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Uncertainty evaluation for the determination of chloramphenicol residue in
pork by high performance liquid chromatography-tandem mass
spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of chloramphenicol residue in pork by ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods According to JJF 1059.1-2012
Evaluation and expression of uncertainty in measurement, combined with mathematical model and experimental
process, the main sources of uncertainty resulted from the determination process were analyzed, and the components
of each standard uncertainties were evaluated. Results The uncertainties of the method were mainly derived from
standard solution preparation and standard curve calibration. When the chloramphenicol residue in pork was 1.07 pg/kg,
the extended uncertainty was 0.12 pg/kg, and the result was expressed as (1.07+0.12) pg/kg (k=2). Conclusion The
evaluation method is suitable for the uncertainty analysis of chloramphenicol in pork determined by UPLC-MS/MS,
which provides a basis for scientific evaluation of the accuracy of drug residue measurement results.
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Ml I 2 2R TR A A, A I 45 2R e E A
S FESIBRAG I AR, W SR i R T R
S A A TE T S A UG AE ) 9% BN IE 1 A2 ) o
MR, IR AR RE R T SR (] B | ik A LS
DN AR5 [ Bl P55 25 D TR AT B3 3, PR AE £
L7 A T A5 TR 2 B AR,

R R R R AR PUE R, X 2R 22
e AR PR R AT RS e PR DY, R B
7, B R AR BRI SRR E SRR AR, W BRI T R & K
AKFEFRFE ), (B A A 1 R G A AL R G A E Y
AR, KR A R B YR &5 R ARG
PEZI . BRI B2 SR LA, AR
Il 5 Fil st DX 24 2 4% k7 s b S R, R
P FRES 235 S WIIHLE, MEE R NES LMY
Y1, It HAES YL S PR O B AR T T
H g o, X AR Rl okl 2, ShTmissE A b
RIRE L A R RS 2528 1 U0, &AL A AL
O R i O 5 3 - A3 T 2 IO 4 A v S R R
fiegi 7 U0, (L T PR A v R R R B RS S T
T ORFEAR DA R G AGE, O T B AR AG I £ SR A AT A5
IO A P S 2R R R A DU 5 R I AN

AWFFEMAE JIF 1059.1-2012 I HE A 52 2T E 5 3%
7R YU N e RSO €% - T DU R 0 2 A A
Hh S R Ak B R N E BV E B AR DT, 0 E i
FEr R HA A OCHE N R, DU S 4 A T A 2
G B ) T B, O IE AR AT 25 W B I SRR IR 2
et o

2 MH5EREE

2.1 X5

TQ-S A = A5 VR AH €13 - = B DU G b o 1 AR (36
Waters A H)); IKA RV10 B3, 7&Kk AL (18E IKA AF);
Multifuge X3R 753 2.0 #L(3€ E Thermo Fisher Scientific 2
Fl); HBE-12B [ AH A% HCEE B (R T SRR R e R A
H]); ME203 T35 B P G AR -6 H) 25 1)

A FARUEYIT1(99.8%, bt S S A W RHE AT PR A
Al), SEE-DS WA ] (100 pg/mL, 99.7%, 7=
Dr.Ehrenstorfer A H]); ZMg . FHEE (faikal, #5E Merck 2
wl); IECKE. IR HTAE, TR ) IE RS
Mraf, Kuemik Kib=iR w0 A RA A, L8 KA
Milli-Q LK, SEIa HIE AR SR B 2 H T .

221 AR F 5| R B

R E bR UERE A MERRFRELE A K 10.00 mg, L
G, AR 100 mL FRP, JFEREZE, 5,
BE AL 100 me/L IR ERE 2

AER-DS W TAER: MERRB IR 10 uL
F 10 mL FEiid, HZBEmBEEZIE, #5, Mk
100 pg/L HEZE-DS WA TAER

AT EARME TR (100 pg/L): MERRE IS TH 20445
W 10 pL F 10 mL AEiT, HOERBEEZIE, 75,

SEZAMETAER 0.0 pg/L): HEFHFEE 100.0 pg/L
AERRETAFWR 100 pL F 1 mL B, HZIERRE
B, B,

T o T 1 ) B Y B TSR A v AR R &
BE-DS Whs TAERGE &, HKHREARARERIRE S9N
0.10, 0.50, 1.00, 2.00, 5.00 F1 10.0 pg/L, REZE-D5
FRUCEEN 2.00 pg/L MR, s S80RAE G- =5 DU
JEREIE o
222 SRR

