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FZ& B ZEE UHPLC-MS/MS EMEKA 15 FitE =
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¥ OE SRAELR AR ZE O i AR R €3 — E I T RS ( UPLC-MS/MS) I AR #ES7 1 AR 3 K Bk 5k 6 26 15 R
ARFEAHI T, 5 mL B 52 HLB ERUMETELR E & b IReBE , F UPLC-MS/MS A7 A, 15 Rk £7E
5~200 ng/L 8{ 5~50 ng/L FFEA RAFILRM R  FEREIYRT 0.990 0, Frik s i FR (3 55 L) v 0. 74 ~3. 28 ng/L,
TR EHRCERALE 49. 6% ~ 130. 2%, %5 S AR EAHAC B, B SR 08 | ML A0 B B R0 90 293 R A e . X ma
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Determination of 15 Antibiotics in Water by UHPLC-MS/MS with Online Solid-Phase
Extraction

WU Bin, SU Yuliang, HU Kewu, HAO Yifei, YUAN Hanhong, WU Jie
(Zhuhai Water Environment Holdings Group Co. , Lid. , Zhuhai 519020, China)

Abstract  Ultra-high performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/MS) was applied to simultaneously
determination of 6 classes ( 15 kinds) antibiotics in drinking water and source water by online solid-phase exiraction. 5 ml water
sample with antibiotics were enriched by HLB online solid-phase extraction column, and then washed, eluted to quantitative
determination by UHPLC-MS/MS. Tt had a good linearity in 5~200 ng/L or 5~50 ng/L with R>0. 990 0. The detection limit (3 times
of signal to noise ratio) was 0. 74~3.28 ng/L. The recovery rates were 49. 6% ~ 130. 2%. The method could realize online solid phase
extraction, which had the characteristics of simple operation, high recovery rate, short analysis time and solvent saving. The results of
antibiotic test in a river in the South China showed that the method could be applied to the analysis of antibiotics in drinking water and
source water.

Keywords  ultra-high performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/MS ) online solid-phase

extraction antibiotics solvent saving drinking water
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T A W i e 2 P e A T R R A DL
KA 3 5 T R 3 R Ah B e A R OK AR KT
s, S5 RBH FEAES T2 IRBEDTIE 2 £
BRYTA R ) B T2 X i I 2 i e 28 | DU 3R
RERYIAE R EBRRIAF] 50% ~60% , H. 1T 3 121
TR EE RN BN & S B BE ) PAM 45 7 X0 R TR
BRI s R A1 5 ST B A X 5 Ot i b A=
ZINEBRRCR T ILF] 30% ~50% . R E AL AT
P o i, A5 R B A B T IR AR R T A ) A B,
{537 SR BN & 12 i ) & R 2 ) B 3, ELAL
Az 3 S B o D b A I TR SO W A e 24 1 i
SANE s 76K T NaClO 1 S ¥ 2 57 B ] B 23 2 ik 5¢
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PUAE R ST AR M i A & 16 S AR 2E AL 23 0 iR
TR B, B MR K 22 4 KU sk 50 R
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T PR ST (%) (8 A0 26 BUASC, 26 LIS 7576 7 28 VROAH 8
T — ER ISR T (AR O 3 vl i AR AR L A FE A
K RER I AR AEEAL . A IR L [
HHEERCHE AR, B SRR EL S mL K AR 78 £ [ A1 2
B Al RS B R A RORE €8 1 — 5 I O i A A
W, TG R A BRI | IO A BT i
) 7 2 R LA
1 MREFZE
1.1 KFENEE
1.1 k5

FE gl ali; O . (A al; R . Bl s
FIA: w5 ol A (99.999%) ; il fE K o4l m\
(99.999%) ,

YA E bR 6 25 15 R ZARvERE I B
Dr. Ehrenstorfer GmbH A &), i FEE R KT 97%, 47
At A (it P P Sl mee i frl PR G g il file —
WEIE i (1) AR E | e SUK R ) L KA N 2R
(L8R PUER) WHRRE(WHR SER . -
HERBNER) B-NBEE(HFER G) EHH
KERDE BV E) AER2EK(AER).
1.1.2 {U#%

