Advances in Analytical Chemistry Z}T4L 22 5E/E, 2016, 6(4), 96-104 Hans )i
Published Online November 2016 in Hans. http://www.hanspub.org/journal/aac
http://dx.doi.org/10.12677/aac.2016.64015

Quick Determination of Antibiotics
Residues in Water Samples by
Magnetic Multiwalled Carbon
Nanotubes Cleaning Technology

Hui Cao®, Yuanxu Shi, Junke Zheng, Lulu Wang

Zhejiang Institute of Quality Inspection Science, Zhejiang Food Safety Key Laboratory,
Hangzhou Zhejiang
Email: ‘ch_zj_cn@163.com

Received: Sep. 30", 2016; accepted: Oct. 17, 2016; published: Oct. 21, 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

A method was established for determining 23 antibiotics residues in water samples by mag-
netic multiwalled carbon nanotubes and ultra performance liquid chromatography-tandem
mass spectrometry (UPLC/MS/MS). The 23 antibiotics in water samples were first enriched and
cleaned up by magnetic multiwalled carbon nanotubes, and then eluted with ammonium hy-
droxide-methanol (5:95, v/v). The target antibiotics were separated by Waters CORTECS™ (Cyg.
column using methanol and 0.1% formate in water as mobile phases. The analytes were de-
tected by positive electrospray ionization with multiple reaction monitoring. External standard
method was used to determine the quantity. In the linear range of 0.5~50 ug/L, the correlation
coefficients of 23 antibiotics were greater than 0.99, the limit of detection (LOD) was 0.01 pg/L,
and the limit of quantitation (LOQ) was 0.03 pg/L. The mean recoveries at the three spiked le-
vels of 0.05, 0.5, 10 pg/L were 87.5%~105.8%. The relative standard deviation (RSD) was
0.3%~4.2%. The simplicity, sensitivity and good precision of the method made it be well suita-
ble for quick determination of the 23 antibiotics residues in water samples.
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HE

R ARG 2 BEBR YK B - i SRR 1 / R / R 1% (UPLC/MS/MS) AR T @ K e 23R AE R R B & .
TRREEE IR P B 23T B A R M S R AR M £ BEBRGNK B (MWCNTSs) B £ ATL, T 5% M &K F B
LY, 23F LAY LACORTECS™ Cio il 4r 58, FEEMO0.1%M B BR/KERAENIRBNAE, KA BBt
ZIEE T (ESIH)ME R SRR (MRM) 547, SMREEE. 23FHI4RTE0.5~50 pg/LERELE N
LKHMHXREIIKRT0.99, HHFRKN0.01 ng/L, EERA0.03 pg/L. 7£0.05. 0.5. 10 pg/LAFRE
KFETF, 23FHiER Y E R EAES7.5%~105.8%22 8], FHXIFAEREE0.3%~4.2%2 8. HT %
BARBE. . REER, EFTKF23MERR TN POERNE.

XK ia
B GE- SRR, #ESRRAKE, AR, RE

1. 518

AR, YA R AYLE & B0 AN TG R TR R IR EEMEM . TR MPUE = adid
FAEMERIBTIENIAE, B, PUAE IR B IORH TS B a7 NS AEA7 B B A 2 (A1 [1] [2] [3] .

BT, AHRERAHKP S RGPS, HT RGP SRR, SUEMAYMEEZ, T
I AL PR AR A5 0 2 73 B A A HU(QUEChER S)F A /& 25 5 P A I v 3 5 FH 1) i Ak PR 954 5 AR [4]
[5] [6], EHTZERAREME AKAMSE, BEHRR I R BEUE . HLB [EAH AN X KR 25901 ' S
AR EF[7] [8] [9], fHA2 HLB 2R st AL EAHZEBUNE, kg & 51, IR AR . 2 BERGNKE
ER—FEA RL, B BRI E LR ), BeA S B A AL &4, 7 WA A EUAU B A 2 1)
AR [10] [11] [12].

