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Abstract: Aim to evaluate the uncertain factors which may influence the accuracy of detection of pesticide residues in fresh
tea leaves, a case study of dichlorvos, dimethoate, malathion and fenitrothion residues in fresh tea leaves was carried out
using gas chromatography with external standard method. According to the relevant standard and protocol, a mathematical
model has been studied. The uncertainties created by the entire experimental process were evaluated systematically. Three
A-type evaluation components, including reproducibility of determination, fitness of standard curve and recovery rate, and
four B-type evaluation components, including preparation of standard solution, sample weighing and pretreatment, and the

measurement of instrument were investigated. The results revealed that the expanded uncertainty of measured values of
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dichlorvos, dimethoate, malathion and fenitrothion in the spiked tea leaves were 0.021, 0.073, 0.036 and 0.023 mg/kg (k=2,
confidence interval P=95%), while the theoretical content were 0.096, 0.39, 0.19 and 0.19 mg/kg, respectively. Preparation

of standard solution and fitness of standard curve contributed to the major effect on uncertainty, which should be paid more

attention for future determination. Our study provides a reference for the accuracy assessment of method in detection of

four organophosphorus pesticide residues in fresh tea leaves.

Key words: gas chromatography; fresh tea leaves; organophosphorus pesticides; uncertainty
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1.2.1 AYESEI 25 A% AE: DB-1701 B4U4EHE
(30 mx0.32 mmx0.25 um); 2% N = A& S, ik
3.0 mL/min; E506H 75 mL/min; 25078 100 mL/min;
FHEFRF: 90 °C A43F 1 min, LA 20 °C/min JHiE =
200 °C %45 9 min, FELA 30 °C/min JHEZE 245 C 14
¥ 8 min; YL R 220 °C; BrlldiR A 245 °C; i
FER 1.0 pL, ANAraiee.
1.2.2 brfE el ERRIRERL 4 FCE VLB 2585
HESRAS 1.0 mL F 25 mL &F2ifH, N E R 2 Z
B, BOSHE N 40 pg/mL BAFRIAER . MRIER A2y
FEREIU 2% L g ma B, BCARRIE ECECE 0.5 mL. SR
SR 2.0 mL. S AR EEREES 1.0 mL F 10 mL
I, IR 2 2208, AR AP A .
SR G FHZS S i 5L BT i RO 22 T [RGB I
PR R Y TAER U, Frh B M B4 0.01. 0.025,
0.05. 0.25. 0.5, 1.0 ng/mL, SR M N 0.04. 0.1,
0.2. 1.0, 2.0, 4.0 ug/mL, TR0 28 MR AR v )5
29 0.02,0.05, 0.1, 0.5, 1.0, 2.0 pg/mL.,

1.2.3 FEARALER  FREX 5.0 g Z5@EHAE T 50 mL
BT, A 10 mL 1% ZBRAIZ IS WA 2 ¢ JG
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PR AR X AR EAN A 2 B v, (V)3 R TR 25 55 in a3
S AR ATAREATA E B, (R); XA E S| A BIAH
XTPRUEATAE B, (GO

23 FHEESERITE
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Table 1 Repeatability test result and uncertainty of 4 organophosphorus pesticides in fresh tea leaves
- R E X (mg/kg) THEX AR ) HIXFERIfE
g 1 2 3 4 5 6 (mg/kg) (mg/kg) AHHE B urer (X)
(e 0.0988 0.0955 0.0979 0.0930 0.0969 0.0948 0.096 8.72x107* 9.07x107
SRR 0.404 0.384 0.392 0.403 0.385 0.383 0.39 3.88x107° 9.90x107
L2E Aok 0.193 0.196 0.188 0.197 0.187 0.189 0.19 1.77x107° 9.26x107
A 0.185 0.200 0.195 0.197 0.198 0.191 0.19 2.33x107 1.20x107°
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Wi, (S.5)=6.50x10*, LG Bu,, (S.,)=5.00x107*,
U

U (So) = ﬁ

2.3.2.2 FRUE ARG BEE AT A B AR XTI AR EAS B
RE (S,  ARYE 1.2.2 75 R o A TR 04 B Tk,
RS RSN 1| mL AR RAE A 10 mL i
25 mL A SRR, e E AT E T E TR AR .
ZEI S RS AR PN ERAFR 22 F] 5 . 1 mL
B AT EL 0.5 mL Fl 1 mL B9 &5 2 2Z 5 91N
+0.005 mL F1+0.01 mLP", #7454 (k=V3); 10 mL
1 25 mL A A BRI ES & 2543 5 8+0.02 mL
F1£0.03 mLPY, 42 = IS0 (k=V6) ;s 256 28 PREE R
JE 2R (2045) °C, TNER I BEZIK R ECH 1.49%107°/°C, %
FEIE AT (k=V3) , T 45 0Bk B A X PR AE AT 2
ZERIER 2,