WAH 3 — HR I = DO AT B 3 A (Waters 2
F] Xevo TQ-S Micro ), & F . H W% & 1 |
(ESI) ; (1,35 4% ACQUITY HSS T3 #,2.1 mmx 50
mm , ORI AR R 1.8 wm; BT SERS . R M
(PVDF) ,fL42°7 0. 22 wm,
1.2 HHEBIEEG

GREFR S A N 0. 1% H ERIER, WA B A
MG/ W =90/10; #E3ER 35 °C 5 HEFEARFR R 5 mL,
s AR R BN 1 R,
1.3 &M

LS IR . FE IS 25 I B TR B R LS
kV 5 IR £ 150 °C 5 B R £ 550 °C 5 IR <
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R OISR E P 1 000 L/h, SR FH 3% £ 5 W W ) A =
Tab. 1 Gradient Setting for Chromatographic Flow Phase (MRM) , R i S SR 2 R
]/ min Wit/ (mLemin™") A A TishAH B 1.4 FRERTIBEE
- 0.1 95 5 P AT VR - 53 0 PR B A 5 000 2 53 s o
4.0 0.1 95 5 £50.010 0 g(CK5HHZ 0.000 1 g) , HHEIABRER R
4.1 0.4 95 5 10 mL A A R MR WO B MR EE R 1000
5.0 0.4 95 5 pe/mL, BT -18 CUKFHRCIRAE . 40 BT 15 Fh
9.5 0.4 5 95 Btk FFRUERE W 100 wL, P EEE 2 ZE 100 mL
10.5 0.4 5 95 A, FCH R 1 pg/mL BYTR G A5 A
13.0 0.4 95 5 W W1 wg/mL BIR G FRIERS ST 100 pL,
F2 PUERMESE
Tab.2 Mass Spectrum Parameters for Antibiotics
hacs L&A PELAR BB T (m/z) FHEF(n/z) HEFLHLE/V  REEELAE/eV B TR
1 i iz P A sulfamethoxazole 254. 1 92.0* 30 25 ESI*
156.0 30 15
2 i iz VP L sulfamerazine 265. 1 92.0" 35 25 ESI*
156. 0 35 15
3 it e — FHY s g sulfadimidine 279. 1 156.0° 35 26 ESI*
186.0 35 25
4 ik iz ] FR 4R m sulfamonomethoxine 281.0 92.0* 35 25 ESI*
156.0 35 16
5 itk Jig S b sulfachloropyridazine 285. 1 92.0 32 28 ESI*
156.0° 32 15
6 HHEEG pennicillin G 335.1 160. 0 25 10 ESI*
176.0* 25 15
7 B enrofloxacin 360. 3 316.3" 38 19 ESI*
342.3 38 23
8 HEV R ofloxacin 362. 1 261.3 25 30 EST*
318.3" 25 20
9 mNER doxycycline 445. 1 154.0 30 35 ESI*
428.0" 30 20
10 PUBRE tetracycline 445.1 410.3* 40 18 ESI*
427.3 40 12
11 +EH oxytetracycline 461.3 426.3" 20 17 ESI*
443.3 20 10
12 SRR chlorotetracycline 479.3 444, 2" 15 22 ESI
462.2 15 18
13 AR erythromycin 734.5 158.1° 30 30 ESI*
576.5 30 20
14 VZAR % S roxithromycin 837.6 158.0* 43 35 EST*
679.5 43 20
15 HER chloramphenicol 320. 8 151.9"° 20 16 ESI”
257.0 20 10

