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Uncertainty evaluation for the determination of tetracycline drug residues in
milk by high performance liquid chromatography
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ABSTRACT: Objective To evaluate the uncertainty of the determination of tetracycline drug residues in milk by
high performance liquid chromatography. Methods 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 high performance liquid chromatography experiment. Results When the
content of oxytetracycline, tetracycline, aureomycin, deoxytetracycline in milk was 0.939, 0.825, 0.838, 0.900 mg/kg
by high performance liquid chromatography, its extended relative uncertainty was 0.078, 0.073, 0.081, 0.078 mg/kg
(k=2), respectively. Conclusion The uncertainty of detection results is mainly affected by standard solution
preparation, working curve fitting and sample recovery rate.
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W EEpAZ TR EE . WHE, &5FK
Ao Sy a2 N, AR, PURACRLE, 2 H R E
FATE R W — 2 p R %2 WA 2F 2 i oot
o, AT ACBT AR R, EBT A I R R 2R 1
W, FRER MM AR, @B T E R
e 1O G B A 4 v U B 26 2 2 B B ARG 2 3R
0 AR TR € 3 s S0 A € 33 R BB R i 11101 oy
ML FRAE Y 2 4 2, ARLFRTE 235 SR H
TSR REYEIYEEER PN RERE S, (HE
T R R BRI 4 Rl 2R B IR TR A2 B TR
HIIRIE . A SCIRHE GB/T 21317-2007 § S IE £ it P g
B E 2Bk R R A vk VRO 1 - R Tk S
Mo A ) U2 CNAS-GL 006-2019 { k234 H A
W B PEA 1E R ) 1P JJF 1059.1-2012 (AR H# &
BEPERE 5 R WABRHE, X 8 OR300 5 2R v
HRE. WUAER. &8 F AR E 80 A6
T 572, B 73 A IR 45 F 1% A B A Al Pk
W TR SRS

2 MREREE

21 UE5EH

Agilent 1260 =3B AH IS (EE Agilent 23 F]);
XPE105 H, K (F% 1 METTLER TOLEDO 2\ #]); #i4f
K KA 4% (T8 [ Think-lab 28 H]); KQ-250DE # 7 I i Uk
(R AR A BR AT, STL6 il &0 HL(3EE
Thermo Fisher 24 7); AUTO EVA 4 [ shk 45 L (E 1%
(/NG

R R (R 96.02%, AHIEE: 1.68%). EhR
PUFRZE (R it 94.23%, AHEE: 1.40%). HhMEER
(T 99.5%, AHERE: 2.0%). HhERE WEZE (T a:
98.7%, AHfAEEE: 1.0%)({% [ Dr.Ehenrnstorfer Gmbh 2%
ml); B, MG (@S, fEE Merck A W), ZRITE.
SEALB G, EE CNW AR L WM 28 4
(O3 brt, KRS A A0 A BRA W), FE R . —
WMt 22 sk bR A R, BEIR A A (5
Mrali, iR aib DA R $hig gk, V6B
A BRA W) A AHLAIERE(0.22 pm, K HHE A F);
Oasis HLB [# 4025 B4 (60 mg,3 mL, Z5[E Agela /A #]),
22 TWHE
22,1 HEATAE

HEFIFRIBUAEURAE 5 g R 0.1 mg) T 50 mL B0
&, 0.lmol/L EDTA-Mcllvaine 2% w15 it )5 & 45 &

50 mL &, RS, WOKIBEB 10 min, %2 50 mL &
HwBELEDR, BWHZE 0 °C, WIKEE.L, o, R
10.0 mL $2EHE %R E HLB [BEAFEBGE: - (6 A RTHR A
5 mL I, 5 mL K76 k), $RBORET/5 50 51H 5 mL
JKFT 5 mL 5% F BK SEA Tk e, T )5 A 10 mL FFE- 2.1
BRIV BEL, VEB AR £ T, 0.5 mL H EE-
10 mmol/L =% ZB/KIFER (1+19)(VIV)E ki, 0.22 um
AT ATURE B IEE S 0, AL e AR RO B A 7
222 ARG

WERAFRER 252 28.38 mg, VUIFE 26.97 mg, B
25.76 mg, N F R 27.87 mg TA[F 25 mL &8, fn
A 10 mL FEBEFER, »HESHEER, 75, Eh
PRUERE R TR o WERR LB AS FRUERE 25 WK 1.0 mL F[R]l— 10mL
KT, F EDTA-Mcllvaine 2 ik E 2, 15 2FruEH ]
W, FREAR AT RIbRE TR, SARELIN 1.5,
10, 20. 30 pg/mL.
223 BBELEH

g B Inertsil Cy (B3 H: (4.6 mm»250 mm,
3.5 pm); WiEE: 1.5 mL/min; A£#R: 30 °C; @kt 10 pL;
Kl 350 nm; G SRS BEVRIAR P LR 1.