AR UE T RIRRG B e Zad B b, {8 1 mL
T AAZEL 0.5 mL A1 1 mL 4% 1 ¥X, 10 mL F1 25 mL
A GUREIAS 1 IR SR A PR A (] WA B 2 25 3
R 1 mL B EZE 1 mL 2 YK, 10 mL F1 25 mL
A BB 1 IR PG AR S G w r v b a)
WA B ERLEP, [ 1 mL BRARFZLI 1 mL
1K, 10 mL 1 25 mL A FAEFERSS 1 IR, R¥EE
o A FHURBL, 1H5 4 Fhefe25hndfErh Tl Be il 5 1 A
PR AE O B VAN R R 1, (SO MR IR TSR 4 (S, )=
1.19%x1072, (R u, (S,,)=1.19%102, Th R Hi#u. (S,s)—
9.48x107%, IR U, (S,,)=9.48%107,
2.3.2.3 FRUE AR BB A5 AR PR UEAS
BE R u(S,) FZES At BE TS e AR v T AR
BEFMBEERE 2 mL, 15 4 FhAR 25 R R MR E AUAR
HWETAEEW . BRI EE 2R AR

A @

Wi B MRS AR I R AR LTS I A, 4128 B 2507
B SEEE RS IRE M (20+5) °C, 20 °C ISP ER S
K ZBCH 1.49%107°%/°C, FEFEIE 4341 (k=V3), 25 H0IH
=TS (k=V6) , BEME AT A3 AT (k=V3), &
YA s AR 52 B A 25 BRI 22, TR A4 B i AH
XTPRUEAHA G B, 25 0L 3,

TERRUE T AR R ARG B 253 i vp, A 2 mL
A YESEI 6 IR, 1 mL B 1 mL 4 ¥X, 200 pL
B FZEL 0.2 mL 6 ¥, W 4 Fife 2585 #E TAER IR
TR 255 | A R EASH A 2 B v, (S,) M

U, (S,) = V528 X 6+7.20° X 4+9.67° x 6 x 10~ = 3.06 x 102
X (5)
P (S~ v (S) Beu(SHF A (6) HEATH AL, T
B 4 P 2R TS W TG A AR P U AE R AR AEAN T
FEFu,, (SIRIH: T 0, (S,)=3.28%1072, fRFu,, (S,)=
3.28x1072, I 7 B i v, (S5)=3.20x1072, % ME 7
U, (S4)=3.20x107%,

U (S) = Y, (So)+u2, (S,) 2, (S,) X (6

2.3.3 FrufERR R IBLE 51 A B9 AH XT bR o AN B 2 B
Uy (Cur)  HY 1.2.2 HHIEY 6 A [R]HE K AR
WETAR W EALIGE, BRI 2 IR, LIARHER
WA E X A AR, L ETSIET AL Y Rk brR, 2R
JHE/ D T ARIELS, 152 4 P WL A 25 2 rE ]
H75 R Y=AX+B(A RF5}RE, B A #IE) Flokee 5240
(R?) o ARHEMAS %, #5520 (7) FA=0(8) 1A
FRUEINEALG S A BIBRUEASE G B u (Cur) FAE X AR 7E
AR BE v,y (Cur), 252 0L 4, PAHRAT AT, 4 FPAHL
WA 2GR UE FHZRIDLS 5 | A BIAR R B v A A2 BE I %%
K, TE 4.67x1072~9.89x1072 2 [a], X-& A E BE Y

