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Development of environment-friendly HPLC method for
simultaneous determination of six fluoroquinolones in eggs

CHENG Yongxiang'. XIA Xi', ZHANG Pengchun', ZHAO Kunxia', LI Xiaowei', DING Shuangyang'"
(College of Veterinary Medicine, China Agricultural University, Beijing 100093, China)

Abstract In order to reduce the use of organic regents, decrease the pollution of environment and increase the
efficiency of detection, an analytical method for simultaneous determination of six fluoroguinolones (FQs, including
ofloxacin, peflocacin, ciproflocacin, danofloxacin, enrofloxacin and sarafloxacin) residues in eggs based on high
performance liquid chromatography with fluorescence detection (HPLC/FLD) was established. Samples were extracted
by water and added NaCl to salt out. The extracts were heated and frozen, degreased by n-hexane. Six FQs were
separated by C;s column with 0.5% methanoic acid/acetonitrile as the mobile phase and detected with fluorescence
detection. The fluorometric excitation wavelength was 280 nm,and emission wavelength was 450 nm. The tested ranges
of quinolone calibrations were 0 — 1 000 ;.g/kg for ofloxacin,0 =50 p.g/kg for danofloxacin,0 — 250 j.g/kg for the other
four FQs with the correlation coefficients greater than 0.99. The limits of detection (LODs) were ofloxacin 4 n.g/kg,
danofloxacin 0.2 ;.g/kg.and the other four FQs 1 ;.g/kg. And the limits of quantification (LOQs) were ofloxacin 20 1.g/kg,
danofloxacin 1 ;.g/kg.and the other four FQs 5 ;.g/kg. The average percentage recoveries were ranged from 80.52% to
101.10% for six FQs in eggs samples, coefficients of variability (CV) were ranged from 2.99% — 10.40% .
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M T FQs XM B 7EAR RS, HA 5 ik 8
BARW BE 1 FQs I8 5 175 5 N2 80U 14 7™ 2B it 25 7%
LR BA 0] B IE B g R AT e . B, BT
FQs 78 X% 8 it 5% B3 4G I 77 3% o % £ e A A {gt S A
B 0 B KGR X an A AN TR] SR H XA
SE FQs 76 7= 50 1) 5% 88 R (MRL) , H b ji
AR AE PR R A p il BN Y A (CIP) ik 3V 2
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EAE E R & ENRYY 38 E AR 235 5 A5 M
ETE A XS rh S ] ENR, CIPY, 35 ) & A fy 2292
SR E B B W i As Ak R A B R T A
(PEF) AV B2 (OFL) 75 N [ 4 FhH- 2, fies A1 56
G A eSS,
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FQs BRI 7 24 3 2 4353 (TLO) B 48
LUK 5 32 (CED | a1 80 A 8 3% 1 CHPLC) L ) A
3% & BE 3% 35 (LC/MS) f1I ELISA g0z,
HPLC [E A & A6 . O A I FQs 5% 83 1) —F
FEGHIE . H T o3 B AR R A i R B A
AR Cs \Crg ), H [ 1 AH 2 AR 25 0 i 5k m]
3 b SRR R B A B VR T B FQs Hh i 15 1) R R K
AU BB e R AR R K B T A
T B . B R R VA €3 vk A H A
V5 G I T HE R R I AR I ISR T D

A5 38 3 A A X B A B R A 3 O ik
a7 T — P g 92 W B & OFL, PEF, CIP, DAN,
ENR #l SAR 6 flt FQs £ 5% B 9 /= Z0O8 AH 6655 1
ERA e W N0 N (AR 2 Y 7 S R T -
K 2 359 0 AH G4 B R L R RS A R A
F18) Acb 38R RIRS: 0 ) 45 4 3%

1 Rl 57F*®

L1 XEF5KH

1 OB A (G [ Waters 22 ) 1 2695 73
B AR GE 2475 DGR I 4% 415 58 10R B0 AL (1[5
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A]D) s ZA5 IR IENR 7 A (bt BB B A PR 7D A%
VKA (£ E Thermo A R s K (i 0. 01 g,k
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CAIEE 99, 6 20 Xof BE ity (b 88 12 24 0 W2 ) 40O
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H R A 4h L S R Al (o AT 4l 3 ok [ 25 4 A Ak
RAABRAFD  IEC ke HEE . L (ki 38 5%
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1.2 X FIE &

