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Simultaneous Determination of 17 Antibiotics in Water by Online Solid-Phase Extraction,
High-Performance Liquid Chromatography and Tandem Quadrupole Mass Spectrometry
(SPE/UPLC/MS/MS)

ZHOU Rian'?, YANG Yiyou"’, ZHANG Suyan"**, HUANG Yangou'’, WU Suhui"*, CHEN Yueyue'’, ZHENG Shi'"’

(1. Wenzhou Monitoring Station of National Urban Water Quality Monitoring Network, Wenzhou 325000, China;
2. Wenzhou Water Supply Co. , Lid. , Wenzhou 325000, China)

Abstract In this study, it was established an online enrichment high-performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS) method for simultaneous detection of 17 antibiotics in water, including macrolides, sulfonamides, tetracyclines, and
quinolones. The water samples were enriched online through the Waters SPE mode using the Waters Oasis® HLB solid-phase extraction
cartridge (30 mmx2. 1 mm, 20 wm) and then separated on the ACQUITY UPLC® BEH C18 column (100 mmx2.1 mm, 1.7 wm) with
0. 1% formic acid aqueous solution-acetonitrile as the mobile phase. Detection in positive ion mode using multiple reaction monitoring
(MRM) in an electrospray ionization source. The results indicated a good linear relationship between the target compound and mass
concentration (R>0.990) in the range of 5~ 100 ng/L, and the detection limit was 2. 04~ 3. 30 ng/L. The recovery rates of the 17 kinds
of antibiotics were 49. 1% ~133. 8%, and the relative standard deviation (RSD, n=6) was 3. 8% ~11.3%. The method was applied to
detect the water samples from the drinking water sources in Wenzhou City, and except for certain reservoir downstream of erythromycin,
clarithromycin, azithromycin, sulfamethoxazole, roxithromycin,no other 12 kinds of antibiotics were detected.
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Bt Tl R b F PR e Ji i R BR S Ge )
PrAEREIREE P H 253 2, X N S Fn A A5 30 8%
PRI L B TE Y L A - TR K
TR 5 5 AR s R R K TR 4 75 G, TRTE I 7K
E7 e e o DN (17 AR || Wa o X (SR TRV EL
BEI5 YL, AR PR BT i B A0 8 A R g
oA R YA 25 YL Y B S AR T
S BA Tid 24 P R O, 3 BT AR 205 Y W X IR KK
iR og A A s 8717 SN = e 1 a1 E 7 W o =
1 I 7 B A 8 OB (3% (HPLC) 7' ¥ i I
FRRENY REVE BT AR A KR B RS
Wy B3R B, — KR BT AE R AIL, R
ZAEN AT R BT O R b A R ik
BME—TUORE TS5, HIk, R ZE RN
ORI R WA T (| N A e L o S S R R 2
TF 2 v 850 B PRG3R K U b 2 A7 51 B
I B i 2 B 7 ol ik B 5 ey 28 56 FE B AR SO
74 BBTA R WRTINHT 77k A4k SPE = RUHOR £
T — B T 1 ( LC-MS/MS) | /5 250 A 831 — it i3
BEFHEAR , BARGT . RARFGERE 5 mL i#3d Waters
SPE R 7R LR & 4E , B (i AR A S P B AR R
GYES RGBS B IS R ) JOT 3 Aok O S TR T A
YE SR ST/, b i i Ak
PR (AR HA) I o kR AR
faT BRI R 18 min g BE S8 L — M FE S Y
R, I EL AT TR IS [R) 56 5 9 7K R | A HE B AT 3k
ELTRES N
1 RIEFEBS
1.1 EERKFSHH
111 brifER

PR IR E LER VN ER (R
R) EBRE, RKANEE . whifx Pams, W
AR ARER, B SRR R AR R
WP R NP R, TS - B8 il SRRA W |l i P Ol
W PRSI E (AR M E ) it il — P R I (it
Jie I WENE ) BEPEWERE IR 17 FhpiAE R BRI
H Al B 27 B A b B bR o R I R A
T,

1.1.2 35

A B (R ) R (BTHE T ) LN (R

5L o I FHACH 2K R 0. 20 wm JERE (L

BATER AT |
1.2 UHE5EE

ASCS < VR SO AR 2,335 HR IR DO AR AT BT 1A (&
Waters, OA UPLC On-Line SPE + XEVO TQ MS);
96C008 H i 7 e T VAN (- T 2N B3t o 7 15 A PR
ZNT]) s AP-01 BURRRE LA 58 (BN 52 U AR A R 2
Al . 4. £ E Waters Oasis® HLB [H AH & 4 /M ME
(30 mmx2.1 mm,20 um); 3 [E Waters ACQUITY
UPLC® BEH C,, {034 (100 mmx2. 1 mm,1.7 pm),
1.3 REBIEMRILEE
13,1 @Eg&g

