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Abstract

This study aimed to evaluate the uncertainty of measurement in the determination of Ofloxacin,
Ciprofloxacin and Enrofloxacin in chicken by QuEChERS and ultra performance liquid chromato-
graphy-tandem mass spectrometry. All factors in the testing process are considered, and then it is
found that when the above method is used to determine the Quinolones in chicken, as the concen-
tration of Ofloxacin, Ciprofloxacin and Enrofloxacin in chicken was 0.999, 0.998, 0.984 ng/kg, the
expanded uncertainty was 0.168, 0.156, 0.170 ug/kg (k = 2), respectively. The preparation of
standard solution and curve fitting were found to be the main sources of uncertainty, and the next
were measurement repeatability and recovery rate.
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Weks H . 20184F10H 120 FHEM: 20184F10H24H; KA HI: 20184F11H8H

HE

%18 B A %8 7] QUEChERS VA B IRBEI VA, X SR R 80AE il - B /S 2 S A Em v &
RV EANREDERE RN EEHTIM. SRR SEERTER, R LR ENE
R 3R IR YR, JERDE. TRV EMNEEY BIRE 5 71280.999. 0.998. 0.984 pg/kg
i, ¥ RAFEESH50.168. 0.156. 0.170 pg/kg (k=2). WELEREY, BN RNEER
RAEE I H AR AR, MR ES AR .

XK ia
BAHEIE - /R, SR, ERDE, FIRYDE, BEDE
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2003 4, Anastassiades Z£[11F & T —Fhbiis# (quick). & F(easy)~ 18 H (cheap). =ik (effective). Mt
H (rugged) Fl % 4= (safe) B A 7= i R 25 Z2 Bk B FE AT AR 3 0746, JEH B 7 B4 S UM 7 ik a4 8
QuEChERS. HH &AL, KRG T LART SRR A BCE IR IR T I A BOR 255 B Ve, ik,
FEAR 2455 B AU 3 T RSN

W B2 (Quinolones), ARMLEHER IS E FHERSS, BAT WEHUE . MR IR /2], Bz
G N T EEFREAT, A ARG R — RAIR . H AT, MRS 2G5k B R T vk
(R ANEf 2 FE VA 32 B A S OB (B vk [ 3] T s A £ B B TSR SR 25 4] [ 5]

B AN o B A W 5 R AT S AL T I v B ARIA 6], HAUE R TR R TE, JFEELRFINK
SRPERET . ALIEZ I JIF 1059.1-2012 (I EA € VP E 5% R) [6]H81 JIF 1135-2005 ({h24)
HTIE A € BEVPE D) [7], 81t QuEChERS Jik B2 i U4, 1PE SN 2. Bikvh A
VR GRID B 3 P v R S 245 0 ke BR AL D () AN 78 B2 [8] [9] [10], 1 A A It 2 v AN 5 1) 3 R IR
DA S0 5 A 250 FO A AR, AT A ORoAS I 45 SR T Sk, Dy S 25 1 o 42 1 2 10 B B4

2. RIS A
2.1. #E5R

R(TEE): HERIR AT E(94%) BETDE(98.5%). FRIDAE(99%), #E DRE A#; BikvAE
D5 R #5(99%) AR D8 R #5(99.8%) HH IV R D3 R #h(99.4%), 1EE Witega Al LME(H
wkal), £ fisher AF]; HER(tE4A), FigE e AENRHETAIRAR; QuEChERS Jikfl, HARE
ndl; GHP ffLIERS(0.22 um), 32 waters A #] .
2.2, {UEETE

5500 24 = AR o — BRI BST; & Fi8): 92 [E AB /A A ; XS205 HLFKF: i METTLER
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TOLEDO A#]; 3-18 K i E.0fl: f#E Sigma AF]; iRiEREas: HEE IKA AF.
23. A%

2.3.1. HRETRIES %

P I H A By A BRI 7%, ERRAREX 5.00 g RFIURFE &, I 0.1 mg/L FIFEIALZR PIFR 50 pL,
IO 5% W R 25 VEW 5.0 mL, € 1 min, fI WondaPak & F#EEUAL, WAlE 1 min, 12,000 rpm B0 5
min, B E3EW 1 mL T 15 mL B08&H, J6E 1 min, 12,000 rpm &0 5 min, H_EEWBGE GHP ffLuE
2, HE LC-MS/MS 2 i .

