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EHEN-SRUEEEE-SKFLEZRFUE
TEPEEER.NRENREEERER

LWW WEE WG V@& AXE KHE ZTEHKT

(BAFREFEREESTBRERARGREHNIBSEEHTREALRE, X7 300071)

# E BT EHEZER-BRORAE G- 580K 5k R BRI 1 R iR O R AR 18 f
ARSI TR, TEEE 50% CHENBMEE PR (pH =3) RS, A SAX-HLB B/ MERLE R
HPLC/MS/MS £ R B MM T HATEERER T HINMKEES 200 7150 pe/ke bF, L IWP R AR,
RS BRI IIAR B 51K 67.2% ~89.0% ,62.2% ~85.4% 1 55.8% ~97. 4% ; HAHXTHRAE(R
ER1.1% ~17.2% , LL3 FEE6 LG E L BB iEE2E  OF £ B2 R 518 3.4 ~8.9 pgrkg,
0.56 ~0.91 pg/kg F10.07 ~1.85 pg/kg, WFAL RN 6 FRRKE + AR SRAH, SRX LR
RHAEHAR,KER1.72~119.6 pg'ke,

KU R DUSFR B AR RO (o R R
1 5 &

WAERTZENATALRIAMEIREIB G BHRE, EASYENATLEREH YRS R
LR HE " TR SRBOUE A PUE K BAE TR B, AL RE LRI AR ZB, B
AR WHiE RSB ERD ), ENIXEELKHBGEAIE R, L3205 R MK A
FRBE, AR XSRS LA, BT, A XFE P ERO TR Tk RER L,
(B # . Fe W+ e 22 BARAE R RE R IREA T RN A £, ALREd
PEALRTAR T BAG I 2, B T R4 B (] o i A2 4 S v SR S R R A D3R 326 18 R R R AW
4 R0 BAE 1 - BB K TS 20T B, 7E 30 min PSERR T 18 FRHTAE R AV IRE /BRI

2 XBHRS

2.1 E5EA

Waters 2695 A 5,32 {X . Quattro MicroTM Api [Fii% 8¢ FI{X 2% Masslynx 4. 0 T fEuk ( £ E Waters 2
)+ E A E R B (% E Supelco 24 7] ) ; & W AX ( Organomation Associate ) ; 3 B B F 32 #u ik
(SAX) Sep-pak QMP (3 mL/500 mg, Waters /A &) ) ; Oasis HLB [ fZ BUAE (6 mL/500 mg, Waters /&
#]) ; HyperSep Retain PEP [ # % BUAE (6 mL/500 mg, Thermo 44 7] ) ; HyperSep C,q f& #H % BUAE
(6 mL/500 mg, Thermo /&) ) ;ProElut C,; EIAHZEE 4k (6 mL/500 mg, Dikma /4] ) ,

HMMZIE(@i%d, Dikma AF)) ; 4K (HHE>18.2 MQ <cm) ; R AV E (Dr. Ehrenstorfer
GmbH AR)) ;A VE FAVE BV E NUAE 28R I EBX WKL GRS Bk
S NE T R R TR A R R A R R S e | A | P e e AR LB
Pz otk BE B — FF B B (Sigma A H]) o HERMIB RO HTL,
2.2 BREBARESREES

RBUE B I £ 2K SRS , BB BERCHI AL 1000 me/L MIARAEGE &, FREUE B R e B
PrufE st , P S AL AR 100 mg/L BFRAERE &0, ARFEFE -20 CUKMP, AR, UFERBERTK
B, K| EDTA-Mclivaine 2/ (pH =4) RBEREEZ bl (pH =3) ,

2009-05-18 i #;2009-09-02 £32
A X RERFERPHLBRAKEGERIF R AR IVE LTS (No.2008AW01) B H
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2.3 HMuAE

THR B RBURAKEE A0 ~20 cm WRETR(ZREREBHY). BARTSE,
i3 0.30 mm FLEZF, FREL 2 g BOASBIEH D, MAEBRBARHEREE, TERTHELAKE 24 h,

M2gtH,M0.4 g Z_HNZHM_GIR V(BRI ZEWK):V(ZHE) =1:1 (pH=3)WIR&H
10 mL, #i% % 20 min, A RE 10 min, B.OHBEE EEEBE. RERR3 KRG, SHERBOHHRER
400 mL, SPE [EAHZEHUE: (SAX-HLB S ) F5E K 6 mL FAZ.6 mL #8247k .6 mL 2 rhli R UK kL TE
o FREAZR, EHRELNR 3 ~5 mL/min FREK FHE, SHERE, 6 mL B4k byt BB,
SR E 7S 10 min LIBREREPREAK S, 37 F SAX /M, ¥ HLB & F N, {83 F F4# 10 min, 85,1
6 mL FEOKSE, WESRBRHEZRTHAN, KAZET, HFEEAE | mL, H1,
2.4 @mi-Rikss

