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Determination of six quinolones residues in industrial wastewater

by polymer monolithic column microextraction-liquid

chromatography-tandem mass spectrometry
CHEN Zhi-ran” , CUI Peng
(Yellow River Conservancy Technical Institute, Kaifeng 475004, China)

Abstract: A polymer monolithic column is prepared in a stainless steel tube mold with butyl methacrylate as

functional monomer, ethylene glycol dimethacrylate as crosslinking agent, n-propanol and polyethylene glycol 400 as

porogen ,and azo-bis-isobutyronitrile as initiator.The method to determine simultaneously 6 kinds of quinolones residues

in industrial waste is developed by polymer monolithic microextraction combining with LC-MS through using BMA-co-

EDMA column as extractive medium. The results show that the peak area of quantitation ion of each target substance

shows a good linear relationship with its concentration in the range of 0. 2—100. 0 ng-mL™" with correlation coefficient

ranging from 0. 999 6 to 0. 999 9.The detection limits range from 0.07 ng-L™" to 0.35 ng-L™".The quantitation limits

range from ng-L™" to 1.0 ng-L™".The recovery rates range from 92. 3% to 98. 6% ,and the relative standard deviations

range from 0. 7% to 3. 7%.Compared with other methods,BMA-co-EDMA column has good stability and reproducibility,

which can be used repeatedly more than 10 times.
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R SEE R PMME $ AR 5 30 (638 53 15
i, A LML T 1 ( BMA) T Rg ik, —
F LN MR 2, — 2T ( EDMA ) h 22 BE I TF 79 I
R 400 HEALF A 5 T (AIBN) A5
BR AEARNGNERE Pl 25 R A WA Iz
GRS FEWAY 0, 45 B WORH £33 — o I T 3
22 (LC—MS) #E N7 T[] IR i v 3 1 24 25 49 A 7= 1
JHERC Tl K v 6 s e i 2449 5% B 4 1) 20 A
Tk,
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1.1 5 F

Agilent 1260 &1 AH (835 4%, 55 [F Agilent 2\ F]
A2 7% s Nicolet—6700 FU{i B AR 2T MY, 55 [
Thermo 23 &) 4 77 ; TECNAL G2 F20 %U55 5 o1 7 i ik
5 25 FEI AR 77;5427 R BB A dR .00,
5 Eppendorf 23 7] A4 7 ; MS3 BUTie it 1R & i , 72 [
IKA A w77, ZHWY -200D AUIE I8 35 5k % %, b
TR RS WAL A A FR A /] AR 7= Mill-Q A10 R 4l
K 4%, 32 Millipore 23 F 427,

6 Ml it T S 25 W b o . B TP B SR IN T
B ARVE BEDE BRYVE BB R, iy
¥1=99.0%,100. 0 mg/L, |25 R B A
FRA R, ARSI TR 28 F B - K (IR
2:8) WA o O A VRO B 1.0 mg/L TAEFRIE
VSR

H LN IRTR T R\ - BN R & R A
TRTIEEWE R R 400, 2K, ¥ 28505
afi B T (i) AR AR SR &
i L BE Y kAl 95 F TEDIA 23 A A7
S FHK YR Milli-Q Bkl e 4liK
1.2 #HHEEE-RBERIEEE

WA 35 25 1 - B35 HE A Zorbax Eclipse XDB -
C LA G 1A (250 mmx4. 6 mm, 5. Owm ) ; i B AH
K0, 1% P IRAKEER(A) FIZ NG (B) , 16 B8 U AR 1y
$:0~4.5 min,80% A;4.5~7.5 min,5% A;7.5~
12.0 min, 80% A; i i#H N 0.2 mL/min; $EHE & R
10. 0 pL; AR 35C

R A5 A« B VR A ML 55 L B TR (ST | IF
B B R E R 500°C ; HL IS5 L R R
5500 V; E AL E J18 350 kPa; 5B S K SR
350 kPa; A UK SN 140 kPa; 35k B £
J2 N W ( MRM) A5 5K, 6 B i i 25 25 9 53 S 80
mFE 1 piR,
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R1 6 TEIEMELYEESH

