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Uncertainty evaluation for the determination of salbutamol and ractopamine
residues in pork by liquid chromatography with tandem-mass spectrometric
internal standard method
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ABSTRACT: Objective To analyze the uncertainty for the determination of salbutamol and ractopamine in pork
by liquid chromatography tandem-mass spectrometry internal standard method. Methods The uncertainty for the
determination of salbutamol and ractopamine in pork was analyzed by liquid chromatography tandem-mass
spectrometry with salbutamol-D; as internal standard. The mathematical model was established to evaluate the
uncertainty factors such as measurement repeatability, purity of standard substances, preparation of standard solution,
addition of internal standard substances and volume of sample injection. Results When the residual amounts of
salbutamol and ractopamine in pork were 11.004 pg/kg and 11.770 pg/kg respectively, the extended uncertainty was
2.628 pg/kg and 2.839 pg/kg respectively (k=2). Conclusion The standard curve fitting process, the volume of
instrument injection and the standard series preparation process have the greatest influence on the test results.
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RS RE L E B RARY TRESRE T . 2R
ShRIE ROV Bk, ARZE 20 e sh i IR A 5K 1 5% 7 1sF )
FEAER AN = AR AR R B R . B T 2Bk BR
B ATREEE AR . B EARO TSRS 2R, BRIk
T3 WOl R FH R 259 . SRR, H B R 25 0 SR,
P ARE SR B A AR DR A T B PR o ARG B
B B T SRR IO, AT SR 0 AT R AR KRR
Bk FHAREE WA/, B, shtEaihh g2k
BRI L5 53 BT )y s 22 B o Ui e 1 B AR B 3 o
IER TR FE WA ik . BN vk . A A
RS « ORI S FR I T Sk Y T VROR €% R T
T DAL R AR . SR T AR, B2 N T A SRR A Y
R AR SRe, YRR T S T A I 5 sh A 4
B2 BN 701 5% B AR BT T ULARGE, (R
Z R IR E B, BRI IR DGR 840

AWFFEZ I CNAS-GL006:2019 { fb2# 40 #r vh A
RERIEAEFERE ) P, JIF1059.1-2012 (A H 2 PR 5
FR ) 9 GB/T 22286-2008 { h4H: 3 it vh 2 Fl p-32 143
SR R R AT RO i ER R R ) UL, DAV T e
Dy Ry NbR, XEAE PRR D TR | 3 v 2 L JHe i B Sk A 1
N BE R TRRA, LAY A TP 0 45 500l ) o A AR
SR, JE L AT AN E B R N R, MR ORI
SEIR I AT S

2 MR5EREE

21 E#RSRF

B BAPERE RS (T,

T EEEARE S (PRUEME. 100 pg/mL, ¥R
0.05 pg/mL, flFRIAEECRAPEHIFIEINET); 3K 2 D AR
HES (PR EE 100 pg/mL, §EAHERE 0.07 pg/mL, Kk
IO BHIF W AT, U T REBE-D3(FR1EME 100 mg/L,
P RAHEE 4.41 mg/L, 72 Dr.Er 22H]); p-#i % fE
it (T8 Dr.E A wl); HEE(ERELl, RHEHIR).

22 UES5EE

1290/6460 YR AH (% - H B T (L EERBHE AT IR 2
#]); FE-28 pH i1, XSW204 H1 7R (-6 £ 24 F));
CF16RN & 3 25,0 #HL( H 4 HITACHI /A F)); VORTEX-6 i
BE VR & 2% (AR I JR 28 #]); N-EVAP34 2 WAL (3%
Organomation 23 1] ); MCX BH &5 F A3 #e A (‘L3524 )

il

23 ELWHE
23.1 HEEra

FEMRTALFE 2 B8 GB/T 22286-2008 (St inh £
it p-Z Vs R 5k R i o ) AT . BIDRRE 2 g RS i 2]
0.01 g)ZMIEMFEIL S W% ME WS 37 °CKIB KR
12 h 5N 50 pL 100 ng/mL MR TAER . FFIUAE S h 22
FEC, i MCX BHES FAc kg b . YEmE . BAWRT, )5
F0.1%H R /7K -F B (95:5, TRFREL) mL ¥,
A1, 0.22 um JEMELUE, VRO (0 BRI A2 .
232 RAEELEH

