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Uncertainty evaluation for the determination of malathion residue in honey
by gas chromatography
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ABSTRACT: Objective To evaluate the uncertainty for the determination of malathion residues in honey by gas
chromatography. Methods According to JJF 1059.1-2012 Evaluation and expression of measurement uncertainty
and JJF 1135-2005 Evaluation of measurement uncertainty in chemical analysis, a mathematical model was
established for the uncertainty of determination of malathion residue in honey by gas chromatography, and each
uncertainty components in the measurement process were analyzed and calculated. Results By calculating and
synthesizing the each measurement uncertainty components, the residual amount of malathion in honey sample was
0.021 mg/kg, and expanded uncertainty was 0.0037 mg/kg (k=2). Conclusion The uncertainty of the determination
of malathion residue in honey by gas chromatography is mainly derived from the fitting of standard curve, followed
by the repeatability of sample measurement and standard solution, while recovery rate and sample pretreatment have
less influence on uncertainty.
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SRR AR E . RN AT A

Trungu ZEPNCAE 1ok [ R ZER HL 545 2 T [ 4k
AT s e BERE &, % PR PR R 4 5 P A IR
KIRHBREA 2 fi%. T AKRIZERT ™ [ F st AL X e
Hve L 3 PRl b iE R . SO R BESEIEL, FziR
W 7 B S R LA T T T, R BRI SR 2 75X
3 FhEES R A D RIRE, H/NRE KA 13.0.
10.0, 16.0 pglkg, 4% (AR 25 5% B A0 EE 4 B A7 i) 8
55N BTEAR (1) B A B AT s AR A s, Horpadd A
PR RE D T AE AR S, i 2 BRI BE L o
AT I 5 B R AN S R P M ik
52 0 2 v AR A LB A 25 0% BE AT BE VT O E
A AHDESCHR, TR FIARAE GB 23200.97-2016 £ i 24 H %
b g rh S Rl HLBEAR 255% B BRI E Mgtk ) D)
) e vy B B R AR T R LA

GRS JIF 1059.1-2012 (MEATHEEEE 5%
) L JJF 1135-2005 Ak Hril BAs & i ) B
GB/T 27404-2008 { S28 4 Pl AL £ St R kAG ) ) ©)
HHEELE S ER, #2208 GB 23200.97-2016 #A7 PEE TR A
B BE R T VR, A B RN I 2o AR R A R B 43 ok
T, RR AR 2 AN A T B S AN E A R R
AN, R R AR S A AR, DU S
PR Y B A R S

2 MREREE
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e T YRR

DRI (100 pg/mL, Al HEREE R
AT, CERCHR . NER[Aikal, FERCIRBHE (hIE)
AIRAF EAgh e, 7R ).

GC2010-Plus A @AY, TC K G B2 AG I 4% (lame

phototric detector, FPD) (H 4 i HA H]); XW-80A JiEiR iR &
PRI A B2 FD); Turbovap LV #eds TAEM (35
[ Caliper A F]); 3H20RI % B fm 3 ¥4 VR 25 CoHLOB R R 19 1)
T LA BR2 F]); Mutivap-8 AT (AL U SR IAZRRHMY %
AR AT B2 wl); 13500 HL - TP (R 2T BRI AR )0
22 ZWHE
22.1 DLimAHRE TAE R 6B H)

W2 B R R AR VA 100 pL T 10 mL &b,
FAEFG B B 208, 58] 1.0 mg/L ARifE TAER
222 ARk KIEIR A Bk

ERA W IGE B9 1.0 mg/L ARiE TAEW, F A AR B e
il B BE 43 514 0.00, 0.01, 0.05, 0.10, 0.20, 0.40 mg/L
IFRIE T 2K
223 &igLH

iR DB-5MS B4 H(30.0 mx0.25 mmx0.25 pm);
A AR (EEE>99.99%); #AMH: 1.0 mL/min; BWKA,
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224 AT
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B, A 15 mL /K 5 g ke, TS, FIA 15 mL &
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Fig.l Fishbone diagram with standard uncertainty

32 NMEAHEESEHTERE
32,1 AFAEEIR T AMAASTAFE TR S re(c)
(1) Zh 37 57 W A ME B8 005 1 A B9 AR X b 1R AS 1 2

ulrel(c)

HRAE S5 PR AR v P BUE A5, R G B AR U T TR
WIE R 100 pg/mL, ¥ EFRERTEE U=0.13 pg/mL,
THET k=20 B M SR SR BEAR T | A AR AR AN
A

0.13
ulrel(c) = 700 = 0.00065 o
(2) T RIBRBERR M AR 0T A BAR X BR A 1 B2

u2rel(c)

W2 BT, R B AR HE VAR 100 uL T 10 mL &85,
FH VS B fs e 2 20 B, A9 8] SR BE s bR v TAEIR, W
1.0 mg/L, 402 (FREEIR B (20+5) °C.

