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& 6 ZE BX -5 30k 18 B i - 5B BE R i i B
MEBRRH 8§ ffEfEEMES"
XhEY ard & 2 FEE Es FEL

FakiE? Eaag'

(1. BRRFIETRER, T RE R BUK RIS 8 FET5 R WIBNG 5B R TR SRE, M, 510632;
2. BRARFARAEWIIRIT, 17N, 516032)

N

OB T AR OO (- HR IR R I e BR3P 8 R P AE ] (SAs) YA T L. L
10 mL ZJE (N 2 g ToKBRREN 0.1 g ZFREN.0. 1 g Na, EDTA) #E4T42 I, HLB A¥ ¥4k 55 4. 5% il RESTEK
Pinnacle I CI8 f3H:, IK (7% 0. 1% TER) MLNE (% 0. 1% WER ) 01 4R i shAR 24700 B W M. 7 i i 25 -
2 RV TR AT e e B AT, SMZ I IR E RN 0.2 pe-ke ™', HE 7 b & W0 & IR
$70.1 peg-kg ™t ANRIIIARHREE (5—100 pg-kg™') T 8 i SAs (4 U K FRAF 29TE 70% LA L, AR X A 22
(RSD) ZHUNT 10% , W7 15 REAE T J& 52 BRAE S (0 430 R . ) 7 1 %6t 55 J0 20 5 % S 3 itk A7
M, BiserP A 3 Fh DL BRSSP AE R, B 0.20—17. 43 png-kg ' (T HE) ZH, B& B 2. 42—
27.60 wg-kg 'z ).

KR RSP (SAs) , ESURAR - HR B T 1% (HPLC-MS/MS) |, B73%.

R 2R HTA: 3R (SAs) R HAT M ZILIRBRBE L 45 1) — 225 W) 0 BFR, )iz B T s FrdE . #EA
BIPIVR HTAE FORRESE AR, A LU R SR - 1 8 R Sh 2 PR AR RSN SRR A
P S IRVE A HUIC, S BT Al 3 A R A5 Y0 NS BEI7 Y SAs R IHE AR
B0 WU R AR IR K | R R U AR BT rh S AR TR AR BE A Ol - e 18R
IKIHTAE R TG Y, USSR R A SIS S8 A: RAEB SR i WA R 112 o AP fel e i vk
FEFEFE A R T Y M OH A 257 AN MOR B2 B AT e

E SN TF B e & bl SAs T5 Qe — B+ AL, ORI E 1 5k B A AR F A O 4 4 A
eSO TR SR AR A M B SAs 935 Y IRV e DUARGE O RSB SERE Al b SAs i BL, HE
A2k X M7 i UK, AR G A e BB i Ao LAl 7 B 2K

AR SCTERT T £ T 04 25 ROROR €033 43 A 6100 Il b 3 — 2B ST T i OB €0 3 - B R
(7 R0 5 i S 8 PR B A 2R 1 0 M 7 0k SE R AR DA T A T A B BRI (4 3-SR 2R A
715 ) AR RIS B g , T A B SRR o o M A DU 25K

1 SEEER 4

1.1 AR

Agilent 1100 B ERORAR (35, API4000 Y HEL T35 ( ESL) 25 U5 A2 B BT 1% ; LL3000 ¥ VR T 1%
% ; SHZ-82 1H IR Z ¥ s KQ-250E #4875 I 15 e s HC-3018R 751 V4 VA 15 DAL e s 78 AN ; RV TR 4 3
' ; Visiprep' " -DL 7 [E F1 ZE B & ( Supelco) ; Oasis HLB [EAHZEEUFE (3 mL/60 mg, Supelco) .

8 M 2R BT A R 7l e < B W IE ( Sulfadiazine , SD) AL WE (Sulfpyride, SPD) fiff iz — H & 1

2012 4£9 A 18 HYLHA.
# [H A A RPIEIE ST H (41173101) 5 TR BARLA L4 S0 H (20110200003196) 5 7R B4 85 2 R AT B % 1)
# IR R A, Tel: 020-85226615; E-mail; tchmo@ jnu. edu. cn
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IE ( Sulfamethazine, SM2) fiff %M ( Sulfathiazole , ST) i i FH FL W IE ( Sulfamerazine , SM1) fiff -5 -H 48
WEIE ( Sulfameter, SMT) | fiff i B 3%l ( Sulfamethoxazole , SMZ) . fiff i% [1] — H 4% % g ( Sulfadimethoxine ,
SDM) , 7= F{ [ Dr. Ehrenstorfer 23], ZEEEY) >98.0% . HEE 2 K15 40 ( Sigma A7) 5 /KGR FR
B (Na,S0,) FriR . 2 W DU R — 4N (Na, EDTA) ¥ 43 M4l ; S F K R s alik.