TELR B /M (FSEAE ) . Waters Oasis® HLB
ME £ /MME (30 mmx2.1 mm,20 pm), PUICHE
(QSM) TEL & SR IF I sh A A 25 0. 1% H R /K ¥
W, B R O B R A E 2.0 mL/min, ALK
TEL R PR 1 PR,

F1 EXEERT

Tab.1 Online Enrichment Program

i8]/ min W/ (mLemin™") A B

0 2.00 100% 0

0. 50 2.00 100% 0

3.80 0.01 100% 0
4.10 2.00 0 100%
9.00 2.00 0 100%

10. 00 2.00 100% 0

12.00 2.00 100% 0

{0, 3% 4% . ACQUITY UPLC® BEH C, 1%t
(100 mmx2. 1 mm,1.7 pm) , #FAJEE R 30 C,
TOUIE(BSM) BB BE R A I B A A, Ol 0. 1% H R
KW, Weh Ml B, BN WMEEEN 0.3
mL/min, FARTELGEMFEFA05R 2 Fi7R

&2 RV
Tab.2 Online Elution Program

A 18]/ min W/ (mLemin™") Ay B,

0 0.30 80% 20%
3.8 0.01 80% 20%
4.1 0.30 80% 20%
8.1 0.30 60% 40%
10. 1 0.30 0 100%
11.1 0.30 80% 20%
12.0 0. 30 80% 20%
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1.3.2  JHig&
L 7 AR 7E IE B TR0 (EST+) T H M 25 B
TR WESE LR 0.7 KV 22 5N S W A =

( MRM ) K 5 15 B Bt 75 351 U S 500 °C, i35 541
SFE N 1000 L/h; 25 46E WAL ) 48 88 B5F 1] o
Wb HEFLHE R RIS HE R UNER 3 B

R 3 PUERMT L HEAL T R R AR B (A

Tab.3 Mass to Charge Ratio, Cone Voltage, Collision Voltage, and Retention Time of Antibiotics

&y BEBSF (m/2) EWR T (m/z)  EEET(m/z) HEFLHL RV filfA# L e/ V % B2 I [/ min
T g s 251.2 91.8 156.0 30 26/15 6.11
i i HH s 253.9 108.0 155.9 30 26/15 7. 44
Tl e S kR 285. 1 92.0 156.0 22 28/15 7.14
AR R 362.2 261.2 318.2 35 26/19 5.94
PUIRE 445.2 154.0 410.1 26 27/19 6.19
THmE 461.2 426.2 444.0 25 20/13 6. 02
SHER 479. 4 444. 1 462. 1 30 21/18 6.92
(iR 749.5 158.1 591.5 30 32/25 9.11
BABRR 837.8 158. 1 679. 4 32 34/22 9.23
L= N 291.0 123.0 230.0 35 27/25 5.96
W R 320. 1 233.0 276. 1 32 25/18 5.88
WR A 332.1 288. 1 314.1 32 18/22 5.97
Bkib R 360. 2 245.0 316. 1 32 26/22 6. 11
EAUTE S 445.2 321.0 428.2 30 30/20 7.15
AR 3 734. 4 158. 1 576.3 29 30/20 7.97
TR R 748.5 559.0 590.2 30 25/30 9.10
Tk e — Y S 279. 1 92.0 186.0 30 28/16 6. 44

T AR P R 3591 X TR A 8 E B T

2 BESR
2.1 HmRXESaTaE
2.1.1 FEHCRE
SRABERT (B A 25 45 R 48 500 mL /K, 4
R M IAWTTRERG 5 Y, BN T 4 °C VKA % $F

PRI PRAT
2.1.2  FESETALEEABR

BUKAEZ) 20 mL, S 4828 0.20 pm JEE T IE,
TR BRI BRI KRR pH (HZ M 3 Z 5 EALMT .
2.2 FEHZHLTH

Beil 17 #PiAE R [ whim R B ARG R &
R AR E i L E (B e ) R
U R RV R P AECRIE (AN A NE ) | B
VPR IRV R O DO R R R E |
BRZUAR(CRNER) LA BE SHR]
RAPRUEA . WSET R 17 Rl R IR
Wy, LA2tK Ry s 590, T B ot i vk 2 R 5.0, 10. 0,
20.0.40.0.60.0,100.0 ng/L B HRAEZ 5], L HLIM
T DA AL B R AR A 17 BT AE 2 ARXT
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TR,
3 #BREiITiR
3.1 AEIRhERERE

