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Abstract; To evaluate the uncertainty for determination of cortisone and hydrocortisone residues in pork by ultra
performance liquid chromatography — tandem mass spectrometry isotope internal standard method. Based on the
self — developed method XCZY - 051 Ultra liquid chromatography — tandem mass spectrometry for the detection of
clenbuterol and other 51 stimulants in animal derived foods and according to CNAS - GLO06 Guidance on

evaluating the uncertainty in chemical analysis, a mathematical model was established, then take the endogenous
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stimulants cortisone and hydrocortisone with the highest detection rate in pork as examples, the source of

uncertainty was analyzed and the synthetic standard uncertainty was calculated. When the cortisone residue in

pork was 3.386 wg/kg, the expanded uncertainty was 0. 4374 wg/kg(k =2). When the hydrocortisone residue in

pork was 7.866 pg/kg, the expanded uncertainty was 0. 9690 wg/kg(k =2). The uncertainty of measurement

mainly come from sample recovery, repeatability, the preparation of standards and curve fitting.

Key words: Cortisone; hydrocortisone ; uncertainty evaluation

A RV TT A& 0 B i
] B B4 A 7 955 B N TG 4 T 43 0 K ST 14 N TR
BOANTER R ED Y AT AR
PR AT (A I8 1 5 R 2%t il e 25 132 3h
SUE 2455, B JLAE B 4 4 1 i B PR 3
At 30 we/kg,

N T AR SRR IR R R LR ET
R AH G A AT A 2 AR B9 2 R AT N B B O
W AR PG AR G TR B R A
RE A5 ST R4 R A 24 ARSI i YRR €53 -
R I T ) I CNAS — GL106 (k27 3 Fh AR 1 8
FERITARTERE) T AL R R L L 51 Fh 4 R R
T FRAR I EUAR T PR ARG H 23 05 v, WO 32+ 3k 7
TiUHAT AR 1 IR 4 RIS TR 9T, I P47
INCHEA T AN 2 B A3 AT, R A 6 4% SR 1% e 1 B ]
SEPERR LR AR, Rl B S A SC 0 % kA
TR S S A S5 5 R FH BRI T N
e RS %
1 #R5HE
1.1 BE5%E TQ-S ERLmM 6% - Bk
(£ Waters [ #8 /A 7)) ; PL402 — L AV F K
(Hi-+ METTLER TOLEDO /3 7)) ; DU2AI2FV 4l
AL (FEATHIA ) s KQ — B A P s (R i i
FALAS A PR 1) 3 AutoEVA — 20Plus 4 [ 31 & K
Wi AL CERHMUAR A D) .
1.2 WA G AR AT IR AR BT AN
2% k=240 98.5% ) (AL S WEAR YRS A
BRSED) 5 AT BIRAFRIE T (AN 3% Lk =
230 FBE W 99. Sug/ml) (JbETE MR AW
BHEABR ) s EALTT B - D, bR vEY) 5 (R
SEPE 5% k=250 5 LN WE 100 ug/mL) (B

IRBERH AT PR 7] ) 5 BB (B 4, 56 [ Thermo
Fisher) ; Z M ( 8 46, 38 [ Thermo Fisher) ; H 2
(3 E Thermo Fisher) ; JTC/KBLEREH (Z3#r4h) .
oAU 1l g b BT i 57 294 GB/T 603
BIRLE 45 . K AT A GB/T 6682 BLAE I—2uK .
1.3 EE&1F
1.3.1 w4k FREGELFE 5.00 g(HTE +
0.01 g) F 50 mL HLIEEBE.LAEH A 100 pLiEH
A7 2 bR P DA, i TR 2T, A 10 mL1% iR
NG IRTETR T 10 min, LA 3 ¢ TCKBRER AN, IR i
PR3 2 min, 8000 r/min &> 5 min, L _EIE R T 5
— T ¥ 50 mL H 28 2.0 8 0, A 4
10 mL1% R O H A S i — Ik, & 9 BRI, K
HRE 2 mL FIERT 10 mL .08, T40 CF
BT HERRINA 1 mL 2 - 7K (50 +50,v/v)
VA R IRHEPR Y 1 min, 12 0.22 pm JE e 3E
R, BEWRAR 3 — HRIBE TR (I E
1.3.2 &34 (AiHE . Waters BEH C (2.1 x
100 mm, 1.7 wm) ; i SHAH S5 A AH.0. 1% H 2
KB AH:0. 1% PR P E; B EEVEME .0 ~ 1 min, 4E4F
95% A;1 ~2 min, A fHZMEE 4L 80% ;2 ~ 6 min,
A ML E 40% ;6 ~ 8 min, A AHER AR L 2
20% ;8 ~ 8.5 min, A Mk AL = 10% ;8. 5 ~
9.7 min, A H#4EHF 10% A;9.7 ~9.75 min, A 14k
PEASAE 2 0% 39. 75 ~ 12. 75 min, A AH4EFF 0% ;
12.75 ~12. 8 min, A tHLPEZE1L 2 95% ;12. 8 ~
15 min, A F4ERF 95% . ik :0. 35 mL/min, FEi
40 C
1.3.3  m#&EMH B s i
(ESI) ; 1E B F A =05 i 55 H 12 3200V 5 25 1~ IR il
JE:150 C;FA4iRE . 2 5B il (MRM) 5 T4
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Tab 1 Scan parameters of mass spectrometry