BRSEFERORIE TN T R TO A F B e, R AR T R ASE MBS AR SR NN AZ 3% 4 Rt S8 ke i, #F
m S FH A SR K s ST K AR T 25 B T KIE R 2—3 WK, TR S R R, AR (0 B B ES I T vk A
TRAF2 .
1.2 FEAhETALIE

HERIFREL 1. 00 g #52% (LLREAZE B TRET 50 mL B0, A 10 mL 2512 g TC/KBRREN |
0.1 g #BMR 0.1 ¢ £ WV TR —4M, #Z¥% 10 min J5#E 7 15 min, 10 °C T 12000 r+-min ' Z.0> 15 min,
W EIEW. AR ] EaR T R RO AR I 2 Y, AT B AETE W N 1 mL K, TR 25 A AN B 2R
KZ 1 mlZEA,id HLB ERIACHUME CGEAERT , AE TR 6 mL HEEFRT 6 mL /K #EAT{HAL) , #HH 3 mL
FH B R. BERVR T 40 CoKIB AWM AE 238 T, INA 1 mL HFHEEK (1:1,V: V) B3 %S 0.22 um
JEE, TR A EE — 4 °C B oKFE AR
1.3 WRAH RS- TRk 2
1.3.1 WAHEE S

RESTEK Pinnacle 1T C18 a4 (5 wm,50 mm x2. 1 mm). FHAH A 7K (% 0. 1% FER) , HishH B,
CIE(F0.1% W), BREEVENARR ¥ (2 1) #F4740H7 ; T :300 pL-min " ;#13:20 C. #F#FF5.2 pL.

F 1 G REVERAE

Table 1 Eluent gradient conditions

Fi i) / 7K 2N s [a]/ 7K 2N
min (%0.1% Hig) (%0.1% FR) min (%0.1% FiR) (%0.1% PHR)
0 90 10 10 10 90
4 70 30 11 90 10
6 70 30 16 90 10
7 10 90

1.3.2 g

TR LB (BS1) B TR, T8 TAEBE TR T(CUR) 115 pis BT (GS1) 140 s THRT
(GS2) :50 psi W25 LI (1) :5500 V3 B U(CAD) : Hight 8 FIRILIE 500 °C 5 7720 22 RBLE 5
W (MRM) . A3 B 736 4% L (DP) R RE BE(CE) W3 2.

K2 8 PR YUE R @S- BUE S
Table 2 HPLC-MS/MS parameters for the eight sulfonamides

L&Y 1 FRF[] FEMEBE TR (m/z) TEAR B TR (m/2) DP/V CE/V
SD 1.46 251.3/156.2 251.3/108.3 60 25
SPD 1.85 250.2/156.2 250.2/184.2 68 30
ST 1.90 256.2/156.2 256.2/108.2 55 23
SM1 2.01 265.2/156.2 265.2/172.1 60 25
SM2 2.72 279.2/186.2 279.2/156.2 65 25
SMT 3.80 281.2/156.2 281.2/108.2 65 25
SMZ 6.20 254.3/156.2 254.3/108. 1 62 25
SDM 7.56 311.2/156.2 311.2/218.3 75 52

2 RS

2.1 PRPGR MR
Tk e B e 2 — B R T AL KA T 4R B, i — & e o 205 . (0 = &80 P Bt 25 5 B o P 2 i
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Yy, A5G AN B IR, CIGAE S B R b 2R B AR I R 20 TR, — R SRR AL 1 A MLV ) ke
FTERI . S Ay B NG Al NG S H e VE SRR SR OB, SRR SN 100 g - ke ™ BRI TRIE
FTHRECILG. 45 RE W] FRAL 2N HR UGB S rh 8 il SAs Y [ R B [ 2B 1 . — % k) SM1 SM2
SDM A5 4 & (i [ i 3 (R e S Bl SAs (4 [T FU R A6 I ROAIG. IR Tk IS4 LS 3 8 Fh SAs (1 [nl
WCHRITE 67% LA L (1) . YIS i Na,SO, .CH,COONa Na, EDTA figifE— 4 s U i, A
SEHRH 10 mL BRAL 206 (301 2 g Na,S0, 0.1 g CH,COONa 0. 1 g Na, EDTA ) /F J 2 UK.

