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Rapid and simultaneous determination of seventeen sulfonamide
residues in aquatic products by ultra performance liquid chromatography
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ABSTRACT A method for the determination of 17 sulfonamides(SAs)in aquatic products by
ultra performance liquid chromatography(UPLC) with photodiode array(PDA) detector was de-
veloped. The SAs in the samples were first extracted with ethyl acetate, then the ethyl acetate
extraction was purified and concentrated by HLB cartridges. The analyses were performed on
UPLC with an ACQUITY UPLC BEH Cjscolumn(2. 1 mmX 100 mm,1. 7 pm) ,and the mobile
phase was methanol-0. 1% acetic acid aqueous solution. SAs were separated by gradient elution
and detected by PDA within 8 min. This method showed a good linearity. For sulfacetamide, sul-

fadiazine and sulfisomidine, the linearity was in the range of 0.01~2 pg/ml, and for the other
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SAs,the linearity ranged in 0. 01~5 pg/ml. The detection limits of SAs were 2. 0~5.0 pg/kg ‘
(S/N=3). At the spiked levels of 10 and 40ug/kg, the average recoveries of SAs were 70. 4 %5~
91.4% and 73. 3% ~92. 5% ,respectively. The relative standard deviations were less than 10%.
Routine tests show that the proposed separation and determination method is rapid, sensitive and
efficient and indicate that it is practical for the determination of SAs in aquatic products.
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B XK 24 (Sulfonamides, SAs) R A A M E R X BB EE M - R AEXHERK
I
(HINO— s— NH— R), I T B FIG 7 40 B R MR o, B BB T U A AR E

BARRS R ATE) N A FEURKTFHEL. EATRTRAELY,SAs WXBFEAVTSRABEEEKX
WA REBE N T =ARAE (Hyde ezal. 200D, KRB oSBT BWEN AK=LEGER, RABENR
BVBUE BRTEEE. B, ZRERXRRAL LR SAs FIhshRFELEPREERED, HERT™
BERBER, BREREHZRS(CAOMFZEXERH/PEDIE ., IR AR SAs BB &
EREBRE(MRL) % 100 pg/ks.

LA, B TIRAEIF M B LA, SR FE A B RN REBELR B EEEEHER
MR ERT ZRBEYWEKGHRANEENIR, NIEEKTRTRELMERETBRENERL. B
B RAFBE T —FP R RLMK =0 PR R A R FZ AR BRI SEA . BEJLE, BRAXTAK=ES
SAs R 88 B AR 7 B UKW bR AE 2K B8 B, n gl 3 958 5/ £5-12-2007 R A WBAH % BRI A AE G
AR TR T A TR K 7= b F IR R YR E OF RE 2007), R ER 1077 524 45-1-2008
RBMARARRTENR, RABMHGE- PR EERN N ERAMNITTHRELXAYRBESRIRE
2008) , XA AR & % AR A @i (HPLO) | A 8 3 =2 BK BT i (LC-MS) % 7 2, HPLC 43 Bl /2 7
EHSEERRTR, ETRNAEK, SR ERMEE, REERIKGE %  2004;Kunihiro eral.  2001), 5
77 5 TE S 4 2k R o 38 BT AR AL 45 TR 3 P 98 S0 1) B R LA B 05 R S, SRR R AL BB AR U o AR AR Ak (B
W% 2008);LC-MS BRI REUE MR (BT F kXN E 2, A&, A Freg R (EERSE

2007 ;3K METHEE  2007),

AHFFELL 17 FhE MR E R SAs N4 Hir , 8 5 3 AE 1% (Ultra Performance Liquid Chro-
matography, UPLOH AR HKE L T K= M P SRR A AR RE R UPLC AR I AR, ¥tk
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1.1.2 NS

ACQUITY™ 8 = 2 A 35 (2 H Waters A FD i o EBEE s R4 AR A .. REEIK
P28 (PDA) & Waters Empower (4 4 22 T f ¥ ; KQ-300E R # 75 I 2 BN (B LU T i A5 I 28 A BR A 7)) s XW-80A
RheiniR a8 (EEXRMEE ) LX-IBRBE.OH(EBRZR 2R ) R-215 B £ G+ BuChi 2
"D N-EVAP™112 B S (3£ H Organomation 4y &) ; Visiperp DL % [+ A B 22 & (£ E Supelco 24 7)) ;
Waters Oasis HLB [E#H# BUH: (60 mg/3ml) ; Milli-Q %I i 4fi k {X (38 E Millipore /A7) .
1.1.3 &N 5HAER

