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Uncertainty analysis of measurement of oxolinic acid in pork by ultra per-
formance liquid chromatography-tandem mass spectrometry
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Abstract: An efficient ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) method
was established for the analysis of residues of oxolinic acid . The mathematical model of each component in the process of
measurement was established, the sources of uncertainty were analyzed and synthesized item by item, and the effects of the
uncertainty components on the total uncertainty were estimated. The results showed that the uncertainty of U=kXU(X) was
0.977 pwg/kg, when the content of oxolinic acid was (4.61£0.977) pg/kg with a confidence probability of 95% and the
coverage factor k=2. There are two main factors that affect the uncertainty of content determination of oxolinic acid; the un-
certainty derived from the calibration of the standard curve of the oxolinic acid and the uncertainty caused by the sample re-
covery rate.
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J8) , H-CLASS FURAH G, MassLynx V4.1 {E34
il BB 3R A i WATERS 23 5 A2 77 5 i VA R
B HL(TECHCOMP CT15RT ) | iy B RERIAY
A B B AR 7 e 7% A% (N-1100 BY) |, il B
EYELA 2N F] A 7= 2 U35 WAL, 20 S (% o s 12
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N PR 43 R (PB303-E B | & 0.01 mg.
0.001 g, FHIFREE-FER 2R AR AR A ™,
1.2 H&

WIGIRPY 25 B2 AR DT )2, R A s & i A0
R LB R SN
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2 18610, 00 Wl HEAEZRIRIE .4~ 10 °C
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Table 1 Liquid phase gradient procedure

I i) itk HBhA A B B
(min) (ml/min)) (%) (%)
0 0.3 5 95
2 0.3 40 60
6 0.3 5 95
8 0.3 5 95

A HEE;B:5 mmol/L LFRE KA .

1.4.1.2 JRI%SE B TUR.ESLIEE T 5 TR
FE.150 °C 3 205 &AL, Wi 800 ml/h; filf 48 <. Wi
LU 0.32 ml/min; R 2. ik 2 B g Wl
MRM 94 ; @M B T X (m/z) 1262 216, HEFLHE R
28 V, Al 130 eV w4 (m/z) 1262 244,
MEFLAHL R .28 V, fiffE FEL R .22 eV 151 1 25 MRM SRAE
HORERFAES
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Fig.1 The chromatogram of oxolinic acid in pork by UPLC-
MS/MS
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FREL 50 mg(#EREZE 0. 01 mg) WEMEBRARE S 2 50 ml
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HrRIY . WCH 1. 00 ml AR HEAf A5 I 2 S0 ml 25 =)l
o R R R 25 IR AT BUAm o b ) 1 vk
JEM 20 mg/L,

1.42.2 WUEIRG TAER A MEFRIES ml brifErd
[V 2 50 ml Z8 s, FTH B B f e 45 1R A
WEARHETE A R T LR 242 000 pe/L,

1.4.2.3 ARIERFIGWBCH  AEHR IR ER S T
PEW A 0.05 ml.0.10 ml.0.20 ml.0.50 ml.1.00 ml
£ 10. 00 ml Z¥ 5 PO A, IR AR (B - K=
20 : 80) M B IFAE 2, 1R 2 1595 10 pg/L .20 pg/L,
40 wg/L 100 wg/L.200 wg/LinifE ML, Z%br
HEM 2R LRI

1.43 HmaAE FRES ¢ W& TR (K E
0.001 g) T 100 ml E.LA 1 A 20 ml BRI O,
5 g JTOKBREREN , LLFEH12 000 r/min)% 30 s, 5 L
14~ 50 ml B5.04 , A 20 ml Rk 25 B4 513 ]
10 s, A IFVEERIE IR L 05 T 100 ml B4,
A 15 ml IECEE, #8550, T sl v R O AL DA e 1
10 000 r/min& L[> 5 min, F-2 FEZIECZE B F)2

R ik 2 4 B4 % 150 ml WR4E i, 40 CHk4E &
T AP IMA 1.0 ml WA (R K=
20 : 80) ,IMEIRYS | min IFMHIRIE, 25 0.2 wm JEHE
U L HLIE