100 = —o— 2z

—— R
—h—

80

2/ %

60 —

40 | I | I I I I |
SD SPD ST SM1 SM2 SMT SMZ SDM

1 RHUEFPZEXT SAs [EICRAY R

Fig.1 Effect of extraction solvent on the recoveries of SAs

2.2 FESEAE

KRG RN HLB FES LA AL BE. A5 L BV S mL 3B AW, H 5 ml IE Qe I8P
W AR EIE T, . ZIgE L BRET (3 3) , B4R SPD A1 SDM #5453 4 1 R %, {0 SMIT
SM2 F1 SMT ) [FIISCR AL T 40% . 1R HLB AL BEAS (3 3) , &b & WA B i iR (R
60% ). R, AR SCHE PR HLB #: i8 J5 BE b 47 A 2.

R3I  HALACFRTTEEXT SAs [BICRAEEN (% )

Table 3  Effect of purification treatments on the recoveries of SAs

SD SPD ST SM1 SM2 SMT SMZ SDM
EigEL 59.03 85.29 72.38 38.12 38.23 30. 86 76.97 83.99
HLB #1444k 73.54 73.60 67.45 88.04 71.45 91.01 67.88 70.07

2.3 PRI AD R
FESAR BRI HLB R AL FRS |, 4351 B RN AR 1k i e A, B sl B T 45 8 i SAs 19 IS R 7E
70% L) L TRIE CHE VR TS 8 i SAs B RISCRITE 50% LA (E 2). it , A= 5256 v P8 H B4R A vk
R
0 Owm W sk

80 -

60

IR /%

40 -

20

o L 1 1 I 1 I 1 I
SD SPD ST SM1 SM2 SMT SMZ SDM

B2 GBS R

Fig.2 Effect of eluent on the recoveries of SAs antibiotics
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2.4 @RE-FE SR

SAs St S A &Ik, BA S RE. Pt PSS AR pH, T LU 55 00 14 B i , A -5 S5Ot B It
] AU FSE MY, FHK (35 0. 1% HR) AN (75 0. 1% WR ) 1R W W AT 46 BE VR I , T LA 4 3
B 8 Bl SAs 3 BEITAR (18] 3) . B (SR I AE B - FH AN 115 570 i g 1 AT 72 P2 B, (1
Iy BEASE RIS WITE BT o W REMER EAT 20 M. P, B AR SPD (ST 1 SM1 HA7 AR AT Y O3 B I 1]
(PR T AR B A8 AN R, dL e M A

e4
12 - ]
0L 1.SD 5. SM2
2.SPD  6.SMT
0 -
! 3.ST 7.SMZ
or 4.SMI  8.SDM
+ T 1
27+
X
m 6 -
il
51 7
6
4
3 -
2 -
' AL
0 | | 1 1 | A |

t/min

B3 RMEHiA RN MRM £ (20 pg-L7")
Fig.3 The MRM chromatogram of sulfonamide standards (20 pg-L™")

FRAE Gl e K 0 AE By T IS MR, 2645 ESI( + ) ME M SR, SRk A sk r 7 =, A
2 pwLemin~"ff 20 pg- L BRSSP RARE TAEMG & A B TR, 78 2900 W W0 ( MRM) #55
X RE RSP AE R IEAT— RS (Q1 4 ) , 15 3 737 55 0. 3 BURH 107 179 B 3 7 0, b H P 1
PEAT TR TS (Q2 F34H) , S RIRE B 05 L. FE XA b AR R R R ) LR R (DP) (R
FEHUE (FP) BEfES (CAD) Aiif#fgst (CE) LM% fL (1) 5 BTk S BGH TR AL , LU B Al B s bt
AR T BT 5REE F0E R =R B PR AR s 2R R (E 4).
2.5 LRMEERIAE ERR

