FOOD & MACHINERY

DOI:10.13652/j.spjx.1003.5788.2022.81139

FEH R 3 PR ARNERKAXBEENER
NRHEETH

Uncertainty evaluation for the determination of three pyrethroid
pesticide residues in fresh tea leaves
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Abstract: Objective: The uncertainty of determination of three
pyrethroid  pesticides  ( cypermethrin, fenvalerate  and
deltamethrin) in fresh tea leaves by gas chromatography was
evaluated. Methods: A mathematical model was established
according to the determination process of the experiment, and the
uncertainties caused by various factors in the model were
identified. The sources are mainly the following 7 aspects:

repeated determination of samples, fitness of standard curve,
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recovery rate, standard solution preparation, sample weighing
and pretreatment, and the measurement of instrument. Results:
At the spiking level of 0.10 mg/kg, the expanded uncertainty of
measured values of cypermethrin, fenvalerate, and deltamethrin
were 0.011, 0.011 and 0.012 mg/kg, respectively. The detection
results of three pesticides in fresh tea leaves in 95% confidence
interval could be expressed as cypermethrin: (0.093 =+
0.011) mg/kg., fenvalerate: (0.094=+0.011) mg/kg. deltamethrin:
(0.09840.012) mg/kg (k=2). Conclusion: The uncertainties of
the method were mainly introduced by standard solution
preparation, calibration curve fitting and recovery rate, indicating
that these aspects should be controlled strictly in the following
sample analysis.

Keywords: gas chromatography; fresh tea leaves; pyrethroid

pesticides; uncertainty
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i DU S5 L 3 A 4R v G I B0 BT e BRI T G AR A L T 2%
fief - v 44 i 20 Ak 24 R BE 43 BT I S B O B T E 3B R DL
. BIF TR S R I v 3 e S A 2 % R O O ORI 2k
Bl E KR JJF 1059.1—2012¢ M i A B W E S5 KR ).
B & F M SCHREE L XK T B I E 2K e - AU
BT U AE T A TR EUBG R 3 b A 25 5% B Y K B e B
ATVEE » LUA S 38 i i H0cals o vl S v SRk 5 2%
1 #5057
1.1 ##5iRH

R EE SR B S R L R AR I L A
RA AR CIHIMAAS, —20 CIUAFE & H

A TCAE IR WX A BRORIR RO TR AR E W
1000 pg/mL, 4l 3 55 458 {7 37 BB W I 5

2 "W N-TR 5457 (PSA) :40~60 pom, Kl 4 3
AIRPHA R AT 5

Nt B ik e B Bk B (Cg ) 140~ 60 o, 35 [ 38 43
BHEERA A 5

A BALTR I (GCB) :40~120 pm, K H 40 3 AR E
BAHWRA A

N VB BR JGOK B BR AN . JCOK B R BE (MgSOL) « 43 #r
2 WNES LR il % e /NI

ECHE: A1 g, 3 [E Oceanpak 24w,
1.2 FENE

S TEAL . T890A T, 2 H Agilent 23 5

AL KQ-500DE B, B 11 75 L g8 A w5

B0 Hl: CenLeel6R B, i R Wi 57 Bl 25 X #8 A W
NEIR

HLF K. 1Y20002 &Y, | i 55 5160 7 B 24 AU
1.3 R H*E
1.3.1 AXZREAE B 30 m>X0.32 mm X 0.25 pum fiY
HP-5 43 41, AE %11 4 80 CL#4E 0.3 min, 30 C/min
FHE % 180 C, ¥4k 5 min, A )5 20 C/min F+ i &
260 C,HELE 23 min; PEAE TR B 220 C 5 i RE R AL
1O pLs K &5 L BE R 300 C3 B R w4l Ny, il
1.0 mL/min,
1.3.2 ARUEEWECH B MR R SR B4 R TR A
P b3 o i 45 1.0 mL 3] 10 mL 25 &, DLIE C %6 2 25 L
BRIV O MR BE 30 100 g/ mL; 44X 0.5 mL |
10 mL A& LLIE © %6 8 25 BE BGIR & [B) B3 VR, BT
RN 5 pg/mL, BRI [ ASEETRE & HE IR 1.3.3
AT EI AL B A s R BT U O O R R A
THE 5 T ) B T B Mk B 4 1 R 0.02,0.05,0.1,0.2,0.5,
1.0,2.0 pg/mL R IR HE TR
1.3.3 HEMATALFL  FREL 5.0 g WA 10 mL % BERR &
BN 1761 LRG3 IR 51 887 15 min, Il 2 g A E
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KBS ERANFD 1 g B9 TE7K MgSO, , #EH 2 min,9 000 r/min
B0 4 ming BCETEF W 4.0 mL, o) Hdofm A B R Cus
PSA.GCB K FrKFI Tk MgSO, , Fi & 43 54 0.15,0.10,
0.12,0.30 g, %% 2 min,9 000 r/min &.0» 5 min, &k
W 2.0 mL, A MRAOES 25T .0 1.0 mL IEC K E 3
ot 5SS
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BRI ARG e AR A,
2 RS0
2.1 THEENEHFEE
A 7 i R L DN A % e v b SURUBE R L BUR B
fis R E R 3 Fh A2 B B R L (D
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W R 0.10 mg/kg, FATAL 3 6 ¥k, R A 56 O ik 6 47 I
T8 B () TR DI w (XD w (XD, Z5H
2, R2WA, 3B A2 ki T E MG AW A