2.3.2. LC-MS/MS JUE &4

Bk C18, 50x 2.1 mm, 3 um; Jishtl: AM: 0.1%F R LIERW: B H: 0.1%F BRKE;
BEEEVEML(WL A 1) AR 40°C: #EFEESN 1 pL: E7FU: WIS ESI, EE T SN ZRMNE
M MRM; 775 35.0; B TIRIRSE: 550°C; Gas 1: 55.0; Gas2: 55.05 Wai e 106 Fo 6t B i 2 80
% 2)o

Table 1. The mobile phase gradient of liquid chromatography for the separation of Quinolones

*= 1. S BEEEEE AR RE R EEN E

iy i WA A BN B
Time (min) Flow (mL/min) A (%) B (%)
0.00 0.50 95.00 5.00
1.00 0.50 95.00 5.00
2.00 0.50 85.00 15.00
3.00 0.50 85.00 15.00
5.50 0.50 15.00 85.00
6.50 0.50 15.00 85.00
6.60 0.50 95.00 5.00
9.00 0.50 95.00 5.00

Table 2. The acquisition parameters of UPLC-MS/MS for analysis of Quinolones and their isotopic labels
2. IEEER AR AR ERCHRIESH

Ql Q3 Time DP EP CE CXP
Mass (Da) Mass (Da) (msec) P (volts) (volts) (volts) (volts)
362.200 318.100 20.000 Ofloxacin 1 80.000 10.000 26.000 16.000
362.200 261.100 20.000 Ofloxacin 2 80.000 10.000 38.000 16.000
332.200 288.300 20.000 Ciprofloxacin 1 80.000 10.000 25.000 16.000
332.200 245.300 20.000 Ciprofloxacin 2 80.000 10.000 33.000 16.000
360.100 316.100 20.000 Enrofloxacin 1 80.000 10.000 26.000 16.000
360.100 245.100 20.000 Enrofloxacin 2 80.000 10.000 36.000 16.000
340.000 322.000 20.000 Ciprofloxacin-D8 120.000 10.000 29.000 16.000
365.000 245.000 20.000 Enrofloxacin-D5 100.000 10.000 37.000 16.000
365.100 261.000 20.000 Ofloxacin-D3 100.000 10.000 37.000 16.000
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2.4. BUFERREN

HirPikBHE X HH AN
X=CV/m

b X—FE b B AR PR B & (ng/kg):
C— R B AR ROV (ng/mL);
V—E AR (mL);

m— R TR K B (g) -

3. BRE S
3.1. FHEENRERES
JE I AE S P R R SR R B B A I IS AR AT o, RIS E s EEER K 1 iR

5 RE
RIEH
= BEHLA
R
>R BURE (fRFtE.
. $—1k)
R R
> > R
bR g
L] « -
| 4
Y 7'y Y > R

FEmEE (MPE)

g HEFEAARR

<_
E BARR
—» MERE (ERED
<
P il 1) 2%

Figure 1. Uncertainty source for determination of Quinolones in commercialized samples of chicken with UPLC-MS/MS

1. UPLC-MS/MS M ZE 3B A RSB B K 2547 B 2 AN REE RIR

3.2. FHEEHITE

3.2.1. BFIREOSIANNTTEE

1) & RECHII R4 A HERE u(C)

Iy BIAERRFREL 11.81 mg THERIA AT B (94%) 10.15 mg B# VD (98.5%). 10.10 mg E F D £(99%),
11.26 mg B VP B D5 $h#225(99%, 0.2%). 11.20 mg S AYVE D8 #hR £5(99.8%, 0.2%)~ 10.06 mg % >
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2 D3 #hIRE£(99.4%, 0.2%) T 10 mL FEH T, HIHFEHEMFIFERE, 53] 1000 mg/L 15 bRl 5 .
P FE S NI E B K 3.