EVER T EEET

w0 ey T

m/z m/z
%is D EIV4 fitw/ +./
ik ﬂ,ﬂ (BET, (BT, X EEC

FET)  TET)

Binvb AR 4.87 360.3/316.1 360.3/316. 1 26 80
360.3/245.2 34

WEWE  5.91 352.3/265.1 352.3/265.1 30 93
352.3/308. 3 23

YU E 6.17  362.3/318.3 362.3/318.3 25 90
362.3/261.2 35

W E  7.43  334.2/316.1 334.2/316.1 25 84
334.2/290.2 24

WEBVE  6.44 370.4/326.2 370.4/326.2 24 100
370. 4/269. 2 36

WHVAE  7.21  332.2/288.2 332.2/288.2 23 80
332.2/245.2 30

1.3 REWMEFRHENTIS

B EPIRIR TBE (1.0 mmol) . — RN IR
Z ERE (3.0 mmol ) IFEPIEE(14.0 mmol) R L
B 400(2. 5 mmol) fEA 5 T (10 mg) fEE T
A IRA ARG E AN NG (250 mm x
4.6 mm) " OREEAS G AN M I % B S, BT S5CHE
WA 24 h, BUR RSB A RS EE,
FHFEBELL 0. 3 mL/min 11970 38 i 96 A s o7 1) T
A SEHRF] BALFA, BRAS R A W AR (BMA—co—
EDMA) , %,
1.4 BREWEFHEHEFEN

PMME i f2 A0 55 4 A0 AL B IR k5%
VEME, A, 15 mL HEEA 5 mL 7K 23 AR K DA
0.5 mL/min A1 0. 1 mL/min {9 5 7 Ab 3 4 1) 5%
H ( BMA - co — EDMA ) ; ¥ 2 mL £ U £ DX
0. 02 mL/min A9 b FE E KM LL 0.5 mL/min
B E A 1 mL K, B 2 5% B 09 RE 5 3 5 D
0. 02 mL/min YR E A 2 mL ZIEVERE B #55 #7
Y CEVER, AR E T, HOE It e R =
500 L, % 0.22 pm SAFLIEREIS U, f4E LC-MS 43#r .
2 ZRE5E
2.1 HEFHENEESYWEEERNZI

HEE T U Re AR N AR T R ( BMA) (22K

) LN R £ T lE ( EDMA) | ZfL A 1 N
IR 2 5 400 5| & FE A 5 T HE (AIBN) 254
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BRMREYEEERAS BN, 4585
/N IRE AR BMA FIZZHE T EDMA 5200 35 1) %
AHE (BMA-co—EDMA ) Xf B A=Y Y2 AR , 520
AEBAA BMA WA AE 0. 5~ 1. 0 mmol , i BMA
YR B3, BMA 1 EDMA (1) F 461 B 22 584
ZHEF EDMA 15 IE B AY BMA-co—EDMA &)
SCHRJE BB, Z548 OB AR TN B, (AR A A
(355 T, NI 842 5 T BMA —co—EDMA Xf
6 PSS 25 Wy AE USSR 5 1 BMA W) i 1 4y
1.0 mmol i}, BMA 1 EDMA A4 Fb 54 1:3, BMA -
co—EDMA ZEHR AT S5O AN, B il M R AT,
XF 6 A v 2 24 ) ) 2K UK (R 3k 97. 36% X JE:
T BMA HA G i fr, Il EDMA EA 2 ASaiM XL
7 YRR TR KPR AR RS AL a5 i
50 nm LA FHIALIR £, R A Y a 4R m $E A4
Z B KVER , DA I s R 25 25 1 43 BT 5 24
BMA )5t (94 R TF 1. 0 mmol B, 32 65 7] 45 /0
AR IRA W 1) A B AR, 445 4 A0 IO G 1% ) 4%
BMA-co-EDMA R, HkH: BMA YA
1. 0 mmol , EDMA W& 3. 0 mmol
2.2 BAYMEKE BMA-co-EDMA B
IR BB TG W 1R BMA-co—EDMA
PEATRAE 25 1 Wi, B 1 el U R
A YEEAREE BMA —co—EDMA N [ 5 M 5 AN 45 40
PRERE G B %, i BMA—co—EDMA HAT 7K 3Z 4 R 1
PUBBPERE , AN 1 (a) BTz s A P [ 5 AH UKL 73 A1 45
5], [ EARE A B T BUEUE RS I HA
23 BREE K, (A5 B AR B AT R Al M an Al 1
(b) 7R,