ARG K 22 BERR 9 KB MRS T /KA 2 M g M0 sk B8 (R PR A i, BT Se ki, i fE, B
H—EMEHE L.

2. MRER*®
21 FENUHFERE
A RO (A - H IR R A - 35 [ Waters A & (Xevo™ TQ-S £ 51)): Milli-Q #4li/k %% : 35 [ Millipore
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NHE RIERES: KEHHEMIELEREFR; JAWTA: RETEERERAH.
2.2. FEMP SR

R, 2 IR : il ali, £81E Merck A w5 20K 7riral, B2 5 i A IR AR ;. MWCNTS:
aifF >97%, HEAL40-60nm, KE5-15um, HRINTHYOKBEERAF .

TSR E (A > 99.5%), Fffcmsne (45 > 99.5%), Tfifid FH L mEIE (41 > 99.2%), FH AR Hicmsne (4l
& >99.5%), fififlEmk(4lifE > 98.5%), ifk — FHMENE (LHE > 99.0%), ffxt A E (4 > 98.0%),
Tk e F SR (21 > 99.2%), Tk fi%-6- FH A MENE A4 e > (99.0%), MGk R (4R > 99.0%), %48
TSR E (S > 99.5%), fiffid L M (AT > 99.0%), fiffd ROl (AE > 98.0%), K LA
Jliz (4l > 98.8%), fififiiin) — FAE( S NE (41 > 99.5%), Gl k(4 > 98.0%), FRILHIAEME(LlE >
99.5%), HRME(LlE > 99.5%), FAik — HIRYIEBRME(LESE > 99.0%), —HIAHFEBKI(LEE > 99.0%), &M
WA (ZE S > 99.00%), FJk 7 N AHME(4IEE > 99.0%), 7 N HME(ZEEE > 99.0%), #&E Dr. Ehrenstorfer GmbH
ANl

2.3 MIEEH

2.3.1. wiEEH

i Waters ACQUITY UPLC CORTECS™ Cyg (2.1 mm x 100 mm, #if% 1.6 um); FEi: 30°C; #¢
PR 20°C; HEREMARR: 5puL; E: 0.2 mi/min: JREIAH: 0.1%FRKIER(A), HEE(B): BEEEVEMAET
0-4min, 80%A; 4-7min, 80%~60%A; 7 -10 min, 60%A; 10 - 13 min, 60%~80%A; 13 - 16 min, 80%A.

2.3.2. FRiE&H

EFYE: HEWTE S FYRESD; By EE R AT 2 RN EII(MRM); B4R R
A 3.00kV, BRI N 150°C, BiiEFIA LA 500°C, B AR E N 1000 L/h.
2.4. it ZBBRAAKERHIZ

FREL 2 g ZEERRGIKE T 250 mL B OISR, JIN 150 mL B B R A 2 R VR A I TR (AR AR LGy
1:2), #7 1h B ANERMERE T, B 120CHG 1h, A% E )5 LR EZERK, Mgk EkRE
P, M SRS B R R .

B 1.0 g BRI LF ¥ MWCNTS - 200 mL i B8 2k s AR R WAk = VR B v, AR A URYT g
TN pH 32 HI7E 11 - 12, T 50°C FHEHER A 30 min. [ M58 fa I REZIG#E T MWCNTS
K, EBEFKBRGRE BT

2.5. HEmBTALIE

HH 100 mL K FHedr, b 50 mg #itE MWCNTSs, FBERERERESST, B 30 min Jo R
HiRETE MWCNTS, 352K, 7EREYE MWCNTSs H I 6.0 mL 5% & /K F B, iCE 5 min J5
HERRW S B MWCNTSs, PEflii T 45°C R AR EIET, A LmL ZJE-/K(V: V = LR, WIgREG 1
min, i 0.22 pm WHALIERE S, T UPLC-MS-MS {1 _E43#r.

