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Uncertainty evaluation in determination of nitrofuran metabolitesresiduesin
aquatic product by liquid chromatography-tandem mass spectrometry
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(Quzhou Entry-Exit Inspection and Quarantine Bureau, Quzhou 324002, China)

ABSTRACT: Objective To establish a mathematical model of uncertainty evaluation of nitrofuran
metabolites residues in aquatic product by high performance liquid chromatography-tandem mass spectrometry.
Methods Based on The Ministry of Agriculture announcement No.783-1-2006, JIF 1059.1-2012 Evaluation
and expression of uncertainty in measurement and other theories, a mathematical model was constructed and
each component of uncertainty in the whole measuring process was analyzed and quantified. Results The
results showed that when the spiked level was 2.0 ng/mL, the expanded uncertainty was Uggy (2.114+0.114)
ng/mL, k=2; Uapp(2.16240.124) ng/mL, k=2; Uno2(1.880£0.107) ng/mL, k=2; and U0,(2.076+0.097) ng/mL,
k=2. Conclusion Under determined experimental conditions, the major uncertainty sources were the area of
determination and the recovery of method.
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1 31 & : o
23 H &
. 3- 23.1 AFRpEREGRE
[2]’ _13C_15N2 _13C3
2377/90/EEC -Ds -D,2.53 247
) 248 2.53 253 256 245 2.55mg,
> 25 mL, 0.1 mg/mL
, I pg/kg"! 1 mL
10 mL s 10.0 pg/mL,
) 0.01 pg/mL
(43] : 1 mL
783 -1-2006" ) 10 mL , 10.0 pg/mL,
> 0.01 pg/mL
ISO/IEC17025 . 10 ng/mL
e, 020mL 50 mL ,
, 232 ,
o s 232 HEmATAEG ik
2 MRIERE 200 g 50 mL ’
21 RFSEES 0.20 mL 10 ng/mL , 50s,
5. ( 5 mL 0.1 mol/L 0.15 mL 2-
, ); ( o 0s
’ ): 37°C 16 h
SEM( 99.5%, . 3~5 mL
Dr ) AHD(  99.0% , pH  7.0~7.5, 4mL ,
Dr ): AMOZ( 99.5%, 50 s, 4000 r/min 5 min,
Dr ) AOZ(  99.6% 10 mL ; 4 mL
Dr ) SEM-C-"5Niy( ’ 40 C
99.0%. Dr ); 1.0 mL s 0.45 pm
AHD-"C5( 99.0%, Dr ); ’
AMOZDs( 99.0% Dr ) 233 RAREHELN
AOZ-Dy( 99.0%, Dr ), : Zorbax SB-Cyg (2.1 mmx50 mm, 1.8 pum);
0.5% cA 5 mmol/L ( 0.1% ); B
; 40 C; : 0.2 mL/min; 20
22 NBS5RE uL: I
1260-6460 ( 234 Ri#EAHK
); MS3 Digital ( : (ESD) ;
IKA  );N-EVAP™ 111 ( organomation : 325 C; : 6 L/min;
); BARNSTEAD NANOPURE ( 45 psi; 1400 C; : 12 L/min;
); BLUEPARD THZ-98AB ( : 4000 V;
) pH - (

(MRM)
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Tablel Theflow rate and gradient elution program of HPLC analysis

(min) A (%) B (%) (mL/min)
0 85 15 0.2

0.5 85 15 0.2

5.0 60 40 0.2

9.0 10 90 0.2

11.0 10 90 0.2

11.1 85 15 0.2

16.0 85 15 0.2

R 2 HEREER RN E KT

Table2 Spectrometric parameters of nitrofuran metabolitesresidues analysis

(m2) (m2) (ms) W) V)
209.0 192.0 40 90 6 -Be-PN,
209.0 166.0 40 90 9
249.0 134.0 40 100 6 -y
249.0 104.0 40 100 18
335.2 291.2 40 110 6 -Ds
335.2 262.0 40 110 12
236.0 134.0 40 90 7 -Dy
236.0 104.0 40 90 17
BC-PN, 212.0 168.0 40 90 5
B¢, 252.0 134.0 40 90 7
-Ds 340.2 296.3 40 100 6
-Dy 240.0 134.0 40 100 7
3 FRE5GH 32 MEBTHEEMKIFERE K
31 METHEERFIEE U=
W A Ju 2rel (C,)+ U 2rel (G, )+U rel (Cg )+ U 2rel (A /A )+
: U’rel(A/Ag )+ U%rd(R)
C=(CoxCixAxAg)/ (CgxAxAXR) (D (DUra(Cy)
O (ng/mL); ; (2)Ura(C)
Cs (ng/mL); Ci 5 (3)Ura(Cs)
(ng/mL); A 5 (DUra(AA)
5 Ag ; G
(ng/mL); A ; (HUra(AJAs)
5 As ; (6)Ura(R)
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33 METHEENENL
3.3.1  RAF_EAR P AN M BAR K A AR K E R
’Efﬂ ZE{ urel(cs)‘ urel(ci)Zi Urel(csi)