Kromasil C,, &%+ (250 mm x4.6 mm, 5 pm); WEHH B ZFE(A) F1 0. 1% FH BB (B) , Hi&
25 C,M# 0.4 mL/min; B EFYERRFRRF :0 ~ 10 min,15% ~30% A;10 ~ 16 min, 30% ~50% A;16 ~22 min,
50% ~55% A;22 ~29 min, 55% A;29 ~30 min, 55% ~15% A;30 ~32 min, 15% A, #HFER 20 pl,

HEEEFE; EFTFE#H:SER BREAS LSV AR MESYESG RREARARSR
BEST 314 90 11350 °C ; Bt 7 Al s A FL AU 43 514 500 170 L/h; EREREN 4 kv, BHIAFR
o MRM X, #FLEE MEEER 18 HiERREREAHLEL,

3 ZER5itie

3.1 FilFRFMNRL

R LR E REERERT 18 MTARRBAEER W, RAWSIEH 4¥rk (FIA) X Bz &
WiERE, BREREEE 4 KV, FERILEE, 8 18 FHERGER BT 218 B8 KW M EK
BEF, & MS/MS AT, B EARRIZAE TXMETFEF, L MRM X H#THT(E D

£1 ZRNEMERXT 18 ARV SHSH
Table 1 MS parameters for 18 antibiotics analysis in MRM transition

wam _ FRAE1T LR TR BALRE AR

Substances Rete(n'tril-ia’l:)tinle Momto?:lg/ zin;n pairs Conz ;’c;ltage Cqﬂis(i(;r;l :):nergy
RV E Norfloxacin( NOR) 12.36 320/302 40 30
Y E Ofloxacin( OFL) 12.48 362/318 30 2
HHYE Ciprofloxacin( CIP) 12.80 332/314 30 20
B E Enrofloxacin( ENR) 14.07 360/342 35 22
+ &% Oxytetracycline( OTC) 13.31 461/426 25 20
IR Tetracycline( TC) 14.70 445/410 32 19
£ B Chlortracycline( CTC) 18.51 479/444 30 ‘ 28
BARERSRE Sulfacetamide (SAAM) 13.55 215/156 20 10
M Sulfathiazole( STZ) 14.15 256/156 35 20
R Sulfapyridine (SPD) 14.88 250/156 30 20
Bk B e 0E Sulfamerazine( SMR) 16.15 265/156 35 21
PRk — R R0 Sulfadimidin( SDMD) 17.54 279/186 28 20
T e B B — 0 Sulfamethizole( SMTZ) 17.78 271/156 28 15
R 5 L mk®E Sulfamethoxypyridazine ( SMP) 17.90 281/156 28 18
R 555 Sulfachloropyridazine ( SCP) 21.05 285/156 26 16
B R TP 2 F0EM Sulfamethoxazole( SMX ) 22.01 254/156 28 18
Rk — % 5 MEM Sulfisoxazole( SIA) 22.56 268/156 20 12
Bk — B | E0E Sulfadimethoxine( SDM ) 22.98 311/156 30 22

3.2 EHEFEREMEESSREK

TMAPRBRAA VLR HPLC BB MR R, 76 RAXKBALAT, S5k SAX B ERMERBE T
DB TRARENBERLEAI R, ALRHET 4 R AAKBHE (ProElut Cy, HyperSep Cy,
HyperSep PEP,Ossis HLB) % 18 Firfii £ R AR BUME . M 1 mg/L B S IRAER K 400 uL, LA 400 mL &
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sk R AENTHIY . | BT, ProElut o b AR SR 4R AR th v TH AR R , (EL X R R 2K 900 R 4 B
I HEAR AR s HyperSep C,, XHBRE2H) R & B £ 85 T ProElut Cyy, HIANBEE AR MU FrE iR MK R
RIREER RS Cok, ARAFRREF R EIWRFAEZ R HyperSep PEP KRB R —Fh K Z 4 —
LHREREY BB EWBEEENRIERNIEREI T YA RE , TR TEANRRER 5 THN
8RR, Oasis HLB (MR B 7RI 2 61 SR AR — Z AR AFISRK E N-Z 4% S ot v e B o B i — 2 LU I R
BERILERY  RARRNRME R, SEBHEL, Ossis WA REAHR2 ~3 5, FEE TR
o B, URESYWHERA T ERE TEBR S Cotl. X TREEERZHMHF KLY K Oa-
sis HLB [/ {8 B 4 T HyperSep PEP 1, RIAf R ER = 25414 R Oasis HLB HBURESH -