T 74 i 25 TR < K 2 PR B B 1 F Qs X R, HH
0. 03 mol/L & % 1k 44 % W I ) A o & ik B ol
1 000 mg/L WA & FA T, —20 CIAFE,

B o A VR - B B RIS B 1Y FQs b HE 6 25
W U 2 AH i R B MR BE ) FQs bR TAE WK,
—20 CHAF,

0.5% H MR /KW WERIEL 5 mL IR E 1 L
A mKEREL L,

1.3 HmpH&

X EATHE L G 3850 — 20 CRIBERAFEH .
1.4 #HmarseE

WERFRICRE S 2 g RS A 8] 0. 05 @), & 50 mL
B0 B gl K B O 20 mL, 5 A Ak 6l
1.5 g #hMr, W 3h 3 min, B .08 B K 8 o
90 C 1 h, M B ik & — 80 C AR VK48 h ¥ &
30 min, #HE %10 000 r/min B> 15 min, B E
HW 2 mL, I AIEC %€ 5 mL, F4& 20 W AR,
10 000 r/min &.0> 10 min, HW & 2 IF S 5 X
ZECRERST L, AP 1K, 14 000 r/min
A 15 min, U1 mL F3EWINA 5 pL HER . BE TR
AR 0. 22 pm JE R B I I 8 IS . At v RO A
S 7
1.5 Big&Ht

6,38 4% . XBridge Shield RPys 4. 6 mm X 250
mm,5 pm(3E[E Waters A F]D ; Fish A4 0. 5% B iR
JK -2 (RFREE 9 90 = 10D 533 0. 8 mL/min;
PERE I 20 L AR 30 Cs AR IE K. Ok K
280 nm; & 5T K 450 nm,

1.6 #RiHE 2 25 6
WUIR A br 1 % 25 W U ) A2 R B R 250,
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2.1 HSEAEEHEHKNL
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FQs A TR 7 5 A LR A5 T AEK
PRV HRTE 09 B2 OR 3 B A W R 28 h I T
EDTA 28 vh i Wi . R Ak 2 25151 gk 2 R
TELHE P IMA— 2 LBl = 5 LR B R 4%, LA
AP 202835 P R 2 B SRR 2 e T e 4
ey YL BB E T A PLRR 6 BT IE YL
R PRIUTAE T4 22 15 7)o DR I A 36 488 5 R FH i 1R 41
F PR U AR ey dE A R s A Sy T
XS PR R AT B I L B R U B AR
B 0 S ) R SO 5 L R B 2o R ik o2
MPOBFE B A I BR S 10 ng /g, iE 5 BR N 50 ng/gs{H
8 2 5 2% oV T 1) RE IR . EL AR A 3L s AR BLAG: T s
b 520 W EER AW S R A A R R S
BOFE T o FERCT B o 57 B2 ORI s A B 338
YEFE . Bogialli 25 75w Ak B o ) T [ AR AL 1 43+
AR AR A A gl kB R R R SR R
PIRF G b o AR A LA 3R By 3 rp O oK DA FH 2K

AWK T =AW IR R .
EDTA-Mellvaine 2 %5 W A1 407K 19 42 BORCR . 45
BEW. 2N HRR.2% Z M 0. 1 mol/L. EDTA-
Mellvaine & g Wi 5 UG 7 A 8 2 g i JC vk 38 o
TERE 10 2R 5 100 W R 4 U mT 3k R, R [0 i 32

