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Abstract; To evaluate the uncertainty of the determination of tetracyclines residues in pig muscle by Liquid
Chromatography — tandem Mass Spectrometry (LC — MS/MS). According to GB/T 21317 — 2007 Determination of
tetracycline residues in food of animal origin by high performance liquid chromatography — tandem mass spectrometry
method and high performance liquid chromatography method, relevant mathematical models were established to
analyze and evaluate the sources of uncertainty in the LC — MS/MS experiment. When the content of
oxytetracycline, tetracycline, aureomycin, doxytetracycline in pig muscle was 50.05 42. 81 42.45 41.60 pg/kg by
LC - MS/MS, its extended relative uncertainty was 5.44, 6.72, 2.86, and 4. 80 pg/keg (k=2), respectively. The
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uncertainty of detection results is mainly affected by recovery rate, standard substance and working curve fitting.

Key words: Tetracycline drug; Uncertainty; LC — MS/MS

N5 AN B 2 FRAF A 38 b DU 3 e 00 16 1
SYEPE RN A5 R PR A HE AR . AN E B DN,
JIF AR B 0 e 25 R 55 0k I o Y SRR T, SRR
A LA I 2 45 A 0] 2 A% R s v B T 4
TR E B P22 , 1S017025 — 2017 (5 i A AG: i
SR BE 7 03 R R ) BT R YN o
SR A5 A RN A G, & e A A
BRSO A B e B BB A AT A PR A
RS A EEREE Y,

WARERAY F LA LR WK &HR
R R E I H AT 2Bk N A2 i —
FHiAERED ) IR TR F RO gk
TR LT — BRI g k™ 0 X ook B i E A T A
T X AN A2 BE AR AT 22 D ARGE 0 (0 H R
W A LR FHVBOAE 3% — JR I BT 35 1% (LC — MS/MS)
X5 PR R DY AR 2R S 2 ) A T AN 0 B DY (40

K HH GB/T 21317 — 2007 K I 77 32, 4 4
CNAS - GL 006 — 2019 1&2% 43 B H AN 1 2 i 1) PF
fEFEEE) OV JIF 1059. 1 — 2012 (5 S8 5 BT
EHFRY TR R LC - MS/MS X5 A b+
i WU ST WL DI 52 i E N
JEHAT /T 5VEE, BTE R S R IR 45 R0 T SE 1,
SRy S B A 1) IO e A T B (AR AR
1 #R5H®
L1 EEMHELERA  WAHERE - 8BTS AL
AB 5500Q ( & [E ABI SCIEX 22 #]) ; HL T3 H1 K-
XP205 (Fi+ METTLER TOLEDO A #]) .

Xof HE ) 3K H {5 = Dr. Ehenrnstorfer 23 7], £k

MRt 8 &, T 1.96.02% , RHfEE.0.19% ; $h R
PUIRE , & 8. 97. 15% , AHIE 0. 18% ; $hiiR 4>

T:92.5% ,AHHESE 5. 0% ; Eh IR R 1
2, 55.99.3% , AHEE2.0% ,

Oasis HLB FEIAHZEHURE (60 mg/3 mL, 3E[E Wa-
ters 2N A, L ORE (Aikal, f5E Merck 2AH]) ;
HeeilRs s brat,

1.2 Wik

1.2.1 H&aTdE  EFRBUERIREE S gk
% 0.01 g)F 50 mL Z.LEH, ITA 0.1 mol/L ED-
TA — Mecllvaine 2% W #% 20 mL, #& % 10 min,
10000 rpm 5.0y, I W, EE PRI —IK, B IFM
YARBOR , JH 0. 1 mol/L EDTA — Mcllvaine & %5 T
50.00 mL 2, 22Uk, W10, 0 mL S BOR T
% HLB & AR AL B (AR O 5 mL |
BE,5 mL K BEATIE AL ) SR BORE T 5 430 ] 5 mL
JKFN5 mL 5% WP EOKFEATIHGE, # /5 1 10 mL H
B - ZFR TR (1 +9) (V/V) Ve, Vel A 2
ZT, M 1.0 mL 10% B W% i 5k i,
0.22 um A HUAHIEREE, 4t LC - MS/MS W& .
1.2.2 ARk Bes) EEARIEER L ER
27.65 mg, TR VU K 27. 93 mg, HhR & &H &R
28.62 mg,EhMR IR 1B FK 26. 19 mg T 4 4> 25 mlL
B, WA AR T 0 2 A O DU PR R bR I 5
W o KGRI R IERR A5 1. 0 mL T[A]— 100 mL
A, H 70% WREE 2 19 BIARE TAEW ., P
FH 10% F SR B, A5 21 45 41 4 Wk B 43 0 20 2k 10,
20.50,100 200 ng/mlL (% BRI , AL

