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E, 8 b AW NbREE B, | RS WAMR I E R, SR 9 F HARYBR HBR R 0.02~0.2 ng/L, ~F-¥ [l
K 80.1%~110.3%, AHXTHRAEN 2% (relative standard deviation, RSD)¥/NT 10%, £E A&, fHifE. &
TE . MERRTER, BBV SIPRE JE M IR IR K 9 BTN IS 254 I K
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Simultaneous determination of 9 kinds of quinolones in tilapia cultured fresh
water by ultra performance liquid chromatography-tandem mass
spectrometry

WU Xue-Gui', WANG Yi-Chen, CHEN Shao-Li, HUANG Xiao-Feng,
LI Xiao-Mei, WANG Fang-Gu

(Hainan Willtest Technology Co., Ltd., Chengmai 571924, China)

ABSTRACT: Objective To establish a method for the determination of 9 kinds of quinolones in tilapia cultured
fresh water by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The
main factors influencing the recovery were optimized, such as chromatographic conditions, solid-phase extraction
column conditions, eluent ratio and volume optimization. The sample liquid made from 0.1 mol/L Na,EDTA-
Mcllvaine buffer solution, was purified by polymer solid phase extraction column after adjusting the pH to 4.0, blow
dry enrichment dissolved after filtering, then the sample was separated on chromatography column Poroshell 120
EC-C18 (50 mm to 2.1 mm, 2.7 microns) after gradient elution with acetonitrile and ammonium acetate-formic acid
aqueous solution, and determined by UPLC-MS/MS. Eight compounds were quantified by internal standard method
and one compound was quantified by external standard method. Results The limits of detection of the 9 targets
were 0.02-0.2 ng/L, the average recoveries were 80.1%—110.3%, and the relative standard deviations were less than

10%. Conclusion This method is economical, simple, stable and accurate, and can meet the requirements of the
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determination of 9 quinolones in tilapia cultured fresh water.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; cultured fresh water;

quinolones; internal standard method; external standard method
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Agilent1290-6470A ## 15 SCHAH €35 - £ BRI AL (38
[€ Agilent Technologies 2\ Fl); MassHunter Workstation10.0
(3E[H Agilent Technologies 23 Fl); AB204-S HL T K- [Mg4F
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AR R A BRAF]); LXI-IB R K& & 248 .00,
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ZUIREIR G & (L8 &5 A F R =AU ); Agilent
spe-12G [EAHZE B B (35 [E Agilent Technologies 23 7).

P S 3 B A& (norfloxacin, NOR) . A Vb 2
(oflaxacin, OFL). ¥ 7> & (ciprpfloxacin, CIP), RlifEvb R
(enrofloxacin, ENR) . Y07 ¥) /2 (sarafloxacin, SAR) ., F5 F s
(flumequine, FLU), BEMEfR (oxolinic acid, 0XO). %&£V A
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D5 ENR). Ds-ifi 0 & (Ds-norfloxaci, Ds-NOR)(_L i %4
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], ERAliZK R SR = AR AL 4

FESCRIE: SRR 1T FISCE T 2 AR MR K SR 5 X
IKEE, IR T ARTEITI8 ML g0 2, RAPE -
22 LWHE
22,1 # I

FKAEZ 045 um K RIEMELIESS, HEREE 100 mL
JKAET 250 mL HEE=FMNH, A 20 pL 1 pg/mL WbRE,
A 1.294 g ¥ (mellvaine), 2.7638 g BERE 4NN
0372 g LM LR 4R (Na,EDTA), BEIEBEHA 7,
#i15%0.01 mol/L Na,EDTA-mcllvaine ZErigik, FESALEhFI
ERERVATTRRE pH=4.00£0.05, PR v P ERZHEE 10 min,
222 % 4

FHRBUST FIRERAE Agilent ENV [ AHZEBUR (200 mg,
3mL) L TE A, B, #HHE <3 mL/min, FAEG
JeH 6 mL 5% W R BEAE, FERATR . T
15 min, #2J5H 3 mL YRR (28R ZL1E-F =1 1)(V: V)L,
WA BRI R e 4 25 ORI T IS, I 1 mL W) AR sl ARV
f#rki, F 0.22 um AHUMIEBLIEE EALHT.
223 AFEERELH

