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Uncertainty evaluation for determination of chlorfenapyr in rice by gas
chromatography-mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty for the determination of chlorfenapyr in rice by gas
chromatography-mass spectrometry. Methods The sources of uncertainty were determined by analyzing the
measurement process. The uncertainty was quantified from the aspects of mass concentration, volume, mass and
instrument measurement repeatability by statistical methods. Finally, the synthetic uncertainty and extended
uncertainty were calculated. Results When the content of chlorfenapyr in rice was 2.18 pg/kg, the expansion
uncertainty U=0.26 pg/kg (k=2). Conclusion The main source of uncertainty for determination of chlorfenapyr in
rice by gas chromatography-mass spectrometry is standard curve fitting, followed by repeatability determination. In
order to ensure the reliability of the experimental result, we should develop the linear range of standard curves
reasonably in the configuration process of standard solution, standardize the experimental operation in the
pretreatment process of samples to reduce the uncertainty caused by experimental repeatability and increase the
repeatability times appropriately, so as to ensure the reliability of experimental results.
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TR HUIE (chlorfenapyr), X 44 HUBEIE, Jf&—Rho5 SLnb g
R L AR, A DR R 2 L e A A i R e
G IE, AR N 225t 2 ) BE A AR A A8 Ry AT R T Tk
EA W, SRS B s A i v A 2R A, 8 1o B S A i
FRAL AR B, ATP fo A= R, 100 T {6 200 it D) Sy it/ P o 22
O R AR A i) =M ) B v s 1 N 3 L 67 97 N |
SE JE I A T DGR ol 0t 22 £ 0 4 k0 SRR B
HIE s A AT Y, e AR AR A G 564G
AT bARHE SN/T 1986-2007 ki 18 i Hh i Ha i 5% B8 b A
W5 ) BRI E 1 Bk T e R B vk,
TR 7 VB A A I 4 R, 5 o AN Wt o 3 A
B, AT 45 H AT S B ARG 36235 AR SCH i JUF 1059-2012
CIE AR B R ) 1, Sy KoK b i U A1
SEPEVEE SRS SR, DU RENE B A i R R 5 AR
B BE Y R B, DU SR I A R A, AT B2 e ) k2
S HERA T

2 MRIEEE

2.1 FEMNRESAF

7890B+7000D S AH 0, 1% T 1% B¢ AN (36 I ZHE AR A
H]); BSA224S HLFRF-(HEEE 0.0001 g, FEEZELFI B
Fl); A11B S025 S EHL(FRE L K22 wl); RVI10 BEfE 7 &1
Gt 1P EA BRA F]); Xeelvap ZMRAL(3E E Horizon 24 H);
HP-5MS(15 mx250 pum, 0.25 um, 3 EZHSAH]).

NG TECKE. NEA(E A, 75 E R A b)), B
EAREVE IR R 50 pg/mL, JUET S AH A YR A BR
D) WL EROE M W (LE B = 98.0%) . SAALEA (LR =
99.8%) . JC/K LR A (4L = 99%)(IE 24548 B4k 243857 A PR
oA, LR IR R (20+3) °C, MXHEE <70%.

ORI T 30 T s o) X e I 7 A o
2.2 AT

B S SN/T 1986-2007 HEA TR 368,

L B EE AL IR, MERRTE 150 mL HEARHPFREL
20 g JOKH, A 50 mL ZNE, #8575 2 min, 247 R}
JEE 250 mL HEEHETEI P LN 20 mL AR ER 2% vhi
WA 10 g ALY, LA S0 mL ZIEVERBEA, &I IETE,
2640 Bl g, WOE S IRMIEIR T FIR IR D, e
FUREE 5 min J5, FE 15 min, 1K ZEZEEARZE 100 mL
J&, BU50 mL (I ZEZ B T 250 mL 4 HiP, LA 40 °Ck
BHER RN RERET . B 0.5 mL S LENER
(100 g/L), 20 mL IEcV ke, MIAMGE R, Je# 1 min, 7
PRHE 2 min, HEFRRGE L TOKBRRRENAE, E%] 5 — 150 mL

il

WA, 433 20 mL F1 10 mL 9 1F O BevE sk 40 2
W, IR URRGE S EIRTOKERRREN, DL 40 °CKIBIER: 78 %
W S IEC bR R £ 5 mL,

W5 B8 Ak i 2R [ AH E BBORE e Hp v S0P B 11 AH A5
FELE T 3 32 (RRARVME TR ), H BRI 28 R 5 i iE 2
PERET A TR i AR ZE B, A S mL IE O bk vk e
M, BE FIRLIE, 555 mL iF Sk 72 vk B A A H
FE o 30 2 Bl SR AR AEOHE, 8 3 mL PRV b
PRSI0 AR A 2 BURE e IS A b I B R e L, A
40 °CIREE T AAMIEA ZET . &AM 1.0 mL EC kTR
IYRIREE, it GC-MS M ER,