FRAEAL HEUE 43, 100 pL ATJARS AR 105 AR HEAS 6 22
BE U=1uL, W& HEF k=2, WIAHXARAEASH E B

Uy (100 pL) =

=0.005 .
2x100

WRIERHEIESS, 10 mL BFEIRAY BARERT €
U=0.010 mL, &K F k=2, MARRHR AT R R

U (10 mL) = % =0.0005 .
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Jik R BRIk R BUMR 2, i LSRG 2 TR R HE S |
A A RRUA TRV L AT Z 0N TT), $ IR 51404, B
DU k=3 o DUERIEEIR AR Ak (4 AR X s A A JEE A

-3
gy (1) =320 X5 6 043

NE
AR L E AN R B 73 A, SRR b v T AR

VS ARG AR VA 1 5 2 A
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(3) v R v R TC T 3 R R B AR S AS B 2

gy U3re(€)

FrvfE i 2R AR E 55424 0.00, 0.01, 005, 0.10, 0.20,
0.40 mg/L, FAEH 0.01, 0.05. 0.10 mg/L K} 100 uL 7]
TR AL bR ME ARV, Bedil 0.20. 0.40 mg/L B
1000 pL AT AR A5 BObRE T AR . RS BN A A il
1000 pL WA A . SEHE IR IRLIE R (2045) °C.

MRYPEALHEIESS, 1000 uL AIJERS AR A9 bR i A1
ERE U=2 pL, O&HT k=2, MIARSFREA T E B R

5 (1000 pL) = 12000 =0.001 .

1 SCRT, 100 pL AT SRR A 0 A b v A A o
ue(100 pL)=0.005 . 5% I B AR 1b 1) AH X A A ff
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MR LA AN 5 BE o AT A5, s of i 2R B o 2o
FR B AIARXBR A 2 B A oA

Uz (C) = \/”rel (100 uL)2 X3+ Uty (1000 ;.LL)2 X T+ g (tl )2

—/0.005% x 3 +0.0012 +0.00432 .
=0.01002
M 3 SANHAE B W4T, AR ARG A AR X AR i
AW E A

2 2 2
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(1) Fr BURE 5 3 72 51 A B A X AR v R 6
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WE RS, HY RAREAI ST U=0.08 g, (& T k=2.
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0.08
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(2) FESh R E A AR MR FREA T E FE uyre(V)

i 1000 pL AT R IR A5 S5 f o B R SCRTH,
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0.001. FrLL u;,q(¥)=0.001,

(3) RIS AR AL 5] AR AR BRUEART E E e(t)

H T LR CEREIEIK R ECH 1.39 x 107°/°C(H T8
HIREZ K 22 250 AR I I ik R BUIMB 2, BT LS G % TR AR
TS R Y B 38 A ARV T 2 AT T, $R BRI 5] oA, B
BT ko=~/3 o TFREE R AR (b B AR X B v AN 2 3 -
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* NE)

L5 LA AR bR EAS B 22 B 4 i, RR SR ETARFR S| A

PG A AN 2

2 2 2
Uper(m) = \/ulrel(m) + e (V)" + e (1)

=~/0.0042 +0.0012 +0.004>

=0.00574.
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R AL it DU 2 25 SRS A T ) R R AR AL A3 )

P RE S ETAL B R ) — B AR AR RS E P . AR
ol AR 2 5 LA RS AR A B 8 o A N 2 T
FE o AT 6 YRGS S AR AR AT 1 (B R0 S IGBR o f 22,
ZERME 1.