WEBPRIBGE BEAR IS, B AC ] A 0.5 mg/mL (4R
HERH 3V RO S AR R A5V, LTI AR 10 pg/mL HrlalAR
WA RV, {3 P B T FH W R LU 19 B A 1 R R -
224 ERAEESATEA

ke 24 4E Poroshell 120 EC-Cys (50 mmx2.1 mm,
2.7 um); FishtH: FEE(A)-0.5 mmol/L ZEREFIAETR (S 0.1%
FIR)B), BEEEVEME, W 1; W#: 0.3 mL/min; FEiR:
35°C; FEFEMRFL: 5 UL,

#1 BERRAR
Table 1 Elution gradients

HsJ ] /min A% B/%
0 10 90
0.6 10 90
4 35 65
6 95 5
6.9 95 5
7 10 90
10 10 90

225 JRESHEAM
AR IS B TR (ATS ESIH), BANE LR
(capillary voltage): 4000 V; TSI (gas temperature):
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300 °C; T4 i # (gas flow): 7 L/min; AL #% % Ty ®2 RitsH
(nebulizer): 50 psi; #HHiJE (sheath gas temperature): 350 °C; Table2 Mass spectrum parameters
537 B (sheath gas flow): 11 L/min; GEFEE X . B85 T H#% Ql(miz) Q3(m/z) HJE/V CAV/V CE/V DT/ms
Sf. IARES XL BB ] (dwell time, DT). %4 & 400" 382.1° 140 4 18 22
N . DIF
(fragmentor) N Eﬂf TE % j][] l%. EE JJTS: (Cell accelerator voltage, 400 356.1 140 4 18 22
CAV). fli##S A8t (collision energy, CE) L3 2. 3861 36810 3681 4 18 .
ke =X R B 2 & W W (multiple  reaction SAR
o X ~ . 386.1 3421 3421 4 14 22
monitoring, MRM), FAR 54 H AR H 1R} [E] % & MRM
R, W 3. oFL 362 318.1 140 4 14 22
362" 261.1° 140 4 26 22
AN
3 &R57H 360 342.1 130 4 18 22
ENR
3.1 GIERHsmiL 360 316.2° 130 4 18 22
43 5] 2% 85 90 £ A8 Poroshell 120 EC-Cg 1% HE A Lout 3522"  308.3" 140 4 15 22
Eclipse Plus C5(50 mm x2.1 mm, 1.8 um)X} 9 s i i 2k 3522 2652 140 4 18 22
BWAY B ROR, SR SR 2 AT AN B ROR B A — B, 3321 31417 130 4 18 22
o - 5 CIP
{H L2448 Poroshell 120 EC-Cg 3 AT AT R IR H 48 K 24K 332.1 231 130 4 4 2
A ] B, XAfREREE N P hell 120 EC-C5 >
ﬂcif@ EINR ) Ljﬁsz.jﬂ oroshe 18 N 320° 300.1° 140 4 17 »
Baes, HIERH 1.7 pm BRSO 0.5 pm JEAIZ 1L NOR
s L e s . 320 276.1 140 4 13 22
BRI, X Rz B A R A, SH Cig Al
P, R BRI BIRRE S Fu, A 0 0 e 10 e s
IF5EE F 24648 Poroshell 120 EC-C g (il 2621 216 100 4 25 138
9 FibA&HY MRM 3% K a s FiE a5 il E 1 262.1 244" 150 4 13 138
N N/ S L1 Spe 3l i o b A B FLU
Bl 2. WAH E\%IH):H‘Ff*ﬁnn/ﬁu“ﬁﬁ/ﬂﬁzzﬁyuﬂﬁ*ﬁ% 262l 2001 150 4 ” 138
R B S T) R 06 Y, AT B2 1 X6 AR Ak A W A T 1) SR A
Ds-ENR 365 321 130 4 18 22

PECSL, PRI 5 T AGATBUATCTIRE) . 4R L 37 A
A R BRI ARG B RIR G, 1 DeNOR 325 307 M0 4 17 2
WA RERF AN, B TR R MO LA A Gk R T
SS90 0 A A s KA (2 - Y

%3 MRM BE%5%

WROVE AR SR, VRIS R0, HLw R (A o . Table3 List of time for MRM
T R A RE VA TR A V7 8 P o TR B ARIAE R B, BRI -
— pras N YN : pas
4110 FLBRIG S 50 Hh B FE 55 . e 40 XL e T I B, 5 Jmin fes
[i) FF 458 W6 0 08 A A DO 5 M TR BRI, AR ST i o DIF. SAR. OFL. ENR. LOM. CIP. NOR D5-ENR .
PR 4R Eb A1 3 30 AH B 4l K A (2 T 4 - PP TR VS RO A S R D5-NOR
EnE 49 0XO0, FLU
50000 50000
100000} CIP 45000} DIF 45000} OFL
40000 40000
,, 30000 2 35000 & 35000
a 530000 = 30000
2 3
%\i{ 60000 % 25000 é( 25000
= 40000 = 20000 20000
15000 15000
20000 10000 10000
J L 5000 | 5000 J L
0 0 0
0 0.51.01.52.0253.03.54.04.5 0 0.51.01.52.02.53.03.54.045 0 0.51.01.52.0253.03.54.045
[5F 8] /min [ [a] /min [ 8] /min

