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Evaluation on Uncertainty of Measurement in the Determination of
B — Receptor Agonists in Animal Urine by Liquid
Chromatography — tandem Mass Spectrometry

ZHOU Wei, YING Yong - fei, WEI Min —jue, LU Chun —bo, LIN Xian - jun,
LUO Cheng - jiang, ZHANG Zhi - jian, ZHU Cong - ying "
( Zhejiang Provincial Supervisory Institute of Veterinary Drug ,Hangzhou 310020, China)

Abstract: Evaluation on uncertainty of measurement in the determination of 11 kinds of B — receptor agonists in
animal urine by liquid chromatography — tandem mass spectrometry ( LC — MS/MS) was practiced. The main
factors, including standard solution, volume, mass chromatographic peak area, enrichment process and recovery
were analyzed. The combined uncertainty was finally obtained by synthesizing the uncertainties of various
components. The expanded uncertainty of 11 kinds of B — receptor agonists was in the range of 0.7 ~1.1 ng/mL.
According to the contribution of all components, the key ones that affected the combined uncertainty were the
concentrations of standards and the recoveries.
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2 2k 45

H AT B 3 A ol AN 0 2 B R DA 49 B 03K 25
RO, A BN, o b I 25 R BT &g
PRI , ) 8 AN i o B o T 45 2R o 119 E B
fiEN o AR AR A HE 1063 5845 -3 —2008( 3
PIPRWEH 11 B B — SZ AR50 A A AR € -
I ) I S R 1L Fh B - 2R
B, A3 ARSI 3 R v AN B R R 1) R IR, 4K 3l 180/
TEC17025"" Jo v 5 36 % [ 52N ) 25 B 4% S A 1Y
CAB2A 3 BT v AN 1 5 B A v ) T g SR 3t
AR P A AN E B, 3 a5 B R
FRANH E FE DT L, S o8 38 SC IR R VR SR AR
5 LA S OE A (i AR B P2 e 2%

1 w57 Z*

L1 BU#E RGBS ) B B3 A (Agilent
1290 — AB 5500 Q — Trap, fic ESI B+ ) ; Waters
MCX [EAH A I/ (60 mg, 3 mL) 5 B.O AL AR

13(;PH i+o
L2 WA BT AR AT Bk

B Ry o bl s RS WV RR YA Ry (3l AR s 3h 1R
SRR (P E T EREEAEIERE,99. 1% ) (D T Tk
fiZ( Dr. Ehrenstorfer,95.0% ) . EhERE T 2 B % (
FE PR TR, 95. 8% ) (FFIAFEZ (T. R. C.
MC,90. 0% ) .2 7 Hs bk ( Witega ,99. 7% ) . B R 4%
A flAk(Dr. Ehrenstorfer,99. 0% ) |74 4457 (v [ 1
SR, 99. 9% ) AT (Witega,99. 6% ) .
DA% (Dr. Ehrenstorfer,99. 0% ) | £h 1% 1R A 45
% ( Dr. Ehrenstorfer, 98. 5% ) . ¥t %i % & ( Dr.
Ehrenstorfer,98. 0% ) . D, — Fo {845 % ( Dr. Ehren-
storfer,98. 4% ) . D, — ¥ T f% % ( Dr. Ehrenstorfer,
98.0% ) D, — LR3I 7L L i (PowerCDN ,97. 1% )
1.3 3 BB TROR A 8 T B

13,1 shpigidaydem AR BARE 1L B -
SRS HIZE L P B 10 mg 2 10 mL 45 5
o, TR P A 58 28 /E 0 1 mg/mL BRiERE
3R TT Fh B — SZ AR SN I b v i £ W10 L,
B[] — 10 mL 2, T EEE 2 /N1 wg/mL

P T AR
1.3.2 Az ay Bl B E R Dy - 58

e Dy - V0 T Wl D, — $hSk 70 2 B %) i
A 10 mg 2 10 mL 23, F T A3 A O E 28
YEONT me/mL A BR A 5980 20901 W BB ik = Fofr P