17 g e 5 10 A 3 A M 8 40 5 T B I8 Bt ( Sulfacetamide, SA) B % % B (Sulfadiazine, SD) (T ik = W 5 5 g
(Sulfisomidine, SM2”)  fi# Bz BE M (Sulfathiazole, ST) . i i Wit 1€ (Sulfapyridine, SPD) . 1# % F1 3£ 8% ¢ (Sulfamerazine,
SM1) B - 5- B 41, 1% g (Sulfameter, SMD) | B iz B 88 — Mk (Sulfamethizole, SMTZ) | i f& — HH 3£ 1% i (Sulfametha-
zine, SM2) | Ji# i B Wk B8 (Sulfamethoxypyridazine, SMP) | 1 i & 15k 8% (Sulfachloropyridazine, SCP) | fif % B & 0%
% (Sulfamethoxazole, SMZ) . fif -6~ B 48 % B¢ (Sulfamonomethoxine , SMM) B# ¢ 22 3£ (Sulfadoxine, SDM?) B e &
ek (Sulfafurazole, SFZ) i i — B 40 %5 ¢ (Sulfadimethoxine , SDM) B iz stk (Sulfaquinoxaline , SQX) » ¥ iy A 1
& Dr. Ehrenstorfer A &), 4 Ry 96 % ~99% ; A RE (416 40) vk 2. B8 (L2 2h) B AtK (18. 2 MQ « em) . ZBRZ. BE .
ECKE LKA 650 TRy 4 h, BT THRSNERD Y N4,

BB AT RIREE SR - EB AR 17 M B R A B 10. 0 me, FH B F 10 ml iR F B
ORI ERBIFESRS.4 CEGRE. SEMEREMSBIREN 1.0 mg/ml,

IR ARIB SV BV 4 17 B AR MEAE R WA 1 ml F 100 ml i B A BRM D, IR ERE
EREBEEHUEREMR. RIREERES & 10.0 pg/ml,

1.2 K&

1.2.1 #Ha#H4&

. RE R I BRI IR K3k F 5%, BURT & LA 3841 ; B8 3 45 MUK 7= RE 5 BORT B 40, 4T
HAAKRF 0.5 cmX0.5 cmX0.5 cm BN, 2 EHAREHEN TS 2K,
1.2.2 33

HERRFRER 5. 00 g IR EHIHER . BEF 50 ml BAKEEZLEHR,MA 25 ml ZEBR LA, A 5 min, B
A5 g BAKBERM, IRIEIR A 3 min,4 000 r/min B0 5 min, ¥ EEB/NOEBE 100 ml R P . REHFH
25 ml ZRROBERE 1 K, FIFRBUE, F 30 CARIBTRMEREZEREILT.
1.2.3 %4

3 ml BEE-1% ZBREB (v/v,1 : )M LRRE B 2 min, BA 10 ml B.OEH, 03 ml IES 4, R
BEIR 2,3 000 r/min BY.L> 5 min,F FEFCH,. BMASml FOEEEEREE IR, TREBERIEATES 2
3 ml FHEEF 6 ml KiG/LALPRA Waters Qasis HLB F AR P, A AR B E KK 3 ml 2KF2 ml
56 M B U AR FEBCAE , B A 5 ml HEEURBE, AR VE . BERITF 35 CRAEKT,R®EMA 1 ml B
BE-0. 1% CBRBE W (v/v,1 + DM, L 0.2 pm BEZEJAE RS, it UPLC J%E.
1.2.4 &#%&H#

@34 . ACQUITY UPLC™ BEH Cy# (2.1 mmX 100 mm,1. 7 pm) ;KR35 C s 3040 : A b 0. 1%k
CELBANEE, MERBSHENER 1, W 0.4 ml/min; I B K 270 nm; AR5 ul.