T FREERT
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MBEE 2 2 10 mL 25 500, B il st i ik B0 10
pe/L IR G HRIE TR, 7E 4 CUKFR TP IRAE
S EL 10 pe/L IR G drfE TAEWR 25,50,
100,250,500 .1 000 pL, finzlizk 20 mL J&5 i B AR 50
pL 98755 pH, PR 4K E 253 50 mL (285, 15 3
15 A A R v 5.10,20,50,100,200 ng/L
IPRIE R
1.5 HFmaiE

1.5.1 FRAREE

FHAE B8 T ¥ JF 1 8 09 A5 € 36 288 O 550 2R 1Y 9
A (RN ) R SRR SR S5 I 1 7 0 25
i, DA 2 |, FESVAE 4 C OB AR FE,
12 h WIE
1.5.2 FEAATALFE

FHBYE B8R S 2 BOKAE , 28 PVDF S8R UE ,
FIR T pH fH o 2~3,
1.5.3 FELEIAHAEEL

I FELR [ AH A% B HLB /)NE 5 42 i b BES Y
FEdh , TR B 2 BUR S A A 2 2% NH,OH ¥ ;
TEAH B 2 0. 5% W BRI W ; i sh A C S S/
fE2=90/10; Wi sh A D b H B/ Z M5/ B = 1/1/1,
FELR A AR U S AR B B AN 3R 3 B

R 3 TERISARAL IR SRR B 1
Tab.3 Gradient Setting for Online Solid-Phase
Extraction Flow Phase

B ] T WEAR WA WS WSl
/min  /(mL-min"") A B C D

- 2.0 0 100 0 0
0.5 2.0 0 100 0 0
3.5 2.0 0 100 0 0
4.5 2.0 0 0 0 100
7.5 2.0 0 100 0 0
13.0 2.0 0 100 0 0

2 ZERE5ITR
2.1 HEmlNERER

5 AL L P A i SR T 2 AR A% B, R
K5 mL, $5 BRALER S BT AR HEA TN, T 22 R
W ( MRM ) 5 R4 HEAE BT MR h 50 ng/L
I (1 €0 3 (ARG I 235 S 18] 1 B
2.2 R 2 A0 R

U6 A~ 20 mL SJEFERR 3 BIE 1. 4 /N5 TR bR e
ZH0 SR ELR AR A U BEREIGE | L33 06 1 AR
AT i A5 BNZA I ik i e bk MR 5 FE AH G R
BOLKIBR (LA 3 5 ) S5 350 £ 4)

783 7.29 735
f* * [
i nl ‘:\. J \‘\— iy | .
4.00 6.00 8.00 4.00 6.00 8.00 4.00 6.00 8.00
Fif ) /min Fief 1) /min Fief 1) /min
(a) Tt FH s (b) TRk I B e (o) Tt — A w0
[ }i [ 7.75 7.0
4.00 6.00 8.00 4.00 6.00 8.00 4.00 6.60 8?00
Fif ) /min fief 1) /min Fif 1) /min
(d) T fhc ] FY A (e) B A mRIER 6} %E?&
6.97 '