Pl 10 pl, # 6] — 10 mL 25 & rh, F i
AN 1 wg/mL AR AR
1.3.3 RAFEAUR GBS 4> HIRE R IR
M1 g/ mL B FRAE AR RN bR AR 100 plL,
B A — 10 mL BEREAE h  E BIHEAREA R 5 mL
J& , AR £ 100 ng/mL JRFR EHLI
L4 N EJ#E KEEES. 00 mL YRR
AL BT 50 mL .04 T, A 100 ng/mL R T
YRV 100 L, e 2], H 10 mol/L A & AL EA T
P pH 2 9 ~ 10, A BUT B - AT JE
(60 :40,V: V)10 mL, 7843 ¥% %, 10000 r/min .»
3 min, B IR A S — 50 mL B, B R
W—x, & JF BiEWK,60 CHEME T, A 0.2%
IR K IR 3 mlL, A VA I, el &) 4 H
MCX [E AH A UM AR O B EE 7K 3 mL %
o BRI, FHARUH 0. 2% IR K I
M 3 mL ke, 5T 5% UK BRI S mL 3k
JiE, SCER BEIBE I, 60 C A T RHNA 0. 2%
HIER K VW 1 mL, 8 75 (7 A 0, TR ), &
0.22 pumyK FGAALUBEE I, SRR E
1.5 Al 41
1.5.1 @54 (O3%H . Waters Atlantis dC18 £F
(3.0 mm x 150 mm, k4% 3 wm) ; 3 3040 B i i UL
1M 35 Cs i RE&E S pL,

®1 RINBAMRE

fif i)/ min it/ A/% B/%
(pL-min~")  0.2% R I
0 300 90 10
5 300 40 60
6 300 10 90
8.5 300 10 90
8.6 300 90 10
14 300 90 10

1.5.2 JFafcat WS &I E s
22 S0 W I 5 B T UE R R 5500 Vs Bl Bl i VR
J& 500 °C; S A7 AU : 40 L/ B 3% 7910 30 2« v
S B IR S AL AT BB 45 L/h;
BE R BFR] 20 ms; 11 Ff B — 2R3N ) K 3 R N AR
TEE W M B B TR B AL R R AR T S
k2,
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R2 11T B-ZEHFE I ML EYHERE EEE T REFLEEERIESH

e - 4 iR AN - MFEE
BB m/z FEF m/z EIERE/V 1 FE/V il L e/ V /Y
- . 164.1* 57 6 23 14
2B 302.2 121.0 57 6 31 19
" 203.0° 55 3 21 12
SRS 276.7 259.1 55 3 14 15
) 148.0 55 3 26 18
BT 240.2 222.2 55 3 15 18
N 152.1° 46 5 2 17
A AR 226.2 170. 1 46 5 16 12
R 202.2* 35 5 13 17
ke 220.2 160. 1 35 5 23 18
" 237.1° 69 6 27 15
ke 311.0 217.1 69 6 35 11
L 154.1°% 53 3 23 13
AP 213.7 196.2 53 3 16 13
" 244.1° 41 11 19 23
Y 262.2 185.1 41 1 33 16
R 160.2* 63 3 20 10
Y 233.8 216.2 63 3 13 13
- 294.2* 53 3 26 20
AT 367.7 72.0 53 3 67 10
o 292.9* 60 3 26 14
A 367.0 349.0 60 3 17 13
D; - i 2 M 307.1 167.2 55 4 22 8
D, - T ReBE 242.7 151.2 55 4 26 7
Dy - e S 285.7 204.1 55 7 23 15
H: * %iﬁ%o
2 H#R5i18 (we/L) s C; Aike i AR N N AR 40 B9 BE (wg/L)
2.1 MEFH#HEENHFHEARA AKX ITE A AR FR RN g TR s A AR A B AL R AR
WEEH 11 Fh B - 2RSSl 259 5% B I PN B 4 1) W T AR5 VO AR B M 4 R B 0, M IR AR
% MR B . Mo YE e N —
C.\' X Ci XAX XAsi X VX?)S LM{’&J\&#E( ML) 5 Cblj‘j{t&ﬁ‘JZM{&qj*H@Wﬁ:
G =0 %A XA xR xu, (D e s (/L) 5 A, Ay isRE AL PB4 19 6
v LA, RRRR AL A Bk D0 4 1% g T AR R Ay [Tl
V= f/:ﬁ (2) v MIAFEIERE R (L) 5 Vi M IRE B 2008 2R
X