P MET  FEF MBEE e
(m/z) (m/z) (V) (eV)
331.2 35 17
AT Bk 407.2
282.1 35 38
CINISEIN 405. 1 3292 30 16
301.2 30 19
SALATARS -D;,  410.2 334.2 35 18

1.4 FREFERES FREAT P2 10 mg,
KEE o JHH B IT € 28 2 10 mL, BC S0k 2
4 1000. 8 pg/mL FRUERE AR , SR 5 KG 2 i H20 pL
A RAR TR #5400 WL AL AT RO RA PRI W 2
10 mL 25500, FHH B 5 B 8 2. 0 4. 0 pg/mL 1
TRAPRHET VR, R 1 mL IR A bR IR
F 10 mL 2 b BEE 45, BE 1 200 ng/mL
AT 400 ng/mL Z AL TT A TR A b ifE T VB
[ BG5BT mL AL AT AL - D, NAR IR TR 2
100 mL A5, FHH EERC I L g/ mLIY I FRAR
WETARW . PRIEVS IR E T - 20 CORAF

1.5 ApEd&ME  HU6 oS FIRER FEIR 1.3, 1 /Y
AbFHAE IS BN R AR, 43I 10 mL 2B - 7K
(50 +50,v/v) Wil s F R BT R, 43 IR %%t
L 0,100,200 ,300 ,400 800 ,1600 wL ¥E& i T
YEWT 74~ 10 mL 2800, £ i1 A 100 wL 9 N
P TARME, 28 B B0 WOE 25 20, e i
Ak AT kA R BE S B 0,48, 12,16, 32,
64 ng/mL; W] (AN ¥ BE 4300 2 0.2.4.6.8., 16,
32 ng/mLIFIRAFRUERINEW 3L 0. 22 pm JEJEUE
JRE, BEWROAR 3 — BRI BT {0

2 BERS5HH

2.1 FHEERFEAET

Cxfo_CXCiXAXASiXVXf 1()()()(1)
mxR ¢, xA xA xm xR * 1000

AP Xl A5 il P 1935 i, wg/kg s C—Aife

X =

TAERS W ARFINZH 53 (9 5 i ng/mL; C,— I N
PRI L ng/mlL; A—I 3 & FP 450 00 2 53 %) W6 T
B A —HR I TARWR AR Y 4 I TR 5 V—E 28K
B, mL; C,—F5 T AE % Wt N AR G vk B
ng/mL; A, —I R T AR A TR AR A —HR I T
VR PP R 0 2H 73 64 W 1D AR s m—HF S AR R i g
SRR R—I7 ik MR

2.2 AHERIFSN RERN T DL B
SRV ECA R RIR 3BT 5 A R RS | ST R AL
B B R B L0 B U, R R
B AR T 5 U, ) B 0 23 A B
BE U BRI S A R U, ]
NHIRBENE U, 5, I o TSP A B 52
FLARIR AT U 1.,

il ERIEE R

1 THEERER

Fig 1 Sources of uncertainty

2.3 AHEE R EWNITE

2.3.1 H&BHRFIANGRHLTE LREFHETFR
FRIREEE B R BERY FLVFIR 22N £0.05 g, & IR
Worki, k= 3, bRifERHEE R U, =0.05/
V3 =0.0289 g, FERFREEN 5 g, AR AREA B 2E
R U, =0.0289/5 =0.00577