100

[l Recvoery (%)
& 38 38

18]
[~

o
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E1 4 #ERERENRBOE
Fig.1 Extraction efficiency of 4 kinds of SPE columns on antibiotics

1. ProElut C,g; 2. HyperSep C;5; 3. HyperSep PEP; 4. Oasis HLB,

3.3 HRRENANILE

GAEBHRIK 18 FHi4EEA pK,"" , B% £ E EPA ##57  RAIXC#R[ 13 ~17], L EDTA-
Mcllvaine (pH =4) . & 50% B B¥#J EDTA-Mcllvaine (pH =4) . JIA Na,EDTA % 2% MR- (pH =
2.5) JNA Na,EDTA K& 50% Z K5 BRI vk (pH =3) R BUR, 12X 200 pe/kg BMAR 4, & H
B ISR AR Ak B 2 400 mL /5334, 0 2 7R, B EDTA-Mcllvaine (pH =4) {28}, B
TEEH, FYERIKERLENTF 0%, BEGETMAGVARNGEBEABSNE, FHE 50% 7
# EDTA-Mcllvaine( pH =4 ) # R B , B A IR R KM EE KT 50% , BHAE 70% ~90 % 2
8] , {8 Bt S i B A IR BUR R R R, 2% PRMOZEHEBRN =R R NRBEKREEO ~
60% 2z 8], A RBER IR BEFERAY R, & 50% ZEKNBEMEE ik (pH =3) IR AT LA 3 25

100

[ ¥ Recovery (%)
‘ 58 8 8

[
< <
T

H 0 230 LELHE BET | DI LE B il ELH 4 [E 8
NOR OFL CIP ENR OTC TC CIC SAAM st SPD SMR SDMDSMIZ SMP SCP SMX SIX SDM
144 Substances

B2 FRERRBN R PHERORRBR

Fig.2 Efficiency of different extractions on antibioties in soil

1. EDTA-Mcllvaine (pH =4) ; 2. & F Bfty EDTA-Mcllvaine ( Mcllvaine buffer with MeOH,1:1, V/V, pH =
4); 3. FPERAZ K (Formic acid in ACN, 1:50, V/V, pH=2.5); 4. 50% Z ¥ 9B RR L 2R rh i ( Potassium
phosphate buffer with with ACN,1:1, V/V, pH=3),
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Bitk B0 FIRHRIC, 18 Fhbid: 2 b Bl 22 56% ~89% 2],
3.4 BESHXEREHLM

I A K BORPEAT LA, BT LR SPE ¥k, E b7 A 2 7 B 2 B ML IS M 7 ok

{RER7E SPE B b, vl i R R AN BREBARBEREEIBRNRERS R E, o
[17 )48, & 50% Z G REEREE S il (pH =3 ) FHE b 15 mL B, 558X 50 1 100 mL BARIHIFRAR
RK. ALK 30 mL & 50% ZAEHBERREL 22 iR (pH =3) By + SR B A B K W B 2 400 mL f5 13

SPE £, fi 3 AT L, MREEHEREHBRA,
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Fig.3 Efficiency of dilution on antibiotics in soil
1. ##8(Diluted) ; 2. FHE( Undiluted)

3.5 SMEEAKHR

FATHEE23 WrELEE RERRSFERBRERE 1 ml ﬁ%ﬂﬁﬂ%ﬂﬁ‘i*ﬁ%?ﬁ_ﬁ Ht
HEFES, 50, 100, 200, 500 Fi 1000 pg/kg BRI BT RIIR AR HER M, 18 Fh LA 2wk BE A 1 AR
B HER R, HXRH r>0.99,

3.6 FHEHEKE

SRR RFINARE B TUE R LRER IR S AR S i, 3R K K7 200 #0150 ug/ke Bt
HATEWRLR, 2R B, FNRE TR EKR(n =3) K 55.8% ~97.4% (R 2),
%2 TP I8 FFIERMBEREERE(n=3)

Table 2 Detection limits and recovery (n=3) of 18 antibiotics in soil

Z N

AR Added(pg/kg)

A KR
ot Lo sction ™ IR RSD e RSD
Recovery (%) Recovery (%)
(%, n=3) (%, n=3)

