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Uncertainty evaluation of the determination of 8 kinds of quinolones residues
in pork by ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of measurement in the determination of 8 kinds of quinolones
residues in pork by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
According to JJF 1135-2005 Evaluation of Uncertainty in Chemical Analysis Measurement and JJF 1059.1-2012
Evaluation and Expression of Uncertainty in Measurement, a mathematical model was established for uncertainty
evaluation. The sources of uncertainty were analyzed. Results When the addition was 1.0 pg/kg, the relative
standard uncertainties of the 8 kinds of quinolones residues were 2.77%~6.65%; When the addition was 2.0 pg/kg,
the relative standard uncertainties of the 8 kinds of quinolones residues were 1.69%~6.67%; When the addition was
4.0 pg/kg, the relative standard uncertainties of the 8 kinds of quinolones residues were 1.31%~5.43%. Conclusion
In actual detection, the increase of balance accuracy and constant volume accuracy, control of the standard solution
calibration process and improving the quality and efficiency of testers can reduce the uncertainty of measurement
results.
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T M8 A 2 o o 14 s A ) 265 245 90 % B A DN 5 72
SR VROR €638 - R T I Y, AR 5 (A e YR 33 -
I i (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS)INEFG A 8 Fhids it i
HKHEZIRE, S ITF 1135-2005 (AL 530 i AT 52 )
PEAE ) R JIF 1059.1-2012 €A 2 B PP 5 2R ) U,
PPAE 8 s AT A £ 20 B AG I B R s U1, AT
IR AS RAARL A | ER BRI, I i BT AN E B Y
FHBE R, SEARCD N B A RO, R
A 2k B N E B E SRS

2 MM5RE
2.1 MRSNER

MEDRIR . AU . RBD IR . BAYD R R
IR | IR AL | SRIRDRVD S R PP e 0 R (I
SUER B ORGBLHEAT BRA FD); 5 P 5 FRE A O T A sl
i, SHEATIAE J5 ARG e o S B2 ), A (2

il

B4 il 1.0, 2.0 F14.0 pg/kg.

R R SRR {5,313 (35 [ Waters 23 /]); APT 4000+ 1%
U (EE AB 24H]); bsa224s-cw HL PR AL IR L H]
B REAH R A D,
22 RWHE
2.2.1 K S BATM K49 W 7

FESALBE: 3R GB/T 21312-2007° %5 PIRE S 8
Tl T 265 24 0 % B 1) 2 A T A

FRAEIIZR 2 R GB/T 21312-20073F4 7 355 5 i
Frbr e ARt 2k i 45 o
222 RAEELH

{384} : Waters Acquity UPLC BEH C (3.0 mm x 150
mm, 1.7 pm); #EFEEE: 10 pL; FER: 40 °C; WBNFHLL . 3
TR R P DR Y AN 3R 1.
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Table 1 Gradient elution program

BfE(min) W (mL/min)  ZHE(%)  0.1%ZBRIKIFR (%)
0.00 0.4 10 90
4.00 0.4 80 20
6.00 0.4 80 20
6.50 0.4 90 10
7.50 0.4 90 10
8.00 0.4 10 90

223 JRidih

(SRR O K = Ve S = 1 W
K 77K £ /2 Wil (multiple reaction monitoring, MRM);
LB ESTH; IBE55 HE J 1S: 5500 V; B FIIRLIE: 600 C;
FEFE SR 2.

xR2 TERIESH

Table 2 Main mass spectrometric parameters

ek BT (m/2) TE T () St B I i (ms) ZHRHBIEV) A L TR (V)
217.1% 30 80 32
NHE R i 304.3
189.1 30 80 45
prpsaa 23602 318.1% 30 80 30
261.1 30 80 32
s 276.2% 30 80 26
W R 320.3
302.2 30 80 28
—— 3320 288.1% 30 80 28
- ' 245.1 30 80 35
316.1% 30 80 30
BT B 360.3
D 245.1 30 80 35
340.1% 30 80 30
Wb AL 358.3
R 283.1 30 80 35
PR 186.3 299.1% 30 80 38
342.1 30 80 30
A 244.1% 30 80 25
oL e 262.2
202.1 30 80 38
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23 SEWE TR T AR B B A (), S5 2E 4,