I

1 Ny
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Fief 1) /min fif 1) /min Fief 1) /min
(p) BIRDE (h) ERW £ OF Wik
7.10 7.00 7.39
L JL‘ [ | N\ A [ L r.“k L
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7.70 8.03 7.86
. ! . .
4.00 6.00 8.00 4.00 6.00 8.00 4.00 6.00 8.00
i} /&) /min if /&) /min i} /&) /min
(m) ZIFE (n) BUOFER (o) BB\E
B 1 15 FedislE £ (50 ng/L) 100% I — 1k it &
Fig. 1 100% Normalized Standard Ton Chromatogram of 15 Antibiotics (50 ng/L)
F 4 R 2 A R
Tab.4 Detection Standard Curve and Detection Limit
WiAER £ B8 B5f 8]/ min LVEVERE/ (ng L") LT KRR/ (ng- L") AR RELR
i i P S0 7.83 5~200 y=45 832. 1x—13 189. 1 0.95 0.998 2
il i P B 7.29 5~50 y=879. 86x—4 038. 4 0.74 0.995 8
fitf il — FF g g 7.35 5~50 y=759.17x-2 519.9 0.94 0.994 6
itz [ F 4 e 7. 60 5~200 y=45 161. 5x+11 582. 8 0.94 0.998 9
ik i S ik 7.73 5~200 y=52 800. 8x+29 990. 6 1.59 0.998 8
HEH G 7.05 5~50 y=145. 10x-278. 17 2.77 0.997 9
Binib A 7.09 5~200 y=5371. 1x+27 094. 6 1.53 0.998 2
ARV E 6.97 5~50 y=4 198. 1x-9 923.99 1.40 0.997 7
SRR 7.45 5~200 y=2 569. 7x-3 985. 3 1.38 0.998 0
DU 7.10 5~50 y=3 675. 8x-12 089. 1 0.98 0.999 3
THE 7.00 5~50 y=1394. 1x—4 677. 01 3.28 0.998 6
BER 7.39 5~200 y=4 837. 8x+6 545.7 0.98 0.995 4
FARES 7.70 5~200 y=449. 9x-891. 6 2.18 0.997 7
BOAHR 8.03 5~200 y=3 154. 8x-5 692.2 3.24 0.997 7
AER 7.86 5~200 y=72.1x-256. 5 1.37 0.999 7

2.3 IEHE ERRKEMAEMREWERR 50 ng/L AHLAE R IRERIEATINER [T, 52 1%
1ol TR RS B AR FICR (AL 7 ), AR

DIGLHBIK Ak K Mgk S schikkE, S PR
K5 EBRAKEEMAR EDBCR AT bR UER 22 (n=7)

Tab.5 Recovery Rate and Relative Standard Deviation of Real Samples (n=7)

afizk H Kk Rk K
Wi

iR e RSD TR e RSD TR e RSD i [l i RSD
itk e S 93.3% 6.4% 103.3% 7.4% 92.7% 13.7% 54.0% 0.9%
itk frie F 35 s e 94.5% 7.8% 74.5% 8.8% 60. 6% 16.2% 64. 9% 22.3%
it frie — F s e 95. 6% 8.7% 75. 9% 8.7% 70. 5% 29. 8% 69. 1% 15. 0%
it f i) F 4 ek i 101.2% 7.1% 103.2% 15.0% 84.2% 3.3% 84.2% 3.3%
i i Gk 1 112.5% 1.5% 110. 5% 2.5% 98. 3% 11. 6% 88.5% 39. 8%
BHE G 88.2% 2.7% 78. 2% 6.7% 67.3% 9.5% 74. 8% 14. 4%
Bikib 2 104. 4% 2.9% 100. 4% 3.9% 85. 4% 18.5% 82.9% 19.2%
AR R 92.5% 8.0% 62. 5% 12. 0% 64. 5% 17. 4% 49. 6% 30. 8%
R 110. 2% 3.9% 130. 2% 3.6% 109. 7% 5.9% 100. 8% 7.7%
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- ik K K LE YN
JLAE R
IBRFICE  RSD  mbREICE RsD JmbRFIKE RSD  bsEICE RsD
U7 88.9% 5.6% 78.9% 6. 6% 74. 0% 14. 4% 67.5% 17.7%
+ER 92. 0% 5.2% 72. 0% 12. 2% 70.2% 9. 7% 65.7% 5.8%
SHER 105. 2% 4. 1% 115. 2% 4.0% 86. 5% 16. 2% 79. 7% 7.9%
aER 105. 1% 7.3% 115. 6% 10. 3% 124. 4% 9. 6% 83. 0% 21.5%
BABR 115. 4% 6.2% 125. 4% 18.2% 126. 8% 6.3% 96. 4% 21.3%
AEZ 114. 8% 3.0% 124. 8% 4.0% 98. 4% 6. 6% 64.1% 10. 6%
2.4 g;": |}I-‘|_;7k1:$1;ﬁi)ﬂ‘lj [ 5] MURATA A, TAKADA H, MUTOH K, et al. Nation wide
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