BAR; = E S BRUTVE 1 5 M8 D5 i 85 R b B AL
ARG 00 s A 58 2% L HCORE 43 A 5 P R AT SRV
[Fi] BF X6 PR 58 75 Y R s A IF 98 R F 4K 4 B, 22 30 iy
J BV VR L AR ORI TR R T R A D [l
W3 s HE OB PR 58 TC AT An] 5 G, X AE N 5L
AN ox il A A . R BSR IR O ¥R R AT T AL BT
e A FH [T A TR ¥ Ak 92 TR 2 BB L T A B
[i) F1 B AR
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PRI I AL 22 T ML AR S, AT R AR B 0T A
fiff A O SR T DV Y PR BT L R v R O
FQs 588 & 15 %6 WMt n 3 &4  EDTA
hEREAN . NEAERET WA S &R
FHEWRA AR T YRR AR
TARINER LA 2.4 16 g JoOKBRER 4h . S 1L &
PLM EDTA 8RR . & BAS AT fe] #h B, £ B
W AN AE G EAILBRTE 5 V6 3 72 5 e STk Al s o &
IR & B 2 e REE R 2,
M 6 g B P ITUE 23 T R L 2 o 2 3 i
FH R, TCKE RN S EDTA 40 ¥ i B A &
A, HXI RS AE AT Y . DR BE B I S AL 4 5 a0
— I A AL N (0.5.1.0,1.5 F1 2.0 @), 4
B ENTRCR S BICR  R AR PEA N 1.5 g AALHN .,
2.1.3 ek A KIBJE B AT R

Tr 37 SCHFRIAE A AR RS HAE L A s R ]
RS EE H R EARRE A, AR E A
23 () G548 77 A R R 6 1 T 22 A i K P DX, 2 T i
B R 2 B, T BUE AR AR s R TR R
TR AR B AR A KAL) S5 A R P I
AW 43 0 25 5 T I # %% R DL RO A S ¥ R X
S RV N O e S Rl X R ) | P2 I RE VIR -
TN OO AT — T OB AT o TR
Xif H IR BE (50.60,70,80 1 90 “C) A& 5 iR
(—20 F1—80 °C), & IH& WO ¥ ¥ 4 B Bl 45 fn 44
B b T RV ORI B R BRI R . R 2 B R E T
R R W AE 90 "C T 259 T W & 43 g 1F O, 8 &
90 °C ) oy i Jli 5 UG 4 A BT L R E
PR EE 90 °CL ¥ VR BE S — 80 “C o X Lb i # i
[H] (0. 25.,0.50,1.00,1.50,2. 00 Fl 4. 00 h) Fl¥& %
A [E] (0. 25,0. 50,1. 00,2. 00 F1 4. 00 h), /& B & W&
2 B2 Bt IR [R] 3G i 42 = B AE 1 h 5 22 RO
3 H DGR LA A R & VR [ 42 0.5 h J5
TC A 25 51 BOCh T 2R R) A 5T B Ak B K TR
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90 C1 h J5,—80 C¥ % 0.5 h,
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2.2.1 &gAEeaE

T AT (0 38 B o S (0 3V B R RO |
T 55 5 R 43 T B TR] R 43 AT AR . FQs 1 HPLC
JEFAAH Co kAR R KRR AL B C
R g 7 2 ORLAR KB A DT TR TR) L 7 43 B
PR BRI E) b PTRE S AR 22 5 . RAE AT AE Y 7 %
A AR5 A kL R 6 AL ik R RLAR
FLAR A S8, 035 0 I 22 19 2 800 3 4 45 i K Pk
25 [R] 36 428 1k R R 5 AT

AW ST B 5 A Cos A 3E AT X L, 20 9 R
Xbridge Shield RP;; (3£ [E Waters 24 %)) .Luna C18
(2) (#E Phenomenex A #l) | Inertsil ODS-3(H A&
GL Sciences 2 # ). ZORBAX Bonus-RP ( 3 [H
Agilent 24 &) #1 ZORBAX Eclipse Plus C18 (3 [

Agilent AHD ., HEAESHWNE 1 fim, Xtk
B, AN ) €8 335 4 5L BA [\) , XBridge #E5E BT oy 2% 46 5
Hi L A k30 8, ZORBAX Bonus-RP i A B PE 15k
i e AT AT AR A e B L T Ay = S RN R
R A s AR 4 USP (3 [E 25 80 X34 Chttp: //apps.
usp. org/app/USPNF/columnsDB. html) 42 fit i =
B2, 0] &I Luna C18(2), Inertsil ODS-3 Al
ZORBAX Eclipse Plus C18 Jg T B %I {8 3% 4 CH 87
I f5 3% F£ ), i XBridge Shield RP, f1 ZORBAX
Bonus-RP J&§ T EP B A3 CHI Py i A P 5 AT 554
PESE AT R W A L AEAR pH 4544 T L EP B85
W) H A CEBAR, B B RS (R BRI I 1k
A, 5 ARt ZORBAX Eclipse Plus C18
#EF1 ZORBAX Bonus-RP % Bk & # & % , XBridge
Shield RP;s ¥, ZORBAX Eclipse Plus C18 # fil
ZORBAX Bonus-RP 22 1 B /)N, i 5 26 ¥y 2 45 4
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Table 1 Characterization of different chromatographic columns