®1 BERBRERF

Table 1 Gradient elution procedure

B[] /min /% ZHE/% 10 mmol/L =3 Z.BR/%
0 1 4 95
5 6 24 70
9 7 28 65
12 0 35 65
15 0 35 65
15.1 1 4 95
20 1 4 95

224 FHEEHFHRNES
A SRR M 2 A iR AR X = G XY
mx Rx Ay
Xo HHK AL PRI AL B i, mg/kg; me AR R, g;
R FFIUZH 2 A IEDISCR s Ay s o i 8 0 P o D 26 40 P e T
U A BRI R AR A 4 A I T AL, Ve B VA TR R R
550, mL; Cy: XF HR VAR P AR AL 53 (R B2, pg/mL

3 HZRED

3.0 AHHEEFRIBES
PR A I J7 1 L e B2 i ), 2R A vp U IR R 2R 2




5090 B A TR A ETRNES
B AN E BE A 1 ORI U FEA BRI ABIAS ®2 FOEMRAE A RETHE R
W Urel(z)ﬁélﬁn%ﬁg |10 Ure1(3)7ﬁ‘7/$%ﬁg[ Table 2 Standard uncertainty of purity
A RBERE; Uy TS ARG 5 Uy Wik PR PR URBEE% Vo
2 HR BEMLAON B 1A B AN 22 BE o +HEE 96.02 1.68 0.0101
2 2 2 DY 94.23 1.40 0.00858
FEAW: U = U ety 7Y “rei2) +Y el ) o
+U 2rel(4) +U zrel(s) SRR 99.5 2.0 0.0116
o e RIIER 98.7 1.0 0.00585
32 THREESERTE
32,1 HAREIIANG R LA
SR E TR E U BRI R IRE N £33 EYRIRE R IET#E R
0.1 BTG . K \/g bR W R W Table 3 Standard uncertainty of weighting
.1 mg, 1 , = , MR N E :
. . Moy FRFE & m/mg Uga.
Uqpy =0.0001/43 =5.77x107 g . FEEFRFER 5 g, A - 2
5 5 THR 28.38 0.000203
STFRERHIERE A U, =5.77x107 /5=1.15x107
S i o 101y =270 ) EIS 26.97 0.000214
322 M TING RAEE o
() RE RIS HERS 202 51 A ORTSE FE: fichis 11G R 2576 0.000224
196-2006 { # FIBLHS A6 E LA ) (%)) A 9% 50 mL %54k SRR 27.87 0.000207

. 10 mL BB . | mL ZIE RIS i K SRiFiR 2553 31
H£0.05. £0.020. +0.008 mL, A4, k=+3, bRk
AW N Ugpy=005/43=00289 mL, U, =
0.020/4/3=0.0115 mL, U ;3 =0.008/~/3 =0.00462 mL,
25 HOM O R W 5N M X AR E N B E R R
Upns - \/(0.0289 /50)% +(0.0115/10)2

+(0.00462 / 0.5)?

() B 5 A A T B SE O S R R Y 2
(2042) °C, KHYIIK R E  2.1x107, RBEIR EE AR k348
534, k=3, 50 mL Z4i. 10 mL BHA A 1 mL %]
JIE 7% WA 1) B S 0 R JEE 20 3 O U g5y = 50x 2% 2.1

1074 /43200121, Upg =10x2x2.1x107/4/3=0.00242 ,

=9.33x107°

U7y =0.5x2x2.1x107* /+/3=0.000121 (mL), i J& 75 1k
5008 M M X W MO B oE B N
\/(0.0121 /50)% +(0.00242 /10)*
Upsg) = 5
+(0.000121/0.5)
FE B A 5 A A X AR S B E R
Usei) = (933x107°)> + (4.19x104)% =9.34x107
323 ARBEMRFING RA T
(DFRUEY) B 2 B 51 A B AN 58 B AR A br v W) R IE
T, HHETEAE, k=3, bRIEYFRALE A R AN A
R Ugyy =u/(px~3), W& 2.
QIR MEY ARSI AP E R T R A K
TE B ER AL 1 21 1522 20,01 mg, HHEIK MM, k=3,
bR e W BT ORR B O5IOA MM X bR E RS B OE R
Uiy =0.01/ (mx+3), L% 3.