3. #&REVE
3.1 EigFHmiik
o R P B A R 22 R B T R H A5 56 % ] Waters ACQUITY UPLC CORTECS™ Cyg, (2.1 mm x
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100 mm, 1.6 pum) @i FERk 7 & 23 AR EY), OGS BAERIRE, SOk
RS, JFRE T AR 8, W 7RI T

H B 0T SR E i g P S PR AR -6 - H S e o = b ) 70 S A4, a3 SIS 1R Dy s A O
AR, =FME SRS BIRIFRI &, T Y P VRO Eh A, AT XA, =R R 3
F A 2] TARGF I 88, AR A AR s e i s A . e T RRREIE I B AE ESI+ECT I B
TR, SRR . A5 HIECH] 0.05%, 0.1%F1 0.2% 1) R /KSR AE N sl A, Zilie R W] 0.1%
T R K VA RS 2 R B v o
3.2. BRURFHHIMRHK

ARSI E YR BME B R, HALE R, M A E AL TE S, R RS
T ETAEERAERE T, e TR EERE R BRASHILE 1o RIE 23 (L EWi ik
A, [FINBSCE 3 > MRM @I, BRI G SR EAAN R R EE D, @R E T,
23 AR R A S TR E A 1R .

Table 1. Mass conditions of antibiotics

=L ERBYRIERT

EnRs WA LR BRI [A)/min SIS HEFL LRIV Ak g FEleV
1 T i Tt 2.88 215.0/156.0*, 215.0/107.9 20 10, 20
2 Tk e e g 331 251.1/156.0%, 251.1/107.9 20 16, 22
3 ik e P e g 4.99 265.1/156.0%, 265.1/172.0 25 20, 16
4 FH 4 frie e e 6.37 291.1/229.9%, 291.1/260.9 26 22,26
5 Ttk i S 6.53 268.0/155.8*, 268.0/112.8 23 14,18
6 Tk e — F g g 6.83 279.1/186.0%, 279.1/156.0 28 17,20
7 T e v HH A g 6.85 281.1/156.0%, 281.1/215.1 28 18, 22
8 i i FEY A ik g 7.50 281.1/156.0%, 281.1/215.1 28 18, 22
9 Tt ¥ -6- FH A i i 8.49 281.1/156.0*, 281.1/215.1 28 18,22
10 Tk i S A 8.05 285.0/156.0*, 285.0/108.0 22 15,24
1 it Jrie 415 — R AL s g 8.54 311.1/156.0%, 311.1/107.9 30 20, 28
12 it Jr P 5 S5 I e 8.30 254.1/156.0*, 254.1/107.9 25 16, 24
13 Tt fld — H S5 T e 8.79 268.0/155.8*, 268.0/112.8 23 14, 18
14 7 P et e 9.43 277.3/156.0*, 277.3/107.7 30 12,20
15 it e [v] — FR 4L g 11.53 311.1/156.0%, 311.1/107.9 30 20, 28
16 i s T 13.26 301.1/155.8*, 301.1/91.8 25 18, 28
17 FR L T 245 188.0/122.8*, 188.0/125.7 22 12,18
18 FF i 3.25 172.0/127.8*, 172.0/81.9 22 15, 28
19 $2 B il Rk e 3.07 158.0/139.8*, 158.0/55.0 18 12,18
20 IR R 3.84 142.0/95.8*, 142.0/80.8 25 15,21
21 TR 355 201.0/139.7*, 201.0/54.9 15 11, 20
22 FRHE R I IE 9.34 173.0/126.8*, 173.0/111.9 30 18, 25
23 B ISprelli 9.41 170.0/123.8*, 170.0/108.7 28 18, 25

BT 95 TR
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Figure 1. TIC of antibiotics
E 1 MERAYNEE

3.3. 7KEf pH ERE G

e

Iy VALK pH {H 2.0 4.0. 6.0, 8.0, 10.0, M 23 il 2R A bR e b E BT B R,

IS5 RKRW], pHAE N 4.0-8.0 I, HAPUERMIEIBCRERMA K, HERVESERIERS, #05iA R
WA —E IR o AESEPR IR T, BT KRER) pH B — BN T 4.0 - 8.0 i), ANFHEDEAT pH BT

