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Simultaneous determination of tetracycline and quinolone
antibiotics in environmental water samples using solid
phase extraction-ultra pressure liquid chromatography

coupled with tandem mass spectrometry

SUN Guangda, SU Zhongyi, CHEN Meng", YUAN Dongxing
( Environmental Science Research Center, Xiamen University, Xiamen 361005, China)

Abstract: Using HLB cartridge for extraction and cleanup, a method for simultaneous determi-
nation of 4 tetracycline and 6 quinolone antibiotics in environmental water samples was devel-
oped by ultra pressure liquid chromatography coupled with tandem mass spectrometry. Using
river water and sea water as matrices and carbadox as surrogate, the recoveries and relative
standard deviations (RSD, n =4) were 94.0% -117. 0% and 2.0% -9.7% for 4 tetracyclines at
20. 0 ng/L and 100. 0 ng/L spiking levels and 63. 6% -93.9% and 1.6% -8. 1% for 6 quinolones
at 5. 0 ng/L and 20. 0 ng/L spiking levels, respectively. The detection limits were 20. 0 ng/L for
4 tetracyclines and 0. 4 ng/L for 6 quinolones. The method has been successfully applied to the
survey of 10 target antibiotic residues in Jiulong River estuary, Fujian.

Key words: solid phase extraction ( SPE); ultra pressure liquid chromatography-mass spec-
trometry (UPLC-MS) ; tetracycline; quinolone; environment water samples
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AKBE R USRI LS B AU R +55-

RERIEBERBUAENHARE, C, HLB KX
RIRE A E AR MR (SPE) 4 MM ERE RO R B
155 75 13 B 3 5 135 ¥k 48 %E BBUK R 38 o 10 B Fh A L
KA R WAIEIE- LR RRKEEHEARKA,
ERIEBREN CRMMNETRRBES THE
R A9 R B, B U B AR B BV M e - TR R
FAHARER I YHKFRE PR B AERRN N KR
HR, ZEREHIBRT,NEELEY MAREAR
W2 TR K P B KR B K P4 KL Zhu &1 U E
T Wk b g U 3F & KA R, Xu U 0 R EAR
BAUTESEZHEENMESKTHNEEE 2 H
EEEATIE R 3 MERLRAE,

PUSR & A HE BRI SR R A FE
FERNSEAEE MEXTRIEETTRRAR
BB ARFE S, WA X EH AT
S HT IR FREEAT R A SO T R IR E R
AL E N 4 FUFERTEEM 6 Pkl
BRI AE Z PR FE x5, R Al HLB B4 % B/ AE
FEE ek, ¥ % E W 6 -5 B R i (UPLC-
MS/MS) Bt F$E AR B I, B 7 T IR KB o B R
BRI B AT A Bk, R B M R TREL
T T O K SBT3 1 9 S R 7K B o DU 3R 3 6 s
BRNAEERBNAE.

1 XBHZE

1.1 #Ha5EA

HB5Z 5N @ ( Tedia Co. , USA); ik
BAREA (S R TAEEAT ) ; BB (X
MEBEBLFERAF) ZRE () Rl LT B
LT )MZ M Z M _ %4 (EDTANa,) ( L%
L THERAA) A, FEL(4E
97.0%) WU K (LEE 97.0%) . + B R (4K
97.9%) & B R (L 99.0%) BN ER(AE
98%) E MY E (A 98.0%) . FRVE (AE
99.0%) AR IR (L 99.5%) KUY B (A E
99.5%) BEV 2 (4iE 99.0%) IRy £ (4 E
98. 0% ) #5 #E & ( Dr. Ehrenstorfer GmbH, Germa-
ny), L% FKA Mili-Q /K ( Millipore, Bedford,
MA, USA),

SHIFM10.0 mg iR, HCERBHIER
F 50 mL (A A B P, B H R 200 mg/L f B AR
BEEB,ET -20 CHREFRF. ERPRER
B2 e 1) R AR AL SR B VK BE A B AR o AR

BREBREHSREER, ARBR(AHIHEA
MPLEHAE B AR 1:4 BE) BRHABRENR
EREER.