23 &M

AR 1: HP-5MS(15 mx250 pm, 0.25 pm); Aift: 2:
HP-5MS(15 mx250 pm, 0.25 pm, 3EZHAEATE); @5
FEIREE: 60 °C(f#4%F 1 min), RJGFEFETHEZE 170 °C(H %K.
40 °C/min), FFF-HEZ 310 °C(##: 10 °C/min, ¥ 3 min);
P A 1: 1.093 mL/min, A 2: 1.293 mL/min; #EREDIR
B 280 °C; MEAEE: 1 uL; gEEE AN ANaTidkEE; #A:
AR, i =99.999%; IR 280 °C; B TIRIRE:
280 °C; LTI 70 eV, ZRN WM ERE T
137.0~102.0, 18T 247.1~227.1; 328.0~247.0,

3 HER55H

3.1 HEFER

e S R G R RIS S R RO g R, AR R

X =22 1000

K X R PR B 5k B, ne/ke; p M ASRERH
2R TP O RE i IR RE B BE, ng/mL; VORFE IR E
AR, mL; m WEE R BIFREE R, g £ TR T,
32 KARPRABHSENELER

FA s B B B E (n=2) SR B A5 R L3R 1,

R1 REEEENERE(ng/ke)
Table 1 Determination results of chlorfenapyr content(pg/kg)

FHE(X)

ot /(ng/kg) 2.231 2.121 2.176

5 1 2

3.3 FHEEITFE
330 MAFREREIIANGTHZE u(p)

1) B b S v 5 | A 28 E g (o)

A S 56 R FH R V6L HNE A o T VR AR A B E S
2 AN E FBE TS R 3%, FIERS 4> A % B, BAL A
R k=2, PR b 5 2 e TR 38 5 A R X o oS
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R A A

F10 &

FEPE N () =22 =15x1072

2) W@m&ﬁ% We B PR IR B AR B 5 A AT
ur (p)

TR VA WBC L R v, V8 UG DL 2 A S 3R
FIRR R E 45 o LI TE 20 °CHHGIZIK ZECh 1.37x107 oC!),
AT A S A 00 5 9L B 2 il (2043) °CTE RN, % B 25158,
A2 57 4y A, BUAL & I F k=3, X [A) 2 B8 R
3 °Cx1.37x107 °C'=4.11x107, B AW AH SR E A # E

4.11x1073

H uzrel(P) = T

3G HERZR S | AR ARH E JE uz(0)

A E AR R I R AR & A 2
gy, BT AR ER R A IO S K BUATR R, R R ik
TEVRFRPR Z th AT (3R 2) 0 8 5 AN TR bR IR 5T
W EEACT e bniE i 2k, /N 3fe e o 10 e i vk Ji2
S0 B AT B A yekerh, 5B H KO R
v =748.799231x —1632.527947 (y WUETH R, x WU, ng/kg).

—24x1073

®2 REHERKIESIANTHEEITER

Table 2 Uncertainty result introduced by standard curve

L E$OdE x =78 ng/mL, y =56733.8, WETIRL y 5%

i — (ke +b)]
—831.944942 » FEHE

p=2, n=5, X=21.76 ng/mL, KHEMZLT| AR E

2
831.944942 [1 1 (21.76-78) _
3 == 09277 , X
W w(e) 748.799231N2 5 19702.027 AR A7
277

ML 1, ()= S

PG,y JB ok B2 51 A B 5 JSOAR 0 A 1A i

=0.043

et (P) = \tvet (P) + 16371 (P) + et () =4.5x1072
332 @HRBREEXIIANGTHAZE u)
DR A ES | AT E S 0 (V)
HE JIG 196-20061"), 2531 8 B B JOARNH e i

correction
W x(ng/mL) WLy, fith [t b HIFT AW E EVERE, B A E R RIER AL R 2R 3,
10 6753 5855.5 805570.2 B e .
" 12008 133435 1193403 AR 3 AL, R as HAHE S | AR AR AR A
60 43199 43295.4 9298.0 SESE ), (V) A
100 72299 73247.4 899453.4 \/m«f +ud +ud vuf +ud + >
wa)= 5 5, =22x107%
200 148620 148127.3 2427353 2ug +uF +ug +ug
3 HE[EKESIIANNTHEE
Table 3 Uncertainty result introduced by calibration of measuring instruments
HEE A /mL fifi YR B R AVFIRZE HEET AR BR A E S
o Y VS YRR 1
5mLA AR 5.0 +0.020 mL J6 u =1.63x107
1000 L B 1.0 +1% NG Uy =5.77x1073
1000 pL B #% 0.5 £1% NG uy =5.77x1073
300 pL Bl 0.3 +1.5% NG Uy =8.66x107
200 uL B 0.2 +1.5% NG us =8.66x107
200 pL Bl # 0.1 +2.0% NE) ug =1.15x1072
FeEmmARIE . ik
100 mLA % 75t 100 +0.10 mL J6 17 =4.08x107
50 mL FBRZ I 50 +0.05 mL J3 ug =5.77x107*
Rl 2 v
1 mL bRk g g 1.0 £0.007 mL NE) Ug =4.04x107
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2) il B AR XA B R0 T 5 AR E B upy (V)