R1 RIBEREXEESF

Table 1 Gradient elution program

If 6] Time(min) ACY%) B(%) g1 £k Curve B} 8] Time(min) A B(Y%) £k Curve
0.5 10 90 6 8.0 50 50 6
4.5 25 75 6 10.0 10 90 1
6.5 35 65 6
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1.2.5 AAWEH L4

B—ER 17T HEEENAERNBESIRETRE HRE-0. IXZRER (v/v,1: ORBERFTESKER
R, BS5 pl FEFE, 58 & 4 43 i e 7 06 DRSS HE B A R B VR B AT AR M 113, AR AR vE R R .
1.2.6 mk Rk ® e &

YEBFREL 5. 00 g B 5, rmH P ImA —~EBMARFIRENBEEX A ZRAREBER.BERE 10,
HE 30 min, R)G BHHITRI . FLRAIENT.

2 HR

2.1 UPLC &2

Bl 10 SAs BRtRMER B UPLC G350 BE, 17 F SAs 1% 1. 4 i@ A% &{F, 7€ 8 min HEIETSZHI4R
B RRIS B AR B A () AR RE L 0T AR B LM R B A :

B 2 gt a2 E AN E X UPLC 541G T8 @B A, TLIE ML B RSB A S BB R AR,

HZ R A B ERMATF S 30 wg/ke HAHIFE AR, BB 3 BT UPLC 4y B &5 E, TRE
AR SR LR T AL B TR 1T AL RN BB R ER SR, R EMERE, BRANEEEN
AR HEFETHI.
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Fig.1 Chromatogram of 17 SAs standards mixture
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Fig.2 Chromatogram of the blank sample
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2.2 ZHXER

BiC i) 2R 50 vk B IR A AR o TRV W, 35 E i AR M AT R 0T » DAMRBE (X, g/ ma]) XoF 0 TG B (YD 422 ) T
YEmiZR 45 R 03 2. PR RS Bt B I o nE MBI — W R e 3 AP AT IR MEVE R 0. 01~2 pg/ml Sh, K
RUIIERAE 0. 01~5 pg/ml WIFFE RN, B R RIT, HOCREL r=>>0. 999 8, i BLULHI A4 7 ¥ B T £ A
R AR ER DT
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1.SA;2. SD;3. SM27? ;4. ST;5. SPD; 6. SM1;7. SMD; 8. SMTZ; 9. SM2;10. SMP;11. SCP;12. SMZ;13. SMM; 14. SDM”’; 15, SFZ;
16. SDM;17. SQX
B 3 ninse s Al
Fig. 3 Chromatogram of the spiked sample

R2 BEENERVUENEZMXER

Table 2 Linearities of the sulfonamides

SAs 2235 B Linear range RUEFE HRRE
B Y (pg/mb Linear equation Correlation coefficient »
SA 0.01~2 Y=6.52X10*X—5.21X10? 0.999 9
SD 0.01~2 Y=05.66X10*X—4. 34 X10? 0.999 9
SM2” 0.01~2 Y=5.80X10*X—5. 64X 10?2 0.999 8
ST 0.01~5 Y=5.82X10*X—5.52X10? 0.999 8
SPD 0.01~5 Y=4.84X104X—4.42X10? 0.999 8
SM1 0.01~5 Y=5.64X10*X—4.16X10? 0.999 9
SMD 0.01~5 Y=5.71X10*X—4. 65X10? 0.999 8
SMTZ 0.01~5 Y=5.56X10*X—3. 68X 102 0.999 8
SM2 0.01~5 Y=5.34X10*X—4.31X10? 0.999 8
SMP 0.01~5 Y=4.87X10*X—3. 80X10? 0.999 8
SCP 0.01~5 Y=5.52X10*X—4.56X10? 0.999 9
SMZ 0.01~5 Y=5.00X10*X—4. 35X 10? 0.999 9
SMM 0.01~5 Y=5.07X10*X—3. 84X 10?2 0.999 8
SDM’ 0.01~5 Y=5.44X10*X—3. 83X 10? 0.999 8
SFZ 0.01~5 Y=5.69X10*X—4.89X10? 0.999 8
SDM 0.01~5 Y=5.39X10*X—5.43X10? 0.999 8

SQX ’ 0.01~5 Y=3.43X10*X—4. 00X 10? 0.999 8
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2.3 FmEKEBUBRERBETE

KAEZSAERESTHRN SAs RAERERER, FERIFIL R ARSI, Xt 17 BB EE AR
A (10,40 pg/ke) b7 EIKCRELE ., BABMKFEE 5 MRS SETNE HEEHE.ERRLES.
PL 3B EME HoR A8 17 FVBERE K B AE R B PR (LOD) 3 2. 0~5.0 pg/kg, IINKF K 10 # 40 pg/ke
B, & 204y B R I 24y B K 70. 4% ~91. A% H1 73.3% ~92. 5% , AH M AR MR 2= (RSD) K 4. 0% ~9. 7%,
WK SR SAs AT .
#3 At SASHRHBREEHEKR(n=5)