34. B ZEBAKENRENRK

3.4.1. IRMIFIAE

ST 10 mg. 25 mg. 50 mg. 75 mg A1 100 mg AN A FH & RGP MWCNTS X} 23 Frfii s R 251
WePHPERE . S5 REHH . BEAERIYE MWCNTSs EH N, X 23 Btk R 25 W M R Bl 2 390, 474
£ MWCNTSs {8 F &9 50 mg I, BT A (5T AE R 25 Rept 56 b, FRINREYE MWCNTS &I, IR M 7E
BT AR MR B TR, S0 RV R S IS R (R R . DRI, AR BRI H 1 2 B
YK A & 50 mg.

3.4.2. DR M5 E]

23 51%E 5 min, 10 min. 20min. 30 min. 40 min A1 50 min A &) A B s PRI BEAT AR 5T, it 5 W B P 1)
MR, LA AR SR B 30, MR PRy 30 min B, KA TR PR R AW RERE S AR
DRI, A0 P W B BT 1) 328 72 24 30 mine

3.4.3. AT
AR R 5% IIEUK T RE . LR ABE PIRRAE seBiva 7, I s SRR Y] 5% HIZ UK BRI
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Vel Re Jyfeii, B Ve BRI G N, B AR R M R B e 2 3N, 2448 6.0 mL 5%
ZUKFEEERON . B MHUERGYI R T, B, AR 6.0 mL 5% E K EEE AT
NV -

35. HEFWIE

3.5.1. fEErh%k, BRERFMEER

A5y 518 0.5, 5, 10, 25, 50 pg/L — RFIFREFIR, AR (y) IAAAR, X 1 57 R 3 (X)
NREARRR, AR N 0 26 1 [ VA 5 FE R 2R AR 2 BB Z 2. 23 Rl AE R AWITE 0.5~50 pg/L (iR B2 Vi Bl A
FKRH P ITE 0.99 UL . DL 3 R EMEELVE AR IR, 10 (B0 L VR N E & PR, PR 2R
PRF 2 R L 22 2.

3.5.2. EIENEEE
A AR B ALK TR N 0.05 pug/L, 0.5 pg/L F1 10 pg/L =FhAS [m1k FE i AL 2R S FRUEvAW, 1% 1.5 77
VEBHAT AT AL EE, [T W36 3. 5 SRR A AP AE R AW [ ICR TE 87.5%~105.8%, A % FE7E 0.3%~4.2%.

Table 2. Linear equations, correlation coefficients, LOD and LOQ of antibiotics

=2 MERBYNEMHFE. BXAYK. RURMEER

EnRs Ay LI MK REL KR (ng/L) R (ug/l)
1 i T Y =57235x + 1312.45 0.9942 0.01 0.03
2 Tk e e g Y =28801.1x — 4164.3 0.9909 0.01 0.03
3 ik e P B g Y =34017.7x + 2825.99 0.9931 0.01 0.03
4 FH 4 frie e e Y =10365.9x — 663.893 0.9928 0.01 0.03
5 Tk i S Y =29482.9x — 4416.26 0.9913 0.01 0.03
6 Tk e — F s g Y =48694.2x — 142.987 0.9941 0.01 0.03
7 TR 0] R 4R s Y =8981.75x + 683.805 0.9928 0.01 0.03
8 il Jig FR AUk g Y =35338x + 3926.11 0.9924 0.01 0.03
9 itk - 6- A s g Y = 24515.6x + 2866.01 0.9925 0.01 0.03
10 T g S A Y = 18045.7x + 2777.22 0.9947 0.01 0.03
11 Tifk 48— FR S g e Y =206817x = 27186.4 0.9949 0.01 0.03
12 i iz PP 5 S S e Y = 17173.1x + 2996.16 0.9921 0.01 0.03
13 it fidg — PP S e Y =2742.78x + 838.41 0.9916 0.01 0.03
14 2 P T e Y =23979.9x + 638.794 0.9946 0.01 0.03
15 T iz 1) — FR 4 s e Y = 246628x + 6922.65 0.9953 0.01 0.03
16 ik i s S Y = 44353.1x — 4255.57 0.9937 0.01 0.03
17 FJk F e Y =11146.2x + 565.716 0.9946 0.01 0.03
18 F i e Y =22216x + 1245.13 0.9964 0.01 0.03
19 PR A T F A L R Y =16211.4x — 231.898 0.9958 0.01 0.03
20 Y SR Y =20370.3x + 861.658 0.9950 0.01 0.03
21 T TEIE Y =6213.01x + 492.285 0.9943 0.01 0.03
22 FRIL S I Y =57235x + 1312.45 0.9942 0.01 0.03
23 S IR Y = 74550.2x + 684.922 0.9900 0.01 0.03
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Table 3. The recovery and RSD of antibiotics (n = 6)
= 3. MERAMNEERMEBEZE N =6)