M RE BB E 20 CH B ERBREKRZE o N
1.0x107 °C™, IECBEMZIETE 20 °Cit o Hy 1.37x107 °C,
AR, AEULIREE TR, REEERAEBEK. LOEC
St FE 25T E T R B T RN, AR K R o BL
1.37x107°C™", BEAREL . Hefbidsnl o 0, IR R 5
a, BU1.37x107° °C™' . ¥ B e ik A TirsE, g
T 0, BALE T k() =3, SCI28 B R 1 1
(20£3) °Cz ), KXWEETFEREN ap(V)=ax3 °C, HIILGIA

R AT e 22U g sk EA

NEEY 4
XTRRUEA R B L3R 4
PG 4 FTH, R AL AR B R I 5 A AR X
FRHEANH SE BE 1,00 (V) A

2. 2.2 2 2
6ui +usy +u3 +uy +u
uZ,g,(V):\/ PP TS 901073

+2ug +u% +u§ +u§

3) H AR R LA B RE X BR E AN 5 Ty (V) Y
i

HO AN R SN R 2 A0 E BE 73 gy (V)
Uy (V) A E M 57, HoA& A B OE E N

treg (V) =\[ufver (V) +163er (V) = 241072
333 @REEF TN RALE u(m)

1) T RAGHES A AR E BE g (m)

J& B EAWEE, LIl HTE LA BSA224S T
K, R R a2 0.1 mg, #5010, 4

HGHEF km)=3, KL a(m)=01 mg, FHAHE
rgml(m)=%=s.sxm—2 mg, ARSI RE G FRRE
20 g B G Ak B A R 0 AR bR R B E

58x1072
Uirel (m)_ 2()><103

2) B PRSI BIAMARHE BE uy(m)

FZ W BSA224S R4 35918 0.1 mg, 5l
AWAH]E EH B KiT@, RS S, W&
ka(m)=B , X [H]2F F5 B ay(m)=0.05 mg, FHAHE R K

uAM=ﬁg“=mnw1@,¢§ﬂﬁ¢ﬁimww

-2
e . 4.1x10 _
PR SE FE R gy (m) === =2.1x1076
2010~

3) SEERJET m AR | AR E B u(m) A
AR DT m 51 AR 2 DNAE B uyep (m) « taper (m)
AHE ST, HA AR A E S u,., (m) A

=29x107°

Upel (M) = ulzrel (m)Jr”%rel (m) :3'6X10_6 °
334 A EMNEELMIINGTAZE u(f)
x5 R 5 WKEEWEW R W LR,

=0.091 pg/kg, TR HNE & & MR

A 2 WA/, ¥ =2176 pgkg, FTLIME
O oE E 2 M5 AR X AR N B R A

S 55002
urel(f)*\/z}*lz 107°,

®4 BETUIFRBZIETSIANTHEE

Table 4 Uncertainty introduced by the effect of temperature changes on volume

R HFYmL il U K PRI R 5 AR BR A & E
i VA R TEC )

5 mL A ZAE i 5.0 6 1.37x10° w =2.37x107°
1000 pL B #% 1.0 1 1.37x10° Uy =2.37x1073
1000 pL B #s 0.5 1 1.37x10° uy =2.37x1073
300 pL B ilids 0.3 1 1.37x107 gy =2.37x1073
200 uL Bk #% 0.2 1 1.37x107 us =2.37x107
200 pL B 0.1 2 1.37x10° ug =2.37x1073

R IR, H il
100 mLA 275 it 100 1 1.37x107 uy =2.37x1073
50 mL HBRZE L 50 1 1.37x10° ug =2.37x107°
(RN SR
1 mL BbRLE i 1.0 1 1.37x10° ug =2.37x107>
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Table 5 Repeated test results

Feis 1 2 3 4 5 6 '
i/ (ug/kg) 2.23 2.12 1.94 2.01 2.05 2.08 2.07
33.5 & mARETRA RIS (7] BRI, SR80 GC-MS. Pkl 32 kil 72 5% B RO i FE R
B AW RE Sy AR ST, R AR X A RS E S E D] INTEARRE, 2013, 41(9): 959-962.
5 5 5 5 ) Lai TC, Cai EX. Uncertainty evaluation of the pyridaben residues in
E Doucrel(X)= \/Mrg[ (p) Flrel (V) tlrel (m) e (f) =6.0x1077, apples by correction factors of internal standard method in GC-MS [J]. J
B BREATIE BEN ue (X) = ucye (X)x X =013 pg/kge Shangxi Agr Sci, 2013, 41(9): 959-962.
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