=4.19x107% .

QbR IERE A RUE 257 B M ASH 2 2 25 mL A 45t
AL VFIR 2% H£0.03 mL, HHTHME, k=3, PRERH
EIE R U3, =0.03/33=0.0173 mL, S0 % AR A%
PRI (2042) °C, HIEERIIZAK RECH 1.24x107, FRIEAR
B 5E B 90 Uy =25%2x1.24x107° /4/3=0.0358 mL,
M bR AE B A5 W E 257 A B9 A X bR UHE R B E R
Ugas) = V0.0173% +0.0358% /25=1.59x107 .

(DOPRER AR E R 1 mL A HRBRE
o BR 25 R £0.008 mL, B R AR HE S 0 8
U =0.008/+/3 =0.00462 mL, 371 5 W 5 A< iy
SEHEN: Ugq) =1x2x1.24x107/4/3=0.00143 mL, /%
WO MO N A N R AN e
Ui =/0.004622 +0.00143% /1=0.00484 . 10 mL %t
M fo R 25 4 £0.020 mL, Fr ME N B OE E N
Uag) =0.020/4/3=00115 mL, KRBIKREN 2.1x10%,

o O om oM o M A B OE EH
U0 =10x2x2.1x107 /4/3 =0.00242 mL, %5 i A9
MoX A& W B M N W oE BN

Ua =0.0115% +0.00242% /10 = 0.00118 ., ki 7
EOMOM X A& R A R B oE Ok
U1z = v0.00484% +0.00118 = 4.98 107> .

(S)PRAfE TAERRZE B ARSI E B 432 1L 3.0.2.0.,
1.0, 05 mL #ruEFEHEZE 10 mL A&, H
EDTA-Mcllvaine Z M E 7, BH 1.0 mL 10 pg/mL 453,
FEAE 10 mL AR, fRFRE TAEMZ . bRl AR
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oA X A R R M A B O R
0.002907 + 2 x 0.00405% + 0.00290>

U(3‘13) = 2 ) =0.0130
+0.00809% + 5% 0.00118

(O)bRUERN LIS TN 8 BE: XFRIE TR RN
5ANEAIIGE 1R, 1S BRHN A (TR, R b —
TEEAT LA, VT A bR v T 0 TR AR ) R 22 A o 22

n: AREEIEREG i AFRARHEIZEUREE; ye AR EE XY

W TR R AR ME L AE B & LA S OR i
11 X —%)?

U(3.14)=,i *+B+5(7X)

> (% -%)

1

Xa |n
X ReEMMZRH B IME, X o MUASRE SR T 20 B
J[—ILJ% SO

(p: FERLINERECHN 6 1K,

5 2
Z[yi—(axi +b)] X b A v S5 A 45t A E B AT AR, AR
s=\- - (& RMEINZARER, b Befi R, XA AR ER G E S, PRILEE 6.
F4 OERZBRREHSIANNAHEE
Table 4 Uncertainty introduced by standard solution preparation
AN 5iH A% 2mL ks AZ I mLAARE  AZSmL AR A% 1 mL kg A9 10 mL kR
JE S U5 ; KBWE IR B IR E KRR
FVFIR2E/mL +0.010 +0.007 +0.015 £0.007 +0.020
Z
- B BUAF/mL 2 1 3 0.5 10
R7=
AN RE B 0.00577 0.00404 0.00866 0.00404 0.0115
R IR2E/°C +2 £2 +2 ) +2
YH i
{1:5?: ik F 85°C! 2.1x10* 2.1x10™ 2.1x10* 2.1x10™ 2.1x10*
R
AN RE 0.000485 0.000242 0.000727 0.000242 0.00242
HXF A B 0.00290 0.00405 0.00290 0.00809 0.00118
i R % 1 2 1 1 5
#5 tofEhzk WARSEILRE, SEURSR A RS RO AR HE &, AR K
Tables Standard curve K1 melke, SOPATAIAR 6 3, WAt 4o EHCK,
Hor LPERIT R MR s Ug.14) ‘100% _ ﬁ‘
g 4\‘ =X W W 4 = 1 = —
+ER Y=12.28%X+4.78 0.994 5.611 0.0216 RIS e 2 g el(d) . BEHR 5383,
7SS Y=12.08X+6.06 0.996 4.614  0.0194 TR E t=7.679, &5 E t=6.557, WMII1HE t=2.804, 24 1
SWHE  Y=519X4225 0995 2185  0.0208 HIEE =4 I, 25 i SHEM 542, 1(0.05,4)=2.776, Il
pr2i= HA 520 ] ot LS 3% 4
W EE V=7 §3X42.04 0.993 3630 00176 5 100%275 8 &, Hit, N%ESES EUCRE] AR