2.3.2 HHBEEIINGRABEE (1) BT
AT B - IR JIG646 — 2006 ¢ F% I #4546 52 #L
)™ 10 mL.5 mL. 1 mL BV &8 A9 245 B AR i iR 22
3R 0.6% 0.5% F11.0% I Hi k= 3,
PRUEAR B EE N, Uy, =10 x 0. 6%/ /3 =
0.0346mL, U,, =2 x0.5%/+3 =0.00577mL,
U,, =1 x1.0%/+3 =0.00577 mL, B#EHTIA
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oA X b WE R B B . Uy, =
J(o. 0346/10)% x2 + (0.00577/2)>
+(0.00577/1)*

(2) BT RIASHN E - 9250 % e 5 Rl 2
(20 iz>°c,7kﬁﬁﬁﬁﬁﬂi<%‘<§&%2 1 x107*, ZHE R
JKZBTE 1.37 x 107, 2 . 7K (50: 50, v/v) Bk
AHET.9x107 ﬁxwmr“ﬁfﬂcﬁ%%ﬁ}%ﬁﬁ k=
V3,10 mL.5 mL F1 1 mL B A8 BIAREAG 22 BE 43
AU s =10 x2 x1.37 x 107/ /3 =0. 0158 mL

=0.00810,

JUpne =1x2x7.9x107*/43 =0.000912 mL,
U, =2x2x1.37 x107/ 43 =0.00316 mL, i
AL IR XS bR ME R Bl E BN Uy, =
(0.0158/10)* x2 + (0.00316/2)* + (0.000012/1)> =
0.00288, JUJAF: fit 7 25 5 | A B AR X R EAS B 2 By
U, = +/0.00810° +0.00288" =0.00860.,
2.3.3 AREMRIIANGRHZE (1) bRAEY R
Sl FE 5| A RASEA R B AR R MEY) BIE 4T $ T e
KT b =2 AR o 240 52 %) RE O AR AN 1 2 SR
Uy, =w/(px2), 032,

xR2 HEMRAESINNAIHEE
Tab 2 Uncertainty from the purity of standards

FrRUEY) B pAiE(%) u NHHERE(%) Uiy
GINEOEN 98.5 2 0.0102
ERIININEN 99.8 3 0.0150

(2) ARUE PR 5B AN AN E
HRPEFR R Bl R S, n] A RCR fe i
REN 0. 1 mg FEHIC MGk = 3, KR 2

A 6 R B U, = e
10.16 x /3

0. 00568
(3) PRV L i AR 5 ) AN o
PR P 32 A P ANH R B R TR
— BB E A SRS TS DA AR B 4K
HE J7G196 - 2006 & FH B ES B 25 )" F1JIG646 — 2006
(WA E R BER Y 00 (k = 3) 1T

SEIRETE (20 £2) CHYSER T HRIREE S | AR
BFAE 3 v T T R 2 2o R v JOT 6 R 11803 7900 Sy R B
20 CHIFEEA A 22 E00 1. 18 x 107 FARIE 4310
k= 3 AR R A A PR B A R Ry
2x1.18 x107*/+/3 =0.00136,
O At BC R BC 5 A AR XA AN o
10 mLA AR ARVFRZE R £0.02 mL, A
FEFEN U 55 =0.02/43 =0.0115 mL, EFI AR
REEREN U, =10 x0.00136 =0. 0136 mL, |
PR A 25 VR IC 1 51 A B4 R X A o R B B
Ugss = +/(0.0115/10)" +(0.0136/10)* =0.00178,,
QI AR L 5 A B AR bR AN o
v H ) v G 1 2ok A v BT IR 25 5 A 21
10 mL (4, H Ao iFiR 22 £0. 02 mL, i & b Bl 1 A
R AR N 200 L A1 1000 wL A4, 43 S FHL T 20 p,L
1400 L, HAFRZESHI R 4.0% 1.0% ,
AEE N .Uy, =0.02/3 =0.0115 mL, i
SIAPIARHEE R: U, =10 x0.00136 =0. 0136
mL, G AR R EANTEE R Uy, =
(0.0115/10)* + (0.0136/10)* = 0. 00178 ; ¥ &
ol A AH X BR S B E . Uy, =