(1 Urei(A)
( ) 4
4 ,
(k=43), :
: 0.00290; : 0.00292;
: 0.00290; : 0.00290;
-BC-PN,: 0.00292; By
0.00292; -Ds: 0.00292;
-Dy: 0.00292
(2 Ura(B)
: £0.01 mg;
u=0.01/ ~/3 =0.00577 mg; :
Ura(SEM)=0.00577 mg/2.53 mg=0.00228;
Uea(AHD)=0.00577 mg/2.47 mg=0.00234;
Ue(AMOZ)=0.00577 mg/2.48  mg=0.00233;

Ure(AOZ)=0.00577 mg/2.53 mg=0.00228;
Ura(SEM-"C-""N,)=0.00577 mg/2.53 mg=0.00228;
Ua(AHD-C3)=0.00577  mg/2.56  mg=0.00225;
Ua(AMOZ-D5)=0.00577  mg/2.45  mg=0.00236;
Ure(AOZ-D,)=0.00577 mg/2.55 mg=0.00226;

3) Ure(C)
:25mL A
+0.03 mL, , U=0.03/~/6 =0.0122 mL
6
0.023 mL
: +3 C,
, 1.0x1073. C,

+(25%3%1.0x10?)=£0.075 mL,
, 0.075/~/3 =0.043 mL

J0.0122 +0.0232 +0.0432 =0.0502 mL:
: Urg(C)=0.0502 mL /25 mL =0.0020

“4) Ura(D)

10 mL : £0.01 mL,
, u=0.01//6 =0.0041 mL;
6 0.015 mL;

+£(10x3x1.0x10%)=+0.030 mL, ,
0.030/+/3 =0.017 mL;

- 0.00412 +0.0152 +0.017> =0.0230 mL;
: Urg=0.0230 mL /10 mL =0.0023

6
0.1 mg/mL 0.01 pg/mL,
f]()()_()'()l, 0.01 ug/rnL 2.0 ng/mL .
flo2; 1 mL U(Vime) :
+0.008 mL; ,  U(Vim)=0.008/

6 =0.0033 mL; Ure(Vimr )=0.0033/1=0.0033;
U (fio0000)=  Urel(Vim) +Urat(Vime) e (Vi) +

(ure|(VlmL)2+(ureI(VlmL)2+urel(Vl0mL)2+urel(Vl0mL)2+
Uret(Viome) ™+ Uret(Viome)? = 0.0033%+0.0033°+0.0033%+

0.0033%+0.0033%+0.0023%+0.0023+0.0023+ 0.0023>
12=0.0087

U(fi02)= UiV ) ke (Vim ) ?=(0.0033%+0.0033%)'"
=0.0033; : Ua(D)=(0.0087*+
0.0033%)">=0.0093

(H~4)

Urea(Csem)=0.01020;  Urg(Canp)=0.01022;  Ura(Canioz)=
0.01021 5 Urd(CAoz):0.0 1 020, urei(CSEM-13C-15N2):0~O 1021 5
Ud(Canp-13¢3)70.01020; Urg(Camozps)=0.01023; Ua(Caozpa)=
0.01020

332 E@ALT| AL R T Ua(Asem)s Ura(Aamp)-

Urel(Aamoz) Ure(Aaroz)
2 ng/mL

¢ Urd(Asem/Asemciscaisnz) - =0.0311;
Ura(Aain/Asnp-3cs)  =0.0347; Ura(Aamoz/Aamoz.ps)
0.0360; Urg(Aroz/Anozps) =0.0321;
5,
¢ Ud(Asem/Asemscasne) - =
0.0341; Ua(Axan/Aanp1acs)  =0.0355; Ue(Aamoz/Aamoz.ps)
=0.0336; Ure(Aroz/Arozps) =0.0313

333 RBEFRIEKE RYRHZE ue(R)
, 5
, 4
, 3

334 A RABKTAFAE T

335 FRAIRHEE
k=2, U=ku,
Usem=2%0.0568=0.114 ng/mL;
Uanp=2%0.0618=0.124
ng/mkL; Uamoz=2%
0.0535=0.107 ng/mL;
Ua0z=2%0.0485=0.097 ng/mL
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Table3 Uncertainty of spiked sample recovery
(%) (%)
1 2 3 4 5
105.1 96.8 114.8 100.6 111.2 105.7 0.0296 0.0280
120.4 96 109.6 106 109.0 108.1 0.0349 0.0323
95.0 90.2 96.3 96.2 92.2 94.0 0.0107 0.0114
102.7 103.4 103.2 103.3 106.3 103.8 0.0057 0.0055
R4 ERENIRETNRER
Table4 Relative combined standard uncertainty
Ua(Cs) 0.01020 0.01021 0.01022 0.01021
Ura(Ci) 0.01021 0.01020 0.01020 0.01023
Ura(Cy) 0.01021 0.01020 0.01020 0.01023
Ura(Ax/ AY) 0.0311 0.0347 0.0360 0.0321
Ura(AY As) 0.0341 0.0355 0.0336 0.0313
Ua(R) 0.0280 0.0323 0.0114 0.0055
0.0568 0.0618 0.0535 0.0485
4 HRETR | |
783 -1-2006 )
(2.114+0.114) ng/mL, >
k=2; (2.162+0.124) ng/mL, k=2; ) )
(1.880+0.107) ng/mL, k=2;
(2.076+0.097) ng/mL, k=2 &%
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