34 : SHIM-PACK FC-ODS Cg; ¥ii%: 0.2 mL/min;
FER: 30 °C; #EAEHEL: 2 ul,

WBIAH: A H: 0.1 %M ER/K, B #: 0.1 %P/ 2 )IE;

BB EEWRE LR 1,

=1 BEEMER
Table 1 Gradient elution

fif il /min Al% B%
0 96 4
2 96 4

8 20 80

21 77 23

22 5 95

25 5 95
25.5 96 4

233 Rkt
B IS (ESD, ER TR B 20N
W5 (multiple reaction monitoring, MRM); Wil s+ L3 2.,

Fx2 HNMHNEBFRTFEFSEER
Table 2 The parameters of mother ion and child ion of the
measured substance

LialkY) BEFms)  FETFm:Z) ERFEFmsZ)
VBT 240 148, 222 148
E g Aull3 302 164, 284 164
YT Dy 243 151 151
3 HER55H

3.1 HWEHFERREN

4l GB/T 22286-2008 { ¥t i b 25 p-32 143
G B RMNE ) , 5% CNAS-GL006:2019 { fb#4)
M AT 2 BE R PR T ), SRS N R v T eI RIS T
Z & (ug/keg) AT 268 M
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33 BERETHEEMITE
330 EA MM EA T AN TAEE
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Fig.l Cause and effect relationship of each component of uncertainty
3 HAPDLTRE XRZEBRIEER
Table 3 Results of determination of salbutamol and ractopamine in pork
) . T EyrEAul s
B e/ -
FEW C/(ng/mL) & X/(ngkg)  FIRE R/%  JREWE C/(ngmL) & X(pgkg)  FIRE R/%
1 2.00 22.8789 11.439 91.52 24.0706 12.035 89.15
2 2.00 22.0532 11.027 88.21 23.2286 11.614 86.03
3 2.00 22.3104 11.155 89.24 23.4552 11.728 86.87
4 2.00 21.2742 10.637 85.10 22.9505 11.475 85.00
5 2.00 22.0699 11.035 88.28 23.9866 11.993 88.84
6 2.00 22.0953 11.048 88.38 23.6023 11.801 87.42
7 2.00 22.2906 11.145 89.16 24.1221 12.061 89.34
3 2.00 21.9079 10.954 87.63 23.5726 11.786 87.31
9 2.00 21.3140 10.657 85.26 22.8744 11.437 84.72
10 2.00 21.8914 10.946 87.57 23.6782 11.839 87.70
FHIE 2.00 22.00858 11.004 88.03 23.55411 11.770 87.24
bR 2= 0 0.4458 0.2229 1.7830 0.4167 0.2084 1.5434
AN 28 B 0 0.14096 0.07048 0.56384 0.13178 0.06589 0.48807
ARNT AT 2 FE 0 0.006405 0.006405 0.006405 0.005595 0.005598 0.005595
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(1) FRUEd) sl B 5| A AT E B

U T R BEARUE AL BOFRIEE A 100 pg/mL, B AHHE
B 0.07 pg/mL (k=2); 3K 50 2% bR HE &b 19 45 HE(E 0
100 pug/mL, ¥ EAHERE 0.05 ug/mL (k=2); W25
A A X RN o B A A s W T kOB

ur(p)=%=o.ooozs I N R
X

0.07
ur(p) =—27 ~0.00035 -
P =3 100

(2) IR T 40 5 TS o

YT WEBE-D3 (IARAE(E N 100 mg/L, ¥ EAHEE
4.41 mg/L(k=2); T pR 20 5 51 A A XN i 43 R

4.41
2x100

(3) FRUEY) TR R RS | A BT 2 B

A1 mL 5AR & W 0 B R T R R
(100 pg/mL). 3702 M REFRUE S AEB(100 pg/mL)1 mL F
100 mL ¥ tffih, HBES, #25, 21 E N 1.0 pg/mL
FITRA BR RS 5 T8 B 10 mL BAFRZE MR B 1.0 pg/mL
IRAFRUERR AU 10 mL T 100 mL &8I+, PSR
FZIEE, $EA), BRI K 100 ng/mL RS ARE LA .