BRIR I RS B B2 DU PR 3228 | Wi i 2K 4
ABEANHTAE T S5 45 A AR TR [ Bs ORIE £ B
ROR MERERR RN R E R T OB 100% 40
7K 0. 1% ZFREK T 0. 19% F R /K W 0 7 sh AR
A ZER IR 100% 4K 0. 1% 2R 8% K IR
B, Bl Jie 288 4 e 7R 4 e ™ o HL AT B fil g, BT AR R
R 0. 1% WRRKAE BT A, X L 1
100%#B 407K 0. 19%F1 0. 5% AA HE Y H i K i T 1
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(QSM) L sl A , 0. 1% H iR K 1 R AE R BSM it
Bl AL 18 min ( FEL EAHFEINZY 5 min, YEME 7325
2512 min, PEEFZY 1 min) WELRE 5E L2350 HARfb &
YIRS B I AE
3.2 RIESKMURIERE
SIS WG RE B TR 2 AR N A IE YT T AL
B R TE MRM B #1708 PEFIE 25007, ik
Xfiﬁiﬁﬁfﬂﬁixjtﬂﬁ%&ﬂ%ﬁ%ﬂmﬁg%ﬁ,Mﬁﬁ%
BN E B K B o o A AR AR B Y 2 H AR
%A%ﬁn{tﬁﬁ% Hong 3 R,

3.3 A Online SPE Y%

I X L5 T Oasis HLB 2. 1 mm x30 mm
Direct Connect HP |, XBridge C;; 2.1 mm X 30 mm
Direct Connect HP ( XBridge Cq 2. 1 mmX30 mm Direct
Connect HP ,3 # Online SPE £ X455 [ /K &£ Fx A9
FEL A BN #2, 5 % W] Oasis HLB 2.1 mmx
30 mm Direct Connect HP X 17 Fi¥i 4= K B A B 4
(g [T DCRAE 77. 3% ~ 112 5% , FLAKGNE S
TS EIAR IR, AR )E ORI D7 YA Y 17 A
PRUEVE TR MRM (S35 AN 1 B,

B 1 100 ng/T. 17 FPiA ZAY MRM (A3 &
Fig. 1 MRM Chromatogram of 17 Antibiotics at 100 ng/L
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3.4 FEMEMXRRKHIR

TE 5~100 ng/L Bl 6 FRiEG B, EST+A
T, FHETI 1.3 /15 I 1 6335 R 0T 1 2 40 D0 7 2
il 17 FbruEh 2, 17 Fhbid: 2 bR i £ A0 ¢

FENR PRI 4 PR, 25 Bsb &Y st ik i
FE5~100 ng/L, MR R4 (R>0.990) , K th R
h2.04~3.30 ng/L,

R4 17 FHUERITAEMZE AR BN R

Tab.4 Working Curves, Correlation Coefficients, and Detection Limits of 17 Antibiotics

hiAER A bt 7 R KPR/ (ng - L")
T e m g y=16 042. 8x+23 609. 6 0.996 7 2.30
i i P S0 y=11252.5x-3 193. 1 0.999 7 2.19
fitf il — P g g y=22 249, 5x+52 375.3 0.997 8 2.14
it e S ik y=13 456. 5x+9 725. 1 0.998 5 2.05
HARE y=12 085. 7x+15 818 0.995 8 2.04
R A y=649. 1x+958. 1 0.9915 3.27
WRT A y=1299.9x+2 284. 4 0.996 9 3.05
Bash & y=907. 8x+2 483. 6 0.993 5 3.19
E2g RU y=1945.3x+1 025.7 0.995 1 3.24
EAETS 3 y=7 849. 8x—1 891. 4 0.998 9 2.35
U7 y=5273. 1x—1 549.2 0.999 8 2.93
THE y=5 714. 5x+663. 8 0.999 9 3.30
EXi N y=2593. 8x+351. 1 0.995 9 3.03
FARES y=5 652. 0x—4 836.9 0.993 8 3.18
P RS y=3276. 6x-1 876. 8 0.994 2 2.69
B &R y=527. 5x-277.5 0.993 0 2.24
VZARES S y=3238. 1x+2 844.6 0.992 3 2.36