3.2.4  EEF| N T
FEELETAL B PR o A 2%, AR . ik . RRK .

R HE U g :%, W 7. A E A T

x~/6
EEO

F6 IREMREENIRETHERE

Table 6 Relative standard uncertainty of standard substance

44 W Uy, R fegroess PRI b TR ikl A SRR
U(3.2) U(3.5) é U(3.12> U(3.|3> U(3.|4> E B Urel(})
THR 0.0101 0.000203 0.00159 0.00498 0.0130 0.0216 0.0276
IEZ N 0.00858 0.000214 0.00159 0.00498 0.0130 0.0194 0.0254
BRR 0.0116 0.000224 0.00159 0.00498 0.0130 0.0208 0.0276
AR 0.00585 0.000207 0.00159 0.00498 0.0130 0.0176 0.0232
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3.2.5  FAAUEBRL 5] N AR R
SHINBRFE S TR E 6 ¥R, TR REHLRON 5 A FIF T

K%%E Urcl(s):S/r, D—IL%‘:_{ 80
33 ANINETNHEREITE

HTE 3R A5 AR X AN B 2 BB A 43 v DU PR 2R 2 2
BoE R M X bR AN B, LR 9.

2 2 2 2 2
Ure1=\/U rel(1) FY “rei2) +U “rel2) 7Y “retay U Trels) o
TR SRR € 3 32 0 A 0 v DU A 28 28 B 2 1 T
g8 R R OR N+ FK(0.939+0.078) mg/kg, DU IR E

(0.825£0.073) mg/kg, 4x%525(0.838+0.081) mg/kg, 7 175
2:(0.900+0.078) mg/kg, k=2.

4 & i

R ABOR EE IE Wi rh 4 FhIUPR R B 255k B
(AN E E 2 I T S B A FP AR E IR A ] L Rl
PARAE B [l o RIS B IO 1A vl L i i
RO W AR HE T . () AR R A C AP IR L 1%
L B o R B A | R SR 7 B [l AR A A e 4
e R 2 2R A R A

®7 HmERE

Table 7 Sample recovery

SLSSL X
2174 25 [T 1/ % IR 2% 9%
7 R MR 1% ARiER 0 RHEE U
1 2 3 4 5 6
+EX 93.57 81.29 82.06 90.27 85.64. 86.07 86.65 5.27 0.0248
ILIEZ8-y 90.67 81.84 81.71 89.65 87.02 84.35 85.87 3.86 0.0184
BER 86.27 75.82 75.30 88.77 82.54 83.92 82.10 5.50 0.0273
W RER 96.81 87.17 86.87 101.73 85.26 93.22 91.84 6.55 0.0291
*8 HRHE
Table 8 Sample results
W /(ug/mL) g4 AR Ui
H4y IR BRI /% ﬂ?l"ﬂ/T f
1 2 3 4 5 6 r/(ug/mL) B BE Ura(5)
+EX 1.889 1.856 1.874 1.873 1.893 1.882 1.878 0.0133 0.00708
U2 1.645 1.664 1.652 1.663 1.630 1.648 1.650 0.0126 0.00764
SRFE 1.683 1.653 1.692 1.673 1.680 1.673 1.676 0.0132 0.00788
(LWL + 3 1.813 1.792 1.804 1.789 1.82 1.785 1.801 0.0141 0.00783
F9 HEMETHEE
Table 9 Relative standard uncertainty
2 g
. MR A B WA R
Urei(1y Urel2) Urei3) Ureis) Ureis) Ureis /(mg/kg)
+EZR 0.0000115 0.00934 0.0276 0.0248 0.00708 0.0389 0.0778
UE7S- 0.0000115 0.00934 0.0254 0.0184 0.00764 0.0366 0.0732
SEHE 0.0000115 0.00934 0.0276 0.0273 0.00788 0.0407 0.0814
[EWIE S 3 0.0000115 0.00934 0.0232 0.0291 0.00783 0.0392 0.0784
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