HEHE JIG 196-2006€ F FHIE IS fE 25 WA, 20 °CHY 1 mL
A FEFRERG T | 10 mL A AR AT & 100 mL A
KA T2 i VPR 24301 8+0.007 mL . £0.020 mL
J+0.10 mL, B3 X FR i, k=Jo , W H A 52 B

ur( i) = =0.02205 -

, 0.007 0.020
TINN v = 5 0.002858 > u(VmiE2) = T
=0.008165 , (4 mHi) = % —0.04082 o SEH = B K

20 °C£2 °C, HEMIATRIZIKRECH 1.1x107°°C”!, AT
LRSI I R, SOBLES (I Ik R B s AR IR B S g
WA k=3, WIR B 5] B BR M RN E T
u(Vr) = 2><1.1><\l/(§)3 x100 =0.12702 ° 53] 1.0 pg/mL A
E b MEBE B OO ORE T R 51 A R M R B E
J0.002858% x 2 + 0.040822 + 0.12702>
100
=0.0013348 ; 155 100 ng/mL 1B -EHRME T AR Bt 1251
A <6} b Xof ~ i E IS

J0.008165 +0.040822 +0.127022
100

wur(V FEE) =

ur(VhriEv2) =

A AT PN ES

wr(V b)) = V0.0013348% +0.00133672 = 0.001889

(4) BRI BTG B AR 5B L
M1 mL ARZ IR B R B T I RE-Ds N BRI

=0.0013367

(100 mg/L)1.0 mL F 100 mL Z¥ s fffirh, FHH BEe 245 2 200,
Ay, BRIREWRIE N 1| mg/L 7D T REEE-D,; I8, T
10 mL BAFRLE IR B FLE 10 mL ZAT T 100 mL 258
b, AFBEERZZE, SRR EERE RN 100 ng/mL TP
THERE-D; AR AR
4 JIG 196-2006 ( # FHBE GRS ) #E, 20 °CH)
1 mLA ZHAREREE . 10 mLA PRI ELREE X
100 mLA 2255 F) 25 5 AR 1R 22431 8 +0.007 mL .
+0.020 mL % £0.10 mL, & % A %t & 4> 4i, k=6 ,
W3R B RS R ) = 2997~ 0.002858 -
J6
u(VRED) = % =0.008165 , u(V i) = OTIEO
=0.04082 . SZHGES AUIREE Ky 20 °C£2 °C, T EEIIARFR I K
RECN 1.1x107° °C!, m R TR Ik 2 8, Salasm
ik BB 2 . IR BE I S 50 k=13, WIIEEE
" - -3
7 R AR A1 2 S u(Vr) = Mlx}/_%loo =0.12702 °
DR B EE N 1 mg/L B9V T BEls-Ds G B B2 5 |
A i} b X N i iE 5
0.002858 +0.040822 +0.12702
100
AR ST R N 100 ng/mL (570 T HeB-D; 7 ok Bt
/= 5 A0 M X A~ W o
J0.008165% +0.040822 + 0.12702
100

Br DL b VA R ORE o RR 51 OA B A O B E
wr(VARRIER) = 000133452 +0.00133672 = 0.001889

(5) PRAERFIBC R RE S A RAS & i

TEBIFRIB 2 gCHEBIE] 0.01 g)as FIRES: T 50 mL .04
o, SPATERE S WG 3 LS N 50, 100, 200, 300,
400 pL IBAHFRELAER (100 ng/mL), #88 1.3.1 #EALATAL
B BRERAE, BRI R RN 2.5, 5. 10, 15, 20 pgkg
925 F AR R R

HRAE JIG 646-2006 (BB vt AR ) HE, #Mly
51 AT AbEE, B RS SR S5 | AN E LR 4.

