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Uncertainty evaluation of the deter mination of thiamphenicol residues
in milk by high performance liquid chromatography

SUN Jing, LIU Xiao-Hai"

(Mengniu Dairy products Wuhan Co., Ltd., Wuhan 430040, China)

ABSTRACT: Objective To evaluate the uncertainty of thiamphenicol residues in milk by high performance liquid
chromatography (HPLC). Methods According to GB29689-2013 National standard for food safety-Determination
of thiamphenicol residues in milk-High performance liquid chromatography and JJF 1059.1-2012 Measurement and
expression of measurement uncertainty, the mathematical model for the determination of the uncertainty of
thiamphenicol residues in milk by HPLC was established. The uncertainty of the fitting of the standard curve of
thiamphenicol was assessed by least squares method by analyzing and synthesizing the sources of uncertainty
throughout the assay. Results When the sample was 5.00 g, k=2 (95% confidence), the result of determination of
the residual amount of thiamphenicol in milk with a theoretical content of thiamphenicol of 100 pg/kg was (91.4+
2.2) pg/kg. Conclusion The main sources of uncertainty for this method include standard solution concentration,
standard curve fit, and sample measurement repeatability.
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Wi s AATAETE AR H 2538 5, SHAKEEFRS FE
fa R A ST, AR T AT H R R A el
Rk, BEZ TR, 205 AR FRE 5 2R 50 =l i R
K. AR R B LBE 5 Sk, W2 AR B A i B D) 2 o o
ZE., EPFRE T, PUAERNA A, X4 gEiG
SPGB T B EEEH, SFER, biER
AR N BB TR 2 AR B P AL A P, B
A By A f R

FH B 25 2 (thiamphenicol), NFRIREFER . HNAE X,
RABZNWERLGAY, a2 Aas SRS
I, SREERIGE 2 A REBUIAZY, XS FCRH M R A
2 (R T TA EA A RVE F,  TRD B LA e 1 S g 1
HVEH, BAHRMY 6 £, nIMHISeskE (14 bt
WG B SR RE 2 XTI R AR B R, R
B FAE LB B9 R A P R B — 5 R S R
F, 2R 23T FH 25 0T 8 23l AR 7™ A ] 3 1 B i 1
il PR . K BLEAAE . PRk JAFERAER
AR | AR )R

B A A ATTXE £ i 222 4 ) R B 2 AL, 2 FE
FERMEHEBWEIRITZEHEEHE B RO IFER.
H A4S 2= 4% o R 22 4 R 9 /& GB29689-2013¢ £ i %
4 [ bR A % v FER 8 2R 0% B S 10 0 e O (i
122 M S T PEAG %05 1k v o A0 48 SR B i 5 R R TR R
T R oL R, S DN R R G 3 4 R 3RS A 2 A i
B4R, ABFSARYE TIF 1059.1-2012 (I AH0 2 BEIEE
53R ) U sisR, X%y i I 5 235 S A AN 2 FEE A T
FE, LU 52 0 R I 285 SRS A AN R, I R
MZE R R RS

2 MRI5ERE

21 #R5IRFH

N Z BH R s A ir A& H
R AT BB Ll 2R G5 N AR, 8 P OE E et 4
TR FLHEA T RIS U BE S 100 pg/kg MM

FINEE Z AR R (99.9%, fE[E Dr.Ehrenstorfer 23 ]
7E), LR . IECkE(Epgal, Kt RIFRH);
NG (g 2, FEER R BB (b D A B B AR D,
Sep-Pak Vac 6¢c Cg [EAHZEIUATE (500 mg, /K% Waters 2
#); SHISEIDO CAPCELL PAK C5AQ (A3 4:(250 mm x
4.6 mm, 5 um, H A4 5 SHISEIDO A Fl).

22 NFB5EE
Ultimate3000 /=25 %A i AL (AL L AMG I 75, 58

il

RO R (M)A R F]); XP205SDR 434 K- (HH4E:
LR 2R (L) AR A FD; MS 3D S25 HiEiRiR %4
(AR 5256 28 AR A BR 2N F); Elmasonic E 100H #8575
TEIRHLOT MASELE A BRA F]); Neofuge 23R Rl iS4 &
DAL RS A BR/AF]); RV 10 basic e 78K
AL MBI S8 EHARAT B w]); 5185-5765 [ AHALHCE:
B(E A SER R A ), 5085 AW T (£

Organomation Associates 2 ).