ZF1E Characterization

e € 1% 1k (RS
Non-chromatographic method Chromatographic method
(SR Y p —
. =R/ T AR
Column 95 L/ A )
. #=/% (m*/g)
Particle Pore S A B C(2.8) C(7.0)
Carbon ] Surface
substrate size
load area
Waters T 2 K 17.0 130 185 0.835 —0.026 —0.372 0.095 —0.122 —0.051
XBridge W Z= 1 Jo AL
shield RP g
Luna EZIN S 17.5 100 400 1. 002 0.024 —0.124 —0.007 —0.269 —0.174
C18(2)
Inertsil T\ it F 15.0 100 450 0.990 0.022 —0.146 —0.023 —0.474 —0.334
ODS-3 A AR AR R
ZORBAX K e I 45 o 9.5 80 180 . 654 0.107 —1.046 0.373 —2.971 —1.103
Bonus-RP e A H 1 Tk
iz i A
ZORBAX RN 9.0 95 160 1. 030 0.007 —0.072 —0.02 —0.004 0.020

eclipse plus 4 Eclipse

C18 Plus fit I8

W H GRS R RSB s A R i B 52 4 5 6 8 T Ak b 1 1) B VE 5 B R o Al A 5 e A b B 2 M) S FE T C (2. 8)
pH2. 8 i 85 T fifk 5t 3 b 5 T+ Ak 6 B9 4 1T 5 CC7. 00 g pH7. O Wi B T fike I 5k of J3 T 6k 6940 T
Note: H: Hydrophobicity; S: Ssteric selectivity; A: Column hydrogen-bond acidity; B:Column hydrogen-bond basicity; C(2. 8); Column

cation exchange for pH 2. 8;C(7. 0) ;: Column cation exchange for pH 7. 0.
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FQs 443 #7 B:F 18] 5 52 BR Al i % 30 B 7Y 8 35 41 Y i
YAk J5, vl i 5 2 H 8 Cai K M) B A G
ZORBAX Bonus-RP #F i} i i ., {H CIP, DAN,
ENR 738§ B2 AN % 75 5538 0 7K A8 L 49 A B8 3828 4 43
B XRE 23 B A R I RE K 4 B A (A XBridg
Shield RPs #4383 8 15 » HL H 6 B[] 45 2, 068 8056 A
A, PR i i 24 3% 4% XBridge Shield RPys 4t
2.2.2 A#Ee B

FQs 2 MR ol ™ 1k & % (pKa, =5. 5—6. 3,
pKa, =7.6—8.5) , HAE Ui s #H (9 %5 i B2 32 pH 5%
W) s SCAS [ (4 3 Bl A pH 23 52 e 0% B (E . R A
A 18 2 A 2% TET B A i R A A S R R S R Bh A
pH AL pHTE 2~4 BTREFF R 5 FQs HE T2
Vi) f) AR R ma L PR R T R sh A Y pHL R
RS o3BG RE RS R 2 — o K I b R
G- G W R-C G R R EE NS, BT
2% vh AR X8 S AR A L AR SR T H R - S I AR
R .