Table 3. Uncertainty resulting from reserve-fluid preparation

3. EIREHIEESINNTHER

WiH WA R A HIR IR
aiEE RO fo e £1.0% £1.0% £1.0%
HEAR 1.0%/+/3 1.0%/~/3 1.0%/~/3
P v i
AHESE u(p) (%) 0.577 0.577 0.577
HERS AN E JE wre(p) 0.00614 0.00586 0.00583
KRz +0.1
KPR AHEE u(m)) (mg) 0.0577
IR AEE B tra(m) 0.00489 0.00568 0.00571
AEMAZEmL) [11] +0.02
AN u(Vy) (mL) 0.00817
ER HEF AR R AK 2230 1.1x107C™!
UL P AR AR AN 5 0.00317
T BT A AR XS AN T FE 1Y) 0.00876
FERT & AN E BE () 0.00683 0.00672 0.00660

2) M &R LA E B u(Cy)

F 200 pL B 2 A2 HUfig 259 100 L T 10 mL FEHA g0+, HOMEER, 5, 53] 10 mg/L 1)
TBEARAETAV, FAEEL 100 pL iZbrdEET T 10 mL BEMA 2%, H 0.1% TR ZISER R, 53
0.1 mg/L FARAE TAEM, FFEL 100pL N 0.1 mg/L FIARAE TAER T 10 mL A (A %), H 0.1%
HR ZIE e 2, 155 0.01 mg/L ks TR

IR S AR B, R B NN B LR 4

Table 4. Uncertainty resulting from stock solution dilution

4. BERERIESENTHER

Moy
) 0.2 mL B 28 10 mL 2k (O-1% B L7 71)
. HERE/mL +0.00012 +0.02 +0.02
IR 2
AHEEE u(Vy) 0.0000692 0.0115 0.0115
BEIRZE °C +5 +5 +5
BT IR R4 137 x10%C™!
) )
AHEE u(Va) 0.000791 0.0395 0.0395
AHXS AN E BE (V) 0.00791 0.00411 0.00411

T B8 R R R P S NI AT EE: u(C, ) = +/0.00079 1% +0.0041 12 x 2 = 0.00585 .
3) PR FIERECHIS A4 A E B u(Cy)
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S FEEL 0.1 mg/L HWE 5 I S5 25 W18 A AR IEVR YR 2004 100+ 504 20 uL, 0.01 mg/L FIMETERHE 24
TRAFREE 100, 50+ 20 pL, &I [FEAL ZARCIR A SRR 100 pL, 3 A0 AFE0AH 700+ 800+ 850
880. 800. 850. 880 pL, f3##175 20.0. 10.0. 5.0, 2.0. 1.0, 0.5. 0.2 ng/mL & X M, MARIKEH]
R EEIE —E, FE—IRBERERE 2 IR, %15 H ARH) 5 e R 2 AR 10 M THI AR 2 b 5 A I 1 0] TR R AR
FEAERREMZE, TR UL TH 15 77 F2 BoAH 58 R AL

M A 2 AR 72275 1IG 646-2006 B 3 or € AR D [12]350 20 730 A AL B, JR A AR AR I i e il i A o
P 4 R il 52 1 20 i SR RO AN B 7 T L 5

Table 5. Uncertainty resulting from standard solution preparation

5. RIRERRESIS RN A HERE

i W (ng/mL)
0.2 0.5 1.0 2.0 5.0 10.0 20.0
200 pL FE IR #8255 0 22 (%) +4.0 +4.0 £2.0 +4.0 +4.0 £2.0 £15
TR AT EFE u(V ) 0.0231 0.0231 0.0115 0.0231 0.0231 0.0115 0.00866
FEE AR 2 B w(V ) 0.0115
ZER %
1000 uL B4 A 2 L ZE (%) +1.0
USRI E BE u(V ) 0.00577
A RAHE E u(Vy) 0.0265 0.0265 0.0173 0.0265 0.0265 0.0173 0.0155
200 pL #7545 I 5 5 1 (%) 2.0 1.0 1.0 2.0 1.0 1.0 1.0
TR AT EFE u(V ) 0.0115 0.00577  0.00577 0.0115 0.00577  0.00577  0.00577
- RSB FRAH S E u(V 1) 0.00577
= 1000 pL F& 7 28 1t 25 2 1 (%) 0.5
B BRI AT E BE u(V ) 0.00289
B A E SE u(Vs) 0.0168 0.00865  0.00865 0.0168 0.00865  0.00865  0.00865
BERZE( C) +5
LIEHRIEIK R4 1.37x 107%°C™"
TR AT EFE u(V ) 0.000079  0.000198  0.000395  0.000079  0.000198  0.000395  0.000791
LB FE B AR AN R u(V ) 0.000395
VINGS A E 2.1x10*C™!
R LRSI A T BE w(V ) 0.000533  0.000515  0.000485  0.000533  0.000515  0.000485  0.000424
A RAHEE u(Vs) 0.000663  0.000679  0.00074  0.000663  0.000679  0.00074  0.000897
XA AN E S w(V) 0.0314 0.0279 0.0194 0.0314 0.0279 0.0194 0.0299

D) 1 28 27 A VR TC 1) T 2 7 A B R R A o AN 7 2 =
u,, (C;)= J0.03147 +0.0279” +0.01947 +0.0314” +0.02797 +0.0194” +0.0299° =0.0719 .