AR FES IR GB/T 22338-2008 STk b
AR R IR BRI ) A AR I A R AR ER
TSI BT TT B A RE A 2 g CREB1 2 0.01 g)F 50 mL B0
o, A 100 uL S8 -D5 WhR TAERR 10 mL 4, i
BEYgA)E, A 20 min, B0 5 min, B EERES—
50 mL B0, TR 10 mL 2SRRI 1R, 43F 2K
RBOR, EIRBURFIA 10 mL ZIEEMAIEC B, Wi
P, B0 S min, BB NERERFOOTERT, 0B
FAA 5 mL IEREE, T 40 cCKBHiEkERZiRT, H
AT, 5 mL NER-1EC%E(1:9, VV, TR
i, b,

223 % 4

LC-Si fEe/IMEM 5 mL INER-1E 2 %e(1:9)iG 1k, #ig
R B BAFEBUME |, FFERBW, A 5 mL NER-
IECBE6: M TERL, IR T 40 cCRMAIKRT, ik
BEER SR 2 mL, WHERS), 4045 pm JERGTIE, it F
HLIE
23 (UEEEH
23.1 AARESEH

{35 Waters ACQUITY UPLC BEH C,g (100 mmx
2.1 mm, 1.7 pm); FshH: A-K; B-2JE; FEi: 35 °C; FE:
0.35 mL/min; PEREAARR: 1 Ly BEBE = BEEEDERL. B AH
WIHAEYEE 9 10%, B [EFERFE: 0~1.0 min, 10%B; 1.0~3.5 min,
10%B~90%B; 3.5~4.5 min, 90%B; 4.5~4.6 min,
90%B~10%B; 4.6~6.0 min, 10%B.

232 Skt
BT HEBESE B 1L (electrospray ionization, ESI),
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T BB HEIE: 2.0 kKV; BIAFISEEE: 500 °C;
JREH R 1000 L/Hr AFFEA: &SGR 2
R W (multiple reaction monitoring, MRM); Wil &+ 4
S E 321.0/152.1 GER), 321.0/257.1 (GEM), HFH2-D5
MR 326.1/157.1,

24 THHAEEHFHEIUNENS

I % PR R 3R R B RN R s
(C -G, ) xV

m
b X i EE R R B &, ne/kg; C RN b
PRI RE VR BE, ng/L; Co A ialAt 2s IR IO A I 5 MR B, ng/Ls;
V RSO e 28 AR, mL; m OialRE BT, go

3 HREHR

31 MEAHEERKRIE

FR AR 0 5 2o AR B2 T A A, % g ) S 2 2R R B
I 6 R 1 A RIS A B A3 iR UR A TP, A A
FEREREBIARIFEILE 1. ARSI R 3 ZORH B
A48 PRUEVE RN 5 | A BIASH 2 B | B S 5 E A Tk
AHERE . PREMEIIESIARARTERE . AR REIIA
PSR E B . RIS TOE 255 | ARSI S B S5 3015
32 THREESERTE
32,1 AREIERELE G| R

(WFRERI S | A PIASH 5 S

HRAEAR Y FIE R E B, ABEMY B AT
FEEHN 2.0%(Kk=2), HARXFRMEAHEE R 0.020/2=0.010,
AEE-DS WHRIT BAHHE B4 3.0%(k=2), HARXRE
AN 5E B 0.030/2=0.015,

X =

g5 b, ARUERD TS | A RIARXT A 2 B A
Ut (S) =40.010% +0.015% = 0.01803 .

