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Uncertainty evaluation of fluoroquinolones illegally added in veterinary
herbal medicine by liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of determination of fluoroquinolones illegally added in
veterinary medicine by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods A method for the
determination of fluoroquinolones illegally added in veterinary herbal medicine (feizhu powder, Jianwei powder,
Yingiao powder) by liquid chromatography-tandem mass spectrometry was established. According to the relevant
provisions of JJF1059.1-2012 Measurement uncertainty evaluation and representation, the uncertainty of the method
was evaluated. Results The content of fluoroquinolones in veterinary medicine was C(Enro)=100.90 mg/kg,
C(Cip)=100.34 mg/kg, C(Norf)=100.21 mg/kg, C(Oflo)=100.61 mg/kg, respectively, when 95% confidence level,
k=2, and the evaluation results were X(Enro)=(100.90+£6.957) mg/kg, X(Cip)=(100.34+7.067) mg/kg, X(Norf)=
(100.21£6.898) mg/kg, X(Oflo)=(100.61+6.957) mg/kg, respectively. Conclusion The main sources of uncertainty
are the sensitivity of the liquid chromatography-tandem mass spectrometer, the precision of the balance, and the
standard of operation.
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1 5

U s R 2 25 ) (fluoroquinolones, FQs)&—H k244
BB . BT EREAPERE . PUAEER . R
YERI/IN, HEREEE TR . RIS OL Sk
TZ AT ENINEE SRR, €& B L, %8
IR A KA & B s, (Hl THORG FRE AR
H A S8 25wsk s . HIS R A 2ibE s, 4
SRR AT AL 1) 22 42 U AR AR AR 2292 520
HrpfgE kA FREEVE . BEVE . AR i
FIUP A 4 FhFURL A& AN ER | ER AL, WA S 2
77 RSSO AR SR S T v I S 25 B P I g
FEAEAR L KT L B BT T 2 s
AT S 25 R AR E AR 2D AL R A 1555 2448 S
255 5 2 g T H 2R R S N s TR ER 2 25
WO KA kU, R A e, SR OB € 1
%, R G HBUR PE M, A6 45 5 B e &R B P 25 1R
BB EAEHE . AT UER M RE i, 1530 BRI
KR, A S T ORE €33 - FR Ik 1)

AR SCHEST. T VRO €033 - S I T A P 2 (TR I
A EL ., ARSHEO AR L A N SR TR T S 25 i S
72, JF FLAREE 17F1059.1-20 12 MRS 2 FE Ve 3R )1
CNAS-GLO6 (bbb AH 2 FE i pPAG R ) LA R G
FUE, X257 A E TR, IR s A
T PPN Y IR R, 3 A X SR M 2 TSN 3 R R AN A
25 I R R W A T8, A 25 SR AR T S 1 = 2%
A

2 MHEREE
21 SEREM RS

FrdESh: BT & (enrofloxacin, Enro, 99.9%) . $h AR IR
PN B (ciprofloxacin, Cip, 99.8%)(H &l &= 24 i W 8L fir);
A J VP B (ofloxacin, Oflo, 99.0%). ¥ & (norfloxacin,
Norf, 99.0%)(#% [ Dr.Ehrenstorfer 23 #]); Z A . HER({Ai
4li, [ Fisher 2 F]), SC52E /KA JE B R ARGk, B
. EE W MECE B B

v oo

2.2 LIUEE

Agilent 1260 ¥ A 0 3% A (32 Agilent 73 ] );
4000Q-TRAP = # PUM AT BT X (£ E AB SCIEX A +l);
MS205DU +75 43 Z—H,F K- 1 Mettler Toledo 23 1]);
BSA2202S-CW H /32 —HL T K (T8 38 2 FI i 24 wl);
100 uL FZIEHE . 1000 pL FWAE . 5 mL B A . 10 mL 7%
Wi ke (75 = Eppendorf 23 H]); SB-3200D # A HL(THH 2 4
YRHE D AR A ED; A58 10 mL(+0.02 mL), £

100 mL(f%[% Brand USP); Xbridge C;g (150 mmx2.1 mm,
5 um) kA (EE Waters 24H]); Milli-Q H4liKa#s(GEE
Millipore 23 A ); Multifuge X1R % &5 20,00 L(3E [E Thermo

Scientific 23 7),

23 ELWHE
23.1 4 AR ER K AT A &R (1 mg/mL)

3 S ERS R ik G T R 2R AR 1 10.00 mg T+ 10 mL
A, HOEEMESEE R | mg/mL MARHERE
W o 4 °CIRAE
232 RAFCE T EIE(10 pg/mL)

43 A B AR TR T 2B AR HE A% K 0.1 mL F
10 mL i, FHONERBERLRE N 10 ng/mL AR &
FRUE B . 4 °CIRAF o
233 AR E KRG LH

3 A e TSR s o R 28 VR S o P DR 0.10.0.50
1.00. 2.5, 5 mL, ] 0.1%HER/K-Z15(90:10, V:V)E K E
2% 100 mL, #5], 4G RIRE S 10, 50, 100, 250,
500 ng/mL MIFRIE TAEIR . 4 °CIRAF S
234 Hepara e