Table 3 Determination limits and recoveries in fish for SAs(n=5)

A6 4 0 2 B 59 171 g % Recoveries at different spiking levels

Sulfonamide 10 pg/kg 40 pg/kg REBR
Wit T e T Yl tRE
Mean( %) RSD(%) Mean( %) RSD( %)
SA 71.4+5.2 7.3 77.6+6.8 8.8 5.0
SD 79.6+6.8 8.5 87.4+£5.9 6.8 3.0
SM2’ 81.6%4.5 5.5 89.0%£6.3 7.1 3.0
ST 76.6+4.1 5.4 78.7+6.2 7.8 4.0
SPD’ 80.2+7.0 8.7 82.9+5.6 6.8 3.0
SM1 84.0%6.3 7.5 90.5+8.3 9.2 2.0
SMD 91.4+4.6 5.0 87.6%+7.9 9.0 3.0
SMTZ 75.4+5.6 7.4 74.8%t4.7 6.3 4.0
SM2 87.6+3.5 4.0 83.4+7.3 8.8 3.0
SMP 77.0%6.8 8.8 85.34+8.0 9.4 3.0
SCP 82.2%6.2 7.5 83.7%6.8 8.1 3.0
SMZ 80.6+7.7 9.6 86.11t7.4 8.6 3.0
SMM 76.2%5.8 7.6 88.34+8.6 9.7 3.0
SDM?” 82.2+7.5 9.1 92.5+7.9 8.5 3.0
SFZ 75.6%5.2 6.9 87.21+5. 8 6. 6 3.0
SDM 80.8+7.0 8.7 80.4+6.1 7.6 3.0
SQX 70.443.6 5.1 73.3+4.5 6.1 5.0

BT Bon , S Y A S P R R R AR R B R 7 3k P, A O Bk BT B R AR A e R B B SO R B
HPLC W& J ik (BRIRES  2007; RERRE 20051 4~10 £, RBE BEF R, REEE BT R R
EW/NT 10% , FREEL .

2.4 ZEHERHNE

BEALAEE T TR YoM I S M B F f UF R S 4 KRBT IR R AT AT B A
W, B, 20 A8 P RE B o A7 FASRE B 4F B 1l SM2 1 ST, & 840518 271, 6 pg/kg(n=3) 1 190, 8 g/
kg(n=3),10 MFABEFH4 1 MK SM2Z, &8 K 214 1. 3 ug/kg(n=3),3 T f T & SAs R EH KA

r. HABANRZHE 10 MESFTREE SAs,
3 g

3.1 RIHMEHHEE

BERERTUE BB B 0 IRE (B IRIBS 2007 HAET— B RAF B/ ZHE-ZMRFBE-Z0E-2
BRAWEBBB M. ZHRATPENEE RERBRERDEARGEE B RAE AP RBERPE-Z8
HRBIAR . BRI REA A G R X BB RB AL, S P &0 84, BF B i, By R e
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pH A L] SAs IR, WAl i R 17 . LR PHET pH W 17 MK T B HEW. EGRER
BRK SRR BEART 0. 1060, (35 TE A B B MR BLE: ZBUK BB S T 0. 2000, LUK 17 R ik
TATE. W, B RS LERAKE TR LB 2 5 0 4% 41 5 16 0 WU R HAR B B i) . A 9T R L H BE-0. 1%
ZRAE RN TR BIAER R R 1 IR RBEERER AR SCBL T 17 BRI AE R0 E
L BB 2003 0 51 e T 9 2, 2% 2 40 € 9 U (] 199 2 B R R, TR SR 0 U R B PR AT

3.2 KHIAKEKHERF

A PDA T8 B RESU R I 25 4045 17 Fh4H 2 OB TE B , 15 & A 43 72 220~360 nm 75 Bl WA & KR
W MBI R T B AN RE , BB FEE 260~280 nm EE N AT ER. A5G LB . REAEERW KK N
270 nm, TEMCPLRT AWM 17 FREERRDIE R R BUE R, & 4008 B A 5 = B0 47, 7 A 4R B o 18] ] k47
TEREIHT .