A R P R AR A RN
X_ch (1)
’ﬁPXﬁﬁ#* S AR, nglke; ¢ W HEREHFR AR w(X)= X 2
Iel( ) \/g ()

WIE, ng/mL; V A ERMEEL, mL; m FFR IR i, g

3 HBRS50H
®3 AT 8 MEEEIXAMKEENEL R (ng/ke)
3.1 *&l}nu ) Table 3 Measured results of 8 kinds of quinolones residues in

pork (pg/kg)

B S A P TR 2 2 ) i B I 2 SR L3 3, —
PR S — s it 1.0 ug/kg 2.0 ug/kg 4.0 pg/kg
. lE PREYTE

o ik Wik 2 1.0 2.0 44

L s T 25 2 R R R I AN FE A e B
RS % B (R UPLC-MS/MS X 3#EKE KL 5 i 57 79 52 30) SR AL 1.0 1.9 42
UPLC-MS/MS i i (I AE Gt | BruEva i i il £ . SRR Sy 0.8 1.9 42
IR E I, M S 2 2k B i I i AR P A SR 1A J—
W BB 1 R e H 2! 43

ERE MM E FEALEFE UPLC-MS/MS i i B A 0.9 1.7 4.0
BYSEL . Fa A . SRR AR L, X E A MR AS P 08 s 37
m%ﬁﬂ%F%&fﬂﬁ%MEiﬁﬁhﬁcﬁ@%ﬁm .
T, PR AEIE | ARG . BRI R P 09 1o 40
BL AN R TR o #m%i@%ﬁfﬁiﬁi%%%? I s 0.7 1.6 3.9

T T A5 1 VR R A A A B S b T RE S 32
TR B £ AN R UE T ORI 14 . UPLC-MS/MS
PEATARHERE SR P 2t TR B 2 B, SR 6 Wil
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Fig. 1 The sources of uncertainty evaluation of determination of quinolones residues
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Table 4 Repeatability relative standard uncertainty component calculation results
VR JohE FAT 1 P72 AT 3 AT 4 AT 5 P47 6 FHE AR IR HHRAE
) (ngkg)  (nghkg)  (ngkg)  (ugke)  (ugkg)  (nghkg)  (ng/kg) il 2 N
NHE R iR 0.9 1.1 0.9 1.1 0.9 1.0 1.0 0.09 0.04
R 0.9 1.0 1.0 0.9 0.9 1.0 1.0 0.06 0.03
Wi 2 1.0 0.7 0.8 0.9 0.8 0.9 0.8 0.09 0.05
WAV AL 1.2 1.0 1.1 0.9 0.9 1.3 1.1 0.17 0.07
1.0 pg/kg
Rt AL 1.0 1.0 1.0 0.8 0.7 0.8 0.9 0.12 0.06
FEVD R 1.0 0.8 1.0 0.7 0.7 0.8 0.8 0.11 0.06
VRLYD AL 0.9 0.8 1.0 0.7 0.9 0.8 0.9 0.12 0.06
oL e 0.6 0.8 0.6 0.6 0.6 0.6 0.7 0.07 0.05
Nk IR R 1.8 2.3 1.9 2.3 1.7 2.2 2.0 0.25 0.05
FRV AL 1.7 2.2 1.6 2.3 1.8 2.0 1.9 0.24 0.05
R R 1.7 2.1 1.7 2.3 2.1 1.6 1.9 0.28 0.06
WAV A 2.0 2.3 2.0 2.3 2.0 2.3 2.1 0.19 0.04
2.0 pg/kg .
Bk AL 1.4 1.8 1.8 1.7 1.7 1.7 1.7 0.13 0.03
LER7S Y 1.5 1.2 1.8 1.2 1.8 1.5 1.5 0.24 0.07
SR RUd 1.7 2.1 1.8 2.0 1.8 2.0 1.9 0.17 0.04
T s 1.7 1.6 1.7 1.6 1.6 1.6 1.6 0.06 0.01
Nk IR R 4.1 4.4 4.7 4.4 43 4.7 4.4 0.21 0.02
AR 4.0 4.4 4.4 4.1 4.0 45 42 0.23 0.02
W 2 4.1 4.4 43 4.4 4.1 4.1 4.2 0.15 0.01
TRV AL 4.0 4.4 43 43 43 45 43 0.17 0.02
4.0 ng/kg .
B A 3.9 4.0 3.9 4.1 3.9 4.1 4.0 0.10 0.01
HEVb R 43 3.3 3.3 3.3 43 3.7 3.7 0.49 0.05
YRV AL 3.5 4.7 4.2 3.6 3.8 4.4 4.0 0.46 0.05
oL s 4.4 3.8 3.4 3.9 4.1 4.0 3.9 0.33 0.03
(2) FH A B 7 A (R AN R iz BEAE T 43 A 1105 B AR v 1 B LA 2K (5):
B R 7 2B I AN 8 B A6 B8 RS A B RS 1000x 5% B
. u(fy) =—————5=0.60 puL (3)
I A AR E 3