144 WMEFFHE AMREY AR E 2 H ARE
VS TR T4 W s R s o IR 2, SR S X S 1 MR B
VAT 30 Ao e - T R o T e 153 Hh A R
FIEA R O i
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152 KA PRERGRHTESRN  RIEA
5 BE A AL R R, T2 50 (1) R A5 B i v I
R i AN 5 AN E JEE Ur(X)

Ur(X)= Uy =

X

e
2 RS0

NI A0 BRI B AR AR 3 A, IR 28 FRAE |
PEHL MR EAS AbRiE M ZeE SR Ab IR it
INFRERE TR DS AR PEAS AL FAICR , R s
TR et DU AN o R R 3 A FRAE e AN
JE ISR E BE 8 AR BN 08 BE W R 175
TR B AN R
21 HEBHEENAHEE

RT3 2 — KA 0. 001 g, 7%
WA TE 43 10 e Ak SR br i 254 S, = 0.001/4/3 =
0.000 58 g, I AFREER A m=5.000 g, R FRIEE 20
W A EIR2E R S, =0.001 g, i LLFR R P2 A f #H %
FRUE AN B € BE N Ur (m) = ./(8S,,)*+(S,,)*/m =
0.000 23,

22 FHEBRWERHEE

RIALBR I TC K BRI | e 47 ok 3 o
TP A1 B IR AT BE R 100% , A% 32 56 5 o 9]
WCOFATRE A 6 17, WEME IR -1 [N 34 h 89. 6% , AT

)

Oy Ty NEO),
v m h

SR B 7E86.4% ~ 102. 1% , LA RIS 1 R 1 2
BEFE JIF 1059.1-2012"" 5% AL 1.4 pifaa At
W,

1
Ur(h)= 7(a+—oz_)/ﬁ=0.057 5/43=0.033 20

(2)

Hri.a,=0.136,a_=0.021,
RERIARELAHEE

WL R 7 VL VAR BB N BB T LA T 4 3803 il
— ERUEI I H B R B R AR bR v A TR
R -V T R R AT o 77 AR BN A B s — R g
W A s Y i 5 VA YRR T T A v 1 4 T VRV 2R 9k B8
PP PANBA R BE 5 DU A P4 0 o 7™ A 1 AN B
.

23.1 AREMRFAEGRHEE Ulp) WLhnif
o B 5 b T 4l A 999% , W) LR o S i A B
/3 (Fe IR 4y 1 %5 08 B k=3 ) ,HIl U(p) =
0. 58 mg/L, bRifEVS A B Fip=1 000 mg/ LA, HAH
YERUEATRERE N Ur(p)=U(p)/p=0.000 58,

2.3
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Table 2 Results of oxolinic acid standard solution concentration - response value

e R 4, MR 5 o
(neg/L) w1 2 w3 B\ C+By s
10 900 918 909 944 3837
20 1821 1799 1785 1788 1219
40 3413 3492 3523 3477 6 437
100 8742 8 801 8 822 8543 184 006
200 16 843 16 762 16 995 16 987 71 425

W IR TR ST [ A T 2k, HADL A B A
M2k 77 2 M. A = 84.439 7C+99.610 7, [7] i} 4% R J7 1=
14 3B RIREE RN E 2 YK, FEAR e ofe il 26
SKAFRFEURE ¢, =20. 67 wg/L, 0 U(c,) 1 FIHE

SR 1 1 (CO_E)2
UCl = |—t—rt 3
(c)) BIJpU*z(Cj-c)z (3)
n A_ BIC BO 2
P @

LB, ACHE 2 R HAH }y84.439 7;p.
TEREVA VR G B9 YR, p = 25 n s bRV T VR I SE B U
B, n=15;c,  FRIARE S VA TR P B IR IR B, e/ L
cMEHE T2k g e R (14 7 YR BE | g/ L €« BEHE
2 IE R (A B TR B g/ Ls A, RS HE R v
I Y B 1 00 5

F32(2) MBHRARA A (3) il (4) #H1TiHA,
Hrr,

SR:J" [Aj_<Ble+BO)J

=143.29
jgi n—-2
15
.Zci
E="]‘5 =74.24 ng/L
15 _
Z,l(cj—c)2=73 677.6
Se 1 1 (eg=0)?
W U(e,) =— | —4+—+———"—= 1321 ng/L
B./p n Z(cj—c)2
u(c,)
FiLL Ur(e,) =——==0.063 90
Co