B E Norfloxacin (NOR) 8.88 78.7 16.6 89.0 12.6
A HF Y E Ofloxacin (OFL) 3.36 76.2 7.3 73.7 8.4
HFWE Ciprofloxacin ( CIP) 7.20 80.1 17.2 67.2 10.6
Bk 2 Enrofloxacin (ENR) 7.78 71.4 7.0 74.8 10.4
+BE Oxytetracycline (OTC) 0.56 73.5 7.1 85.4 10.8
PP % Tetracycline (TC) 0.91 78.9 4.8 81.0 4.7
&% % Chlortracycline (CTC) 0.91 75.3 8.3 62.2 6.6
B EERE Sulfacetamide (SAAM) 1.85 78.0 9.8 55.8 1.1
WM Sulfathiazole (STZ) 1.37 86.8 10.6 58.1 1.5
BERLOBE Sulfapyridine (SPD) 0.33 81.6 3.8 2.2 6.2
AR P S5 0E Sulfamerazine (SMR) 0.38 94.7 10.8 88.7 11.7
i — B W 0E Sulfadimidin (SDMD) 0.19 97.4 16.7 68.8 1.7
BERE HE — Mg Sulfamethizole (SMTZ) 0.32 76.6 8.9 67.7 5.1
W E( k8 Sulfamethoxypyridazine (SMP) 0.12 73.6 7.6 61.9 9.0
WA MBS Sulfachloropyridazine ( SCP) 0.07 83.7 12.5 67.6 5.2
Tl A B 3k 5 WEM Sulfamethoxazole ( SMX) 0.14 81.9 10.2 83.8 11.9
T R — 1 35 52 E04 Sulfisoxazole (SIA) 0.12 68.9 4.3 71.4 5.8
fiftk — 5 8¢ Sulfadimethoxine (SDM) 0.07 82.0 6.3 85.2 5.4
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3.7 TEREHERKNAE

FERBNK KRN, KRR H S R AW SRR K& RE 2 MR, AR

B, SRAFSE DA REE By, JEEHS SR bA — N LRER I ENR A1 SIA WK
35K 52.00 F12.49 pg/kg, BT HELIK Y OFL, 3R IE 43 B4 23. 11 $119.23 pg/kg, Kk H PR E S
YR, KIEHES R A — A AP 4 B i BA vk B 28. 42 ~ 119. 57 ng/kg, OTC Ml CTC ¥
B4R 15.61 A1 11.65 pg/kg,7 RS E X 3.00 ~8.54 pg/kg, 75—+ # OFL fl ENR ¥R EF
43513 15.61 F111.65 pg'kg, OTC.TC #1 CTC ¥k BE4Y 5% 37. 90,45. 90 #121.89 pg/kg,SIA WK
1.72 ug/kg, AIRBMTERAFABREZDNERBYR,

LREREN, Ak REES B RIKEREES, TUNAT LR RAERSERORN,
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Simultaneous Extraction and Determination of Eighteen Fluoroquinolone,

Tetracycline and Sulfonamide Antibiotics from Soils Using
Solid-phase Extraction and Liquid Chromatography-
Tandem Mass Spectrometry

MA Li-Li, GUO Chang-Sheng, HU Wei, SHA Jian, ZHU Xing-Wang, RUAN Yue-Fei, WANG Yu-Qiu*
(Key Laboratary of Pollution Pr and Envir ! Criteria of Ministry of Education,
College of Environmental Science and Engineering, Nankai University, Tianjin 300071)

Abstract An analytical method was developed for the simultaneous exiraction and determination of eighteen

fluoroquinolones (FQs) , tetracyclines (TCs) and sulfonamides (SAs) antibiotics from soils using solid phase
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extraction and liquid chromatography tandem mass spectrometry. Soil sample was firstly extracted by phosphate
buffer at pH 3 in combination with 50% of organic modifier acetonitrile, then purified and concentrated by
SAX and HLB column. Qualitative and quantitative analysis were carried out for the analyte under the MRM
mode after the chromatography separation on Kromasil C,3(250 mm x4.6 mm, 5 um) column. The range of
recoveries (in percent) for FQs, TCs, SAs, in the soil matrix was 67.20% -88.98% , 62.23% -85.36%,
© 55.76% -97.37% with 1.1% —17.2% of relative standard deviation respectively in two different concentra-
tions. The limits of quantification (LOQ, S/N =3) were 3. 36 — 8. 88 pg/kg, 0.56 - 0. 91 pg/kg and
0.07 - 1.85 pg/kg for FQs, TCs and SAs, respectively. This method was successfully used to detect 18 anti-
biotics in 6 soil samples with different land types in Tianjin. Results showed some of the antibiotics in the
arable soil were detected, with concentrations of 1.72 —119.57 ug/kg.

Keywords Fluoroquinolones; Tetracyclines; Sulfonamides; Solid phase extraction; High performance liquid

chromatography-tandem mass spectrometry; Soil
(Received 18 May 2009 ; accepted 2 September 2009)
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