FU(mL) 5V, it REBRE AR (mlL)
ERTA AR CON KB P BIIR BE 20 B R BRI R A
(pe/L)s €. bR L WL ol W 4y 19 e i

Uy = «/lﬁd(Cs) +uiz(ci) +uf«z (A,) +uil<Asi> +u %) +uiz(7fx) +u (C,) +u’ (A) +ul (A,) +ul (R) +uiz<vx)

(1) 1RAR EALR P B BE RO AT S8 w0 (C) 5 (8) 1aURE Fh AR IO P A 49 1 il AR A A
RESE u,g (C) 5 (2) AR AR AR DI ORI XE  RIRREAINE I w.a (A) 5 (9) IRBS_EHLI B )
PREABIERE u, (C)) 5 (3) AR BN PR AT R A RS AR EAN I 2w, (AL) 5 (10) [a1HE
RIS AREATE L w0 (A,) 5 (4) IRFS EALBCRAT SREHRAREA I E L w,g (R) 5 (11) SAEHERE I
IO AU 0 W T L) A0S B AN B 5 T e (A )5 BRI AREATE BE w, ()

(5) WedAi i FEA AR AR UE AN B S BE w, (V)5 (6) 3R 2.3 B TUAB R IR
B WU RE R M bR M AN A B w, (0,) 5 2-3. 1 WRAREAUR P AR 4 AR KL A AR IR L6
(7) RR EHLB MR AR AR AR A AR w0 (C) wa (C) By (C5) (B R )
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2.3.1.1 AR SRS R A E B u,, (A)
P HERY T (alubE ) $EALRY 11 Fh B - 2R3 sl 2k
2YWIBRUE S S 3 B AR o R S R
ARG BR HEANT 2 000 R - 3R R 3 e 2 EL % : 0. 02
R TEARTER 0. 008 5 V0 T i - 0. 02 ; &7 R 4 A7 fth
#K:0.005 ; PG TR 57 0. 025 T A 45 % 0. 005 5 S84 175
ABAR:0. 001 ; F5MA%EZ 0. 005 ; P4 A7 7 2 : 0. 0005 ;
PEA RS :0. 005 ; FhFRIR A K¢ % :0.01;D, - iRy
%:0.005; D, - #hR3E e 2 0. 005;D, - VT
J ;0. 005,
2.3.1.2 HRdfESFRET DEMATHEE v, (B)

(1) RFEFREAZ S R 2 0. 02 mg;

(2) RVPERAuFiRZ: 0.1 mg,p =95% ;1K
©=0.1/1.96 =0.0510 mg;

e ) BRI AT 5« +/0..02% +0.051°
=0.0548 mg; FIXHRAEAHHE FE u,, (B) =0.0548
mg/10 mg =0.0055,
2.3.1.3 Pl bn v fE A I T | S AN B w,, (C)

(1) ZEARFL 10 mL A 5 BIAe 2 ir - Bis
4 £0.01 mL, ¥95450 5 ,u =0.01/,/3 =0. 0058 mL;

(2) A ZBZ R S A E A 10 IR
HEMR 224 0.015 mL;

(3) B — BB B AR +3 °C LTI LA
KM ME 20 CHEZAK REUCH 2.1 x107 - C 71,

W) p =95% B AR FIAS AL IX A] ol £10 x3 x 2.1 x107°
=0.0063 mL, bEHE(R2Z 4 0.0063/1.96 =0.0032 mL,
W = WA s A B OE B
V/0.0058% +0.015% +0.0032% =0. 0164 mL; F X} 5
WEAHA B 2w, (C) =0.0164 mL/10 mL =0.0016,
2.3. 1.4 FECHNESR L AL 51 01 € B w,,
(D) 10 mL ZE5H u(Vig ) K E k45 45 2 25
Jp: £101.3 pL, 5046, u(Vy,,,) =0.1013//3
=0.0585 mL; 84 EZS 10 R AYAREDR 224 0. 0907
mL;p =95% B RFRAS AL X [A] 2 + 10 x3 x 2.1 x
107 = 0. 0063 mL, 7 #: i 22 4 0. 0063/1. 96 =
0.0032 mL; 4; & W & B An A W & B
/0.0585% +0.0907° +0.0032> = 0. 1080 mL; #f %}
FRUEAH 2 0. 1080 mL/10 mL =0. 0108,