bR S BTG T S AR A TR B B MR B 0.1.,0.2.1 .6 .20 .40 .80 pe- L~ IR A FRifE R
VST 7E_ RS APE T b RE 755 8 Bl SAs WAL (y) SR (2) WML R, X RE(r) N
0.9979—0.9999 ( £ 4). 7EWEE M 0. 1 wg-L~"IF, [ SMZ LIS, Hoe: 7 Fh SAs A5 [ (S/N) ¥R T 10.
YRR 0.2 pg-kg B, SMZ [ S/N KT 10. I 2250 7% SMZ (2 R 0.2 pg-kg ™', HE
7 Fft SAs BE IR 0.1 pg-kg ™'

R4 8Bl SAs LM AR MR RBAE R IR

Table 4 Linear relation, correlation coefficient and limit of quantitation of eight sulfonamides

oy LMEXR HRFRE(r) EHIR/ (ng-kg™")
SD y=2.48 x10%x + 4.82 x 10* 0.9979 0.1
SPD y=2.47 x10%x + 1.85 x 10* 0.9996 0.1
ST y=3.29 x10% + 1.61 x10* 0.9997 0.1
SMi1 y=2.39 x10%x + 1.06 x 10* 0.9999 0.1
SM2 y=3.44x10%x+ 1.1 x10* 0.9993 0.1
SMT y=3.73x10% + 1.74 x10* 0.9995 0.1
SMZ y=2.36 x10% + 3.06 x 10* 0.9984 0.2

SDM y= 6.66x10% + 6.15 x 10* 0.9996 0.1
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Fig.4 Product ion spectra of sulfonamide antibiotics

2.6 ISR ARG 2 B

D1 g B3 (LR S R i) kg S 36 A it a2F 47 AN [) e B8 fim s Tl oA 3036 (9% m ¥k 8 43 531 5,50
100 pg-kg™") . FESIARIGCE 12 h #EAT B4V, 4% FR ORI 00 7 5 31T T AL SRR 43 i o | 22 st
B ASCR AR AR AE R 22 (RSD) . BR T SM2 7E 5 g - kg ™ U e J3 I 101 g 2R A A1 (49. 37% ) LAAM , AN ]
JFRAEE R 8 Fh SAs 11 MU R AE 62. 03% —91. 01% Z 8], K &R/ Z97E 70% LA F. RSD 7E 1. 07% —
14. 00% Z ], 46 K353 RSD /INF 10% (3£ 5) . 2 W% 5 1 A 4 5 i v ff B2 FIORS 2% 132, R A8 1l 2 S B
T T
2.7 ORIRIFHIARE S X P B R A 5

6 FAMBESH 8 F SAs B IR 43 HIER TSRS (A S i 3 ) R ZE 3 (747 VAN
)N MRS ER R (2080 DA ) . AR al LUE HAS )86 58 Hh [R] A Ak & P 9 LSRR TR] s bR T 408 |
X SM2 Y IR (34. 00% ) AR LASR , T A P304 3 s 1 T3 (> 56. 60% ) 5 LR A [R]85 Hh 4%
B AP SRR TR (H 22 AN K, R X AN R A B 32 RE v b SAs A 40T 5L 3 I E.
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RS HEP 8 B SAs BIINER FIBCR ZAHXREMR2E (% ) (n=3)

Table 5 Recoveries and relative standsard deviations RSD of eight SAs in vegetable samples( % , n=3)

WIS/ (ng-kg™") SD SPD ST SM1 SM2 SMT SMZ SDM
s 78.22 62.12 75.30 62.81 49.37 81.37 83.95 76.00
(7.87) (8.83) (10.97) (8.83) (4.22) (1.07) (3.56)  (4.66)
50 69.98 62.03 62.35 63.18 67.91 84.55 74.04 80.10
(6.65) (10.30) (12.05) (10.32) (10.77) (7.23) (5.57)  (14.00)
100 73.54 73.60 67.45 88.04 71.45 91.01 67.88 70.07
(6.66) (7.29) (3.69) (2.33) (4.31) (4.70) (4.37)  (2.44)

F6 ARG 8 Fr SAs I I F (% )
Table 6 Recovery of eight SAs in different vegetable samples( % )