2 bniErR AT R R S AR A

Table 2 Uncertainty introduced by the preparation of standard intermediate solution

o R AL NERERE  EESIANPERTEE BESASIANPRMERT G XSRS
" V(mL) a(mL) pec™) u(SS,l)/mL u(Ss_z)/mL Ure] (Ss,lz)
10 mLA iR 10 +0.02 1.49x107° 8.16x1073 4.30x107? 4.38x107°
25 mLAE R 25 +0.03 1.49x107° 1.22x107? 1.08x107" 4.35x107°
| mLES AR 0.5 +0.005 1.49x107 2.89x107 2.15x107 7.20x107
| mLES AR 1 +0.01 1.49x107 5.77x107 430%x107 7.20x107
a Vx1.36x1073 x5 VuZ(Ss.1)+u2 (Ss.2)
t: u(Ss,l) = i; u(Ss,Z) = f§ Ure] (SS,IZ) = %o
3 AR AR BCHIERE 5 AN
Table 3 Uncertainty introduced by the preparation of standard working solution
e MAAE AR FIWKRERE  EESIANRERTEE  IREAS ARSI E AHXT AR AN A B
- V(mL) a(mL) pec™) u(SW,l)/mL u(Sw,z)/mL Uel (Sw,lz)
2 mLA R 2 £0.015 1.49%x10°° 6.12x107 8.60x107 5.28x1073
| mLES 1 +0.01 1.49x107° 5.77x107 430x107° 7.20%1073
200 pLAE WA 0.2 +0.003 1.49x107 1.73x107 8.60x107* 9.67x1073
. a Vx1.36x1073x5 VuZ (Sy.1)+uZ (Sy,
e U(Sw,l) =9 U(Sw,z) e (Sw,12) = w
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Table 4 Uncertainties resulting from standard curve fitting
=] B SRR L VR X AR
FRIFEVE RO B 03 o e T AR
1 84.6 2439 111.6 772
2 233.9 5732 296.9 182.2
3 406.2 1069.6 641.8 374.4
4 1992.4 4836.3 3243.4 1837.4
5 3622.8 8215.3 5632.9 3339.8
6 6567.5 15631.7 10713.5 6531.6
Y=AX+B Y=6569.0X+142.2 Y=3866.5X+365.0 Y=5347.1X+169.4 Y=3253.8X+66.8
R 0.9961 0.9971 0.9991 0.9971
Sk 1127 230.6 157.2 53.3
X (mg/kg) 0.096 0.39 0.19 0.19
(X = Xsua)? (ng/mL) 0.0439 0.691 0.176 0.174
n
= 2
D (Xisu—Xsa) (ng/mL) 0.755 12.072 3.018 3.018
i=1
u(Cur) (pg/mL) 9.52x107 3.31x107 1.63x1072 9.08x107
Uyep (Cur) 9.89x107? 8.43x1072 8.50x1072 4.67x107
JESTRENN vy u(m 0.0408
FIHREIEE] 62.0%~86.7% ([ 1), 25 A Bl E U, (m) = m _ E_g17x10° X AD

AN B ) EZE N R, AESE PR T AP N T E
s

u(Car) = ¢ %+%+H<X¢ % (75
Z Xi Std T iStd)
(= u(;ur) K ()

P S PR MRS MR v A 24 I T AR B 22 i PR T
22, Fe AT A RIL-G LR AR p WAL
SPATINE RERL, p=6; n SARUERS RN A2 SRR, AN
6 DNETEREEEEIIE 2 IR, n=12; XHFES
W rPAR LGP U S, pg/mLs X ABTRERS 0 S 1)
T IAE 5 X g0 B HE T W AR 24 vk BE g I S E,
ng/mL.

J D Y isu— B+ AXX, )F
i=1
Sk =

n-2

Kb B A IR iitE; A LG kst
323 Y, s SV WA BE b5 N A 24 (UG THI A
2.3.4 FERMFRES A BRI EARTIE Eu, (m) R
B e 5.0 g, T HF SR E TE A5 AR AR
HAFRE 50 g LU T EE B K ft 28 a Sh+0.05 g,
RV R A5 S5 TR, R AR SRR 5 09 T,
KH B 2P, ARSI, B & (k) V3, 1)
PR SRR S LA BOBREAS G u (m) FA AR AEAS T
KHEJ;AFUM (m)j"j:

u(m) = 1/2x(g)2: ,/2x(%) =0.0408g X (10)

& (9

m 50¢g

2.3.5 FEEETALEEE | A AARSARUEATNE B u,, (V)

ARAE T FERRIE . b RO 4 e A R T, R R
HIRAT PRI M B IO 43 B, 1A R B S AR
W EZR, WE T 10 mL A 2 APR B4
1 YR, T WREL 10 mL 1% ZBRZIE¥W; 2 mL A 2%
PAPRER U HEAS 3 K, TR 4 mL 32U AT 2 mL
HAb W 1 mL AT YA GRS 1 K, AT IH 1 mL PSR

FERW o IR HPIRY AR AN R B 22 A

WA F R AR TS LA, #°8 B 250 .