0.05 pg/L 0.5 ng/L 10 pg/L
HAEY)
ElE&E) K% % Bl &n R E% %% K% %
T i ot 90.6 0.5 90.5 0.8 92.4 35
itk g e 96.7 0.9 975 0.6 94.9 31
T iz R Sk e 98.9 16 89.6 1.9 95.6 2.9
FF 4 s 102.1 03 923 0.5 98.7 26
Tigh e g e 99.6 2.0 98.8 2.1 99.2 42
T e — F e 89.9 23 90.6 24 91.3 3.0
T o H S s 90.7 36 88.9 34 90.3 0.4
it iz FR Ak g 96.5 1.2 87.5 4.0 90.6 0.6
it Ji2 -6- HY A s i 89.4 1.1 90.6 2.8 97.8 1.8
T e SR A g 88.4 2.6 96.3 2.4 955 1.9
T e 4T — PR 4 s g 93.3 3.0 88.6 1.9 89.6 2.3
ik e P e e 98.0 2.9 96.3 1.8 90.6 26
Ttk il — B S 101.2 16 103.5 26 100.3 32
o P g e 103.1 1.8 99.3 2.9 100.6 35
itk iz 1) — F A s 99.7 3.0 102.3 35 105.8 1.8
itk s S 89.8 38 98.6 3.8 97.6 1.6
FR I R g 90.8 0.9 87.6 4.0 93.6 0.9
P i e 93.2 16 90.3 1.9 94.3 0.6
FRdk — R R 91.1 1.9 88.9 0.6 90.2 15
IR R 90.3 2.3 89.6 0.8 92.3 1.7
Ak 92.2 26 90.3 1.4 93.3 26
FRHE R I RE 94.3 2.7 90.6 13 93.6 24
Fr I 98.5 2.8 95.6 11 97.8 2.0

3.6. SEBREESRAYAIR
43 FIBGER ML 5 4 FH /KGR M) FN 6 T3 7K, 5 1.5 J5VEEATRT AL R, IR 45 S 07 4.
UG LE R E 3 AT K RN B T RS2, T P R i -6- PR AR I S B 0l
H BB 2259, BN ibi A Zmat A e NFR S, TR T R85 K R
4. g5ig
RS FAREYE MWCNTS - 8 i 80 (3 — B B H AR 40T K T 23 Pl EHREE . %7 R A
FEwn, RERMELF, RUACERE, [MERRAE, WEREAREEL, SR TR AR ZRENE.
HF#4 1 MWCNTSs WP RET, I AEAREE, #1E, 78 REIAHARE A0 7 T B A R i A 8 Al 5.
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Table 4. The results of sample test
= 4. HERAIAER

'S FE Rl 45 R (ng/L)
1 EIREV/N ND
2 ELIREIVIN ND
3 IRk ND
4 gk ND
5 Bgk ND
6 TTIE K ND
7 TIEK il fie — e 5.2
8 THIEK il fie — e 2.8
9 TIEK il -6 FR 4 i e 4.4
10 T3 K ND

#iE: ND R ARkt

B E

WL A FHELT A ti R TR (No. 2015C37019) FIHILA i & 2 A I & R G FHi il (No. 20150204)
TEIIH .
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