(b)x6.0 k

(a)x2.5k

B 1 F4&4 % EE BMA—co-EDMA 44 & 45 K

2.3 REvEMEEEEITM

FEPACIY SEER ST, 43 00 5 3 W 4 A A
(BMA-co—EDMA) 55 1.2.5 Fl 10 X 6 Fhgs i i
2R R AE IR 22 (RSD ) FIAERL (N, N=5. 54x
(T/W,,)% o T Rl A 5O B B Rl W, o2
WEE ) e PP B AR A PR, 25 SRR, R —HE vk RN
AL A B BMA —co—EDMA #£ B 6 Flr g 1 il

EIRBESH

LR AR B A 224 0. 8% ~ 5. 7% , ] RSD
1 3.8% , Kt , BMA—co—EDMA F4 % 5 1 A o B
Kby, Har DL i 2= /0 10 W, A 8w T
BOR VAR T A A AR AR B S S K
AR E | a0 W TEAE AL A XTRR, RIEAS A
5, A5 B8 15 (5] 7E 4. 87 ~ 7. 43 min, FEATE 2 167 ~
2 935 plates/m, RIIR AW AR M BMA-co-EDMA
BA B R AL,
2.4 FEGIG-BEBEREZFNMRIL

BN 1.0 pe/mL 6 FhsiFERZE259)R &
PRFEVR TR A AT T A D 25 v, 6 1E 97 2 - AR
BRI o 1 AF A e R R R
F s TEAS R R R P R 2 kA T Rl O 5
DAL AT R BRI HL e AR A R B TR f5 5 iR ik
PEES T X (m/z) 360. 3/316. 1,352.3/265. 1.362. 3/

[ 187 MRM of Channels ES+
100 360.3>316.1(A)

a
i
i sl 3.63¢6
=
g

L s s 4 I L 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12
B /&) /min
(a) Bitiib 2

S I 591 MRM of Channels ES.
@ 100 0352.;:;255.1(33
2 o 4.95¢6
2
——33 1 35 6 7 & o 10 1 12
] /min
(b) &R A
Ri00f 6.17 MRM of Channels ES+
= 362.3>318.3(C)
i 8.74e6
g
0 1 2 3 4 5 6 17 9 10 11 12
it 8] /min
(e)E R E
i 743 MRM of Channels ES
100 03623“:;1;3(1;)
6.12¢6

=]

i 2 3 4 5 6 7 8 9 10 11 12

i) /min
(d) BT £
& 1ol 64 MRM of Channels ES
100 *362.35313.3(8)
% s 5.16¢6
&
g 0 1 2 3 4 5 6 7 8 9 10 11 12
B [E] /min
(e) BB VA
s 721 MRM of Channels ES
T 100- *36235318.30)
;“i % 458¢6
E c 1 1 1 1 1 8 L
= 1 2 3 4 5 6 7 8 9 10 11 12
it 6] /min
(HAWRYE

B 2 6 A vk i BR 2 25 4y A 1 - i
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318.3,334.2/316.1,370.4/326.2 . 332.2/288.2 4}
BIEN B TP R 18RV R R R SRR R
UL E ARV R I 8 (IR 1 TR .