Bl 1 &AeaY MRM &
Fig.1 MRM spectra of each compound
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Fig.1 MRM spectra of each compound
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Fig.2 Total ion chromatogram of 9 kinds of quinolones B3 AR pH X LR K2R (n=6)
Fig.3 Effect of pH on recovery rate(n=6)
40, $-0-PH2S —@mmpHA.0 == ampHT.0
e ,
3.2 [EEZERFMHHRL i N
- I 7 N\
Agilent Bond Elut ENV [EI#HFE R SPER 2R 205 -— b € \ a
° -
CIRHIRRE Y R, R BORbRIAR R, W] LLgEA T PR 4 g( 25t \\ g S
i, SMCRTBUOR LRI B0, Wigas & 2] N e Iy
Bond Elut ENV 1 g A< B 5 1) [ A1 HUkE = b "
, . 10
TR pH T LS v 3 A AE K R I FEAETE S R sl
5 A BROHE SEORE 22 ) B0 M A P, DT 2 0 A4 Ui S ), 0 .

PRI AR5 25 22 BRI pH oy 2.5, 4.0 1 7.0 4351 % [l
RS PEROREIN, SC0 45 9 W) pH Ok 2.5 Al 4.0 i, K
RPPRE] 70%LA |, Hob pH N 4.0 I, 9 B Ab49r 0 Elg
R, HEEMH/NF<10%; i pH R 7.0 B, 9 Fifb &
Pyl AT R ATS, LR R, WP 3 R 4, i)
TERRPE A AE T O B2 Wy B M W 0P, DR M
pH & 4.0,

OFL NOR CIP ENR LOM DIF SAR OXO FLU
(lazsy]

4 FEM pH XRS5 BE RS20 (n=6)
Fig.4 Effect of sample pH on precision (n=6)

AN P B KRR HAE FERER IR pH S 4.0 ANl
A% 0.01 mol/L Na,EDTA-Mcllvaine 2% w4 5 F-0# 45 pH
Ho4.0 8y 2 POy Eg RGN, R R 4, B
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Na,EDTA-Mcllvaine ZZ 5 il 5 F4% 2.2.1 Fil 2.2.2 4b3E 9
Fifb APy ENBCR B e, EE %I, X a8k T
A% Na,EDTA-Mcllvaine 2% &G, MiEEZRIL &5
EDTA JEREAY, AW e R, B Ure & iR
i HARE
3.3 EBRELGIA AT AL

B 100 mL AKAE, #22.2.1 $2HUM 2.2.2 FREIE, 4051
LB, LR OME-HEE=1:1 LR HE- P Ei=4:1 =F
) He AT SR S kSt 2.2.2 HATIRSLEAE, R0
# 5, LIOERCTR-FEE=1:1 AT I oR ke, ERME

U TGN 208 Z IR B A R K AR R, YRR S e
A R B RN 724, T RE SRR AME, R
P, WARTEISCER 22, ASAE P F bR 53 H 4 e
WA R o

AN 100 mL KAEE, #2221 3B 2.2.2 FRER, 4
S AR TR S BOREA T e . 25 R R WILL 3 mL (3
WA TR, WOR AT, RS hn gk B [l R kA
BER, WK s, FHILPL 3 mL AR TR, REY
BAPEN, 48 Pres), R e SOREm ik, E5
P AE 10%LA A .

F4 AT EIAEMRE EREAREEE S R(1=6)

Table 4 Experimental recovery and precision results of different salt composition of sample solution (n=6)

i Na2EDTA-Mcllvaine

fill Na2EDTA-Mcllvaine

sl AU E /(ng/L)
B [T /% RSD/% SEE BIBCR /% RSD/%
OFL 80.3 2.7 82.9 1.9
NOR 108.9 53 102.3 23
CIP 120.6 73 108.9 7.0
ENR 100.7 2.1 100.3 6.8
LOM . 93.4 3.6 97.6 3.0
DIF 138.5 5.8 108.9 42
SAR 108.4 11.2 100.9 3.1
0X0 109.6 103 1103 4.8
FLU 73.9 1.3 83.4 1.0

