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Determination of fluoroquinolone residue in water samples by magnetic
graphene oxide solid phase extraction and high performance liquid
chromatography-mass spectrometry
LI Xin-yue', GAO Shi-gian', DONG Nan-xun', QIAN Fei-yue', ZHANG Zhan-en'>"
(1.School of Environmental Science and Engineering, Suzhou University of Science and Technology,

Suzhou 215000, China; 2.Collaborative Innovation Center of Water Treatment Technology and Material,
Suzhou University of Science and Technology, Suzhou 215000, China)

Abstract: An analytical method combining magnetic graphene oxide solid phase extraction, high performance liquid
chromatography and mass spectrometry is developed for the determination of eight fluoroquinolone antibiotics in water
samples. Graphene oxide-based magnetic nanoparticles ( GO-Fe,O, ) are synthesized by one-step method and is
characterized by FTIR and SEM. The optimal conditions for magnetic solid phase extraction are that 6% ammonia in
methanol (v/v) is used as elution solution, the adding amount of GO-Fe;0, is 8. 0 mg and the extraction time is 20 min.
Under these conditions, the detection limits for eight fluoroquinolone antibiotics range from 0.4 to 1.2 ng-L™'.This
method is applied to the analysis of the environmental water samples , with recoveries between 80. 7% and 96. 5% and the
relative standard deviations (RSDs) in the range of 3. 4% —8. 9%.This method is simple and fast in operation, exhibits
low detection limit and good reproducibility ,and can be used to determine the trace residue of fluoroquinolone antibiotics
in water samples.
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1.1 U5 F

TSQ Quantum Ultra EMR = 5 U % T J5 335 46 0
#ir Ultimate 3000 = %0/ AH 2,354, 35 [ Thermo 23
FJAE 7 ; Quanta FEG 250 i H T B 38% , 92 & FEI
N FEIAE 72 Nicolet — 6700 {8 HL 54 46 21 41 S35 43 #r
1, FE [ Thermo 23 F A= ; KQ—100E I 3 i 15 1
i, Bl TR R AER A BR A A AR S Milli - Q
Academic #R4EK E L 2%, 32 [ Millipore 23 7] A2 77
J-1 R I s A, S dn T BT AR A R A
A HY -2 2 IR 45 , 95 aUR 5256 FH
HBRA T A 775 DC - 12 R WRAY, |- 22 3 2\ )
A5,

WERID R FIATD A INERTD R RNV A B
VR FHaT R RBIETD RS 8 MR E YT E R
s it A At 2B o) F 5, 4l 35 99. 0%
P by B 8 P 36 s o B 2 A v A A D B
500 mg/L fbRfik 4 W, T 4°C kKA AR 77, AR
P 52 06 5 L, FH R K BB A% VRO RE TR B R
1.0 mg/L B TAEFRUERS WL

FeCl,-6H,0 (A. R.) .FeSO, - 7H,0 (A. R.) & &
IKEEE(A. R W T [ 2 5 Al A7 S50 R B2l
96% , B2 =99% , B T RN K F AR A BRITAE L
R S TR B R RS o ik 4, 95 [ Tedia
SR SR KO Milli-Q BTl (B 4tk

SEBRKAEIH R WIZK A M X AP T ok P K A
KK, 450,45 wm BZKAIIERELUE , T 4°CHR-A7
1.2 BiE&Es

{035 ¥ ; Zorbax Eclipse XDB - C , 2 #H 6 3% #F
(50 mmx3 mm, 1.8 um) ;A shAH: HEE(A) F10. 1%
TR (B) , B JE VR F W1 F:0~1 min 10% ~
40%(A) ;1~6 min 40% (A) ;6 ~6.5 min 40% ~ 10%
(A);6.5~9 min 10% (A) ; Jiii% ;0. 2 mL/min; #FFE

FE 38 HBFE3H

#:10.0 pL,
1.3 fRi%&H
BT S F B IR (EST) s R A e 4
SN ( SRMD) 5 85 1% % A7 LB < 350°C 5 Wi 55 i
B .300°C ; B35 HL . 3 500 V; #5517 :25 Arb; Bl
B J7:15 Arh; SRM B0 S 50an 3 1 iR,
1 SHERERMENESNRENRE SETF,

T FROALEA
B, RS/ Tl 4% e/
oLl ’f L TR *i”“

WHERE 4,99 319.061 281.128,301.141 25,16
AMAYAE  6.28 393.115  264.069,375.221 35,18
kY2 4.52 321.082  232.088,303.172 34,19
WHRVAE  4.78 332.085 231.108,314.170 36,20
WBUVE 436 370.084  269.075,326.182 25,17
FHEU B 4.87 358.100  340.189,316.189 21,18
B e 4.81 360.125 316.189,342.205 18,21
ARUE 4.48 362.099 318.218,344.195 18,20
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1.4.1 GO-Fe,0, #9455