i 1 mg/mL B & 100 ng/mL, #i B H T 4
Sroo-o1 Ffi 01310 ~ 100 WL B WA u( Vigg ) K SE
IEBAHIRZE R £1.00 pL,100 ~ 1000 pL ik e
w(Vy ) BEIEB 45 IR 22 £1.18 pul; ¥R A
B oA, I u (Vg 1) = 0. 001//3 = 0. 0006
mL;u,, (Vi ) =0.0006/0. 1 =0.0060;5u,,(V, ) =
0.0007/1 =0.0007; u(V, ) =0.0012//3 =0.0007
mL;

’

w(fioo—0.1) = /1t (Vigg o)+ (Vi) = /0.0060% +0.0108% =0.0124;

w(fi—o1) = /g (Vi o)+ (Vi )7+, (Vy0)* = 4/0.0060 +0.0060° +0.0007° =0. 0085

A OB M X AR E R B 2 B w, (D) =
0.0124> +0.0085" =0. 0150 ; bRy AT E i = 100
ng/mL x0.0150 =1.500 ng/mL,
i R A B, C. D U T, A H
Vit (A)? +uy (B)? 41,y (C) +u,y (D) 355 i)
TEAR MLV b 0 4 B A 7 PN A 0 o T 5 )

AN E B, B R AT s wy (Cyppy ) = 0. 02565
y (Cppm) = 0. 01795 1wy ( Copppe ) = 0. 0256
g (Cope) = 0. 01685 1y (Crprpg ) = 0. 0256
o (Coygrps ) = 0. 01685, ( Copp ) = 0. 0161
o (o) = 0. 01685,y ( Coppogry ) = 0. 0161 ;
o (Cyppops ) = 0. 01685 1, ( Coypigry ) = 0. 0189

uml(cm-ﬁmw) = 0. 0168; u,, (Cm-;ﬁﬁgunq) =

0.0168 ;u,, (Cps _y ) =0.0168,
2.3.2 MEHRBRIARGAAZE uy(A) u,(A) .
e (A) Bougy (A) (B ERAHZL)  alFE Pl
P TRIAR (A,) TRAR EAILIRCHHAH B A BR ) 1) e T AR
(Ay) JURE AR I N AR 10 g T BR (A R AR I
LB w5y e g R (AL) 5 A Y AN 78 2 2 ]
A e T ARG | AN E . A 10 ng/mL {RAR
ML, S WS AR A B 14 Fiook HR St AT AR, AR
I DUIEIR (Bessel) AR, 155 .

Heyi 2 W Sy (X) =0.389% ; SR F8 % Sy,
(X) =0.570% ; V> T e fE Sy (X) =0.814% ; %547
bk S, (1) = 0. 458%; 75 545 S, (X) =
0.131% ; AT 45 % S, () =0. 345% ; 5 P Ak
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Sy (X) =0.823% ; F5MAEE S, (X) =0.992% ; 4
ik B Sy (X) =0.270% ; PEATFE D Sy (X) =
0.538% ;WA F§ & Sy (X) =0.666% ; D, FLAB YT
B Sy (X) =0.375% 5D, 332 B Sy (X) =
0.614% ;D;_¥b T J&ME S, (X) =0.733%

2.3.3 #HKRBRIIRGRATE u,(v) (B ER
L) TR B AL AR R G A B A R
w, (v,) SORFEIFAEAR TG A E JE u,y (0,) 3
HE R, WA [ —{H. B R 22
K £0.1 wL $ 5y oA, T HAR HEASH E B2 -
u(v) =0.1/y3 =0.0577 pL HH X bR AEA B2 BE R :
u,,(v)/v=0.0577/5=0.0115,