23 ZTWHE
2.3.1 ARBIRIR B
232 XHHE

FRER 5.00 g IARRAET 50 mL HIES.LEH, A
20 mL ZFR Z [, el PR?% 10 min, 4000 r/min %.L> 5 min,
B ETEWT XSO, sRE RN 20 mL 2R OTE, EHE
PO 1R, AIF 2 WIREUR, T 45 ChefzEr=a+, n
5 mL K FAG.0Hrh, B 5 min (58505 A%, %% 50 mL
BUOE R, TN S mL /K TGO E A A I & TR —
BT, in 20 mL IEC K TELHES, % S min, R
[f]— .08 1, 4000 r/min 5.0 2 min, Cig A AHZEBUFE K IR
5 mL 2. 5 mL KGR, BB 23 T2
FE, FEHIH 1 mL/min, $FT/FH S mL ZA50EE, gk
R, 45 CRSWT, | mL FEMAERERAY, WHRIRS
1 min, 0.45 pm A HLIERL 8RR EALI,
233 &ig&H

4,4 SHISEIDO CAPCELLPAK C;3 AQ il
(250mm x 4.6mm, Sum)H:iE: 30 C; Kias: LeAMGI Y,
Pk 225 nm; WA ZE+K(20:80, ViV); IR E:
1.0 mL/min; ; #EFEEE: 20 pLl',
234 BREHAGES
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BT GB29689-2013 (£ il &4 [E ZZAREA 15 v FH X
B FR B A0 DN S T AR i ) UL Aol P A o i 2 ik
SR op RS 5k B T MR E A, P LR,
FEDNE 45 AT EBERR C. V. m b, prfEfhg . iXkE
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31 THRAEEXRIRESH

AT 3o R R RS TR o A, SRR I S 1 R X A v
AW JE AR A R 1,(C) o IRBERR R ()
BEEER wa(V). WFENEEEY waX) . (R
PE ua(Q) . AREHIZR IS e (Co)IX LA T HIGIA
32 ENEEMIRESHEEMNITE
3.2.1 AR EH] 5| A GGA AT T Z S 1,(C)

B vV T P PR R 20 R B 2R Bk L E AR RRRRC
T B, T LA 5 AR T S 10 AL XS A v A 8 o T B
qiflE . ROVFRE . ARUERE R TRUE A . bR AR R A
5l A

(1) Xt HR S 4l B B AR AR E B wra(C))

P FES 256 R A UE A R 0, 28N 99.9%, A [
T k=2 B, 78 95% EAF X H] ¥ RAHE B U=0.5%, W5
PNGEEE R PR AR ¥ N iVl R

0.5%
el () = 500 0%

(2) KPR AR EE 1,0(C,)

AR L FR A 25 0 R of T ) P 7 RO A S TIE 13 45
HTE d=0.01 mg, 0s<m<5 g &MF, HEKAFRERN

=0.002503 3)

+0.05 mg, G MHE, Hol AMARHEATEEA:
u@ﬂ:Q?;ngm&ng
FEHAFR I 10 mg HANEE R X IE S, HABXTAR A 2
Sy
gy (cy) = 20287 ME _ g7 )
10 mg

(3) PRUEGE R BUER S ABIAIE E 1,0(C3)

A 10 mL AR E A I ZARMERE &, s
JIG196-2006 { # FHBEES B 2 B ) U7, 20 CH 10 mL
FAH(A ZOMAE 25 H+0.020 mL, #% = M40 % &,
AR A B N

u(ey) = 0.020 mL
J6

HAI AR AEAS 5 BE -
0.008165 mL

10 mL

PR 25 b i 75 T EH IS P T A, 20 °C 3 2
HIRFRIZ A 250k 2.5%107°/°CI8) Z B IR R K 285k
1.4x1073/°CML {53 10 mL 25 F A (6 FH IR 45 80— 2K,
SCIHE AR R 22.7 °C, D] P A R 5 il TR R RIS A
AR AR BT S 1 -

AV=V1=V=(a ei—0 #w)xV*AT=0.03712 mL

=0.008165 mL

rei(cyy) = =0.0008165 )

He = S A1, T 10 mL BB, LA Ao
RN

u(e) =2B72mE 6 61515 mL
J6
TEAAXTBR AT B
urel(ch) = 001105% =0.001515 (6)