HERRFRBLEEIRAE 1 g(FE113 0.01 g), BT 50mL R
HELESR, IFRKR-2E 200 mL, #WALH 15 min,
10000 r/min #5.0> 5 min, FE%EE WK 0.1 mL, 1 0.1%
HERK-Z B (90:10)EAZE 10.0 mL, &5, 1E AR
o BUSEES AR E TAER IS 0.22 pm AFLUERE, it
YRR 3 - T T 5 o
235 &igLH

{6784 Waters Xbridge Columns C;g(2.1 mmx150 mm,
5.0 um); FENAA: A M 20, B AH: 0.1%H BRK R AR
25 °C; Wiik: 300 pL/min; FEAES: 20 pL; BRBE VR
0.00~1.00 min, 10%A; 1.00~5.00 min, 10%A ZtEA5{L %
70%A; 5.00~7.00 min, 70%A ZRHEAELE 100%A; 7.00~
9.00 min, ZEF: 100%A; 9.00~9.10 min, 100%A 2254k %
10%A; 9.10~13.00 min, 43 10%A.

23.6 FiEEN

HL % 2% i TR 1E 2 T F1 4 (electrospray ionization,
ESI); £ 5 Wil (multiple reaction monitoring, MRM); %
Z5HLE IS: 5500 V; B FIRIREE: 550 °C; FMETHENZE L))
FIREE . B B TR R AL R RS S S RO 1.

237 REEEREBM AT EREHA
X(ng/g)=VxVyxCy/V3/m;

e X A e TP S R SR T R 2 25 W) £
ng/g; Cy S M I b 2 b 45 3 114 980 T 1 288 25 W 1) 5 o
ng/mL; V, 4 AbBREE A R- S B0, mL; Vo,
O IR A AR, mL; Vs Dl BEOE AAR, mL; my: g
PR TR, o
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Table 1 Mass spectrometric parameters
Hirfb &9 HEF(m/2) FEF(miz) B B ) 8] /ms fll 1% BE & /e V LR EV
i 316.3* 40 28.00 91.00
B 2 360.4
3422 40 28.00 80.00
314.3* 40 27.33 75.78
WHY R 332.3
288.3 40 25.36 86.22
o 302.1% 40 28.67 75.00
Wi AL 3203
276.3 40 25.63 86.63
318.4* 40 26.31 84.40
AR 362.3
261.3 40 38.57 89.70

T EERET

3 HREHR

30 RNHEERIBESH
AR S0 I o B, A R0 T R S 25 W Y Bk
B 0 52 45 A 52 0 09 45 A OSH0 GE 19 43 SR VR IR T 4

IR 5E BER IR 24T AR 48 5 RS AU A o L

PRUEVE R AOBOH . WS A AT B s b 280 W 1)
BE 51 B SE 5 fe/ N IR A R Hh R RS | A
FANH R s LA I 5 A A S
32 THREESENITE

SO R L AR R T T RSE M — R S B R
F 1 J1G196-2006¢ 4 A R A ] ) s A i AR )16
MK, BN MR R AZE . REFREINY R, Hesf

Wi aE, k=3, bR u(x)=% g
R RSB UM = f 4046, k=6, HARMER
WERE R u(x)=% o

3.2.1 AR RAEH & T AN A ZE u(FE)
F2EEAMAE, AR &S R AT EE

u,(Bf)= \/u(ml)2+u(V1)2 +U(V,) 2 +u(Vy)? =0.04174,
3.2.2 bl AR R4 &R 5T\ A U(C) mgmL)
T Tl s A 25 V5 | N RS I 8 B R R UR AT - A
Yy IR BB E BB AR E L u(C%); FREFRED RS AR
AN E S u(my); 10 mL 7 H RS 7 AR08 355007 3 SFe 1) X
AHEE u(Viom), FEMLFE 3.
3.2.3  BeAlRAATAE T FR A RAEIE U(Cro ugmL)
IRAFREPR A0 pg/mL)AYECH 325 H 100 pL B
#ir . 10 mL R RIS SRR R AK00 5 i 100 pL B8V
PR A HE2.0 uL, =AM, k=~/6 , ] 100 uL #
WA RO X RN E R R U(Vioo n)=
20 ~0.00816. % 3 AT 10 mL A RLRADG A o7
100x+/6
FER UV m)=0.00404 . 3R 4340 A AL il A o Hh 8] i
(10 pg/mL) @ M X & # F F : uCip ugm)=