M

R1 REBRRAES
Tab 1 Preparation of Standard Solution

GERER A R i O LR XA v, /(g - L)
LR TEE 96.2%  92.7% 28.70 1.022 10.22 1022, 20.44, 51.10, 102.2, 204. 4
EINYUTEIS- 96.2%  92.4% 28.20 1.003 10.03 10.03, 20.06, 50.15, 100.3, 200.6
HREER 92.9%  92.9% 29.04 1.002 10.02 10.22, 20.44, 51.10, 102.2, 204.4
R NTEE  99.3%  92.9% 27.19 1.003 10.03 10.03, 20.06, 50.15, 100.3, 200.6
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1.2.3 MBEFMH Ok, Agilent C18 A3 T
(4.6 mm x 100 mm,1.7 pm) ; A 0. 25 mL/min;
FEIR R 30 C 3 iERE .S L 3 sl AR B VR R P
g2,

2 BERBRERF

Tab 2 Gradient elution procedure

Bt ]/ Time 0. 1% HRR/KER/ % 0. 1% FIRH BT %
0.0 90 10
1.0 90 90
8.0 10 90
8.5 90 90
10.0 90 10
*3 sREENEG
Tab3 MRM Mass condition
& 4y MR T FE B DP EP CE
THE  461.1>426.1  461.1>426.1 55.0 10.0 25.0
461.1>443.0 10.0 18.0

PURE  445.1>427.0 445.1>427.0 80.0 10.0 24.0
445.1>410.0 80.0 10.0 27.0
479.1>443.9  479.1>443.9 80.0 10.0 28.0

479.1>461.9 80.0 10.0 23.0
WESIEEE  445.1>428.0  445.1>428.0 70.0 10.0 24.0

445.1>154.0 55.0 10.0 37.0

1.2.4 e eyt g R AR Ry Jr 2, Bk
W5 By 20 5..00 g B4 A 25 IR A, S O 2
ZXYTAEW 0. 025 mL, il & BNz K F- 25
50 pg/kg MIPHPEARINAE M, 4% 1. 2.1 M REREAT
AL BS , #2 1. 2. 3 AR A PFREAT A I, 315 1]
g

2 HFEAIMES

AR R IBZE SRELE /L2 et R R RN W
_AXC XV, xV,

mxA; xV,
2 X R R S A R ke
m B AR g
A AR A H AR A P IR
As  FRAEF TR F AR AL £ 0 B g T A
Cs: b3 5 0P M DL H B A & W 09 e 2

ng/mL;

v, BREBURRS AR, mL;

V, it HLB [EIAHAE B0 A S BUR AR, mL;

V, & AR, mL,
3 AWEERBESSH

AR AN 7 125 LA S KA AR R TR rp DU PR 3R 26
P2 B R AN B Ay i ORI

Uy FEGFREE GBI E BE

U,y FERE RS TIARIANE BE 5

U, o3  FRHERI BT AR ANHf A E

U, o 2 BCRG A ANH 22 BE 5

U, sy IR 2 BEATLSON 5 A AT 5 i
4 THEEHENITE
4.1 HEREINNFHEE LREHTFRT
PR IE BRI e R iR 220 £0.5 g, JHTE
Sk =3 WREARTRERE N U, =0.5/43 =
0.2887 . FEMFRFET R 5 o, AHXIHRIEAHE BN .
Uiy, =0.2887/5 = 5.774 x 107,
4.2 FERERIINNTHEE
4.2.1 BEMABRERNEINGRHEE K
#iE JIG 196 — 2006 FHBLBE fE 2546 2 MLAR Y A
2% 50 mL A EIH 10 mL IR 1 mL ZE B RS
AR AR 225331 £0.05, £0.020, +0.008 mL,
AR A k=3, 0 50 mL 25 .10 mL B
B 1 mL Z B W A 5 5] 0 AR TR 2
JEH .