FZ(5) . (6), & BUFRUE A5 T8 25 B A X BR HE N1 7E
R

et (€3) =\t (eyp)? + g (epp)? =0.001721 (7)

(4) PRE ARG FE e (Cy)

P v A VAR P o A 2 VR ST R I v TR D,
P s 1 v TR 90 0 0 A R A 8, B P T A 40l ol 2~
20 uL. 5~50 puL. 10~100 uL. 20~200 pL. 100~1000 uL iy
B AR A 10 mL 28 50

IRPEFS B ARALUEUE TS, 24 k=2 B, 3X 5 FhRUAK RS2
P4 AN BEARIR R Uo w1y=0.2 pL. Ugsp uiy=0.2 pL.
Utioo pL)=0~2 pL. Unoo uL)=0-4 uL Gl U000 pL):0~4 uL, J[/NE
FREANT E BE 23 51 A

0.2 uL
u(egnu) == =01 L

0.2 uL
u(espur) === =014l

0.2 uL
u(eigou) === =0.1uL

0.4 puL
u(Ca00 L) = Tll =0.2uL

0.4 uL
u(Co00 L) = —

FLA A AR AN S L L3R 1
®1 RERIESSETBRFLEIENTHERE

Tablel Uncertainty aroused from errorsin calibration of
pipettes used in preparation of standard series

FRUETARWOR MUNRWES  BBUAR PRERS FNAREAR

=0.2uL .

B /(ng/mL) FUAS /UL /uL FEFEML  HEE ()
10 10-100 100 0.1 0.001
0.02 2-20 20 0.1 0.005
0.05 5-50 50 0.1 0.002
0.125 20-200 125 0.2 0.0016
0.25 100-1000 250 0.2 0.0008
0.5 100-1000 500 0.2 0.0004

AT L _E RS B RS T8 A RS R THEAN A S 2 A

2 2 2
Ure1 (€100 uL)” + et (€20 0L )” + tre1 (€50 01)” +
Upel (Cifz =

2 2 2
Urel (€125 uL)” + el (€250 uL) ™ + Urel (€500 1)

Uge) (cg5) = 0.005776 ®)
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10 mL 75 &M B bR AR U FE W, K e
JIG196-2006 & FHBE 3SR B K MR ) U7, 20 "CHY 10 mL
HEMA SOMEE R H0.020 mL, 7% =141 %%,
HFRMEATE R

~0.020mL
u(cyy) = 76

ORI AR EANT 5 BE R -

=0.008165 mL

0.008165 mL
10 mL

R bRl T AR R 20% 20 T 7K e 1 T 3, 20 “Cit
PSRRI K 250k 2.5%107/°CMS, K AR TR Ik 2 %0
N 2.0x107YCR Z IR K R 1.4x107Cl,
M 20% 25K ARBUEZIK R 50k 2.2x107Y°C. B
10 mL #5 & 68 AR E 5 E R 3, LR ERN
22.7 °C, ) PR v 5 o P L S [ 5 R A A RS
Hh:

AV=V\=Vy=(a 15—at 52)< V< AT=0.005265 mL

=A% g, W] 10 mL 25 B, HARMEAR

B N

Ure1 (Cya-10mL) = =0.0008165 )

0.005265 mL
u(ery) = T

FORHA AR EANTA 5 BE R -

=0.002149 mL

0.002149 mL
10 mL
3 (8). (9). (10), & AUFRHE TAE A B 1k 72 04 A0 X b o

AN EE R
Upel (04) = \/”rel (Cﬁ, )2 +Upe) (CV2—10 mL)2 + Z'{rel(CTZ—lO mL)2
=0.005837 )
HE3). (4. (D). (1), G BUbREF BT ) AR X AR
HEAE 2R
urel(c) = \/urel (Cl)2 | (02)2 el (6‘3 )2 el (04)2 =0.00719
(12)

Urel (CT2-10mL) = =0.0002149 (10)

3.2.2 KA E I NG AAATARAE T TS upe(m)
FEMRE RIRE A + 7 0 2 — R AT iR &, RIS

H T REM EIER, 16 d=0.1 mg, 0<m<50 g &MF, H

R ALFIRZE 0.5 mg, FAEIE A% 18, HARUEAHE

R
u(m) = O'f/gng =0.2887 mg
FRBUGRFE IR 5.0089 g, HAHXTFR AT & JE M-
0.2887 mg

ey (m) = =0.0000576  (13)