2.3.4 RN RGRHEE u, (V) (B ER
R ) WA 5L 5. 00 mL &AL 1. 00 mL
0. 2% W FRIK S W i AR 2 T 5 g b ¥ 51 A

AHERE, 1 ~5 mL H1 100 ~ 1000 pL B 25 &
HEBZ R 2S00 £0.02 mL #l £1. 18 uL, %
A4 A5, W w (V) =0.02/43 =0. 0115 mL,
u,,(Vs) =0.0115/5 =0.0023;u(V,) =0.0012//3
=0. 0007 mL, u, (V,) =0.0007/1 = 0. 0007;

u,, (V) =+/0.0023% +0.0007> =0. 0024,

2.3.5 XA PARMEDLE R(CFHEKE) 09 R
EHE u,(R) (A ERAZE) 5 WA TN Ek
BN EE R WA 3, AR X 11 B -
AR A I SR AE 77. 8% ~112% Z i),
AEXT 35 RS 5 (B 5 12 IS5 6 5 BRA B 2 B2 1 T
BRARIAF 10% ~28% (£5) . P EIRZ 5]
AR T3 15 I 7 I AN i B ) EE R R

F3 RXERMEYER R WAHEE

SR/ % SEF4 [ - AR AR E
4 PR % R o
1 2 3 4 5 WK/ % I T
KR LEE 9.4 103 103 98.6 101 99.4 4.85 0.0217 0.0218
Py 97.8 99.0 99.0 83.0 101 9.0 7.64 0.0342 0.0356
YT W 87.2 83.2 79.3 77.8 87.1 82.9 5.23 0.0234 0.0282
A bR 107 92.3 92.3 83.8 102 9.5 7.95 0.0355 0.0368
75 e 100 102 93.0 92.4 86.6 94.8 6.57 0.0294 0.0310
A 102 104 12 95.0 101 103 5.97 0.0267 0.0259
AT 97.0 95.3 86. 1 85.7 102 93.2 7.64 0.0342 0.0367
Fe s 100 84.1 90.0 106 4.1 94.8 8.99 0.0402 0.0424
T A 101 101 102 98. 1 105 101 2. 44 0.0109 0.0108
PEAiE; 97.8 107 107 104 91.3 101 6.70 0.0299 0.0296
VA 109 97.0 97.0 92.0 88.9 9.8 7.91 0.0354 0.0366

2.4 MAMEAHEE BRTETHEE K
PR 15 R A AR NS o AN 7 B R JRR HEAS 1
JE LA 4, 2% DR JRUb AN 2 1) BT R DL

5o MRS PR AR A E B R X5
s e K TR AR L AL L AR X bR AN B 52 JEE
X AR THEAN A G BE MR

£4 ARATHERRSBIETWER K

B4 it wT A [

i AN Fri P BEA A

BT mm oww mm b BE O H® K BE BE #P B
u,y(Cy) 0.0256 0.0179 0.0256 0.0168 0.0256 0.0168 0.0161 0.0168 0.0161 0.0168 0.0189
u,q(C;) 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168
Uyel (A\) 0.0039 0.0057 0.0081 0.0046 0.0013 0.0034 0.0082 0.0099 0.0027 0.0054 0.0067
“rel(Asi) 0.0061 0.0038 0.0073 0.0073 0.0073 0.0038 0.0038 0.0073 0.0073 0.0038 0.0038
U (V) 0.0024
U (v,) 0.0115
urel(csi) 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168 0.0168
U (Ai) 0.0061 0.0038 0.0073 0.0073 0.0073 0.0038 0.0038 0.0073 0.0073 0.0038 0.0038
Uyl (A,) 0.0039 0.0057 0.0081 0.0046 0.0013 0.0034 0.0082 0.0099 0.0027 0.0054 0.0067
u(R) 0.0218 0.0356 0.0282 0.0368 0.0310 0.0259 0.0367 0.0424 0.0108 0.0296 0.0366
uq(v,) 0.0115
AR 0.045 0.050 0.050 0.051 0.051 0.043 0.051 0.057 0.036 0.046 0.051