\/4[Ur(V100 W) HU, (Vig mp )P =0.01681
3.2.4  EHIARE DAERTI NG RA L u(Cy)

P v T A VRS2 P YR 5 s o P T 3R R s R e o) 15 3
H— RN . ARl Zess SRRl R I AR
iff 2 B 43 ek KORH X R(EL L3R 4

*2 HIAHFIES RN HEERR

Table 2 Uncertainty of sample preparation

RHE R U8R FA% AR R R NG k fid AR u HXAHEE u,
AR T K EHHZ— 0.05g wEE M YA NE) 0.04082 0.04082
B IE
A7 Ak 5
ﬁfﬂéfyﬁm BiA  10mL 0.020 mL Tk B AL =S5 J6 0.05711 0.00286
Z AR p
EEME
. . TRBURE I (22 W 1 _

"JA‘ 58 M H { . f— 4 . .
BUR/ST RN B 100 uL 2.0 pL RERT) Vi paxiil J6 0.816 0.00186
SRR T

SE AR AEH 10mL 0.020 mL HERLE =/ J6 0.01013 0.00101

LR
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Table 3 Uncertainty of standard reserve liquid

ANHE R IR BT L (enro) WAL (cip) W > & (norf) IR AL (oflo)
AERE /% 99.9 99.8 99.9 99.9
AWEE /% 0.1 0.2 0.1 0.1
\ Ik IR 23413 Y554 ¥5) 534 ¥ 5154 B 51554
wew i N NG 3 N
ANHEE u/% 0.05775 0.1155 0.05775 0.05775
AHXS A E JE U, 0.00058 0.00116 0.00058 0.00058
KF TRz THAZ— THyZ— +HZ—
K f2%/mg 0.04 0.04 0.04 0.04
R 531 bisy i} ROV 43 Aii ey A bisy i}
Ur(my) kfi NG} V3 NE) V3
FRFE/ 10.00 10.00 10.00 10.00
AHEE u 0.03266 0.03266 0.03266 0.03266
AHXS A E JE U, 0.00327 0.00327 0.00327 0.00327
2 )fi/mL 10 10 10 10
RFUALIE R A2 £0.02 £0.02 +0.02 +0.02
SRR WS i MG =i S5 A
B E B u(v
) kfi Jo Jo Js Js
) 0.00816 0.00816 0.00816 0.00816
SRR EE/°C 20+5 2045 2045 20+5
) e /&ﬁﬂ;;ﬁ:ﬁg@ﬁ& 1.37x10° 1.37x10° 1.37x10° 1.37x10°
5IAMA -
s e I 531 Yoy e i} Yoy Yoy
U(tiont) kf N N N N
U(to L) 0.03955 0.03955 0.03955 0.03955
U(ViomL) 0.04038 0.04038 0.04038 0.04038
U(V1omL) 0.00404 0.00404 0.00404 0.00404
A BT A T i 8 Y A AR AN 5 BEE 2 U(C mggn)=
0.00523 0.00533 0.00523 0.00523
LU (C%)P+up ()P +uy (Vg )P
F4 FEGE SERSERERSINNTHREE
Table 4 Uncertainty of each point of standard curve in the process of preparation
N 100 mL 75+ f
bl e PR IE i 0031 205 °C) Zzgg;ﬁ
0omD ol BEIE RHR MARH R fmEs mUCGER RREE e WEE W)
mL o Bl E@® EEuwV) RE® uMViom) HKIHET) U(t100 mL)
10 100 100 2.0 0.00816 0.05 0.02041 2.08x10"* 0.00600 0.00021 0.00816
20 1000 500 1.0 0.00082 0.05 0.02041 2.08x10"* 0.00600 0.00021 0.00085
100 1000 1000 1.0 0.00041 0.05 0.02041 2.08x10"* 0.00600 0.00021 0.00046
250 5000 2500 50 0.00816 0.05 0.02041 2.08x10"* 0.00600 0.00021 0.00816
500 5000 5000 50 0.00408 0.05 0.02041 2.08x10"* 0.00600 0.00021 0.00409
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F10 &

) p A v S 51N A X R B E B ul(Cy)=
J0.008167 +0.00085+0.000462+0.00816*+0.00409> =0.01228.,
325 RAZREMSAFEG RBCAII NG KA A
u,(Curve)

R PR UE TAEMERE 3 IR, DARHE & it 8
T T AR A G ER, ARiE TAERIREE Clng/mL) A AL R,
xfilbruEh 2k, 1B 2I8LA mIHTFE A A=aCtb FI3A R %
r?, Hob,a R, b . MG Bl WL S

RS OEHZEEXR

Table 5 Linear relation of standard curve

(SRIEY] BIEY:¥ X RE
i A A=1530.4C+5166.4 0.9999
7SR A=6729.6C+11984 0.9998
WD A A=7923C+24677 0.9999
AR A A=8583.5C+25781 0.9998