QbR SRR S A AT E

AR REY RAREER N 10.00 mg, H 3 HL T34 K
SR EE TS, H KR AR VR 2R 0.01 mg, FiiH5)
Ay A TERL, N E A v BRSO B S B
0.01/+/3 =0.00557 mg, FHARXIARMEARTE JE N
u(mg) _ 0.00577

m 10.00

(3 )b MV VR T8 R 25 el R 5 | A S W 5

H 2.2.1 AT, AR O g A5 AR 3] 100 mL
R 1, 10 mL A 2 %, 1 mL 2589 7 K, 10 pL
AR A 2 UK, 100 pL Al IEAS AT 13 1K,

1) Z AR SR AR B o B

HHi JIG 196-2006( 5 FHBL B S AH K B )1, 100 mL
A EAE 20 °CHY B KA 2574 0.10 mL, #3457 5341
T, AR R RE A 0.10 mL//3 = 0.05574 mL.

ST AR S AR hES °C, IS ARBU K R Bk
0.00137 °C™', W& JE 2 F 51 R MK AR AV=100x5x
0.00137=0.685 mL, #3540 Aiit5a, s AMAH &
Ji£ 4 0.685/~/3 =0.39548 mL.

IR, 100 mL %5 S5 AR FR A RE XA B B2

u(100 mL) 0.055742 + 039548

100 mL 100
AR B I S AR e FURE, 10 mL A AR i
KERALZE N 0.020 mL, ¥ 0HMITE, hARENRK
RHE R 0.020/~/3 =0.01155 mL.

=0.00058 .

Ureg (M5) =

=0.00399

Uy (100 mL) =

o Y B £ VR B R E TR
%%%g\ff% - e S
2 3
R FRUEY) SRR = ; .
) AL
B _RERE
> HERX
HBRIE
BRI REFREK A2 o
> > ———
/ REEASAE
PR B R RBE

BT SR TR E AN A ke ]

Fig.l Uncertainty source of determination for chloramphenicol
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SR E R E W ST S °C, IR R ECh
0.00137 °C™', & 22 5 51 R IR BUE L AV=10x5x
0.00137=0.0685 mL, &% ¥ 5] 4> 1 it B K i & & K
0.0685/~/3 =0.03955 mL.,

P, 10 mL 25 SR A A X A B o A

u10 mL) _ 70.011552 +0.03955

Upe (10 mL) = o

=0.00412,

10 mL

HEHE H P BB BEEAG G MU, | mL A SR B R K
AN 0.010 mL, $#35) 5 i v B S #E R
0.010/~/3 =0.00557 mL.,

SIS R RSN A5 °C, T bR v 2R v
KRB, DR 322 K A AR R AR Ak, T KRB fik
FHON 2.08x10™ °C!, R EE 2 R SR AR AV=1x
5%2.08x10™*= 0.00104 mL, #%H5)3 A, L5 AR
B EFE R 0.00104/~/3 =0.00060 mL

P, 1 mL 28BS LA SRR s v A G JEE A

u(l mL) _ v0.00557% +0.000602

Vl mL 1

2) ARSI S I A A S

HRE 10 uL AT AR A UE 5, FLAZEL 10 uL e
JEAHERE A 0.020 (k=2), HH SR2EH R B AR AR e A 2
FE4 0.020/2=0.010; ZEE G XA 2 ARPEIES,
HEE MR N 0.008 (k=2), HFEEE WSk
XA EAS 2 BE A 0.008/2=0.004

LR ERERSNAML °C, MWK RN
0.00137 °C™', W ¢ I B A5 b 51 B9 K BUAS 1k ok
AV=10x0.00137x5=0.0685 uL, #5105, ks A
AR ME AT iy D008
\/Ex 10
[RIIL, 10 uL AT RS A AE X AN B 2 1

Uy (10 L) =~/0.010° +0.004% +0.003952 = 0.01147 .
M FAEARER R EC S A2, (/] 100 uL ATRRE K
AT AN R ATR AR E I IR, AL S BRI A AT 8 3% W

Upey (I mL) = =0.00560

=0.00395,

R EIET, LA R 10 uL nJ RS IR A ANHA E B 1P Ty
B, XRRRE A AR AR AR E T, SRR
W AR 1 R,
g5 b, bn T WM R E

BN

U2 (100 mL)+2x U > (10 mL)+7 x

urel(c) = 5 5 5
Ure] (1 mL)+2><urel (10 HL)+urel (100 HL)