T HE R 6 i TR SIS 24 A DN 1 SR R R
PR 5T OG5 RS AHRR S KL L X 6 Rl
IR S 25 0 o AR, 45 R R W] A Zorbax
Eclipse XDB ~C, /2 #H {4 3% £ (250 mm x4.6 mm,
5.0 wm) VER @G5 HE SN 0. 19% R K % i
FIZ N , 6 Tl s v i 2 245 W) 22 B Ve Mot S vl A5 30 4
B AR BRI E] AR 4. 87 ~ 7. 43 min, WETE A4 HXTFR,
JoT 1w 1 LR B R) A A, G € R A 2
i,
2.5 ZESEE . K HRIESR

FERAC R SR J5 A T, 43 BN 6 Fofimds 145 i 25 24
YR SR Y 0.2.0.5.1.0.2.0.5.0.10.0.25. 0,
50.0,100. 0 ng/mL £ FT W B ST E (n=3) ,
DA S B T AR () X BT Ve B () FE B, 2 il b
HERRLZE 152 [ H R, a3 2 Fias, MR 2 Hhal L)
FHL7E 0.2~100. 0 ng/mL i E W JETLREIN, & H
B e et g e i ARV L o vk R L R AR G
2L REE ()T 0.999 6~0.999 9 Z[a], L3
R A5 A R PR (LODs, S/N=3) , Lk 10 5151
FAE o E R (LOQs,S/N=10) , 455 /R : LODs 7£
0.07 ~ 0.35 ng/L Z [A], LOQs 7£ 0.2 ~ 1.0 ng/L
Z A,

F2 FAEMEMEE R RNEERRE
HXFR LMSER, LoDy LOQs/
¥ (ngemL7') (gL (gLH

) (B 757

BRI R y=49136x+2385 0.9999 0.5~100.0 0.15  0.50
WEVE y=16937x-1428 0.9996 0.2~100.0 0.07  0.20
AEIE y=50590x-3931 0.9997 1.0~100.0 0.35 1.00
FEb R y=321294-2528 0.9998 0.5~100.0 0.15  0.50
B VR y=26247x+1821 0.9997 0.2~100.0 0.07  0.20
IRV AR y=13839x+3674 0.9998 0.2~100.0 0.07  0.20

2.6 [EREMBEE

B3 Wi S 25 A = T HECR Tl & 7K
TR, e 12 F 13 W iR i B 2D BR AT b ]
ORI, 45 N2 3 R, R 3 il LiAE 6
Fofrnds v A 245 245 10 6 I A B et vk BE 0. 2 ~ 100. 0 ng/L
TGN, [BICRAE 92. 3% ~98. 6% 2 [], A1 X A i
2% (RSD) 0. 7% ~3. 7% , FEWZ: e 35 |
K% B4, T FH T Tl 5 7K v s i T 2J% 245 ) 3% B

SE%S . RENBREHER-RSE-SREUEENE TWEKD ¢ MIEERANERES - 231 -

iRl
x3 ERERMBZE (n=6)
Tk 1 Tk Toll#EK3
Tt/
s Loy e RSD/ [l RSD/ - [Ele RSD/
ng-

B/% % /% % KN %

BikbE 0.5 93.3 1.4 941 2.6 92.7 2.2
50.0 97.3 2.3 92.7 3.4 982 3.2
100.0 985 1.6 96.5 3.6 97.5 2.9
WEE 0.2 97.5 2.7 98.4 2.6 93.7 3.5
50.0 947 2.8 96.2 3.7 9.5 2.3
100.0  93.6 2.8 97.3 1.9 955 3.1
HEYE L0 923 1.2 965 2.5 943 22
50.0  93.4 1.8 944 3.2 9.6 2.5
100.0  94.8 2.1 928 2.1 98.6 3.4
R E 0.5 92.8 1.5 953 3.1 96.4 1.4
50.0 955 1.6 944 1.3 93.6 3.3
100.0  97.6 1.5 932 0.7 969 2.1
BEPUWE 0.2 977 2.2 96 3.2 927 23
50.0 951 2.5 96.2 3.4 96.4 3.6
100.0 943 2.1 929 2.9 946 2.4
WHPE 0.2 95.9 1.9 947 1.8 959 3.1
50.0 96.8 0.9 96.2 2.4 9.7 1.9