1.2 EE5EE

R WA B - % B X Waters
Acquity™ Ultra Performance LC H B Quattro
Premier XE MICROMASS ( Waters, USA) ;12 % &
M B % & (Supelco Co., USA);6 mL/500 mg
Oasis HLB SPE # ( Waters, USA) ;GM-0.33 # &
FR(RERBILRETSEAFAMRAA);0.45 pm FH
HEBR(RERBLRREEAMRAT) ;SK-1 BRHE
BOB(EETEENBERAE) BRI (R
EREBLRREFARAA),
1.3 HHEsEEGNREEHE

# % %% {4i% K. Waters Acquity™ BEH
C18(50 mm x2.1 mm,1.7 pm) ;i zh4H:1 g/L B
BMZIE(A)ME 5.0 mmol/L ZF%% % 1 ¢/L B #
KW (B), WE K 0.2 mL/min; 5 B 5t & 5.
12% A {#£4% 3 min, 7£ 3 min N i 12% A 28 $ 3%
E25% A HAEF 2 min,fE/S7E 1 min HFHH 25%
AZHERE 0% A FHAFES min, RS57E 1 min
B 90% A R TEE % SRR A 12% A FHFF 5 min,
HEEES uL; B 30 T,

B4t BEFEINERFHEZE(ES, K
WMAERXAZERE M (MRM) B FERX, EETE
W XERKIAEALRRKIESTF % 700 L/h #1
SOWh, REHAEARS; HESKENO.18
mL/min , 2 i% &l {8 i /£ /7 ( collision cell pressure)
#y% 334 Pa(3.34 mbar) , SERHR; BN
N#4 8 /& ( desolvation temp. ) 7 350 C; FH R E
(source temp. ) 5 120 T, EMEHEN3 KV, &
FLH & ( cone voltage) . Bif 1% B ( collision energy)
Bl #RERHEMBEXAIEEFRE L
1.4 BRBAXKERZE

REFAAKMEBKEGHREKETAOSm
. ELOL KEFMAREEEIBERD, U
0.45 pm BBHER X BFEY,HMAL 200 wL tEFRHE
WAKHpH #3.0 £4, K5 L4 5 ~8 mL/min Ji &
j# 3% 500 mg/6 mL Oasis HLB SPE /hH:, HLB /)
HE#ZHRKE 6 mL FE .6 mL H EH 6 mL
PH % 3.0 #5 5 mmol/L Z M B rhik ik k. KEE
TG, A MES K/ ME, B DMETA
SARP T T4 10 min, /5 6 mL P EESERL, 38R
WREA CTHASKT AHBREAN 1.0 mL,
e BT,
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A RBERN (M +H] " Mo FRFid, REX
HA#ATEHEURBZRBRENTFEF. BT
BYM2~-3 M BEEENFE TARKNE
Fxb, L MRM SEX#ATH 0, 72 00 S5 B S {1k
T8 SRR K 4 L e R Rl B,
REETMTEFARNSRERFHFEMLAS
BEE. RUEERSHEAE 1,

21 BRAERPHBBERERNEH
Table 1 Tandem mass spectrometric parameters
for target antibiotics

Parent

Daughter Cone Collision
fon

Antibiotic ion voltage/ energy/
(M+H]* (m/z) Vg el;’gy
(m/z)
Carbadox (+E#) 263. 1 231.0 28 13
Oxytetracycline ( + B %) 461.2 426.1* 24 17
443.2
Tetracycline (I3 X) 45,2 410.1* 27 17
427.1
Chlortetracycline (& ®/®) 479.2 444.1* 26 19
462.0
Doxycycline (IR 1B %)  445.2 428.1 27 18
Ofloxacin (£ 2) 362.2 261.1 35 28
318.1° 21
Norfloxacin (#HEVE) 320.2 276.2* 33 18
302.1 21
Ciprofloxacin (R E) 332.2 288.1° 30 16
314.1 21
Danofloxacin (GEWE) 358.2 283.1 32 26
314.1° 18
340.1 21
Enrofloxacin (BiFYE2) 360.2 316.1* 33 21
342.1 22
Sarafloxacin (#$HPE)  386.2 299.1 32 26
342.1° 20
368. 1 22

* quantitative ion.