BLE 5 o/L AR BB IR T ; Fe™ Rl Fe™ $ IR
1:1.7 BEER IR G W% T 200 mL K, o Lk
WCE TSR e R A, FHE KT pH
10, KA TR EE 122 80°C , 78 AUSAR I R #it 4 = 1
2 h, BJE, BEAKIEIREE 2 50°C 4kZE /0 1 h,
FrASABH K I TC K S BEAS e 3 Ik i e T
60°C F EH 2 T4 12 h, 15 5] 2.540 3 ¢ GO-Fe,0,
1.4.2 #Hegaya s

HU# 8 Fh FQs (97K FE (100 ng/L) 100 mL T4
JENEH I8 pH Sk 4, A 8. 0 mg /) GO-Fe,0, ¥}
KRG, BHZI20 min, TEAMINEEPIVERTT 0%
R, 02 mL S A 6% 20K BN 2 min,
T S 2 2 O KRR AR 2= T, IR T B
MERZE 1.0 mL #:f7 HPLC-MS/MS 1 5E 5047,
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AR S5 43 1SR FH A 1 F B R o8 B I 2T A
GO-Fe,0, #HATRAE, Z5 R0 & 1, & 2 iR,
M 1 AT LI, GO-Fe,0, FETH #4585 2, 3% wt
it} GO-Fe,0, MY LL R MK, HIE 2 ALLAHE
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T 52 o 2 S 3 v VR B R A P R — A
s M R 2, A SCE 1 4.0,6.0,8.0,10.0,
12.0.15.0 mg K% 18.0 mg i) GO-Fe,0, #4753 H7 5K
B ARWE 3 Fras, B 3 LA, 2 GO~
Fe,0, HIFHAE 4. 0~8. 0 mg Z [A]T | HAE HUS &R B
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# GO-Fe, 0, [ 5T 5 (1) 34 Jin imil 2 5 7+ 5 24 GO -
Fe,0, B9 i & KT 8.0 mg Hf, PR S A T
ik, ik, fiefd GO-Fe,0, (IJFiH N 8.0 mg,
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JKFER pH PR RN ) FE K BE TR AR TR S
532 ) 255 R o 500 8 T i ) 2R AR R RS e v, R
pH JB I 2~ 10 #4758 5¢ 25 RN 1E 4 Bios, A
4 LA H 8 B FQs FEMRME 210 T B AR BUSCR L
rPE KB Y 5, X T R T R S A R R
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100

I—BiEvb B 2—RIAT B 3— N & 4— P VD &2
SR B 60— B T— AT 28— IRER D &

B4 AP pH X ZEFL R W &

TR 85 5 J32 8 5, AR DL e K b B e 2
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2.2.4 BRPLEMG LS

A AR A TR R v O 0 )2 52 i) A TIARR
FRAOCHEA R, ASLgd BN NG R
Pt 10 22 KA A e I 3R 1447 25 5%, 4 i g 71 ) 2 B
BRI 2 s, iR 2 a LA, HEE &K
VeSO B4t 3K T FQs TEIME SR T S A
AR, DRSS TR RS FQs (R ALY fif
FQs A G BRI T R, eAh i X i v 2K
PIRF BT T AL, B 2% ~ 12% 754 5. 00 15
AN Y 2 BUROR . S5 SRR W, 20K B IR R 40 50k

6% I A R B
F2 GEEEFI TS ZEEEA N %
BRI AP
SIHTH

P I FEE  HE+6%E K

R A 60.9 60. 1 70. 4 86.5

GilUERa 53.8 54.4 63.4 84.2

MRk YD AL 60. 6 60. 8 60. 6 74.0

HNE 62.9 71.4 62.6 82. 1

WL 61.0 61.8 70.6 81.5

FHaET R 55.7 65.9 63.9 65.0

Bk A 61.0 61.6 67.9 72.5

E=8 U 71.3 72.0 70.9 83.5

HEET YR 6% /K /Y B I %) P i A EURL
RRZI, SR E 6 Fin, HIE 6 i LIEH Bk
2 mL &4 6% /KA H i, T1AE 2 I FQs
SEAVEE T ok, PR, % 5 B U R B R A o
2 mL,

