE 100 pg/ke
BIRLE, HERE =R 10~30 ng/kgo

4 45

A 52 R £ 2 BORE il P Tl 2 25 AR B

WeAREEIBUY) A IE CLUsE ARk, F UPLC-MS/MS WllxE, %
FHAMRE 2 o AL 17 AR BOSCR L g b so)_ iy, A
w7 EAHAE R Ak, AR, B TAERCR . Jrikaext
6 AR I T 2 25 ) 5% B A T R E T, iR L
BRI ISR . RAFIORE B | B, SRR, R
PEPREE . i, T 2 SCPR TAER R .
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