HElLAMZBEEBRMES.0 mmol/L Z
BMEM 1 LPBRKBHERHANME, KEN 0.2
mL/min, ¥ ZHFHAWE T LR 1L 37 WA E %
BEF. ERCHNBEEERBEFT.BTERDE
MERVELES BN HABRMERDELH
BB MRM SR RE 1, HirAEAZNER
I #EHT X 8 min,

2.2 BEHEEREGHRL

SPE 24 & | ¥k ft 770 F e 8 0] A B K At A
B E . pH. 2 S A S W SPE ER MK
AT LLINAR B 9 0F 04K 3 2 B3 X e 5T
56 & BEAT T AL
2.2.1 #8 ARIERERAER

FATREKED B A Rayw iR 8, &
FELESHERNEGEN EREMRERZEE

Relative abundance / %

t/min

1 PUERIK 2 ok it M K 5T KR A 4R B MRM @
Fig. 1 MRM chromatogram of tetracycline and
quinolone standards
1. oxytetracycline; 2. ofloxacin; 3. norfloxacin; 4. cipro-
floxacin; 5. tetracycline; 6. danofloxacin; 7. enrofloxacin; 8.
sarafloxacin; 9. chlortetracycline; 10. doxycycline. Su. carba-
dox.

BT SPE/MEMARAAER, FWABE KM
i) g B Waters 4 7§ B9 Oasis HLB /) & (500
mg/6 mL) , K AL EWNH 5 ~8 mL/min, LA
HEEMEKIER SHARNNGEREEY
100 ng/L, E KNI HEE, SREH, KH#EH
ARG HIR 0.5 L F1 1.0 L&, 10 # HiRHL A
FE R EIW R E 63.6% ~ 105.8% 2 6], & BLiE Kk 3
LSLet R RERXIEE TR, Hit, TREX
KBS HAR N 1.0L,

2.2.2 HBAEHNFEBNAE

SPEEFMMEREAPAERZERK. £
RER SRAFHEAIGBENLRERNHAEXT
5.0 mL &}, BfrHiE RO T B e 2 UL, B s A B
REFRBAARERN 6.0 mL,

2.2.3 AHHpHREE

— R K i) pH 7E 6 ~9 Z (8], 3R FE Sy 0% ; 5 7k
HAMPHTAET. 8 ~8.3 2/, LEAE3.0% AR,
AEERMBFHREE, U 1.0L Milli-Q KM ERK,
4y By % pH 3 3.0,5.0,7.0 #1 9.0, RS MA B45
HERBERERBR, HEBRLARERE N 100
ngLBEABSZR LA TN EH#ITAE, 558
A28 .pH A 3. 0 W HIRA RN E W R LRI,
EHRERLT.

RAELL 1.0 L Milli-Q 7K 5 % Ji , KL %l £k BE 43 51
H0.0%,11. 2% F1 33. 4% g A T 7K, ¥ % pH %
3.0, A B3, HREEAEE. SREN, KBS
BEZE 0% ~33. 4% B P HARL A E S B R T
BEXW., Hit, ALB#EKESETALRA
¥ pH £ 3.0, 5 ERHFTET,
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2.3 HRAINERE W E

BUE TR R 8K AR L B WK N &K, AR
REWE %% 5.0,20.0 F1 100.0 ng/L,#%“1. 4"
TR RS HETLE, BMEREEKEE
fTOE 4 3, BEF BB A KEMERE, £
EREEAFEHARS, BEKEERPRER T, H
WBEAE J9 3 A 4y (surrogate ) , 76 4> #7 BT B0 B K B &
PLUMGHEBETREEN. 2WERITH
2, NE2PATLUEN . E&MEFAKEE, WD
Ko & B4 B B9 F 3 B W3 7E 87.3% ~ 105. 8%
Z 18 A PR AE R 22 (RSD) 7£ 1. 6% ~9. 7% Z A ; &
(GERE KPS AR F L EWRETE 63.6% ~