ARG A W

~ \/0.003992 +2x0.00412% +7x 0.005607 +2

0.01147? +0.02445>
=0.03362
LA DR g R, AR AR R RIS L R S AR
B BUAH T AN 5 B A
U (Cy) = \/ Uret” (S) + Uggy (M) + Uy *(C) =
0.018032 +0.000582 + 0.033622 = 0.03815
322 HENEFTLMAIIANG AL
A EE N E 5 A RN R A RS
U7 ARSI AT 46 6 DykESh, i A8 ZhnifE T4
(100 pg/L) 20 pL J5 T E &SR e, HE W ELER
WL 20 MR ARBOE I E S5 R Co=0, FNBREEME
F B A B AN E B 0] Z 08T
AR 2 MBI 25 R, PSR vE R 22 8 :

=0.01145 pg/kg -

FE G 6 YT B I8 A B bR AN 2 B
s 001145
"
FE Al 2 B S A BRI bR AN 2 B
0 (X) = u(x) _ 0.00467
X 1.066
323 MEHMEIESTI AN R TE
KR WFRIEXT 6 ARV B AR T R 50 WA Tl
FE, BRUERMR I E S RN 3 iR

u(x)

=0.00467 pg/ kg .

=0.00438

F1 WREREP 100 pL ATEHBRBSINNTHREE
Table 1 Uncertainty of the 100 pL pipette in the dilution process

FE WA MR AT/ UL 10 20 50 100
BIREL 1 7 2 3
FR2EY A AE BE /% 2.0 1.0 1.0 0.8
R EE % 0.7 0.2 0.2 0.1
T 22 555 R OB HE AN 22 B2 /UL 0.03955 0.07910 0.19774 0.39548
AHXS BR A E S 0.01131 0.00645 0.00645 0.00564

A R SRR AT R 0.02445
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Table 2 Repeated determination results of chloramphenicol in pork

P N AR PEBOR A R Cl(ng/L) FreE i m/g FEah PR ER i X(pg/kg)
1 0.496 1.075 2.01 1.070
2 0.481 1.043 2.00 1.043
3 0.495 1.073 2.01 1.068
4 0.495 1.074 2.01 1.069
5 0.497 1.078 2.01 1.073
6 0.495 1.073 2.00 1.073
Cy — 1.069 — _
m — — 2.01 —
X — — — 1.066

VR R P (R I S P B G R T e

®R3 SERMEHENESR

Table 3 Results of chloramphenicol standard curve

=2 Ci/(ng/L) Y, Y=0.45592C+0.00565 G - C)* \4 —Y)2
1 0.100 0.050 0.051 9.00 1.000x10°
2 0.500 0.240 0.234 6.76 3.600x10°
3 1.00 0.462 0.461 4.41 1.000x10°
4 2.00 0.923 0.917 1.21 3.600x10°
5 5.00 2.231 2.285 3.61 2.916x10°
6 10.0 4.599 4.565 47.61 1.156x10°
) Cc=31 — — 72.60 4.146x107
MR 4 28R 3K, b A A o il £ L6 19 8 4 A o ml(Y)_U(Y) 004410:0_04125

Zh:

=0.03219,

Horfr, p bR EE RN E B (p =6), kAT A o i A
%%I/\E’\Jﬁ(ﬁmﬁﬁzﬁ&:

—— 2
sy =S 1, Ge=C)

b{n p Z(Q—E)Z )
0.03219\/1+1+ (1.069-3.1)°
0.45592\6 6 72.60
Horb: S WpriE &S B RIARARHEZE, b S 4 i b
(b=0.45592), n A ity 52 I 52 IR K(n=6), C; A ARHER
B BV TE, Cpy b T U 5 R i R IOV SRR W 1Y
FHME.