KBS T 0. 02%., 0. 10%., 0. 20%,
0.50% .1.00% H R K XF FQs 123 B 1% I . 45 S %
B B o It 3 AR R BE R B IR, pHL T . FQs R B I 1]
4555 ,0. 02%,0. 10 % F1 0. 20 % H iR 7K Y5 44 46 7™ &
iR 1EHL, H PEF 5 CIP REESE 44385 1. 00 % H
MR K AR REECAF 43 85 6 R W) i IRy pH &3

W €53 R 48 40 FE S A, H O B0l g R ) ot K
SAR TEAE Y HIO™ 5 L 05 AL AR 58 L mi )W FEAK . 0.50%
7K pH Jy 2. 4 76 G35 FE 1Y B F (pH 2~8)
A R B B TR] L 4 5 B 1 A2 R O i oY R L
YE R sh A . 5 4h FQs () Wi 8] 5 3% sh A A
PLAH E A7 G, ARWF 5% B3 T A [l A HLAE EL B T 1Y
FQs 43 816 B &k BLRE & A HLAH L6 9 1 T, FQs
TR 4. T FQs &, s b A
HUAH B EE BN B3 155 » i 298 22 0. 50 26 F R 7K 7% -
M RFEEA 90 = 10) 4E b i sh A H: (8 1% 0 T 2R
B FR S [FE 25 FURE S AR I 25 0 O) B B TR PR TS T4
2.2.3 HmikMyirF

e FQs b3y . R E W pH W 8 R
PE B HEFE AN BB FIE . 4 0.02%.,0.10% .
0. 502 1 1. 00 % H R /K 52 ¥, b LA I, % 30 0
B[] 1) TC I S AR Ak e S R 5 U B0 AH AH (]
[ 0. 50 %6 H R /K A Ry 52 5 W
2.2.4 Hm Bk

FQs g5t rh fr7e 4L 50 R 40 . 1 55 00 DCOR FRIE 14
W 53 A0 H B ik B ORI, PRI 5 A A Fn
DENCAL I XA AR AE L T OGN A
LONRE 2~ 3 D ECE R B K
1) 6 FQs ¥4 & 43 WR W& 3, H A7 A AL 6 3 5 1
PRI I 2 56 2 O A T % (3R 2D

x2 S5EFRWEFELR

Table 2 Comparison of the method established in this study and the national standard method

i H A FR 781 45 A 15-6-2006 Jr ik AT7 ¥ ATy A
Item No. 781-6,2006 method This method Advantages of this method
R ERUIEDE Y 8T gk +1.5 ¢ &AL U/ TR TR] o 85 4 5 N
Hit Cos [EAHZEBUAE (WFAE 2 Nl Cog BAHZEBUAE . SR IN 15 8 AR (10 T8/ 32 Cos 41, B 45 5 & 2D

Jif 12 mL/kE D B VR

it B AH 0. 05 mol/L B R/ = & -2,
it = (PR LE 81 ¢ 19) 90 : 10)
WEHYERE CIP.DAN,ENR,SAR

SAR

0. 50 %0 F R K ¥ - 2 i (AR AR 1L

OFL. PEF., CIP, DAN, ENR,

2 30) B AT HLE R AT R AR

X TS A /0 o HLXE CRTER 88 453 5 /N (=
& e 5y 88 5y 1 AT 7 ELAT 5 RO

4T 3758 R 9 PEF/OFL A&, 4k
T3

TE AR 781 54 45 -6-2006 S A [E 7 i S5 k2 A AT M 00 e A 0 O 7

Note: No. 781-6-2006 is the national standard method for routine monitoring of quality safety of livestock products.

2.3 MR RNREEER
TE 3R 38 254 15 3 FQs Ar il AR, DL %5
215 10 JRE 5 €0 i e i AR EA T 2 e 1m0 LR O

Z R MESEOLE 3. ARSI g5 5= . L3
P45 M b (S/ND X 7 F % T e 88 A7 A Gz 0 RIS 12 7 1
FEXG TR 6 Fl FQs MKZMIBR A 1 pg/kg(DAN iy 0. 2
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pg/ kg OFL Ay 4 pug/ke) s L 10 6% £ e H (S/ND X
AR 0 e JBE L 3 05 1 B 2 B BR A S g/ kg (DAN Oy