(0.02 x4%/3)" +(0.4x1%/3)" /(0. 02 x
0.4) =0.0238, W& B 51 A B A& BE 3 5 R
U5 = +/(0.02 x0.00136)* + (0.4 x0.00136)>/
(0.02 x0.4) =0.00193 , WIFLI #% B A XS A B bR
AN E BN Uy, = +/0.0238% +0.00193° =
0. 0239, Al RIS 1A B A XT3 o AS 5 52 B H
Us ) = +/0.0239% +0.00178% =0.0240,

BRI FHIR S A AR BR A o i

P RSl FH VR P TG 1 ek R b i ) 9 25 10 R
A 2410 mL /), HATHERE N U ;s 5 =0.02/43 =
0.0115 mL; IREEGIABAHE LR Uy, =10 x
0.00136 =0.0136 mL, W25 55 )i A4 R X s o A B
JEHN: Uy, = +/(0.0115/10)% + (0.0136/10)* =
0.00178 ; T fifi RS W A8 72 1 mL (1, HOANHf 2
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H:Ug e =1 x1.0%/ /3 =0.00577 mL, iS5 A
R E BE SN 0. 00136 mL, WAL I 7 A AR X b v A
1 E & M
(0.00577/1)* + (0.00136/1)* = 0. 00593, 5 ik
TR 51 A I A X bR HEAS B 2 BE R U =
0.00178 +0.00593% =0.00619,
@IMANFRGIARAS E
WE SR 1 pe/mL AR HE TAER AR
TR 100 pL, Il FHEUAS W #4200 pL A, 25 45
FVFRZER 1.5% ,JWAHHEE R U5, =0. 1 x
1.5%/ /3 =0.000866 mL, i & 51 A f A % J&

U<34 17) =

H:U ;9 =0. 1 x0.00136 =0. 000136 mL, ] P #5
I B A X bR HE R B E BE N Uy, =
0.000866° +0.000136> /0.1 =0. 00877 ,

SR 2R L 5 1A AN 22

e i s o A ot 2, R B o I ORI e
AZO0.1 mLAMEWHEE 8 IK,A 0.2 mL 43 &
WA 1K, A 1 mL 2 W EAY 3 KA
2 mLAMEEWR S 1 I, A 210 mL KR 7 K,
P 7 il e T ) A AR S TN I AH X 9 S B o
DL 3, It 3 43 9 5 B AH X A 1 AN B BE Dy

U<3.22> =

0.0329% +0.00877% +0.0155> +0.0116> +0. 00593 +0.00454> +0.00389> =0. 0400,

®3 HAEHKESTRESINNAIHEE

Tab 3 Uncertainty from the preparation of standard curve

Nﬁi 5iH A%%0.1mL  A%0.2mL A%l mL A%l mL A%l mL A %2 mL Aé)xi1qm1

JE SR SYEEWREE SPEEWCERE ARG WS EWREE SRR AR
FEVFIRZE/mL +0. 002 +0.003 +0.008 +0.008 +0.008 +0.012 +0.02

ZIEERYE  BEUAT/mL 0.1 0.2 0.4 0.8 1.6 10
Rf s 0.0327 0. 00866 0.0154 0.0115 0.00577 0.00433 0.00306

IR RZE/C +2 +2 2 2 *2 )

WEERZE WKkRE/C-' 1.18x1073 1.18 x10 73 1.18 x10 73 1.18 x10 73 1.18x1073 1.18x107*  7.9x10~*
RHsE 0.00385 0.00136 0.00136 0.00136 0.00136 0.00136 0.00241
ARXTBR AT 2 0.0329 0.00877 0.0155 0.0116 0.00593 0.00454 0. 00389
YKL 8 1 1 1 1 7
T4 FREMZ
Tab 4 Standard curve
Y FE (ng/ml) VTR R LA A/A,
(T RS/ AR AT A2 ) AR ERLTINNEN