RS EBRBRAEL AR EMEEE LR LR (n=6)

Table S Experimental results of different percentage recovery and precision of eluent (n=6)

oty VT LR T LR TG EE=1:1 LR TG =41
/(ng/L) -1 [ % RSD/% -1 [ % RSD/% 1 % % RSD/%
OFL 3442 40.7 101.5 8.8 2234 5.1
NOR 105.2 2.1 108.8 23 104.9 48
CIP 118.0 2.6 110.5 73 108.0 6.9
ENR 108.2 3.6 100.3 6.8 107.0 48
LOM 50 208.8 56.8 98.8 5.2 110.8 13.8
DIF 112.7 7.1 97.3 13 110.2 8.7
SAR 213.3 28.5 106.1 6.9 107.6 3.9
0XO 3132 23 113.8 7.7 212.3 8.9
FLU 713 1.8 80.3 1.4 75.7 1.0
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120 H3mL 0O 6mL

100 M

80
60

B /%

40
20

oLl
OFL NOR CIP ENR LOM DIF SAR OXO FLU
HEY

K5 DEBARBUN [ 52 (n=6)

Fig.5 Effect of elution liquid volume on recovery rate (n=6)

3.6 [EWEFBZEELE

TEREEN A FFRFEAKFEF A O Fis i B bR vV T,
HIFRAKEA3 5020 10, 50, 100 ng/L, /KA 6 AT
FESRINE, AKFEIAARHERIRPE S G #E 0.5 h il BLsLbr
FESR G FHEADT R T . S5 R IR 7. SR ERA T
B9 P& EICRLE 80.1%~110.3%2 (], RSD HJ7E
10%LA T, BEBIA T X S bRIRFE K 9 Bl it s 4 2k
F AN ELAT R AR P RE

R®6 LHMEXR KWHERREER

Table 6 Linear relationship and detection limit quantitative

limit
34 &ieE et RMEIIR HXREE KRB
B 10 ng/mL My bR ETR A A, PG i
BIARECHRIAE 0. 0.5, 1.0, 2.0, 5.0. 10.0 pg/L AOFRIHER4 OFL Y=0.0146X-0.005631 0.9985 0.02
A, WIRREDR 20 ug/L, SR LBRAFAI AT NOR  Y=0.063269X-0.006336  0.9996 0.10
ST, VR BRI E . EEVAE ., ERDAE . AR ' '
VO EEVERR . SR YRR Q)RS I LR CIP  Y=0.085013X-0.002738  0.9998 0.04
FUD LA PR ) R R VD B (LA R VD B S N AR ) SR
PER T R, T SR AN B, IEREE LA A ENR  Y=0.057854X+0.003843  0.9996 0.10
PR BE 1 AR R AR X, b5 0 06 T RRUR P s i T R LOM  Y=0.031329X-0.002805  0.9996 0.04
B ELIE R NAEAR Y e hlbRiE TAERNZR; SMpridk DIk BE i
bR X, BN ARER Y SflbrdiEii g, Wk 6, 1F DIF  Y=0.038796X-0.005904  0.9985 0.04
0.5~10 pg/L JE[E KN, 9 Fi b &ML LRI R AT,
SAR  Y=0.014900X-0.000365  0.9996 0.20
35 FHAEKERAMEZR
DL SIN=3 A i L, b ke 0RO YTO9R0X-0.000466 09986 .
EBRAGREIIN T 25 ARE S Pl e B L, e A FLU  Y=136839.29X-27846.33  0.9967 0.10
I E IR, L3R 6.
R IAREUER TS E LKL R (n=6)
Table 7 Result of spiked recovery and precision (n=6)
ey WIEREE(ng/L) PR EICR/% RSD/% fe& B/ (ng/L) IR % RSD/%
10 85.2 1.9 10 81.7 4.7
OFL 50 82.1 23 DIF 50 80.1 42
100 86.9 1.6 100 83.4 5.0
10 100.3 1.9 10 98.9 35
NOR 50 96.5 3.1 SAR 50 102 3.2
100 94.2 33 100 96.3 53
10 102.3 5.8 10 1103 4.8
CIP 50 93.2 7.2 0X0 50 103.9 5.0
100 95.7 8.2 100 106.1 45
10 103.3 6.9 10 86.5 0.9
ENR 50 107.6 6.3 FLU 50 823 1.1
100 945 5.1 100 81.1 0.8
10 94.4 3.2
LOM 50 97.4 35

100 100.1 4.8
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