W) Pl o v 22 B T il L AR B A A ARG AS A 2 B A

ur(VPitst) = =0.0013345

ur(Vikiz) =

=0.0013367

(0.03874% +0.01298° +0.01048>
=0.04518

+0.03230% +0.01619%)

(6) ARAUEMIZRANG 51 AR & B

A D/ - TR 2 S A N s
Y,=1.183814X,-0.065026 (R*=0.9998)., 3 704 [ Hiehni i 2k
FIES 5 FE N ¥,=0.867072X,-0.250399 (R*=0.9976), FrifE
47 A AN o B VAT b o i R 25 I PR M 22, 322

ur(VisfERY) = \/
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D FRRLL R R B G 31 A B A XS B E

SRR Y SERAEILRA A Y 2 22 M%ant(i |y -7
0.8009

TR, SO RIS R AR A 5. & 6 WX THR ) =T =0.07278
i o 0 2 A0 LA B0 6 S AR A 2 8817

(XSSO 45 = =0.0749

Loy SE (L1 CXo=7 Sp gt s bRt L
el . AT (7) FIIPI BRI S | AR AS B 2 i
2 (X=X FH 100 uL BRI 50 uL 100 ng/mL (975 T Hei-D3

i=1

R _ S DRSS M2z ZREL s>
W BB % B 5L R o Rty i UG 6462006 LEMAFKUEALE) BLE, BT

PRZEH£3.0%, MHETEEM N 1.5%, HHIEE A H, T
A wE SN ) =209 Z0.001732

EL L n RIS YEL n=S, TR ser. NE
0.0015 S W S (L R
. A = = o S E AR E N
Sga 73 1.7274,1.3779; b RFEE; p kERL Xo B9 IRUCEL u(VItREsE) = 7 =0.0008660 o it B
25: Y 20 °C+2 °C, HRHABUZIKRECH 1.1x107 °C™', (RULIR L
p=10; X WA T R, voiml _j0s, BN k=3, W51 8BRS 6 E
5 ' -3 .
S 2 u(Vwm%rz)z—ZXI'lxi/o_ X095 _ 0000635 - FFEAHS I
S (Xi-X) =205. WEFERTO TR, ¥RsOmE 3 N
i B % o5 A B M X A # oE ¥
X AWK 11.004, 11.770 pg/kg; ¥ Z 2 2 2
B X, 48k ‘ 0 ng/kg; T MmN ur(met”):\/o_omnz +0.0008660% +0.0000635> _ ' oo
u(Xtriia) =0.8009, 3502 BIE u(Xrime) =0.8817, 0.05 i

x4 ERIESIEESIANNIHEE

Table 4 Uncertainty introduced in the preparation of standard series

A 100 pL ik 100 pL B2 i#% 200 pL B2 s 1000 pL B5i#s 1000 uL B2 i#%
BHUAT/mL 0.05 0.1 0.2 0.3 0.4
N RVFRZE % +3.0 2.0 +1.5 +1.5 +1.0
2P 12 . ‘
A 0.003//3 0.002/ /3 0.003/ /3 0.015/./3 0.01//3
RHRE L u(Vyy ) /mL 0.001732 0.001155 0.001732 0.008660 0.005774
W T2 /% 1.5 1.0 1.0 0.75 0.5
N HEARX 0.0015/ /3 0.001/4/3 0.002/ /3 0.0075/ /3 0.005/ /3
mﬁam/ﬁ "L(Vig"*) 0.0008660 0.0005774 0.001155 0.004330 0.002887
m
IR 2/°C +2 +2 +2 +2 2
=4 % ¥ I
I m@{m"’%%%ﬁﬂ‘” 1.1x10° 1.1x10° 1.1x10° 1.1x10° 1.1x10°
1B I 2 /°C
AR Bamx2x0.05/3  Buwx2x0.1/3  Busx2x0.2/3  Bumx2x0.3/3  Bumx2x0.4/.f3
AN E BE u(Vigy ) /mL 0.0000635 0.000127 0.000254 0.000381 0.000508
AR AN E BE (V) 0.03874 0.01298 0.01048 0.03230 0.01619
x5 WTHREBREMEREITESR #x 6 X(RZERIFEHZKETER
Table 5 Calculation table of standard curve residuals for Table 6 Calculation table of standard curve residuals for
salbutamol ractopamine
Xii Y fl (Yl—?l)2 Xoi Y Y2 (}’2—1?2)2
25 2.645 2.894 0.0620 25 1.857 1.917 0.0036
5 4.404 5.853 2.0996 5 4.469 4.085 0.1475
10 10.682 11.773 1.1903 10 8.078 8.420 0.1170
15 16.047 17.692 2.7060 15 11.578 12.756 1.3877

20 21.910 23.611 2.8934 20 15.081 17.091 4.0401
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(1) FEMBFRES AR E
I 2 g G RRE S, T R d R AR iR 22 440.005,