VLIRS 7 = 7 e SO (I N 7 S S

—\2
C, -GC;
U(Curve)zs—R l+i+()(7l), oo
a,p mn —\2
C -G

ICEE)

i=1

i[/\ ~(aC; +b) T’

SR: i=1

, Sr A bR VA VR U T R A 2%
mn-—2

fRIFREDE, Sk (Enro)=1657, Sg (Cip)=16028, Sg (Norf)=7271,
Sg (Ofl0)=11759; m RARIEF AL, m=5; n bR HEA
SEUCEL, n=3; p AEEIAIE U, p=3; C; NARHERWY
SRR a AP, b R EREE
BEEE S 3 YOPATINE T, 4 ARkl 2k E A5 3 1
M TR 2R 2 M) 1 % it Cu(ng/mL) L3 6.
R6  HONAERNE LR

Table 6 Determination results of samples

VERB R

AL 59 A Co(ng/mL) U B /(ng/mL)
160456 100.82

Bk R 160585 100.90 100.90
160698 100.97
695042 101.50

WA 685148 100.03 100.34
681472 99.48
819505 100.32

R A 815000 99.75 100.21
821401 100.56
882575 99.82

SR A 895874 101.37 100.61
889547 100.63

B AE S F B o R A5 7 AR R AN B S E
U(CUIVep)=0.71909,  u(Curveciy)=1.60930, U(Curveyo)=
0.60022, u(Curveon,)=0.88624, #H X A5 #E A i & B R
U(CUIVeo)=0.00719, U(Curvecip)=0.01609, U (Curveyq)=
0.00600, U(Curveog,)=0.00886.

3.2.6 RAREIE- TSI A AL U (BLE)

AR TR RS A8 o B R B R LR AR R IR P A
RPN AR, A - B B A AP RN E
u(18%)=5%-
33 HEFAREMMAERST R
33.1 ApEARtAR AR A EILE

Tl Hh B g R I 2 ) 1 R B T S SR R Y
RPN E ) o R R IR B LR 7,

*x1 ENETHEEILR

Table 7 Summary of each uncertainty component

3/ AHXARUEAT E R U,
MR 4 5 DR IR 2 0.04174
BE u(FF) ’

ur(Cl mg/mL)Enm=0~00523
ul’(cl mg/mL)Cip:0.00533
U(C mg/mi)Nor=0.00523
ur(Cl mg/mL)Oﬂo=0~00523

BE bR A 2R 5 A BIAS
W B U{(C/ mg/mL)

e sl Ao o v )V P AN 0.01681
B U(Cio pg/mL) '
He bR o 2R A 45 B LA 0.01228
PASTAE FE ul(Cy) ’
U (Curveg,,)=0.00719
u(Curveciy)=0.01609
U(Curvener)=0.00600
u,(Curveon,)=0.00886

/N ZRBAU S R E I £
AMET AR AT E BE

u(Curve)

AR -SRI BT A

R B (1) >

332 A RARETRH

R A TR 2R AN i B BN oG, A A £ -
B I S A - 2 v s TR TR IS 2 B AR U A A
SRR U0 \/[u,(m%nz+[ur(#>]2+[u,(0urve)]2+[ur(cs>]2 ,

+Hur(Cy ug/mL)]z +[u (G ug/mL)]z

W U(Xgnro)=0.06895=6.895%,  Ur(Xcip)=0.07043=7.043%,
Us(Xnort)=0.06884=6.884%, U (X0110)=0.06915=6.915%
333 AR R RA L

95% BRI, B k=2, NJrhE2h b s a2 254
R R R B E B 4 5 A U(Enro)=100.90x
6.895%=6.957, U(Cip)=100.34x7.043%=7.067, U(Norf)=
100.21x6.884%=6.898, U(Oflo)=100.61x6.915%=6.957..
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M E LR
B EME b Eirh E R Y S &
(mg/kg) I 45 H 24+ X(Bnro)=100.90+6.957, k=2; X(Cip)=
100.34+7.067, k=2, X(Norf)=100.21+6.898, k=2, X(Oflo)=
100.6146.957, k=2,

334

4 &

T S AN A BE S AT, SR D VROAR €2 33 - R 3R T 9 1 A DU
r P24 v UV VR S 24 ) R AR AN S JEE T SO IR TR
MR u (1)« u(FE)  Ui(C o pgmt) ~ U(Cy) Ur(Curve).
U(Cy pgm)o UIER) T AT E B R R . I, 78
SEBR AR s e e R0 T e 2 B AR A R o RIS
TR 7 P TR T s ki R % (s 2 88 10 % YR i 25 S
TR SRR R o RIS R A, o2 RO AN o BE X 25
SRR 2 (0 52, AT B2 e G0 225 5 94 A R A T S

SE R
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