1 pg/kg.OFL & 20 pg/keg) . XF N ) FQs I BR 5
S PR T HA RS B R B FQs A9 5 3 (B D,

R3 OMEBIEMEAMRELLEFTEREERREH

Table 3 Regress linear formulation and coefficient of six fluoroquinolones
By A /L) Yt -
Analyte Linear range Regress linear formulation
OFL 8~1 000 y=9 706.9x—28 014 0.998 1
PEF 2~250 y=236 314x—124 830 0.997 9
CIP 2~250 y=14 489x—68 364 0.995 9
DAN 0.4~50.0 y=231 810x—140 210 0.996 9
ENR 2~250 y=27 375x—113 275 0.997 7
SAR 2~250 y=11 262x—54 736 0.9959
1.00
0.90
0.80 2
0.70 | & q i
& Z s
_ oot T, = 3
@ § O o B o% | =
e L coae 7 l 5
= £ 040 ! \ 3
2~ A & ! | i
= o030} =% [ | &
0.20 1 |*' 1 i =
' ‘I! [ f | il |! ll‘ %
0.10F AT A Y I N
0 _,._m,g-,,.,,,r‘],,.- SR R P S W AR, i S et g et
_0'10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
[} [A]/min Time
OFL 4 4.0 ;ug/L,DAN 33 0. 2 pg/L, A Hh 1.0 pg/L
4.0 pg/L of OFL,0.2 pug/L of DAN,1.0 pg/L of PEF,CIP,ENR and SAR
B 1 o#mEiEimEnedkaitE
Fig. 1 Chromatograph of standard of six fluoroquinolones
2.4 HEMENMBEE A A RN I il O = A S O

A A E PRI 5,10 F1 25 pg/kg FQs B3
WE T AE W (OFL 2 20,40 F1 100 pg/kg. DAN Xy
1.2 f15 pg/ke) ( 2), AT 6 F FQs 7E X8 &
4 - 25 171 e 2 9 Bl R 80. 52 % ~101. 10 % , 4t N
A RS, 0500 b (A4 S RA<C10. 41 %0, &5

R 4. XRMIZIEREN  EBEB A

JUEYLURL KRR MO HL AR B A AT T ik B oR
(£5.
2.5 LERHEmET

K AT SRR B A AL =TT VRN T R
D SFFFEI R G B 13 £ 4 28 A
A7 707 A 485 R L3R 6,

=
sfagvin

@ The European Commission. Commission decision of 12 August 2002 implementing Council Directive 96/23/EC concerning the

performance of analytical methods and the interpretation of results (2002/657/EC). Brussels: Official Journal of the European Communities.,

2002,1.221:8-36
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1.00
&
0.90 | 22
=
0.80 [ LmL'I
L ~
0.70 A b~
B b ©
E é 0.60 i <ZIC j:r
2 050 o 2 S
=7 L < 59 D
2= 040 e 0 5 <
L T d =
0.30 | & & c[\?
0.20 \ e
<
0.10 \ S
’ Qrmud . & A
0 T \\'&T‘”V‘gﬁ/*\ ; "-’“\‘\:"""“P'M/'\Wr’ﬁ’""". L i
18 20 22 24 26 28 30 32 34 36 38 40 42
[ [A]/min Time
OFL H 20 pg/kg.DAN 1 pe/ke. A 5 pg/ke.
20 pg/kg of OFL,1 pg/kg of DAN,S ng/kg of PEF,CIP,ENR and SAR.
2 TFABEHMEMAETINEREIEE
Fig. 2 Chromatograph of blank egg and egg fortified with six fluoroquinolones
R4 BEPOHABRENENEKZERERRZL
Table 4 Intra- and inter-day variation and recovery of six fluoroquinolones
iyl AR ) #N EiA TR 2]
R FQs IR/ % 5 75 5
G/ . mlR/ % AR EHR/ % N
25y Rates of recovery of six FQs 28
(pg/kg) Intra-day £ Inter-day
2 " (n=18,%)
Fortified average (n=6,%) average
Analyst Inter-day
concen- 1 2 3 4 5 6 rates of Intra- rates of oV
trations recovery day CV recovery
87.40  96.11 88.30 87.85 88.20 92.24 90. 02 3. 84
20 92. 84 93. 88 83.54 94. 81 88.19 82.52 89. 30 6.01 86. 76 6.91
74.58  85.98 84.98 83.38 77.09  79.80 80.97 5. 64
92.24 90.09 90.20 91.17 91.77  90.51 91.00 0.97
OFL 40 87.28 84.21 86.76 87.01 87.07  83.08 85. 90 1.57 85. 80 5. 36
78.72 81.78 80.36  82.60  79.68  79.91 80.51 1.78
89.66  89.24  89.53 89.50 88.67  89.92 89.42 0.48
100 82.54 83.06 85.36  83.57 80.21  81.90 82.77 2.08 86.19 2.99
86.53 86.10 86.70 85.31 85.79  87.83 86. 38 1.01
96.06 107.33 97.58 98.61  95.98 103.22 99. 80 4.55
5 107.62 109.63 101.73 102.28 105.72 103.27 105.04 3.01 101. 10 4.61
97.13 103.67 95.79 99. 85 93.31 101.07 98. 47 3.83
98.72 95.10 97.90 96. 37 97.56 96. 70 97.06 1.32
PEF 10 92. 35 93. 40 91.87 91.02 90. 14 91.63 91.73 1.22 90. 37 7.14
78.87 85.08 83.66 83.11 81.15  81.97 82.31 2.63
93. 89 93. 60 94. 96 93.93 92.15 92.55 93.51 1.01
25 83.06  85.42 87.12 85.18 81.61  82.66 84.17 2.45 88.41 4.99
86.54 89.46  87.26 84.63 85.55 91.82 87.54 3.04
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75.82  77.21  74.89  79.57 77.62  76.28 76. 90 .12