233 WHHFEIERBRNIIROTIHEE L

e, AB e, =10 e/ LAGBRIEG TR - &K AR i e il
A 45 W (1000 mg/L), SR F1: 50,1 : 10,
1220043 4 KM FER] 10 pg/Lo MIEIADR it B 1l it
W (1 000 mg/L) B, T /3y 22— K K & 0. 1
mg, FREL 50. 0 mg 3] 50 ml 25 5 E 215 1 5 W
(1 000 mg/L) ,FHXARAENTIERE N Ur(e,,) ;R )G
M1 = 50 F BRI, ] 1. 00 ml B8 48 I L
1. 00 ml FRAERE AT (1 000 mg/L) EZAF 50 ml 4
13 20 mg/ LARMEA R , AHXIFRIEATR 2 Bl Ur
(c1p) 31 2 10 P BEARIEIS WS, f 5. 00 ml B
WZH 5. 00 ml ARAESS I (20 mg/L) £ F] 50 ml 2
M, 152 000 pg/ LARIE TARH R, HIXT AR A B
BER Ur(ey) s 1t 200 5 BEAR HER MBS, 3 1. 00
ml I 0. 05 ml FRfERE A (2 000 pg/L) E
RE10 ml M, 15 10 we/LARMEE W, X bR E
AR Ur(cy,) ; BRI FETH 5. 00 ml B
17K . 1.00 ml B 2 AT 50 ml &) 3 ¥, 10
ml ZFE0M 1R, X EANH 8 BB R AL,
A PERRE R,

233.1 FRESEMNAHEE T2 —KF
PIAREBA LA 0. 1 myg, ¥ R TR 43 A i Ak R s o Al 22
g Sm,=0.1//3=0. 058 g, H AFREEE N m=50.0
mg , B FRAE 20 WK ARifEdR 25 Sm, =0. 3 mg, BT LA
PR = AR Y AH X AR HE S 1R B Ur (m) =

(Sm,)*+(Sm,)*/m=0.006 1,

2332 RHEFEMARER V,=1.00 ml BRE
(A B)FE 20 °C, FeiFiR2E R0, 007 ml, $EH 55015
AR 28 S, =0.007 0/4/3 =0.004 0 ml; V, =
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5.00ml BV (A H)FE 20 C, RnifiRENRN
+0. 025 ml, 4 ¥ 5] 73 A e 46 bR Al 22 S, =
0.025 0/4/3=0.014 0 ml; V, =50 ml 23 (A 2%) 1
20 °C, fFLiFiR22 J+0. 050 ml, F5EH 513 A e ibn e
254 S5 =0.050 043 =0.029 0 ml; V, =10 ml %5 &
(A Z0)FE 20 °C, SRVFiRZEN 0. 02 ml, #5530 15
A R 22 S, = 0.020 0/4/3 =0.012 0 ml,

2333 HEEMTANATEE XV, =1.00 ml £
A (A 90O IHATEE 20 I RE , 15 1 HARB A b ifE
2= 4 Se, =0.002 2 ml; ¥} V,=5.00 ml B (A
) HATHEE 20 I, 15 0 FLARFR A bR o i 22k
S¢,=0.017 0 ml; XF V, =50. 00 ml ZEIH(A %) PEfT
A 20 W, A5 AR 5 e 25 R Se, =
0.015 0 ml; % V,=10.00 ml (A %) HiTHE
20 YRME 75 Hh AR FR AR O 254 Se, = 0.008 0 ml,

Ur(ey,) = (Sj3)2+(Sc3>2+(Sl3)2/V3

2.3.3.4 REIRE T ARRRER 20 CRHRIE
T B TR B S A IE R A 22 Av=3 C, 7=k
R AN 2 B T 3 o A B T2 R 0 R A BRI i 32
K5, FEERRBUZAK R %L B 01.24x107° ml/C,
W] 95 9% ‘{7 ARE 4 Bk AR B A Ak 1 DX ] 2 460 B v
2£.V,=1.00 ml B (A Z%) BH V=1.00 ml H
B, A5 R B AR U R 25 St = Arx Vx B/)3 =
0.002 0 ml;V,=5.00 ml B (A %) FEHL 5. 00 ml
PR A5 LR B 1 b 9 Ml 22 0 St, = 0.010 7 mil;
V=50 ml 2 (A ) #EATFEHL 50. 00 ml H EE,
5 AR FR B bR 7 D 2% 4 St, = 0.107 0 ml; V, = 10
ml ZFE (A 20) #EATRE I 10. 00 ml I, 45 H H:
RFBURbRIENR 224 St,=0.021 1 ml,
WHEEANEmBEL A CE 2, RE5H
BLR e W BE I 7= A AR AR AN o, LA T