Uai :499§f=5fﬁ4x104mL,
J3 x50
Usb, = 0020 _ ' 455 & 107 mL,
J3 %10
M“>=QJE§=462XIV3M5
B x1
RIS TR FARI AR EAT0E
U(2.4> =
0.0005774° +0.001155" + 0. 004619 = 4. 656 x
107
4.2.2 BEFINGRFEE  BEER R R

JE 20 °C, LI % SRR H D 20 C 3 C,
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IKAEMGIRE N IR R B8R 1.80 x 10 7 B IR
AR A Ak =3 ,50 mL A4 .10 mL B
BT mL Z0 B AR AN 2 B 3 )R
Uss) =50 x2x1.80 x 107/3 =0.1039 ,
Upbe =10x2x1.80 x107°//3 =0.02079 ,
Upay =1.0x2x1.807/3 =0.002079 ,
TR AR AL B A AR SR AN 2 B
Uosg =

(0.1039/50)* + (0.02079/10)* + (0.002079/1.0)° =
3.60 x 107

Uyo = /(4.656 x107)% + (3.60 x 107)* =
5.885 x 107°

4.3 AEH RGN

4.3.1 FREDRAEEIINGRAHZE  RIEFrUE
YIUEAS  F AT 0 A, k = 3 BRdEY) T 4l 5 i A
SAREARTEE R : Uy, = w/(p x3) K4,
4.3.2 WENFHREIANNLHEE HFRF
ARG E UE PR AL VR IR 25 0 £ 0. 01 mg, ¥ AP
O3 ko= 3 R UER) BTRR BT A G AR AR TS B

0.01

TN Uy, = — 4,
B SE 25 AR BRUEAS B B mx 3
F4 EYMRGENENRERHEE
Tab 4 Standard uncertainty of purity
A 5y p i/ % u RNH0EE/ % Uiy FREERE m/mg EFREE V/mL U
THE 96.2 0.19 0.00114 28.70 25.00 2.01 x10~*
U R 96.2 0.18 0.00108 28.20 25.00 2.05 %10
SHR 92.9 5.0 0.00311 29.04 25.00 2.00 x 10 ~*
W R 99.3 2.0 0.00116 27.19 25.00 2.12x107*
4.3.3 MEESRTEFAGRBLE 25 mL A WIESRE HMIXT A bR EARTE N .

R AVFIREN £0.03 mL, FRIEE 010,k =

B OREARTEE R U, = O'ﬁﬁ = 0.0173 mL,

LY A AR AR B F (20 £2) C, AT K
FEON 124 x 107  BRUERTERE N : Uy, =

25 x2 x1.24 x107°
3

G R AR R B Uy, =

0.0173% + 0. 0358
25

4.3.4 FEIVFRIANGRAZE 1 mL A HKH

PRERB W AE I LR 250 £0. 007 mL, B4 R

= 3.58 x 1072 mL, WARHERE

=1.59 x107*

MERHTEIEN : U =07 = 0. 00404 m. o3

2 R AR AN R R
1 x2x1.24 x107°
A

Usqy = = 0.00143 mL,

0. 00404 + 0.00143°
1

100 mL Z¥5f) FLVFIR 224 0. 10 mL, brifE

K%%Eﬂg: U(3_9) = (1/3710 = 0. 0577 HIL, Eﬁﬁ?ﬂ@ﬂ%

Usg = = 0.00484

JRZRECH 1. 24 x 1077, 15 BE 52 00 A9 A 1 AS 1 o 2
N 100 x2 x1.24 x107°
j‘:’: U(3.10) = ﬁ

W75 AR X B R EAN T E R Uy, =

0.0577% + 0. 14327
100

AR R R bR R B B B R, Uy =
0.00484% +0.00154” = 5.08 x 107 ,

4.3.5 AFEIAFHMKREF FINGRHETE il

B10.1,0.2.0.5.1.0.2.0 mL FrAEFEIREE] 100 mL %

i, 109% W H0E 25, 15 BIhRiE TARR IR

B TAER T R AR S PRI WL 5

= 0. 1432 mL,

= 0.00154 , 5 [a] 3 =
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x5 EHIRETIEHEBRRSINNAHEE