FAED
B Im T FQs [ % N1 #H IR | S
25 ey Rates of recovery of six FQs IR/ % 5 RLSS ER4
(pg/kg) Intra-day E¥ 4 Inter-day
Z R o (n=18,%)
Analyst Fortified average (n=6,%) average Inter-day
concen- 1 2 3 4 5 6 rates of Intra- rates of .
trations recovery day CV recovery v
85.49 98.14 81.16 86.03 83.86 88.70 87.23 6.76
5 90.04  95.48 90.11 96.14  94.28  90.61 92.78 3.06 84.93 10. 07
76. 40 76. 14 75.18 75.23 72.17 73.66 74. 80 2.15
84.75 83.98 85.15 87.55 87.44  83.79 85.28 2.05
CIP 10 82.86 84.62 82.75 83.32 80.75 82.01 82.72 1.57 82.09 3.95
76.85  77.48  78.87 79.17  78.67  78.59 78.27 1.15
88.65 89.05 88.29 88.91 87.84 85.88 88. 10 1.33
25 83.53 86.23 84. 81 82.19 78. 87 82.69 83.05 3. 04 85.02 3.46
81.59  84.44  85.21 82.54 82.62 87.02 83.90 2.42
88.57 97.43 88.72 91. 83 86.29 96. 87 91.62 5.06
1 97. 36 95. 56 96. 29 97.61 94. 96 96.09 96. 31 1. 06 90. 95 6.19
81.68 86. 34 85.92 86. 38 81. 64 87.54 84.92 3. 04
92.21 91.02 93. 88 93.09 93. 80 91.96 92.66 1.22
DAN 2 90.00  89.17 90.36  89.64 87.14  88.83 89.19 1. 29 85. 24 9.95
71.01 74.40 74.69 75.01 75.10 73.08 73.88 2.15
89.97 91. 22 91. 94 90. 48 88. 80 90. 37 90. 46 1. 19
5 81.90  85.87 87.09 85.40 82.71 82.16 84.19 2.62 87.59 3.48
87.72  87.48  89.09  86.87 87.62  90.06 88. 14 1.35
88.66 108.90 94.04  92.06  88.07  94.64 94. 39 8.05
5 92.58 96.34  88.43 93.64 94.26  96.40 93.61 3.15 88.71 10. 40
77.36 84. 34 73.00 82. 39 73.59 78.10 78.13 5.84
96. 42 94. 00 97.71 90. 36 96. 31 94. 07 94. 81 2.76
ENR 10 85.49  85.51 86.14  85.13  80.64  86.34 85.10 1.98 84.72 10. 41
71.99 76. 34 75.03 77.40 73.73 72.30 74.46 2.93
90.88 93.39 93.24 92.75 88.98 88.62 91.31 2.35
25 77.92 81.82 82.33 81.62 76.89 79.17 79. 96 2.85 85.56 6. 00
84.88 85.78 87.05 83.29 84.32 87.15 85.41 1.80
82.70  85.56  79.44  83.65 78.23  81.19 81.79 3.33
5 85.13 90. 89 88. 80 87.98 93.54 88.15 89. 08 3.21 83.79 5. 38
80.20  83.17  80.77  79.66  78.94  80.27 80. 50 1. 80
81.84  72.09 74.34 71.60 81.18  82.01 77.18 6.51
SAR 10 88.15 84. 84 84. 35 85. 36 83.07 84. 85 85.10 1.98 81. 14 5. 65
76.62  83.26 81.02 81.11 82.31 82.31 81.15 2.93
84.25 82.86 83.83 83.26 81.75  85.17 83.52 1. 41
25 81.90 80.70 80.52 80. 10 80. 64 82.95 81.13 1.33 80.52 3.82
2
H