RIS S FRFRC 2 X 258 B Fe 25 R, W A
¥ =I5 A0 (k=V6) , B M AR FE I 70 A1 (k=V3) .
SIS AR N 20 °C, ZAE DN AR AK 225505351
R 1.37x1073/°C F1 1.49x107%/°C, ZE IR FE+S5 °C 35 [H
N BN, AT S04 (k=V3) o T4 43 B AT b
WEASH B, S5 W36 5,

MR 2 B A IR YR (e P R B, B S i Ab
1A BIARSTFRUEAIRE B v, (V) A

Uy (V)= V4.04+4.45 x 3+7.20° x 107 = 1.12x 10
A (12

2.3.6 MRS APAHXIAREA T E Fu0 (R)  [F1IA
AR AT ST R BE Y RS AR, TCIe SIS,
SRIE T PTAR RDReR, FEXFAG I 235 S A AN 22 BE YA A
SN FESSEENT BPERE S TP 4 B P
REZGIR B PR UERE T, YE1T 6 WEshnmliss . RH
A FEVERE, S A (13) A (14) R 5 |
AN BIBRFEANTEE B u (R)FIAHS AR EATA 2 B v,y (R), 45
RULFE 6, MFEHn] %1 A SCHT 7 X6 A% fef - v
4 P MLEEAR 2510 2 14 IR AE 95.8%~100.5% 22
], HA A e . 4 R 25 IBCRE ] A
FHXF AR AEAIAE BETE 7.31x107°~9.90x107 2~ J&], H:
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Table 5 Uncertainty caused in sample pretreatment

BAR AEZE KRR RS ARARERE TR ZEAS LA BIBR AN E L AR bR EAT 5 S5

=AY
o V(mL) a(mL) plc™) u(Vy)/mL u(Vy)/mL Ure (Vi)
10 mLW 4 10 +0.02 1.37x107 8.17x107° 3.96x107 4.04x107
2 mLIK A 2 £0.01 1.37x10°° 4.08x10°° 7.91x107 4.45x107°
| mLB AR 1 +0.01 1.49x107 5.77x107 4.30x107° 7.20x107°
o a VXBxS5 VuZ (Vy)+u2 (Vo)
Hiu(Vy) = 5u(Vy = f $Url (Vi) = %

F o IREE R 4 R LB ZY AN IEDSCR RN S

Table 6 Recovery and uncertainty of 4 organophosphorus pesticides spiked fresh tea leaves

- Ik IR (%) T REREERUR) AR
- (mg/kg) 1 2 3 4 5 6 R(%) (mg/kg) Urer (R)
FAE5 8RS 0.1 98.8 95.5 97.9 93.0 96.9 94.8 96.2 8.72x1073 9.07x1073
SRR 0.4 101.1 96.1 98.0 100.7 96.3 95.8 98.0 9.70x107 9.90x1073
i 0.2 96.5 97.8 93.8 98.6 93.5 94.4 95.8 8.87x107° 9.26x107°
A IR 0.2 102.4 100.2 103.1 98.7 99.2 99.6 100.5 7.35x10°73 7.31x1073
Hh IR SR [FRCR S | A AN A2 BE B, AN R 24 [E AR FT Ao a AR EA E
FIABYASHA GEAFAE 25 57, 13X -5 Jr ik e 2 iy 42 Table 7 The relative standard uncertainty of each component
A A BAR A i BT S S I B IR A A i R 2R AR 1 (<107
N Vinie il P3| P
A% s BT e R ol Al
" ., Ul (X)W E AN A 9.07 990  9.26 1.20
Z R -R) Urel (S) AR il B 328 328 320 32.0
u(R) = :‘(—1) X a3 et (Cur) FREMZANE A 989 843 850 467
nmn—
U (M) LG FRER B 8.17 817  8.17 8.17
u(R) Urel (V) S A 2 B 112 112 112 11.2
R) = (14
U (R) R A ) el (R) R A 9.07 990  9.26 7.31
el (GO) {385 B 8.08 8.08  8.08 8.08

oA ROWES 1 YRR 2519 ISR RO n kil

?%Zz%@qﬁﬁﬂngjﬁj{ﬁ; n y‘jqz‘ﬁ?imulﬁ:iﬁ\ﬁo Uy (W) = \/uil X +u.2c| ) +u,7fc, (Cur) +ufﬂ (m) +u§c| (V)+ufn1 [®) +u§c| (GO)
2.3.7 ASGESIE G I AYAHXT PR EA T E B v, (GO) = (16)
FH AR OIS E 2B rh 4 R PLBER 2500 14 4 R WA 25 (9 A 1 BE 4 B 7Ok,