0005 _ 0.00289

V3

u(m) =

NI S o A, A E B
Ay — 0.0(;289

. A

=0.00144 -

(2) EREBEI AR T
EONEIREL, HARIE ] 0.1%H B2 /K - BV R (9515,
RFLEE) 1 mL 7, AE JIG 646-2006 (F5 I ek M )
FLAE, 1000 pL BRARA B ARVFREN 1.0%, WEEE M
H0.5%, iR L) 4 AT A BN HOR B R B 4 ) A

0.01
u(Vieaap) =—==0.005774 »
Vs =
) = 200 %% Y U
u(VenEg) = i =0.002887 © DA i3

20 °C£2 °C, KIYABUEZIK R AN 2.1x107* oC™, (IR
WA BN k=3, WIEES R AR EE

4
(V) = 2><2.1\>;;0 x1

9] H po) N i B
wr(V527) = /0.0057742 +0.0028872 +0.0002425% = 0.006460 )
(3) AR ERERTLG ] A B AT E

=0.0002425 - PTELEZGIA

2

fE

SIS ) B P SR G HEB A 1 1 2 A e - AR R
7%, SRR SRR V=2 pL, HHE JIG 646-2006 Bk s
K R ) B, ST TFARFRA SN 2 uL B RAR A &
VIR 22 N £12.0%, A LA E AR R RS A B0 N i o
012 06928

NG
34 ERETTREE
VT IERE . e 2 B AR AN B 8 B A L3R 7
RIER 7 0T LIFH, PR RS . A RAREETIA
HIANf 2 AR XT RS, AT 2 AT, I vD T s ) SiE v
2 B A5 TR A AT A R 5 | A A RR X AR v AN B 2 B 43310
(0.0064052 x 2 +0.02205>
ur( X THEE) = [+0.008897 x 2 +0.04518% +0.07278>
+0.038747 +0.00144% + 0.0064607 + 0.069282)

ur(VIEREARR) =

=0.1194

(0.005598% +0.0055952 +0.02205>
ur( X3 £ 00) = [+0.0018892 x 2 +0.04518% +0.0749% =0.1206
+0.03874% +0.006460 + 0.06928)
HObR E R B E B wor TimD = 0.1194x11.004 =1.3139
wGER IR =0.1206x11.770 =1.4195

35 TRIAHMEE

H4E JIF1135-2005, BUEFIX ] P=95%, & HF
k=2 MIAR U =ur(X)x2, W THEEE, w2 O R

>

F7 WTEE. XRSZERENTHEESER
Table 7 Relative uncertainty subscale of salbutamol and ractopamine
b ANHFf 7 JEE R AN B T e B3 Eay

1 PR E A u, (X) 0.006405 0.005598
2 W) [l u,(R) 0.006405 0.005595
3 o 40 o 2 3 u,(p) 0.00025 0.00035
4 VA 40y 4 B u, (Pt 0.02205 0.02205
5 ) JoT s ki u, Vi) 0.001889 0.001889
6 A bRV RO R oL 7 u, (Vi) 0.001889 0.001889
7 b 251 B i i Vg ) 0.04518 0.04518
8 PR 5 (X ) 0.07278 0.0749

9 WA FRY) u (Vigpsism) 0.03874 0.03874
10 FEAhFR AL u, (m) 0.00144 0.00144
11 TE AR u, (Vi) 0.006460 0.006460
12 AL ESHEREARFR w, (Vigpe ) 0.06928 0.06928
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AHED NN U prnm=2.628 . U szun=2.839; Fx&XzhHn]
FIORNU TGRS X wrun=(11.004+2.628) pg/kg, 358
Z B X wnzen=(11.770£2.839) ng/kg.

4 &

AR SR FHTHOAR 38 3 RT3 PN R X P P v T M
L3 ve 22 B S gt A, AN o T 2 2R R T AR e
RHEA S e, ORI AU BEREARR, ks e 2 51 e i
RLRE BRI T E KNI AR L AR 5 | AR AN R S
B, AREYITAE | RS PREESES A BN B AT
ZWEATE o PRI, S R AT i 4 e S A B R K
PRI R S A B AED PR TR, AR bR o P R Y T
T REFIbR 2 MR A, /NI AN S T

SE R
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