0/0 0.0323 0.0317 0.0322 0.123 0.114 0.116

2/4 0.153 0.154 0.151 0.587 0.574 0.569

4/8 0.306 0.319 0.318 1.160 1.137 1.146

6/12 0.493 0.552 0.527 1.934 1.948 1.887

8/16 0. 666 0.686 0.737 2.590 2.527 2.494

16/32 1.326 1.384 1.397 5.008 4.870 5.013

32/64 2.640 2.768 2.766 9.767 9.927 10.013

LT y=av+b
AR E

y=0.0851x +0.0042

0.9997

y =0.1544x +0.0248

0.9997
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ObRAE TAE MR BLA 5B E B

ARSI AT AN UL AT PR IR BRI T 7 A
AR BE s AR UE TR, B B A 3 9k, T
YERMZE LA MR e T B P Bm e T R LU AL (A/A, ) 2l
DNAFR  RUER IR IE (C,) R AL bR R H e/ —5fe
PG HHRGE /x84 B BlIE AR y =
ax +b(FHr o RERE b NIEE) . FTRYRA LTy
Tk v =0.0851x +0. 0042, F AL AT I FA LM 7 2 N
y =0.1544x +0.0248,, pruEfhZELR WK 4,

AT DN P TR i 11, HE g 5 SR D
5 (MEWCT-HIHWEE Cy2: ATAHA 1. 693 ng/mL
SALTT AL 3. 933 ng/mL) , WIAR E i 42 85145 7= 4
IBREAIR 2 B4 B 05

B (Co_é)z
P e-0)
Rl AR TR L% 22 M0 2

S 1 1

“aC,

U(3,23>

y; = (ax, +b):|2

n-2

>
AR, s = | -

BIFA R 0.0112, EAL AT HIFA A 0. 0392 ;2 MARIE T AE
<k (9 &% a] B9 AN 0. 0851, & 4k AT 1 A Ky
0. 15445 p RXFC M 72 WKL, p = 1150 NWARHER R

M RIUE 0 =215 C WFRHEERL T v | 7T A0
FAM 9. 714 ng/mL, E AL AT BIFA M 19. 429 ng/ml.,

(Cy, =€), AT B A K 64. 342, A4k AT B 4% N

240.113; Y, (C, - C)* , AT {9HAH 0. 00239, %ML

ATAIFAA 0.0293, PRIt i bRdE TAEMZIUA 5]
ABIARHE R, il A9F 4 0. 0308 , S AL T HIFA H 0.
0303, £ LIk, a] B4 B bm HEVE U5 | A B A X
WA E LN .

Uiy =

J 0.0102% +0.00568° +0. 00178 +0. 0240’
+0.00619° +0.00877° +0.0400” +0. 0308’
0.0581,

ST BRI PR A TR T 85 1A B R A 7 AN
SEEN :

U5, = v/0.0150% +0.0240° +0.00619* +0.00877* +0. 040> +0.0303* =0. 0586,
=5 HAPAHRMSUATHRUNESER
Tab 5 Determination of cortisone and hydrocortisone in pork
EEEA ST AL
s Frbed (g)
W C(ng/mL) it (peke) W C(ng/mL) it (png/kg)
1 5.00 1.8172 3.6344 3.9970 7.9939
2 5.00 1.5726 3.1452 3.4642 6.9283
3 5.00 1.7237 3.4474 3.7097 7.4195
4 5.00 1.5700 3. 1401 3.9798 7.9595
5 5.00 1.7554 3.5108 4.0392 8.0783
6 5.00 1. 9060 3.8119 3.9687 7.9373
7 5.00 1.7649 3.5298 4.0365 8.0730
8 5.00 1.5586 3. 1171 3.9662 7.9325
9 5.00 1.6584 3.3167 3.9888 7.9776
10 5.00 1.6575 3.3150 4.0160 8.0319
11 5.00 1.6375 3.2750 4.0973 8.1946
M 1.693 3.386 3.933 7.866
e fin 22 0.1114 0.2227 0.1836 0.3673
AN e i 0.0336 0.0672 0.0554 0.1107
AHXT AN 5 B2 0.0198 0.0198 0.0141 0.0141
2.3.4 EDKEIIANGRHLTE FEMATRINE  BONER AL PRI I ke S0 IR SRR
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23 FARE S RN IR U S AT A RS AN EULR T A B