Uy (M) = =0.004 .
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*1 ESEMNELER
Table 1 Repeatability test results

{EZ 0.019 mg/kg. HAE A E A5 1A B AR X AR HEAS
SEEN:

3.2.4 AR/ K ANE T NG AR AT R R upe(s)

Ih T B s v P 2 45 v A A I TR L 36 2 AR
/N TR I B A T OB I bR E R 2R 2R B E 7 R
Y=20123.08X+0.0, HH#I% ¢=20123.08, #H 6=0.0. £k
PR 7 R ZR 8L 7=0.9999.,

®2 FELIEZHURE

Table 2 Standard working curve data

ETRe) Pt ¢ S /(mg/L) U T AR
1 0.000 0.000
2 0.010 204.230
3 0.050 945.758
4 0.100 2014.630
5 0.200 3957.346
6 0.400 8089.734

LETS WREEE R/ (mg/kg)  SEHARHENR 25/ (mg/kg)

1 0.01858
2 0.01781
3 0.01895
4 0.01801 0.000759
5 0.01961
6 0.01986

SRCERE(A) 0.019

Rt R A | AR HEAN B S

u(x)=s(4)= % =0.00031 mg / kg

MR 1 AT, SRR A R SR B AR B A de A T

MR BB v HR 2R AR o O 22 A 2K
Jz:;[yi—w-wwf
Sg = .

n-2

LF e

Vi RS i U W TR (LR 2);

a FFRERM R R B 5 AL, 0=20123.08;
b AFRUEHZR LR [Ty FEAREE, £=0.0;

ci NS i U R BRI IR B, DL 2;

n AR HER RN E KB, n=6

15 Sx=49.57.

DU 205 5 | IR R B v AN o A

2
u (S):SiR l+l+%
rel axcy|P n n 2
PINCED)

AFH:

Sg HFRE AR e 22, Sp=49.57;

a JhriE R H AR R R, a=20123.08;

PR S I R ER, P=6;

n AR HER RN E SKEL, n=6;

e NS i U R BRI IR B, DL 25

c A bRl 2 AT B0 0 R A R 0 REOT BIME .
¢=0.019;

¢ N BRI TR R B BOEIME, € =0.13,

B 1,0(5)=0.0859.,
3.2.5  EREFI AT AR E A B u(R)

TE 6 128 AR S A BT 40440k 0.01 mg/kg (9 iz
Wi, LR 45 R0 3.
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Table 3 Recovery rates results

LTS [FT R /% SEIGHRUER 22 S(R)/ %
1 87.9
2 84.7
3 88.6
4 90.1 2.09
5 90.2
6 89.8

BHCPHIME(R) 88.6

FT T AE 385 LA RE R B A 5 A -

_S®)
”rel(R) = \/;x E

XEBL I IR 18 25 S T 5RO I K30 AL
i~

=0.00963 .

AN L ORAS =11.84. B 1 A AELEAR IR B

Urel
P EAME v 8 ,() B, MEEGRAE 95%, Al
JEHy 5w, ¢ AT FUE t0.05(5)=2.57, BDYSKIAL =2.57
B, D055 R 100% A 325 5, 5 T IaDCR B IE 45
o FrUAMEZERIEIESS 4 0.021 mg/kg.
33 THEENERK
HRAE L3 1 25 AN B 43 e R e v X

Upel = \/”rel (C)2 + ”rel(m)z ) (x)2 + urel(s)z ) (R)z
B A AR AR EAT E B, PRGN
u= urel Xc

FH A MPMERHERE . GPR I 4

R4 EMRETTHES
Table 4 Relative standard uncertainty

% Do T N N

Y (7=35 %
FFe - /S BUE ERHER SEE R
Urel u/(mg/kg)
1 B UV a(c)  0.0120
2 FEARTTALFE  w(m) 0.00574
3 FERWEEEY w.x) 0.0163 0.0890 0.00187

4 HEMZEME  wa(s) 0.0859

5 [E u(R)  0.00963

IhEERS

FEBAE KT 95%, WAL S HF k=2, AR IR A

WEEARXU =uxk, BY BATERE U=0.0037 mg/kg.
D= ST SRR VAR 7R 75 A e iR R

(0.021£0.0037) mg/kg, k=2,

3.

N

ACBIFFERS AR 3 0 I R e P T P R S B Y
ANHE AT ERE, SRR W AR IE A5 5B A
SE L3 X 28 () AN A2 BE RO WA R R, LU A R i
HEE S EANBR IR, T (SRS T AR B M A
3 53 A A AN AE i 5 AR, AT LU AR LA 7
TET R e I A A 5 L

(1) rifErh el
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2S5 T ARG E BN . Ah, I AT UL I nbs
YR A DB (— AT 5 A ), S AR o b 2 B
JE (A1 ARG, FERFIIAE S R KL T AR
Y2 O BT, 8 R DA it - A D00 S R (NI T
2 YR UL AT LA FH 8 A0 5 e A ARG N 35 LA R AR o a2
A L R

(2) FERLIE TR
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PR AL A R, A2 A% ORI 1 A mh B LA AL
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PTG 5 AR ORI AR 71 AN 1o 2 v S R AR 1
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