Tab 5 Uncertainty introduced by standard solution preparation

R E % A A Y1 mL o A% 1 mL A A1 mlL 4 E A%l mLorJE AZ%%2 mLBFR A% 100 mL B
B UR ) W i A W i WG A g i LRI A (2 Roaw)iil
ZIFIRYE  AVFIRZE/mL +0.008 +0.008 +0.008 +0.008 +0.010 +0.10
B BURF/mL 0.1 0.2 0.5 1.0 2.0 100.0
AN 0. 00462 0. 00462 0. 00462 0. 00462 0.00577 0.00577
WERE  EERZE/C 2 2 2 2 +2 )
Wik 2% C ! 2.1x107* 2.1x107% 2.1x107* 2.1x107* 2.1x107* 2.1x107*
AT 2.42 %1073 4.84 x1073 1.21 x107* 2.42x107* 4.84 1074 2.42 x10 72
FHRAH & S 0. 0462 0.0231 0.00924 0. 00462 0. 00290 2.49 x10~*
i B 1 1 1 1 1 5
Uiy = 0. 04627 +0.0231% + 0.00924% + 0. 00462% + 0. 00290 + 5 x 0.000249*> = 0. 0528

4.3.6 HFEBEMESIIANGRAHTE MhrfET
VEVSHRY 5 A 24350 E 1K, 75 2 R 1Y) 60,135 06
R, R i/ NIk AT B A5 8 R R DU
R AOHR BRAOAZRMEIAMLE T, HBE54
SY R ZME A )5 FE S M R B R+ B R y =
0. 8434x + 3. 4863, R* = 0. 9996; U} K.y =
1.0153x + 0. 2832, R* = 0. 9993; & % .y =
1.0142x + 0. 5395, R* = 0. 9991; 38 1 K.y =

ZhEZ(WLF6)

Horbr, n pRifE R B S, n =5;
o HRBE Ry a, TR A S0 0 T A
¥ /ZU“ H «, 1‘2/\ﬁ/¢ﬂiﬂ?£ﬁ7‘r1@ﬁ+§%; EELib]
A5 TR E R B U T
HHEARE TAERIZAU ST AR RERE (R 6) .

1.013x 0. 1466, R* =0.9997 , T3 b ifi: 1 2k 1 5%
xRo6 IEHZNAWHERE
Tab 6 The standard uncertaintyof the standard curve
Hor Yi y s ¢ x Ui
+H/R 10.11.21.21 48.15 .90.25 (175.25 12.11, 20.73,46.58, 89.68, 175.88 1.57 52.05 77.67 0.641
7S 9.52.21.83 48.95.105.17 ,202.92 10.47 .20.56 ,50.20,102. 12 ,203.95 2.18 42.81 76.23 0.668
SB/ER 9.55.22.47 48.74 .105.38 ,202.73 10.70,20.86 ,51.35,102.16 ,203.78 2.72 42.45 76.15 0. 668
[iWiE:5- 9.86.,21.27 48.73.102.67 ,202. 84 10.01.,20.17 ,50. 66 ,101.46 ,203. 06 1.47 40. 16 76.23 0.670
s 1 1 (E —92)2 E*S$ﬁ7ﬁ@%ﬂ(J§£§$%7ﬁ§,
Vow =3 [+t b R 2R BRI

2 (x; - 7)?

n: S5 RUEI A R BE DL n =5
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p o BHMEB A I E R, p =5 x; MCUERNZR A S R | ng/mL;
x MHERNZE P AT MR BE s F- 241, ng/mL; Xof b RARUER) T 2% 23 i AN BE AT B L,
c : FRYEASIRE S EALINE R Ve BE 1 (0, AR BARXT & R EATERE (3R T) .
ng/mL;
R7 ENRBENSBRESHEE
Tab 7 The related combined standard uncertainty of standard substance
P afifiz Firid W& W E 75 TAEW % FRETAEIZ bRt R E ARXT & AR HEAS
U(3.]) U(3.) U(3.5) U(3.]2) U(3.l3) U(3_14) %’KE’E Un:l(S)
+HE 0.00114 2.01 x107* 0.00159 0. 00508 0.0528 0.641 0.643
I E 0.00108 2.05 x10~* 0.00159 0.00508 0.0528 0.668 0.670
SHEE 0.00311 2.00 x10°* 0.00159 0. 00508 0.0528 0. 668 0.670
RN ER 0.00116 2.12x107* 0.00159 0. 00508 0.0528 0.670 0.672
Uus = VUah P+ Ug.o T+ Ugs.s) T+ Ui L+ Ugs.is 4 Ugia ’