FRAKE43 50K 4ug/kg Sug/kg, 25 AT IR 6 4y,

AR 20 50 I RT3 o G 560 DA Al o2 SF- 247 ] Wi R

EAS51.0F8ENER, BB H A0k

= 100% =R st g o5 wfs
rel(4)

B on -1 HHETASUMIGRAE :(0.05,5) =2.57

BEAT O, THAAR B ¢ (R T ull S5 T A% ¢ {6, W
FE IR T 1.0 A M2, P8 [l iR

RIS TESS R, KU, =

R x J6
BIRZERIWE 6, K 6 Al UL, AT AP FIE AL AT 1Y
FARITHE ¢ fH >2. 57, T LART (A8 RN AL AT B P -F
Pyl %A SRS R BT

F6 FHARAHMIISUATAHAE Y EER

Tab 6 Recovery results of cortisone and hydrocortisone in pork

[m] i 5

Pl B2 MIOTRRE B i

4oy - RIEN

1 2 3 4 5 R /% s/ % Useaa
AT 82.5 92.5 83.4 87.5 86.3 88.5 86.8 3.66 0.0172 7.56
ATk 96.1 98.7 97.0  95.7 100.6  98.7 97.8 1.85 0.00773 2.59

2.3.5 FAMIINGRHBEE  HES BEIE
AT, AT R VAR T A Y B i 5 ik 3. 386,
7.866 wg/kg HUREAIRE S SFATINE 11 WK ER
W B2 X BRIEGR 22 S 45 MBI AR,
Uiy = S/ /I, Uy = U /X, H B S50
%5,

2.3.6 RHEEGERAERET AP
it B E A SRR BT D A TRl A
AN E 85 43 i AH B ST K 45 AN T 8 1EA T &
B, RIS AT & A U, 4% N S35 20 nT
YA 0. 0646 , Z AL AT HY#L 0. 0616, T LU AT [ #A )
B FRUEASHHE FE 0. 0646 x 3.386 =0. 2187, &
AL AT BIRA 7 0. 0616 x 7. 866 =0. 4845, ELAARLE H I,
z®7,

2 2 P P 2
U= VUy” + Uiy + Uiy + Uy + U s,

re re

2.3.7 FREARHEE HEBEFEKFEHN 5%, B
T k=2, W AT AR RIS AT BRI ANER A B )
BN Ui =0. 4374 Ui = 0. 9690 , Fx 2845 5
AR N AT (P 5 5 Xy = (3.386 +0.4374)
pe/kg, AL T B AN & B Xopupn = (7. 866 +
0.9690) we/kg.,

RT THEESBITER

Tab 7 Evaluation scale of uncertainty components

AW B
Eiu
B AL AT

Urar 1y B G PR 0.00577 0.00577
Ui 2) i E 2 0. 00860 0. 00860
U 3) B EY BT 0.0581 0.0586
Ut (4) EEs 0.0172 0.00773
U (s) Ei¥=Rca 0.0198 0.0141
AHXT & BATRERE  0.0646 0.0616

G IAREAIERE  0.2187 0.4845

PR 2 0.4374 0.9690

3 &

AR SCA AT R b R] AT A R SR T RS
B B SRR T RE A [ iR H R AR T I
N R AR B A R R0 E B, FE i SOR W
FHTAL A FALA R, TR 5 AR R T DL R4
B R o R U R EA R, I, —J2
PsE N GLEEUI, AR SRR, DLl A R 5
NI ANGH A2 BE 5 2 F- B i A g i 40 DR 37, K
TERHE B AR A (A 04 4% T T4 R AL T
PG 2, /0 ol T AR AR E P T L R g iR



rp 2 A% AR 2022 4F 11 A 56 56 B4 11 11

Chinese Journal of Veterinary Drug

-55 .

%

IR AEARME T A i 2R BT LA S B4k B A

A WU R T i 2 (0 T ) — i 2 2 ol A s O A
TR, LA/ NI AN 5

B3
(1] 28, % 2%, Wadline, S5 RIS OB R AL AT 00

TEAMII]. EERHE, 2021,42(16) : 26 -266.
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