OB EN mL)BATAERE: 1.0 mL 2| EBKE 24
N 0.8%, IS DI IR B R E A ERE, W
N4
1000 x 0.8%

NE)

MR AR, TR A PR AR AR Ak e 75 B R R G
ki 2, R, OB A i AR AR T A L 4T 2%
& BEAUKIIATRIZ KR ECH p= 2.1x10%°C, LL 20 Cit
1.0 mL BHEVE N ME, IRIRTE R 7E(20+£5) CZIal)ksh

=4.6uL 4

u(f) =

R W & bR TS DL AN E BE WL~ 5K (6), ARXT &
JERR AN R BT LA SX(7):

u(f) =Ju(f)* +u(fy)? =4.64 L

=0.00464 (1000 AR E HHEFE, 1000 pL) (7)

(6)

_ulH)
urel(f) = 1000

@F R A B AT E B 25 BB S PR 2 i S AR
ERBAAE—EMZS, Hd 100 mL 28 SLhif e
2550 100.04 mL, B U(Vp) = 0.04 mL, $i BREETE A0 % 25
IR ZE BRI S BT LA (8):
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Up) 1.00x5x f
u(Vp)= ﬁP =0.023 (8) u(Vy,)= % =0.0006 mL (15)

VAR AR, WA PR RS Ak B2 RERUR R I
M 2, B, TR R 0 B AR L L ik AT
& BAUKIRBIEZIK ZBCR p= 2.1x107/C, L 20 CHE
100 mL e mcE, IR 7E(20+5) CZ a3,
Fe AR TE A0 A TS OB AN 22 B DL A 3(9):

M(V%)zloofgxﬁ

FEA A AR AT E R LA 10), HXE

BBR AN R BT LA (11):

u(VP)zJu(VP1 )2 +u(Vp)* =0.064 pL (10)

u(V;
U (Vp) = 1(03) =0.00064 (11)

R 08 77 2 1 £ BSUAR T AN B 2 A B AR o s
AN A LA (12):
et (D) =Nt (F + 1, (V)P =0.0047  (12)
B UERS IBAE T G bR EAS I 2 B 15 LA 2 (13):
et (8) =\t (P)? + 14, (2)* =0.0055  (13)
333 HRE TR R
B EL, 1.00 mL AL PriE 28R 1.01
mL, Bl U(Vy) =0.01 mL, % BEEIE 2341 %108 1% 22 A AR i
AN A LA (14):
_Uy)
SNE)
R AL, WA AR TR AR RS VR IR FR Y 1
R EEE 22, DR, B O I A R A A AT

=0.06 pL )

=0.006 mL (14)

&, BAUKMIATEIK R BCN p= 2.1x107%/°C, LL 20 CHt
1.00 mL VA e v, 0BG IEL B 78 (20+5) C 22 a5, %
WEEETE A0 A 55 AR MEAS T o BE LA K (15):

SE BRI B R EAN B 2 E T3 L2 5K (16), ARXS
B AR EAN E BE T DL (17):

u(Vy) =\Ju(Vy )’ +u(Vy,)* =0.006 mL  (16)

uVy)
urel(V): 1 Oi)

3.3.4 HenAREare) R AT

FEMFREN 5.00 g, A4 KPR i 1 o rbr v i 43
JEE U(m)=0.01 g #EAT5 55 AT, ARAEAN 2 B LA
H(18):

=0.006 (17)