117.0% 2 [&] , RSD 7 4.8% ~ 8.6% = [&], H M 7]
MmOBRTMTEEERTNERYE, kRLELE
HEER,
2.4 TiEHSEMNEETEENTEINRER
FHAMRAREEMTRE R EEFEERER
IR BRI AEE S BIZE 0.4 ~1000 pg/L 120 ~
1000 pg/LEEHNAERIFHRERXRRE  UERIK
(S/N) F7 10 XFRi ¥k BE AR B E R Hi R,
ZRNEk2, ATHAEIEFMA EDTAN,,, 0
BREEVMERKRBYIUEESHFLE BFLHEEM
MEE AMEREESEERERRERARLX
HER,

22 AKMGARRPAEROMREWE(n=4) FEORHBNRERXRN
Table 2 Matrix-spiked recoveries (n =4), detection limits and correlation coefficients of antibiotics

Spiked River water

Sea water Detection

Antibiotic level/(ng/L) recovery/% RSD/% recovery/% RSD/% limit/ ( ng/L) ~
Oxytetracycline 20.0 102.3 8.4 95.9 6.0 20.0 0.9997
100.0 99.4 5.3 97.3 6.8
Tetracycline 20.0 99.4 3.2 94.0 5.0 20.0 0.9982
100.0 98.3 2.3 93.2 7.3
Chlortetracycline 20.0 101.0 3.1 117.0 5.8 20.0 0.9999
100.0 105.8 9.7 111.8 6.5
Doxycycline 20.0 99.3 5.8 96.4 4.8 20.0 0.9999
100.0 104.3 2.0 97.7 8.6
Ofloxacin 5.0 90.3 5.3 63.6 6.6 0.4 0. 9999
20.0 89.2 1.6 68.4 8.1
Norfloxacin 5.0 90.1 5.6 70.6 7.2 0.4 0.9999
20.0 93.1 3.4 75.8 5.7
Ciprofloxacin 5.0 88.2 5.6 67.2 6.5 0.4 0.9982
20.0 89.4 1.6 73.8 6.4
Danofloxacin 5.0 91.6 3.2 80.5 5.5 0.4 0.9999
20.0 93.9 3.2 81.2 7.9
Enrofloxacin 5.0 87.3 3.6 70.4 7.1 0.4 0.9996
20.0 91.4 2.0 76.2 5.5
Sarafloxacin 5.0 89.2 3.9 69.3 6.0 0.4 0.9999
20.0 92.4 2.7 77.0 7.2
2.5 ERARPERALERNIH 10—
. r u
ALK F 2006 £ 12 A REBBARILTAOME ol i
GRS 210 MR RE KRS KRR K £ T {i [.
ABLTFHBABOAR 16 PREWM.HEN  § of \ i
JLO1 ~JL16 ; 7E B (TP ¥ 3 A5 6t 5 RV OL, % 5 H wh J\ )\ l |
% XHOL ~XHOS, # iy mAfmknmFan £ | \ bl
RAERMAN HRER WAREHARESHE  © O} \ &M{M w MM .W,qe“ "'WI
R HRBR Y, EERLAE RPN ARV EE 0 ‘~‘
1 2

JUIE L O B0 70 3 4o 7 B 1) 76 98 3o By 4 BB i O 39 iy
H, RBEEAEO.9~5 8 ng/LZE(ME2 Fim),
A X K R SR B AR B R A A 1S
#H— P

t/min

B2 TERARHEAREFIEETAEGE RN MBRM R H
Fig. 2 MRM chromatogram of tetracyclines
and quinolones in a water sample
For peak identifications, see Fig. 1.
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AW RA SPE 5§ LC-MS/MS Bt A, &

SETIRBUKEET 4 R IR K KA R 6 Fhrkin i
FH 4 R FEIR T B R8O, R TR
BARTOREITERESKFRPHERREN
HE. GRERN ARV ERHWAREKELEO0.9
~5.8 ng/L Z [6], F R M4 7 (H G # — & R EM
BABF
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i ®in E w v o3
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i 1.005 2 1420 9 0.84
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