B SD SPD ST SM1 SM2 SMT SMZ SDM

* 64.30 63.19 66. 14 80.85 81.73 78.81 95.88 77.83
K 90.52 106. 38 105.06 94.84 94.75 86.76 88.52 79.72
ELIIN 85.12 97.12 79.55 97.05 102.33 104.53 94.63 92.53
EIJIN 87.20 82.45 90. 02 93.79 84.57 99. 67 85.55 81.67
a8 87.31 64.93 101.49 72.20 34.00 56.60 70.27 63.60
i 94.33 87.07 77.94 98.83 75.68 113.83 92.59 91.33

2.8 Bttt 8 i SAs 1yl E

FH 3R BT ST 0 3B D7 X T T T0 20 5 R SR R i ) R 3 AR A SR 22 S i ik A T
TIAE (R 7). BEAE ST IR 3 L RS PUAE R S EAE 0. 11—17.43 pg-kg ™ (TH) ZIH], B
THAE 2.42—27.60 pg-kg ™ Z[A], Hih SD F1 SM2 7E45 B3 g .

KT AFIGEREG T 8 Fh SAs (98 i (pg-kg ™', T )
Table 7 Analytical results of eight sulfonamides in different vegetable samples(wg-kg™")

o3 SD SPD ST SM1 SM2 SMT SMZ SDM Y. SAs
FNEES 17.43 — 2.22 0.11 0.11 — 0.75 — 20. 62
pigd 0.59 — — — 0.24 — 1.39 0.20 2.42
3 17.14 — 2.1 — 8.36 — — — 27.60
HiEE S 10.13 — 1.58 — 2.18 0.13 — 0.44 14.46

HE:—FR T E R IR

3 e

T T AR AR - R OB €8 - FR I s [ A e = b 8 e S i A= R 40T vk, SMZ 1 7 v
AEMRHR 0.2 pe-keg ™, HE 7 MALAYIEERYI N 0.1 pg kg™ ANFEINFREE (5—100 pg-kg™' ) T
8 P AW MR IS HE 70% Db AHXHREMR 22 (RSD) ZXUN T 10% , REf% T 1 S PRt i i 40 #r
BR. TCANE GRS S A D TR R BV RAE 2.42—27.60 pg-kg T (THEE) ZIH).
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Simultaneous determination of eight sulfonamide antibiotics in vegetables
using solid phase extraction and high performance liquid chromatography
coupled with mass spectrometry

WU Xiaolian' BAO Yanping' XIANG Lei' YAN Qingyun'
JIANG Yuanneng' LI Yanwen"* HUANG Xianpei'” MO Cehui'”

(1. Key Laboratory of water/soil toxic pollutants control and bioremediation of Guangdong Higher Education Institutions,
Department of Environmental Engineering, Jinan University, Guangzhou, 510630;

2. National Key Disicpline of Hydrobiology, Jinan University, Guangzhou, 510632)

ABSTRACT

An analytical method for the simultaneous determination of eight sulfonamide antibiotics
(sulfadimethoxine, sulfpyride, sulfamethazine, sulfathiazole, sulfamerazine, sulfamethoxazole, sulfameter and
sulfadiazine ) in vegetables was presented using solid phase extraction and high performance liquid
chromatography coupled with mass spectrometry. Vegetable samples were extracted by acetonitrile ( containing
2 ¢ anhydrous sodium sulfate, 0.1 g sodium acetate and 0. 1 g disodium ethylenediamine tetraacetate ) , then
purified and enriched by the HLB column. The sulfonamide antibiotics were separated on RESTEK Pinnacle
Il C18 column with mobile phase containing 0. 1% acetic acid and acetonitrile (0.1% acetic acid) and then
determined by electrospray ionization mass spectrometry ( ESI-MS). The quantitative limits of method were
0.2 pg-kg™' for SMZ and 0.1 pg-kg ™' for the other seven analytes. Recoveries were mostly above 70% and
relative standard deviation ( RSD) was mostly under 10% at various spiking levels The method was
successfully applied to test sulfonamides in vegetable samples with total content from 2. 42 pg - kg™ to
27.60 pg-kg™'.

Keywords: sulfonamide antibiotics, HPLC-MS/MS, vegetables.