5.0089 %1000 mg
3.2.3 R R R FIANMARSAT R A (V)

{8 100~1000 pL S AALHL 1000 pL i A & 781
FE, RIS AS RN TS, Y k=2 B}, U=0.4 pL, I HARME
AN E SN

u(v) = % =02uL

DU AR X o AN S A
0.2 uL
1000 puL

3.2.4 ARl R IE T AR ASTARAE T T 1 (Co)
Mg AR A 10 pg/mL F BN EE bR v Ao TR e
TR BE AW 20, 50, 125, 250, 500 pg/L HObRAE TAFE
W, B 5 AR EEIARME TAE W S5 AL 6 v, e
AU TR RS SR I 36 2,
R /N TRIE A, 15 B0 bR v 2R i 2 1k [T
H:

U (V) = =0.0002 (14)

Y=bX+a=0.0004692X-0.001479,

H 2 B =0.9997,
S n X —X . —
Eq::bzﬂzzt( - )(y‘2 y)=0.0004692,
Sxx Z[ (xi —)?)
A=Y-BX=-0.001479
n — —
" —F)(p —
L5 D0D ) og

,_
X - -
Tl 22 -
o-{Zit [EDictern]
n-2 n-2
T AR R, BB 10 Kk, B
p=10, WS EOE T 2 e L 3.

=0.001964

R2 EHLEEHIE
Table2 Data of fitting calibration curve

PRUET VRO E  ARMEMETIR  ARMEMETIR AR AR bR bRifeigm Rl T IIRRMENEE
/(ng/L) A, A, A; Ay As Ag A
20 0.0088 0.0093 0.0091 0.0097 0.0096 0.0099 0.0094
50 0.0214 0.0219 0.0214 0.0219 0.0217 0.0215 0.0216
125 0.0573 0.0586 0.0582 0.0589 0.0566 0.0585 0.0580
250 0.1119 0.1125 0.1128 0.1125 0.1124 0.1124 0.1124
500 0.2342 0.2353 0.2350 0.2344 0.2344 0.2345 0.2346
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Table3 Resultsofthiamphenicol concentration in sample solution
I 5E U 1 2 3 4 5 6 7 8 9 10
e 45 (ng/L) 466.3 463.5 447.5 448.0 465.2 461.4 450.5 449.4 466.9 452.6

x4 EEMEBER

Table4 Data of repeat determination in sample

HUPERY@'e 1 2 3 4 6 7 8 9 10 A
e 455/ (ng/kg) 93.2 92.7 89.5 89.4 922 90.0 89.8 93.3 90.4 91.4
[ESCR /% 93.20 92.70 89.50 89.40 93.00 92.20 90.00 89.80 93.30 90.40 91.40

HE 3115, iR AR R A MR R 457.1 pg/L,
WA LA 5.00 g i, #()ARE0FEH I R Wik
FEMEITE A 91.4 pg/ke.

TS I 2 HL 5 PR AR A A T

ey =S L1 ©=9) ) 5300
% n Sy

Ao S W TE RN AR AR 22, $0E R 0.001964; b AL
WEHTZR 1R R BN 0.0004692; p AR FEIN E kB, Ml
105 n R RCHERS IR I 2 OB, BB R 30; Sxx SHBRUERS
TR FEFR 220 F 5 F0, BEA 914520, To Ay iake i FEER
ZERIUREE, BB R 457.1 ng/L; CHFRMER Ik
B, BUE N 189 pg/L.

T v 2R A0 B B0 AR S A MEAS B 2 B

u(cy)

pey(Co) = =0.00810 (15)

3.2.5 XENEE LM AT ARE AL ua(X)
XF 100 pg/kg WeFETINARFESEST 10 YOPATI0E, BF
1REE R 4,
2R, 10 YOPA T A 45 5 -S54 A

= %Z?:lxi =91.4 pg/kg

R DU FE IR 2, BN S L PR o Ol 22 A -

n -2
(x5 =X)
S = zll‘l =1.6623 pg/kg
\/ "

BRI I A PR A S
- _Sw
“(x)*ﬁ
AR IS B0 1 A
- u(X
U (X) = %):0.005752
[, oS4 [ R AT S AR R S, DL (R
Mo BEIN TR A AR, BHER KR ¢
e, MM ¢ KF eI (95,10)=2.231"1,
W R F 100%4 BE k%S, LR ER a5 A
KHRA, HFBIESR, SR,