3.5 FEREE EMMAREK RIS

AT T Ak K AT A IR [T e
USRI I A B IR EE L L s K
e HR 3t 2R K ARG, 80 ng/ L &l 7K N A 1]

WA 77. 3% ~112. 5% ,10 ng/L H ] 7K1 50 ng/L
Hb = K 8 0 A [0 58 43 1) 02 49. 1% ~ 133. 8% Fil
52.2% ~117.4% ,10 ng/L A%} b5 1R 22 ( RSD)
H3.8%~11.3%(HEE 6 k), kNS PR,

R5 4K K SRIEK R R R/ bR iR
Tab.5 Precision/Standard Recovery Rates of Finished Water and Source Water

AR 10 ng/L RSD 10 ng/L ) 7K B 50 ng/L HZRK IATICR 80 ng/L 5 AR IR R
il i s 3.8% 58.5% 59.7% 84.2%
i i FE s 6.1% 52.9% 56.2% 77.3%
il i — F s g 5.7% 81.4% 67.3% 89.3%
Tl e Sk R 4. 4% 57.7% 60. 8% 99.3%
H AR 6. 8% 57.3% 59. 8% 84.9%
Wi 2 10. 8% 70. 8% 70. 1% 79.5%
W E 9. 6% 54. 4% 52.2% 80. 3%
Bikib R 9.4% 49. 1% 56.3% 81.0%
AR R 8. 7% 51.2% 58. 6% 83.1%
ZVHER 6. 0% 84. 0% 86. 3% 94.3%
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(££5R5)
i R AWK 10 ng/L RSD 10 ng/T 7K EICR 50 ng/L HhZRIK iR 80 ng/L 75 P ks [l iR

PYFF R 8.8% 89.7% 78. 8% 83.2%

+EF 10. 5% 77.8% 76. 0% 78.3%

SER 8. 4% 106. 4% 92.9% 90. 1%

LRHR 7.7% 130. 1% 101. 2% 88.7%
TR 11.1% 131. 4% 98.9% 101. 9%
[ 11.3% 133.8% 117. 4% 105. 8%

B HE 10. 9% 125. 6% 105. 6% 112.5%

3.6 SLBREE SN
RIS RAE T IR TR FH K AR U5 b 4% 7K 7K B K
JE A, HREALRSE TN T 0 K T,
SRARIE] TR 2024 45 3 H—4 H HRE T 30 4>
IKEE  H BRAAR 5 A 50 7 B R AT A D I ] B A8
TR, RIS RIS FIRERT ) KRR
ARG H R JoT, 45 R 3R IR N T T R R
K 17 Rt A R 250 5% B BRI L 2K
EEAE 7K R A8 7K 28 7K K 7K P JR i i 3 A i v
I, Horb B — K PR A S A1 R R R R
5.15~9.13 ng/L, fiff e B X% W8 Joft 5 Kk BE o 5. 74 ~
6.15 ng/L, P LR RFUR KN 8.12~9.15 ng/L,
TR R TR N 5. 18 ng/L, P78 R TR KT
45,89 ng/L, HAWI A AKS 1, 3 3% W 7K I b 7K 5%
TEA S G XU, BRIk 6 s,
F 6 SLERAKEEHHLA: R BRI

Tab. 6  Detection of Antibiotics in Actual Water Samples

FEfL 1/ R 2/ B 3/
U ER A . . »
(ng-L7) (ng+ L") (ng- L)

i i P S0 6.15 <2.19 5.74

AR 9.13 5.15 7.25
TR R 5.18 <2.69 <2.69
(g 5.89 <2.24 <2.24
BAHR 9.15 8. 12 <2.36

4 LEig

AWFSE R FIAE L SPE/HPLC/MS/MS $ A # 57
TR 4 K17 R PR R R BI E pRE 43
BT R o 25 R 3R B0 % T R U 5, BRSNS 1
PR b AG  BAR R R ) Pt AR, HiZy
PR N T Z2 A K 2 R SR sk TR TT K T
AR AGHEAT T E R T e — 7K T

SV ST e (IEIR: F NN QP N kS 5 N
TR VLUERI, R 12 MHUERBRR T, 5
BRoK e 3 BT R R W] oK IR K b & H A% 73 1
KPR AP fE 22 5 . BARE SR I3 T 58 P
R EARAER P A IR K AR 320 35 Y A R BE LA
T X PRI LA 5] 3 75 AR AN W il A T B
M5BT,

S 3k
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