O3

2 3
TEBEAAB/m

S—PHATP AL 6—IREk YD 27— IR R 2 5 8— Rl 2

M6 WEHAREMERRENDH

WA B 58 T B BEII TR] (0~ 5 min) Y52
Wi, S5 RRH], BRI SR A TR] 2 2 min,
2.3 FiERZMESEE N R

FEARALSE T X 1.5.10,50,100,500 ng/L Y
FQs TAEBRER R EATINAE o 45 5 00 ity e i R 15

F 38 BE3H

AHNE AR BE AT R ML, T B AR T Ik Rl
A RS SR 4 gk 3 i, 3R 3 AL
E R R AR EEDE SRR A R
VD B ILEMEVL B 5~ 500 ng/L, FHEVS 2 WP
TR MAZRID B LTS A 1~ 500 ng/L, TAE
RIAIE R B KT 0.999 0, X 10 ng/L 1Y brifE
VAT I E 5 WK, 19 20 A B A KBRS 0.4 ~
1.2 ng/L MXS R HEMR 25 /N T 9. 7% , & FE A5 AL 5]
669~902,
F3 SEREMLRESTNEEEE AHR,
%R EEERMET IR RE

v &rmrﬂ/ K Flfé/ il 3& w % AR HR i
(ng-L7")  (ng-L7") FRE A WE/%
WIRPE  5~500 0.8 0.9991 740 6.7
AR 5~500 0.8 0.9994 669 4.5
AR 5~500 1.2 0.9990 905 5.8
WNE  5~500 1.0 0.9993 821 7.0
Rarb 2 5~500 1.2 0.9995 836 6.6
FHEW R 1~500 0.4 0.9990 852 5.9
BPUE  1~500 0.8 0.9998 902 9.7
MERIPE  1~500 0.4 0.9992 765 8.9

2.4 EERFEMEIS T

PR AR K FEAE S A 25 R AT E 5 3Kk, 3
KA 8 F s iy B S B A= R 3X 5 SR A 4 B (] Bt
FK, ARG 3 BIOKEESEAT bR SE 56 foff T i v
FE43 514 20 ng/L 1 200 ng/L, X fiArAe i F- 470
FE S UK ZE RN 4 s, hk 4 Pl IR,
[T %55 Bl 80. 7% ~ 96. 5% , A1 %t Hs i i 22 Ky
3.4%~8.9% ., ZITiE ] BT S BRoK R FQs 1Y
R BRI

F4 B KM g R AR

HAERNEIKE (n=5)

g Dok Kk Pk
i394 X X X
it T AT S T
(ng* Wl 2/ Wl 2/ e 22/
Ly R% /% /%
L) % % %

WRUPRE 20,0 82.6 6.7 84.6 89 835 6.8
200.0 82.3 5.4 8.1 46 817 4.2
AMAYSAE 200 87.3 7.3 91.3 8.4 8.2 6.2
200.0 89.5 4.6 945 7.6 89.5 59
MERIPAE 20.0 90.5 7.7 88.4 46 80.7 7.5
200.0 91.7 4.8 8.2 6.7 845 6.3
WHVYE 200 93.6 5.8 90.3 59 8.5 5.1
200.0 92.3 82 96.5 7.5 9.3 4.2




2018 FE3 H
Tt EE N Kk TR LIV
e/ HEHR HEHR FEXT AR
Shb T b
(ng- W22/ W22/ W22/
oy % /% /%
L) % % %
FHVE 200 884 7.8 944 6.2 8.6 1.5
200.0 94.8 5.6 928 5.1 93.7 8.7
FHEVE 20.0 90.8 4.5 953 7.1 91.4 3.4
200.0 90.5 8.6 90.4 6.3 93.6 6.3
EBE 20.0 89.6 6.5 91.2 58 89.9 5.1
200.0 90.7 4.9 946 82 92.7 4.3
FRIPAE 200 931 3.9  90.2 7.4 89.4 4.9
200.0 93.5 5.1 91.8 49 93.7 5.7

2.5 5EMEREXTELR
A Ao A D) AR 5 SCRR R AN S8 5 0 5 Al A G
TEATICRS BRI 5 iR, m& 5 Wl LUF
HE %07 B B AU [ AR X B A BRI, BAT
—E PR
RS5 AFAESEMATLERE A REETRAE
MAERERMLE

s R 0
U ek

mL min

T4 3875 9 iRl Er B
(ng:L7")

BIAHZEHL(Clg)  UHPLC-MS 1~20 150 >20 [3]
FAHAEH(C g)
FEFZER(HLB) HPLC-MS/MS 0.01~2.5 1000 >60 [18]

MM EAHAEIC  HPLC-MS/MS  0.4~1.2 100 20 ZAJE
(GO=Fe;0,)

HPLC-MS  0.04~1.8 500 — [6]
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%, LR R, B T B R R
IR SR VA RS P AE R A T
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