H:OFL A Y & s PEF A5 Y & : CIP BRI & ; DAN ik i ¥ 2 ENR 4 B Vb & s SAR 5
I EE 3K,
Note: OEL: ofloxacin; PEF: peflocacin; CIP: ciproflocacin; DAN : danofloxacin; ENR : enrofloxacin; SAR : sarafloxacin. 1 —6:intra-day parallel

DHIWE . 1~6 Ry HVPATHE, 4

samples,each concentration repeated thrice.
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x5 KRB AKUB ERREBN TFEREEBRZTENER
Table 5 Requirement of intra- and inter-day variation in EU, MOA, AQSIQ
e e AR SR E % e e A S R K Y ARt Bl R/ %
H AR S HE Ta] AR 3 § %
Fefit 43 40/ : X: v ' 1 1’; o ' iz U . '
tra-da ter-de ates
(pet/ ) ntra-day nter-day (/) ecovery rates
Concentrations Fortified
W b ® KR BB RE kR . W A Al #B J KL Ry
of analyst concentrations
100 — 17 — 23 26 23 >10 80~110  70~110 80~110
10 — 21 — * 32 32 1~10 70~110  60~120 70~110
1 — 30 — * 45 45 <1 50~120 50~120 50~120

o X FART 100 pe/ke B BTG 0 Horwitz A X HE S5 MR W HEZ M EE. FIL. 6 TR T 100pe/ke B9 E H CVs B A) fE
WAL, “—7 R,

Note: * For mass fractions lower than 100 pg/kg the application of the Horwitz Equation gives unacceptable high values. Therefore, the

”»

CVs for concentrations lower than 100 pg/kg shall be as low as possible. “—” not given.

F6 ZNHERPREEIEWEGNRESSH

Table 6 Quantitative analysis on six fluoroquinolones of samples pg/kg
BE 5L 2 FEAL A PR Analyst
Sample 1D OFL PEF CIP DAN ENR SAR
HD1 ND ND ND ND 94. 77 ND
XM1 ND 30.67 ND ND ND ND
QQHE1 ND ND 33.51 ND 126.57 ND
BJ1 ND ND 16. 88 ND 82. 88 ND
XM2 ND ND ND ND ND 25
SZS1 ND ND 12. 64 ND 48.55 ND
BJ2 ND ND 20.18 ND ND ND
BJ3 ND ND 8. 64 ND 35.28 ND
X1 ND 58. 26 ND ND ND ND
HF1 ND ND 28.50 ND 267. 24 ND
XN1 ND ND 21.52 ND ND ND
XM3 ND ND 56.99 ND ND ND
SZS2 ND 6.37 22.61 ND 1 507. 36 ND

TEND ARAG o SRR by Al 35 24 422 4 W B A 30 3k v 0 (B ) 43
Note:ND,not detected. Samples were provided by Veterinary drug safety inspection & testing

center of ministry of agriculture (Beijing).

XF FQs Kl i 2R o HLi% I ¥ Al R i b B AR 3 7
5 29 A L B R BR B BRI T5

AR5 KA i B4 R AR PR AR AT T4 SR
ik B2 I, SAAL R AT 28 A v R BN AR
WO EFE RS E P 6 Bl FQs. Al ZRAF B4 1L
8 A 2 R R BHORE g o ARG DN BIR A5 i B BE % i A2 [ A
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