U(my)

u(my) = 2\/51

T HIFRARIRZE N Um,) = 0.01 g, $MRIEAM G, H
PRI 2 BT WA (19):

Ulmy)

3

Fcst (06 BORR MRS 10 5 FEE T LA 50 (20), AR

FRUEAH & B WA (21):

u(m) =Ju(my)? +u(my)® =0.004 g (20)

=0.003 g (18)

u(my) = =0.003 g (19)

U,y (m) = % =0.0008 @1

34 ABRIRETHREEMNITE

R 4l v i T 265 3% P S RH OGS 8 B SRR G R, X
B B 120 S 04 A AR S 18 A B e RS =0 (22) #E AT AL,
FRUEAT 2 BEH IR A 23T TG, ¥R B (k T
824 2, 95% 5 X [i])#E A QA TIH5E, S5 RWFEK S,
=1 (XY +10,0(@) 410, (1) +p10(m)* (22)

u=u,, xX (23)

U=ux2 24

®S5 THEETHEER

Table 5 Uncertainty evaluation for the determination

VA AR 8 BB XS

W

PREEMIRSG AR WA W RA ks

(ngke) Nﬁ“/”ﬁﬂ\‘ %ﬁifé?“a‘t—:ﬁﬁ éﬁifrt‘/’f%ﬁﬁ ﬁi*iﬁ4ﬁﬁ WEAHEE 1 4R
Wi EJE EJE FEJE (%) (ng/kg) (ug/kg) (ng/kg)

AR 0.04 0.0055 0.006 0.0008 3.69 0.04 0.07 1.01+0.07

Py 0.03 0.0055 0.006 0.0008 2.77 0.03 0.05 0.96+0.05
RS 0.05 0.0055 0.006 0.0008 4.64 0.04 0.08 0.83+0.08
FVhE 0.07 0.0055 0.006 0.0008 6.65 0.07 0.14 1.06+0.14

b0 B R 0.06 0.0055 0.006 0.0008 5.74 0.05 0.10 0.88+0.10
AV 0.06 0.0055 0.006 0.0008 5.63 0.05 0.09 0.82+0.09

YhRIvb R 0.06 0.0055 0.006 0.0008 5.64 0.05 0.10 0.85+0.10

S 0.05 0.0055 0.006 0.0008 4.67 0.03 0.06 0.65+0.06




3242 B4 4 AR A %8 %
ks

N RS PRMNCANS ERRBURR FORATAE WG WRRER WEPRR W

gy TR NRIER SRARARH SRRERE RIRERS R e %
T SE SE ¥ REBE (%) (ng/kg) (ng/kg) (ng/kg)
LR i 0.05 0.0055 0.006 0.0008 5.15 0.10 0.21 2.0240.21
SRR 0.05 0.0055 0.006 0.0008 5.20 0.10 0.20 1.94+0.20
PgbE  0.06 0.0055 0.006 0.0008 6.05 0.12 0.23 1.92+0.23
e 0.04 0.0055 0.006 0.0008 3.70 0.08 0.16 2.1440.16
20 Eish g 0.03 0.0055 0.006 0.0008 3.33 0.06 0.11 1.69+0.11
EbE 0.07 0.0055 0.006 0.0008 6.67 0.10 0.20 1.48+0.20
WRbE  0.04 0.0055 0.006 0.0008 373 0.07 0.14 1.9140.14
S5 0.01 0.0055 0.006 0.0008 1.69 0.03 0.06 1.65+0.06
LR 0.02 0.0055 0.006 0.0008 2.10 0.09 0.19 4.44+0.19
HHbE 0.0 0.0055 0.006 0.0008 2.34 0.10 0.20 4.23+0.20
gbE 0.0l 0.0055 0.006 0.0008 1.65 0.07 0.14 4.25+0.14
Wb 0.02 0.0055 0.006 0.0008 1.78 0.08 0.15 4.29+0.15
o b 0.01 0.0055 0.006 0.0008 131 0.05 0.10 3.99+0.10
pEgbe  0.05 0.0055 0.006 0.0008 543 0.20 0.40 3.69+0.40
WhbE  0.05 0.0055 0.006 0.0008 4.77 0.19 0.38 4.02+0.38
S e 0.03 0.0055 0.006 0.0008 3.50 0.14 0.28 3.9440.28
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