SC

Sy S; S, ”?
wu@=Jgn+<V>ﬂv>ﬂV

3;w§;ﬂﬁf
2 v,

2

Sj32 szz Sc32 S, ? S:sz Szzz
Ur(Cm)=J(V) +H() () +() +() + ()

v, Vs v,

Vs v,

Sj] ? 5/4 ’ Scl ? 504 ’ Sn ? 514 ’
Ur(Cl4)=J(V) () +() () +() +()

v, v, v,
u(e,)

v, V,

Ur(c,) = . =

BRI . VI I 72 1 R o 2
w(es) _uley) _u(e)) _u(ey)

152 ERB B R ¢, o, ., s W HOAT
SRR R A TSI B W I, 5 1B

=0.033 0

Ur(m)?+Ur(¢,, ) +Ur(c,,) > +Ur(c;3) *+Ur(ec,,)* =0.033 0

FERRHERE FIS , DAL 5 AN B H X ¢ B0 I i A
X ARUEANTAE BEN «

Ur(c,) = Ur(c%l)2+Ur(cI2)2+Ur(cx3)2+Ur(cx4)2+Ur(cx5)2 =0.073 70,

234 HBEEAMNTZAGRHTE MIEREE
il 6 WAFATEZ M E (n=6) , RKIFF-HMH ¢, N
20.67 pg/L, bRl 22 S=0.035,3% A 25N 2 BT
AR

Ur(e,)= =0.000 69

cﬂlX n
235 BEBRIEREE AR THEE BN
2.3.1.2.3.2.2.3.3 2.3.4 55 1535 ¢, FAHXTFRIEAR
e .

Ur(ey)= u(cy) _

Co

Ur(p)*+Ur(c,)*+Ur(c,)*+Ur(c,)* =0.097 5
24 HERIUREHEBRESIANTIHEE
FESZH AR J5 ] 1,00 ml BT (A 90) B HL
1. 00 ml FEshAH( FEE : K =20 : 80) HkLENEH, 7K
FIRFIEIK 2502, 1x10™ ml/°C 1. 00 ml W (A
) B 0.50 ml /K, S 3.3.3 LRI H IR B A5
HEMZZ K S, = AtxVxB/+/3 =0.000 182 ml,
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FOr A AN E BRI R 2.3.3 Hit 5
Ik ARG

u(”o) _

Ur(v)=

Vo
(8,)2+(S,) +(S,)*+(S,)*/50=0.005 05

DL 125 SR 3R W 552 i W v T2 5 i Y00 o AN
FBORYFE R RIVE A W s 1 A o i 27 A A 1
FE BERANAR [ S AN i
2.5 ARMERHEENITE

JH UPLC-MS ¥ 5 % 1A v W s iR 15 bR 1A

U(X)

T2 B /Y T3 EE/AEE(Z)%@J:Ur(X):T

(Ur(cy) V2 +(Ur(v) )*+(Ur(m) )*+(Ur(h) )* =0.106
Hﬂé\\iﬁ(l)ﬁgﬁ@J:X:%:4.6lo ne/kg
FrA U(X)= Ur(X) - X=0.106 x4.610 pg/kg =
0.489 ng/kg
26 FERAHEEMITE
VI iR 2 S O & 1 kS 2, X B B
BERK 95% , HY AW EE U=kxU(X)=0.977
pe/ kg,

3 458

FH UPLC-MS/MS J7 25 I 7 56 PR i 0 g nds 1R 7%
RN X=(4.610£0.977) pe/ke, B 95% & 15
WER k=2, P S BRI 5 A 60 ) S AN
VG TR LA WE s T b o 1h 28 7= A 10 R
FUMAR 10T R AN B, DRI 5 A e vy
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