100.0  97.3 1.4 95.8 2.5 98.1 2.6

2.7 EEREERSH

B X S B s i T S 24 0 A T B Tl R
JK ¥ BRI 2 57 1) 3R A 00 R A I R A A T - YR A
i — HR I 0 52 Tl R K H 6 s i i % P
ORI 4 in, W 4 Rl RLE 30 iy T
MK 6 G AKRER A o s i R 2 25 4, BH
PERE 28 20% 76 BHAEARE i, U VD B A% P o
A6 1.9~51. 4 pg/L Z [0 SEIEHR 23. 1 pe/L,
FEEAS R 3k 83. 3%, X I T R VD B X 22
[ B T B A 30 1 2% KA T S Bl )iz A
7 TS RS2 Tl K s s B vb % B

x4 PEEERENER (gL

Hiz® 1 F2 H:3 4 H5 6
BwibR 6.7 1.9 — 5.4 25.3  30.3
WEDRE 3.3 0.7 — — 4.8 _
AR E — — — 2.4 — _
BRE — — 1.2 — 2.7 —
WMEBUVE 2.1 — — — — 0.4
wNE — 0.3 1.6 — — —
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2.8 S5HMAENLE

AT e A SC SO, 8 2R A W0 R A ( BMA —co-
EDMA ) S < R 358 7K B s i B 25 25 ) 1 O ik 5
HM A kAT g P g RN 5 B, M

EIRBESH

5 AT LAE I % R AR 2 R R TR
5O B 25 R A — 3 (0 5 B AHZEHL (HLB) #
A FEAH ., BMA —co—EDMA 7] DL Fz & 481 ] %8 />
10 YR DA A3 3508 ik 7l 803, ARG D Bl AR

RS5 AFAESHEHMTEN

ik VX IBIE AL FE pisallFe LODs/(ng-L7") e/ %
FrEf ] K FIFAA L (HLB) \—Wk UPLC-MS 0.01~0.50 68.0~132.0
Jo i A 2 114 K [EAHAEH(HLB) \— U UPLC-MS 0.3~1.0 81.5~116
W) TRHIK [EIARZE U HLB) \— Pk UPLC-MS 0.04~1.8 69.2~85.2
A7 i WEEK R BMA-co-EDMA ¥kt LC-MS 0.07~0.35 92.3~98.6
PR 2 25 1 5% 9 4 [ )] FRAGAG 36 — 4k 2 23 0T, 2012, 48
3 Fig

LI BMA S DRE LK, EDMA S 52 B, 1F PN i
FIER 2, 400 R BALF, AIBN 5| & H, FEAEE
AR 2 R A WA DR A W AR
KFERA I, I PMME 4K 5 LC-MS 3857 T
[F] 000 5 s s A A 24 0 A 7 T HES ) Tl g Ak rp
6 Fhmdsia i 5% B B 0 et vk . SR BN REY
HEARHFE (BMA —co—EDMA ) £& 5 P4 Fl e BV R 4, 7]
HEEMHZED 10 K, A% TSR, BEIRT
K B AS 5 75 0. 2 ~ 100. 0 ng/mlL J5 5 ¥ Ji5 31 [l Y
% B AR i B0 TR S B o R R R Ak
PEXZR A R () AE 0.999 6~0.999 9 2 Ji],
LODs £ 0. 07 ~0. 35 ng/L,LOQs 7£ 0.2~ 1.0 ng/L,
Bl 05t K AE 92.3% ~ 98.6% =z [a], RSD 1E 0.7% ~
3.7% o ZITERNCR R K 2 A, AT T Tk %
JKH 6 R IR S 24 W 5k BR A 35 T AR B AR AP
BRI PREEKRE Y H 3 I
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