Zi b, ATARARE AU T AR XA E

=0.04410

Cp  1.069
324 HEMFREIANTIHTE
MR A ot A i o i R 0 AT RS Y R R S,
AR R2EN 0.01 g, WIS HMEITE, Wz A
(BRI B 52 4 u(mpe) = 0.01g /4/3 =0.00577 g, i 2
AT, ARRFRE ARG R4 RN m =2.01 g, #Efh
R g | AR AR AN A

0.00577
urel(mﬁ) = 201

3.2.5 HFeRBRE T NG RAR L

A JIG 196-2006  # FH3E 3 2k MR ) 101 A
2 mL AR RA R ARZER 0.015 mL, I3
Tt AR 2R B AR  0.015/4/3 =0.00866 mL .

ST O R B S A Ak £5 °C, KRB K B Rk
2.08x10™* °C™, N i R BE A Ak 51 B 7R BLAE 1k R
AV=2x5x2.08x10™* =0.00208 mL, #5434 i3 A
SEJE 4 0.00208 / /3 =0.00120 mL.

=0.00287
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PR, A Al VA RE A R 5 L AR AN 5 B

3.3 AAHREE

) - YOO0S66 4 000120° 5, e e
2 ILEGTHA R IR 4.
F4 BSHRNEMRETREESEER
Table 4 Relative standard uncertainty of each component
AN 5 B S 58 B TR piix B AN 5 E AR AR AN 2 S
Ut (C) o V) T R PHEVA TR 11 5 LA — — 0.03815
Ut (X) FESE BRI A 1.066 ug/kg 0.00467 pg/kg 0.00438
Ui (Y) e BT A 1.069 pg/L 0.04410 pg/L 0.04125
Uret (M) R BRI RS A 201g 0.00577 g 0.00287
U (V) P BE R TIA 2 mL 0.00874 mL 0.00437

MR 4 o AR A B B, R IL A BOAH X
FRUEASHA E B R
Upel = \/urelz (Co) + Upet (X) + Ut (Y) + Urgg > (M) + Uy > (V)
—J0.03815 +0.004382 + 0.041252 +0.002872 + 0.00437>
=0.05660
PRSP EE R RN 1.066 pg/kg, WA MAREAHE
N
U(C) = X x Uy =1.066 % 0.05660 = 0.0603 pg/kg..
34 NMEFHEERS
Heds JIF 1059.1-2012 €I AN 2 i PEAE 5 2 ) 1)
1 JJF 1135-2005( Ab2 50 B A BT W7, 2 95%
BEMETIAOSHEF k=2, W gs Ry A E &
U =2xu(C)=2x0.0603=0.121 pg/kg , #R =R
AT - = T UM BRI A P A B R R B A R
FEoR M X=(1.07£0.12) ug/kg (k=2).

4 FHR5L

ACBISE R T ot S8R 8 1 - — T DO BT B 3 X 4
PRl h S 2 R AR B AT T, JREST TR IA TR AR
R AT E B EEATT 5 o RS AN E JEE ) T R IR
XN GE S RIEAT TIFRE, 458 SRl PR AP 45 R AT 131,
AR T 1 DR AN R R R DR 2R R U b A
TR AR R T 2 DL, e o A v P VR I 3 e s A
LANS AT AT AT LUA B, RRaEA T — bR v 1 1 s T
B GIANGERL, SRR R AP, 5
A BN E BEAR I, 20, e e LA RS G RO, T HL
R P S B R BRI, AR 2 AR B Ay i B 8 s
K, GRS E B AN 2 ) STk AR . I TE
I HIAS J5 i AT U ), DV L AGL G LA rp ol A TR P U
C ) AR AR HI 2 400 5 A A LA O B A5 R LA A% 42 1
PRGN S5 R B TSP . FERCHI bR A WO, 0 2 eI

FeHY . A RAIARIER R, () I e FEDAS BE e Ol B A
AR A ORI AR ME TR, AR (A D 1 RE B
FIEWR R TAE LR, EACBCHE e, 2T REm b
HER IR R R E 2P 0K, BRI LS AROANBIE L o IeAh,
TEME PR BEATAS U B, LI s A & ) H R e, w R X
ar HA LA ORI AR E P, RN R H AR B SE IR AR
-, SRR AR B M7k, R AR AR AL B
HE, DL S 2 R A A R, PRIE R 0 5 TR B,
2k I R A R B R PR AR
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