[ B, b T BH 1 AT B8 R 2 R &R 2% OB & » 3l i F PDA AR 48 MR 514G ) 28 2015 A0 4G i 1 55 bR 18 9 PDA
5P G T PRI HE X BEOR HEFT A6 1 e F) RE PR TR

3.3 ERFM4HGRE

BERER - BAIBCEMRAERERR . EET K. EHBETHR FBBAMAIER. 2MERZ
15 LR L BRI A B LA R S R BUE A R E — BRI SER R AR XA R BEAT AL B . RIS
SRR A P BE SR BT A ik SR IR AL SRR T R I B X, b R B RAEFLA B LB
A, M ERGUERBRATE, MAEEEMRT 40 C R ZHBFREA, BEZLENK, 5 FBAYWHS
Kot 8 5 (P 2 B8 CBR R U R B 0, 11 B i B R 48 [] 249 L Z 16 2> 10 miin, [ R L L HE | 1020 ~15%, L
THPRER 200 AR HEEAN RRER THE LS. Bk, A EEHZ R ZERERB, R BOK = 5

7350 BESR BT R P A TEAK B BR BN » BT B LA dh oP B 7K 43 HE A SR BOIR , 7 F T4R R LA R SR B R
RERAALEL R . RBGR M — P 2 IF O e ie e LU e & b IR 78 # 2% R & HExt UPLC S AL is 3.

3.4 HBUFGRERE

K= i B R E AR SRR o R MERR £ TR, LHEZH 8RB M. BEHZER(SPE) £ R ek
BHELARTHRAR. FRSREE@EES 2007, IEEBEREARER . BRI TR, I REBHE
F R B R (6] A R A R A R A S WA A Y AL BB R Tl HRK TR IR 4 SPE K-
Oasis HLB fIiE-& BIFH B F 25 # SPE #:-Oasis MCX A FRSCR . B 4 oA 43 3143 R R SPE 4
SR AIE B E . B 4-a RS MCX HEALZR S, 43 HIFE 0. 80.,1.00.2. 40 F1 6. 20 min A 4 3R 4 R
W, M4 HLB R 4k f5 AR &, 0. 80 M1 1. 00 min B 2% T4 VH 28 , 2. 40 min B 4% 57 0458 5 B B R (B 4-b) 5 7
BT 8RR S TP BN 40 pg/ke W SAs IR A PR HER W, BT LA 3] MCX A4 38 J5 B9 BE F 5T R B — 57
B OE AR B T 8 (B 4-0) , W N bnBE b 4 HLB B AL B AL 5 35 A 2 SR AR /D , B AR RAETE R 17 Fhofs 4l 4y
BT 4-d) . LHEERFH X TR LMK R E R, HLB # A B 2% BT A SUR B I, & Fh 41 40 B9 F 25 9] ik
R EMAE,

3.5 BEREDERKNGZNITM

ABIE TSR A W RO 3% (UPLO AR, 7E{R B HPLC JRHg SE At f R ot , B UPLC /NBURL R K
RGAEBEF B TK™ B SR I E R R E &R TR g %07 840 0 o BE R R & 4y
Brid & w5 A LI R A A A7 R U RO ER M v AN 2 AR B R AR U R L 5 TR B
B PR IR B 25 R B O A
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2 dse 2 0016
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B18] Time (min x 10™)
c
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A [A) Time (min x 107)
d

7¥.:1. SA;2.8D; 3, SM27 ;4. ST;5. SPD; 6. SM1;7. SMD;8. SMTZ;9. SM2;10. SMP;11. SCP; 12. SMZ; 13. SMM;

14. SDM’;15. SFZ;516. SDM;17, SQX

A:Sample after MCX purification; B: The same sample after HLB purification;

C:Spiked sample after MCX purification; D: The same spiked sample after HLB purification

B 5 # 5 MmiREE S 512 MCX HLB K44k )5 B9 138
Fig. 5 Chromatograms of sample and spiked sample after MCX and HLB purification
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AR T K= M h Z MR A RRE M UPLC W& 77, RAMBZE B (LLE) W& AL B 7 1k 4
FEAREBR(SPE)#ES T A MR SR AL R RAECE A, TR 17 M@ EERER. THER
R BERS REUER REEE T ERME, WA RBRE AN E , &R TP RERTAER
BREOHFENSHELEE,

2 ® X W
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