>

=0.5257 pg/kg

o 100%7—1$ _1-0914
u(R) 0.5257

AL ¢ HA 0.16, /NTFIRAME 2.23, UilFHEIlk
25 100%To2 7 B3, EiHE AP 2R A i E 7+

25 b, SRR E A PR B A B A X BR AN B G

Uy (X) = 0.00575 (16)

3.2.6 AAEFIANMARS AR AE TR ua(Q)

XFHeEE R 500 pg/L AR IR IEAT 6 IREE ME, s
WA L2 S,

®5 EEHEMNELER

Table5 Data of repeat determination in sample

WA YR 1 2 3 4 5 6

U TR R
/(mAU*min)

0.2342 0.2353 0.235 0.2344 0.2344 0.2345

CETFEE, 6 YA R TR T A
0-13" 0,-02346 mAU*min
o

AR DL IR 3, A TR PR B o fl 22 0 -

n 2
/ (@ -0)
S = 211‘1 =0.0004243 mAU*min
e

W THT ARV B AN A SEARIEAN A2 B2 -

5 _ 5@ ,
u(Q) =—==0.0001732 mAU*min

n
FCA R IEAN 22 S

1) (Q) = “(QQ) =0.000738 17)

33 ARIRETTHEERTE
R B 45 43 F2 M X v A 8 B 0 s U1 A X
(12)~(17), VALY ARTAE B0 At . O IR AR X A v A T
EREWZE 6,
M2 6, A BUAHXTFRUEA T E N
= 4 o 07
U1 (Co)™ + e (X)) + 11 (Q)

=0.012
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Table6 Collection of standard uncertainty

RoEEOSE K TR e
T B
Urei(C) o Y VR 0.00719 B
Urea(1m) R A 0.0000576 B
urel(V) FEER 0.0002 B
t:i(Co) N e R e 0.00810 A
ural(X) A EEE Y 0.00575 A
:(Q) {EREREEE M 0.000738 A

TR R 36 5 A bR A 8 5 A
u(X)=X ug(X)=914x0.012=1.1 pg/kg

A 2ok X R 2 TR R €L o A 2 4 v PR Rk P
RHE AT RIEE, hR 6 MEFETTLIE H: frikr
TR | A v il 2R LA LA B AR ) e A A T 4 SR 5
Wi K, LR AR R A M R R 2%, iR RR S
AP E FEM /N, BT A2 R
34 RAHEENTE

PR AN E BE A BUbR HE N B o R TR AL TR 1
B, BUEEKFE 95%, W k=2, 2F1h IR K5k B
R R

U(X)=k-u(X)=2.2pgke

JH 15 IR € 35 0 5 A g b F R R AR, 2
RSN 5.00 g, k=2(EAR7KF 95%)E, M7544= 473 v F A
BRI BB R N(91.4+2.2) pg/ke.

4 %

o 07 g TR (5 8 12 o 24 % o B R 2Rk P
AHHEFES S B E, MBI, SEma a2
9 = R i KRB MEUONFRHE-T AU 5 (A 2KPFE) . A5
WV WIC T (B 2R 3T ) LA SR i B A P (A 2RIT5E);
HYOR R E A ARRU(B ) MR R T R (A 2T
E), AR (B IEE)TI ARG E R/, 1] L2
it

MIEEZL TG, 7SR o34 B 2RIEE BT o5 A
Fo A PP/, B 20 A e BE R IR TAREIESS |
IR 5 =05 BUBHLAG A A iR AF M R, A
VP E AN 2 B T EOR IRT 2 O B P A B AF 0
BT

£i L, PREM LRI BCH | 1 LR IR Fir Al B A
AR S B I o 5 v 8 e A DO S0 e P ) DG BRI R, T
7 B v A P 0T R L R T e R R VI PR Y S

PRI LA L% A6 T SERTS 0 ) % Y00t 2 R Do/ N o 4 T e 7
AR B AN E B e A v 2 A E
URETUA B A A ity S5 e R 980 R A o T 5% s B 1) DR/
DR/ N HE I 2 D157 A BN A B35 AT S M AR S
BHRAE . AR SR T A L W U PRI R AE
AR T 247 DU IR E A M TR A H, R
ZINEC R O TR A B AG I 45 SR B T, AR IEAS B 5

TR T

SE
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