4.4 BMCEI RN RN TATRES WAL R % e i
WHO A AR I D R R RS ARARHE R (R8)
SRR 1.2, 4 B 5 5 0 AR

xS EUYERSINKAHEE

Tab 8 The uncertainty evaluation introduced by recovery rate

e TERER BT X g/ k) n@i% PR ok R A
B i weke) Wi bikE PRI BREGE EREE A
1 2 3 4 5 X(pgkg) S(rg/ke)  7(%) S,/ % EUgw  E Ul
+HE 51.10 55.08 55.68 49.23 49.72 50.55  52.05 3.08 101. 86 6.03  0.007 2.64 0.059
VU E 50.15 40.30 47.74 39.46 42.74 40.83  42.81 3.15 83.70 6.16  0.050 3.29 0.073
SHER 51.10 41.22 41.52 43.99 42.14 43.38 42.45 1.19 83.07 2.34  0.134 1.26 0.028
N ER 50. 15 39.98 45.21 41.75 40.89 40.16 41.60 2.14 81.32 4.18 0.081 2.30 0.051
U - S, 2.776, B 18 % 1 =0. 081 <2.776, K MG i &
x5 P22 5 AR FH 3R TE
S, + [T A o ff 22 , - 1100% — 71
o R 1 U

St ECRR A I AT BB, ek 4.5 MIALBUSSI NS A s 2 X InbRkEah B M
M2 R R E AT MRS E (£ 8) . M TS U BENIUN 5 ARIRIXTAGIEE (3 8) o

f=4 W A IRFMER 1(0.05,4) =2.776,, HiFK 8 oS
rel(5) T

AL S R EE R R - 1 =0.007 < C
2.776 MU E 1 =0.050 <2.776, &5 & 1 =0. 134 < S+ BEPE TS IR Sty 35 00 000 2 (s A e 2
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X : BRSSO St 5 e 0 20
5 BREIRERHEEITE
Fh L TR A AR AN R B 5 UM PR PP DU 3R 3R 2R

PR B B A AR IE AN B G B OB 5 I 1 K =
2 MY RN E S (EAAER Y 95% WAL
T)(&9):

®9 HEMNIRERTHEE

Tab 9 Relative standard uncertainty

s FHXF AN i AXERTERE RS
Ui (1) Uit (2) Ui 3) Ut (a) Ui (s) Uva U/(pg-kg™")
THE% 0.005774 0.0005885 0.643 2.64 0.059 2.72 5.44
PUER % 0.005774 0. 0005885 0.670 3.29 0.073 3.36 6.72
EHR 0.005774 0.0005885 0.670 1.26 0.028 1.43 2.86
WA 0. 005774 0. 0005885 0.672 2.30 0.051 2.40 4.80

= Uy + Uiy + Unasy + Uiy + Uy,
U=KxU,

WO 35 — A3 55T 335 (S0 5 4 P o IO 2R 3R 26

POPBRHEE R TR N LFFR (50.05 £5.44) pg/

kg JUFRE (42.81 £6.72) pe/kg 7 K (42.45 +

2.86) ng/kg 5k I E R (41.60 £4.80) peg/kg.

6 %4 &

TRAF AT — B I0C B 335 1ok 0 7 % PR v 4 o D A
B2 BR B 0N E BE 2 SO IR AR S e R
BRI T A B EY) BRI BERLAON o PRI 7
SR AGIN A Hh AT LA 2o 1 S5 56 % SOP SR AL
ANTRIRGIN N 5% (R #RAE ed A , TE 4R B8 O vy 119 B 3
A HEAT AR TR VR A TEC A el B AL 158 22 Df B8 v A6 D
SR ER M
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