B, RE A E NES, HoE B 52 PR AR X AR v D A E R 5 LeRS AL . MR AT AR L 7 A
72 (RSD) 2y 1.4%, >R BAVF A, SLEHIB I AT Gz b & AN 2 2 1) BTRATAER 25 5, Herbb
(k=V3), WASCAH RSO S IA BRI AR AT iy st . bR 2R 8L B S B E JEE  L A i
Euml (Gc)ﬂi’:

o 100-
0G0y = 0 = 1'%’ —808x10° 3t (15) 0. o
~ 80 7 - LH% N
24 HENABRINETHER ., ) S AL
- o o o R 707 I
X RS A AR X B EAS B 5 B ik EA T, o B
LERLZE 7. M T LSRN L A FEER 4 FAHL o 1| W
WA 2 (AN A2 S AT AR 22 52, 111 B 2SI A 10:
T 8 BE Sy X T P2 1Y 4 Rl 25 3R — 2K, aX &l N 5 o
T A EATHE R AT RN E LS RS E, ‘/\'@ gg\ N %%,, é‘g \4@, Q\\x\@
M B 2EAHG A R AER AN B K e 2, 54507 (é&%@i& @v&b\f‘;& %(%0 Oié )%@\x \gf}h
NG S S LA L
P T AR AR EAR T B AR A Z(16) 11 BT 4 Rl BB 2N S A e &I
B A e ECECRE | SRR DRas . RIEmLEE AfEE TR
PR S BAREAAE ., (w) 7353128 0.106., 0.0929 Fig.1 The proportion of uncertainties of 4 organophosphorus

0.0932. 0.0593, pesticides in combined uncertainties
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B 90% LA_I, J2A AN 2 BE 10 L TRk A 7, i
BT B AN 0 DTk /N AT A Z AN B4, AT O,
SRAZAS T el g 25 et vh 4 FhA VB 25 0), PruEss
R TEC 1) B s 7 1T 2 0L A5 T i 85 SR A 5 S 1 O
B, AESEBRASTIN A3 BT v, T SR BRSPS R 1
75 TR UES IR A B 25 R . B IR AR I
UREL . EHEA1E BB HE B 2R B Y B A5 it , Aabe
P FH IS LA AT 2 3, DA e 5 SR v
25 I RAREESKHNERETR

Y JIF 1059.1-20128%, ¥E B (SR P=95% H,
BAL & N7 k=2, IR 1 v 4 P MLBE A 25 5 At
M RE B IME X, #O7)HEY R AT EE U,
4 P MR 25 EZS ET b (8 JRANIf 22 B DLER 8.

U=kxuy,(w)xX £ AD

MR, 4 FPA LB 2509 AN
TE 0.021~0.073 mg/kg Z [a], M i SRR A AR SR>
T 7 B W > A% B A M >R L, P AR IR P R
AN E BE B, X S HER B S i s A e, A5t
H 4 FhAT AL AR 25 5% B8 B (ARG 5 SR AT R Sy
THE: 0.096+0.021 mg/kg, k=2; 45 0.39+0.073 mg/kg,
k=2; LRI B 0.19+0.036 mg/kg, k=2; 3% ME B i .
0.19+0.023 mg/kg, k=2,

F 8 REErrh 4 MO HLBER 2 HY AN E
Table 8 The expanded uncertainties of four organophosphorus
pesticides in fresh tea leaves

¥o&i]

SR R IEE

sl

E RA

P X (mg/kg) 0.096  0.39 0.19 0.19
AN S BRI E B el (@) 0.106  0.0929  0.0932 0.0593
¥R E B U (mg/kg) 0.021 0.073  0.036 0.023

3 g

AR AR S S MR 2 A et rh 4 Ry
WA 2G5 BE 10 5 B, S0 T T AN BEA1 00
B, XA E BEVEAE B A SR A HS
WS RREAEIAT T IS . 8 I B ALl BH P A e et
S, B SR 95% (k=2) s, K4k SR n] s H.
B, 0.096+0.021 mg/kg; S:ER: 0.39+0.073 mg/kg;
LR BR W5 . 0.19+0.036 mg/kg; A% I AR B . 0.19+
0.023 mg/kg.
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