4) HrAERI BRI E T AH E B u(Cy)

W 2.2.1.3 ECHIE) 7 MFRE RV, MR B @l ENE, B —WREEHERE 2 81, 2T fS HARY)
55 LR AR S P AR 2 L5 N R0 R TR AR AR 4L, THERAS BN TR SR R SR, e
ARV Y =0.81365X —0.00911,R =0.99563 ; M AV Y =0.32927.X +0.02059,R =0.99905 ;: BV E
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Y =2.63845X +0.01318, R = 0.99698 o X FHYERE M A & HARULAPIIRIE Co ERATIM 3 ¥k, Al R NE
FIPE 5.011. 4.983. 5.007 ng/g: ATV E 4.997. 4.967. 5.014 ng/g; BiEVPE 5.021. 5.014. 4.982 ng/g.
PR #2800 5 72 AR A S P R (D) ()15 .

" (C)=S_R L+L+ﬂ (1)
rec 4 b n n, ZZI (XL — )?)
m Ty —(bX, +c)]
SR :\/Zl—z[ n(_2 C):| (2)

ny NI VLN B R ER sy AR DN B K X R B X D bm TR R LT Y 1
Y NIRRT AR S A ARVE T AR AT LU B b AARBIREER ¢ ubr i AREE .

HI(1) ()5 bR o il 2R 30045 77 A2 (AN i L 0 00 O SR 2w, (C,) = 0.0356 , SR A
U, (C,)=0.0148, Bt R u, (C,)=0.0368.

B0 10, (C) =\t (C ) 10,0 (G, + 1 (C) +10,y (C, ) FTH BB R RIKTE € SINIIARHE
B, HREMIE 6.

Table 6. Calculation of uncertainty resulting from analyte concentration

= 6. WNMIRERE CSINNTHER

LAY uret(Ch) Uret(C2) Uret(C3) trel(Cy) urei(C)
AR A 0.00660 0.0356 0.0807
BRI E 0.00683 0.00585 0.0719 0.0148 0.0739
Bk R 0.00672 0.0368 0.0813

3.2.2. BEMRESINOFBERE u(m)
PR 5.00 g XSPAIRE &, BT RSP A HEE AS AP K1 () 8K S VFIR 22 920,02 g, XY 2] 0 Aidb AT 15
BN E E u(m) = 0.02/y3=0.0155 g, WM AHEFE u,,, (m)=u(m)/m=0.0155/5=0.0031.

3.2.3. AHRBATENTHEE u())

1) ERFEFAENTIHEERE u(V))

TN 5% H IR IR 5.0 mL, B R ViR 2 940.0091 mL, %395 50 A dk 47 ik 5,
u(V,)=0.0091/v/3=0.00525 mL ; Hif[E A kST ZIE BB u (V) = 1x5'Cx B, 5 = 0.00685 mL ,
FRE, u (Vg )=0.00685/v/3 = 0.00395 mL o T i 25 b7 A BRI A B 2 S A
u(¥;) =~/0.00525% +0.00395> = 0.00656 mL , AHXIAHEE A, (V) =u(V;)/5=0.00131.

2) AR BRBENAFEE u(Vy)

LC-MS/MS it RE bt 28 BRI AR (R 22 M +1 %, AR R 52 1 w,, (7, ) = 1%/3/3 = 0.00577

o DA 2)E H, ARRREIGI NN A EEA: u, (V)=0.00591.

3.2.4. MAPERSINHTRHEE u(V w)

FH TR i 5 6] BRE FH [7) — P BV T, P AR (P PR S RN R R o 28 T = A2 AN 78 B AR T S R PR K9
TS H A4 50 8 A 5200 AN 58 R 3R 2 B2 AR TR B BUS T NHI[10] .

LR 200 pL FWES, K ALZN+0.0012 mL, IR =M0AmiTE, B4 AT E

DOI: 10.12677/aac.2018.84021 178 it it e


https://doi.org/10.12677/aac.2018.84021

ez
il
<
48

B J9: (V) =0.0012/3/6 = 0.000490 mL . iR [ 15 e IF i A ) 1 2 5 NASHGE 1088950 23,
B2 R EMAHEER: u(V,,)=0. 05x5x2.1x10*°C™" /<3 = 0.0000303 mL .