AN E
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x5 ZFEEMERAHENRTBHE S %
s E3 e e {/'T AR [ =¥ AN Fn (i B2 i} R
[Yic:3 5% g Pt Ak F% % AR AR L4 F% % Y
u(C,) 20 14 18 12 19 14 12 11 15 14 14
u(C;) 13 13 12 12 13 14 12 11 16 14 12
u(A,) 3.1 4.3 5.6 3.4 1.0 2.9 6.0 6.5 2.5 4.4 4.9
u(Ay) 4.8 2.9 5.1 5.4 5.5 3.3 2.8 4.8 6.9 3.1 2.8
u(V) 1.9 1.8 1.7 1.8 1.8 2.1 1.8 1.6 2.3 1.9 1.8
u(wv,) 9.1 8.7 8.0 8.4 8.7 9.9 8.5 7.5 11 9.3 8.5
u(Cy) 13 13 12 12 13 14 12 11 16 14 12
u(A,) 4.8 2.9 5.1 5.4 5.5 3.3 2.8 4.8 6.9 3.1 2.8
u(A,) 3.1 4.3 5.6 3.4 1.0 2.9 6.0 6.5 2.5 4.4 4.9
u(R) 17 27 20 27 23 22 27 28 10 24 27
u(v,) 9.1 8.7 8.0 8.4 8.7 9.9 8.5 7.5 11 9.3 8.5

2.5 PEFHEE u 95% BEX A, B HTF
k=2, 5P BAHEE. KL E Uy =2 x
0.045 =9.0% ; FASHE Uy =2 x0.050 =10.0% ;
T I Ugs =2 x0.050 =10. 0% ; F¢ A fli bk Ugs =
2 x0.051 =10.2% ; J§ 45 % Uy =2 x 0. 051 =
10.2% ; A4 Uy, =2 x0.043 =8.6 % ; 2 NP
M Ugs =2 x0.051 =10. 2% ; FI4E % Uy =2 x
0.057 =11.4% ; FiA 4% Uy =2 x0.036 =7.2% ;

AR S Ugs =2 x 0. 046 =9. 2% ; A A 4% Uys =
2x0.051=10.2%,

2.6

TR E KA 1063 5 224k

-3 —2008{ BRI 11 B B - 2 Eh T 2 5k
B LC — MS/MS A&l , UEL 5 N k =2 i, XF 3l
PRI 11 Bl B — 52 A s 26 24 ) 5% B A I 45 2R
WF# 6,

F6 FHYRET 11 # B - ZEHBIFILAYHKRBRNER
IR B S v g ISR AT B f ok B B
R /(ng-mL™") /(ng - mL™") /(ng - mL™") T RAGRER /(ng - mL™")
BT Aulis 10 10.3 10.4 0.9 10.4 0.9
e 10 9.90 10.4 1.0 10.4 1.0
T e 10 8.32 10.0 1.0 10.0 1.0
A bR 10 9.23 9.56 1.0 9.6+1.0
(RS 10 10.2 10.8 1.1 10.8+1.1
A 10 10.4 10.1 0.9 10.1+0.9
EISE: YN 10 9.53 10.2 1.0 10.2£1.0
MR 10 8.41 8.87 1.0 8.9%1.0
(g 10 10. 1 10.0 0.7 10.0 +0.7
YA RS 10 10.7 10.6 1.0 10.6 1.0
AT 10 9.70 10.0 1.0 10.0 1.0
3 /N &
AROFFEXT PRI 11 Fh B - 2RI S
2 A% BE R ] e 4t SRS B TR, B (1] F #F,5 200 K, 55 VROAH G35 I 2 X T 2 P41 41

T A

St

=X
et

REVE B R AR b AL B
PR ZHRVE L BRAR T A E L, X R
—— BT R, DR R A [l i 50 3t
FEGIABIAHRE BTV , IR T3 e i
R S ek A A RN R R A LA AT 4R
PR B R 22, DAPRUEIN 25 3R 0 R 1 A n]

(2]

(3]
(4]

PURF R ISHR B A iR PRAL (D], Hh BB 2%k, 2010, 44
(11):8 =11.
AN FB 1063 544 -3 —2008. SR T 11 Fh B - Z (4%
SR RRAR R - HRI SRS
ISOPIEC 7: 0] 25. 4 ARSI 52 56 % 58 ) Ayl 2R [ 2]
rp S B [ GO AT 2 D1 <5 AR A T TSR E B Y PP A 4
MM dbst: s E T R, 20020 12.

(REHE REE)