D SO PO b B 5N BN 52 N -
u(V,)= \/u(le) +u(V,,) =~/0.000490 +0.0000303* =0.000490 mL .

FIRS A EEA: w,,, (V) =u(V},)/0.05 =0.000490/0.05 = 0.0098 .

[, 6 N YA SR X AN 52 B i, (V) = 0.0098 .

3.2.5. EIRSINNFHREE u(R)

TE5 XS P BE VRN 1 pg/ke FOFRPIVD IR . RV . BB R A ARAEENL P 10 1K,
HFEIECE R, bR 2 SRS FIRAA R u(R) = S(R)/N10 Alu,, (R)=u(R)/R , 5 aiz %
R B 2 3 DA B AR A 52 3, 0 45 SR L2 7

Table 7. Results of determination of Ofloxacin, Ciprofloxacin and Enrofloxacin in commercialized samples of chicken
= 7. BAFERDLE, FEDLEMRIELENESER

kN B2NTSMd Binb &
ETRs
B (ugke) B (%) i (ug/ke) [ (%) & (ug/kg) B (%)
1 0.966 96.6 0.951 95.1 0.943 94.3
2 0.972 97.2 0.973 97.3 0.962 96.2
3 0.981 98.1 0.970 97.0 0.955 95.5
4 1.103 110.3 0.959 95.9 0.925 92.5
5 1.012 101.2 1.108 110.8 1.085 108.5
6 0.953 95.3 1.002 100.2 1.071 107.1
7 0.995 99.5 0.951 95.1 0.948 94.8
8 1.010 101.0 1.019 101.9 0.987 98.7
9 1.017 101.7 1.007 100.7 0.992 99.2
10 0.984 98.4 0.988 98.8 0.973 97.3
TME 0.999 99.9 0.993 99.3 0.984 98.4
S(R) 0.0421 4.207 0.0469 4.692 0.0535 5.349
u(R) 0.0133 1.330 0.0148 1.484 0.0169 1.692
Urei(R) 0.0133 0.0133 0.0149 0.0149 0.0172 0.0172

3.2.6. WEEEMSINNTRERE u(X)

IR 32.5 M7, KPRER X, b2 S(X) % R4 RN AR u(X)=S5(X)/VI0 M
m¢azqyyy,ﬁﬁﬁﬁ%giﬁﬁaAmmmﬁgﬂmwmﬁﬁﬁ,mﬁ7ﬁmo

33. ARAREE

i bR AR, AR A
ucrel (X) = \/urel (C)2 +urel (m)z +urel ( ) +2urel< |)\J) +urel (R) +ure1 ( ) ’ 1+ﬁ7{3‘ {]\5‘5‘ H:W?QI\EEE
FBTE W B G A ERE, 455 0% 8,

u
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Table 8. Uncertainty evaluation for the determination of three Quinolones

8. ZHMIEIEER N E A HEREITELSR

T H SR E KRR Binb R
B BAHXS AN E P Uere 0.0843 0.0784 0.0863
SEPIME (ng/kg) 0.999 0.993 0.984
T REAHIEE Ung/ke) 0.168 0.156 0.170
Rl 45 3 k= 2(ug/kg) 0.999 +0.168 0.993 +0.156 0.984 +0.170

34. I RAER

f&HPE JIF 1135-2005, S FREZHMERHGER T k=2 firsg, W 3 MEEREEAY &MY BAH
SEREU =, (X)x X x 2, F AT 380 0 ROROR € i — BRI 40 5 X PR P 3 B T T2 24 470 55 B 1 45

R, W& 8.
4. &5t

X e RO i - HR IR BRI XS A R 3 M T R S 25 W R AT AN 2 LA BT E
RILZAGTIN T VT, Fn A R TE A AN R 7 o 2 (R DL BT P A AN RE Bk, HL il 2 2 5 A A [
FPEA AT E . Kk, FESEPRERAEAR AT RN A AR v AR SR I E R 1T
AT RESHEIIE B, I 5 IR SR I RE T R A SR AT R e A, $R v A N SRS TN AT, Ry
DA E R, AT PR UEAS I 5 SR A HERf 1 o

SE
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