m

x1l ETHEESENRTHS

Table 1 The symbols for uncertainty of each component
AWE B AR HEAS I E B AR KT R A T
R it 5 A u(X) e (X))
o R V174 TG 7 u(S) e (S)
T o il 2 10 u(C) U (C)
BE R w(m) et (m)
i i b 2 u(V) U (V)
A A u(R) e (R)
SRS I uD) wr (I
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i=1
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ESATE 53415 (ke =6 KT 3 A (ke =+/3) AR 48 25 4t
FFE T A S R A E S R UL 3.
AR H Ta] b o TG B R R R O

u(X) = | ————, (2)
n(n—1) um (SOK
M(X) 5 B 2 —3
U (X) = s (3) U (S,) = /4.01 X2+6.98°4+6.98% X 10* =
X 1.07X1072,
IQEP:

Xo—5 ¢ W& KB M R H & &,
mg/kg;

(3 b o T4 96 0 T 00 31 A 9 R O S T
(S0 J T L B B RS BB ME b 5 7 800 p F 2 .
A A RO S 1S A R 2 R A, 2.0 g/ ol

X—n WIME RS AES H ARG &AM, PR LERR A RRERTREERE 2 mL, iR
mg/kg; 1.0,0.5,0.2,0.1,0.05,0.02 pg/mL M bR TR . 1t
n— 5 WHL TR AR O B S R Ty R RS R A R R

2.3.2 BRUEVE WL 5] A A X BRI E wa (S)

TE R W T I 0 T R PP O R E R T R A v R
O vl 8 R v (R A VR o TR VS A TR o R

(D b o dh 5 B 51 A M XS AR M R B
e (S« MR AR 1 P BT E A5 S0 TR 50K 58 TR A0 TR
BRI BT W BE (CCO B2 1 000 pg/mL, §7 J AN i
(U, 4331 0.90,1.30,1.10 pg/ml (k=2), %2 (4) 3
BT 10 (S.1)=4.50X 10", GURZE TR 1 (S.2) =
6.50X 107", PGB G w0 (S.5)=5.50X10"",
U
EXC*®

(2) o fa) 5 AE VR 51 OA MR X AR M R B
e (SO BEHE BT 1 mL B AR 10 mL A 5
S AN T B R A AR R B R AR S A
SHEIRE N (20£5) CL,IEC kMK RECN 1.36 X
107 CTH IR TE 20 A (R =43, 25 B 0L B8 T 2% 43 50 iR

um](S( )=

4

TSI . LR EIRE N (20E£5) C,IEC Mgk &
ol 1.36 X107 C L IRMIETE A0 Al (ke =v/3) . 1 B
TR A4 MR = AT 43 5 (ke =6 JHETB 43 1 (k=43 ,
WHEME AR R (@M P 38 & 45 5 1 i & B
R4,

R R A (R A I R s B S RV A =
U (Su):

U (Su) = V/4.987 X746.987 X4+9.517 X12 X
1079 =3.81X1077,

R I wa (S vua (SO B e (S AT B
SFPACEH Y w,a (S) X H 3.96 X 1072, %) & LA B 58 B 1Y
TR K ik 5] 42.1% ~45.6% (B 1), &% 77 4%
AN A 1 2 B TR 2R L 3K 5 b oA U T I R T 9 L T T
T AR L R AR

U (S)= V'l (S)+u?y (S)) +u(S.) . (5)
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Table 2 Uncertainties resulted from repeated determination of 3 pyrethroid pesticides in fresh tea leaves

- X/(mg-+ kg™ D X/ u(X)/ e (X0
1 2 3 4 5 6 (mg » kg~ (mg « kg™ 1)
AR 0.0928 0.0957 0.0938 0.0930 0.0936 0.0915 0.093 5.66 X101 6.06 X103
A% AHE 0.094 0 0.097 2 0.0926 0.0938 0.0923 0.095 1 0.094 7.34X 101 7.80X103
R EE 0.098 2 0.097 3 0.0980 0.0985 0.099 4 0.097 1 0.098 3.42X101 3.49X103
x3 HEGERREHSINNAHEE'
Table 3 Uncertainties resulted from preparation of intermediate standard solution
i WA/ AR o/ml ARG A MIRREAT: IR AR S ARIARIE  AH 7 oA

b/ V/mL FERE w(S)/mL AHIERE «(S,.2)/mL e (Sii12)

10 mL A& 2 10 +0.02 8.16 X103 3.93 X102 4.01 X103

1 mL B & 1 0.5 £0.005 2.89X1073 1.96 <1073 6.98X107°

1 mL B i & 1 1 £0.01 5.77X1073 3.93X 1073 6.98X107*

VX1.36 X103 X5
k

u? (S, 1) tu*(S,.2)

~ a ~
t u(5>.1):7;u(5_\.2): v

sl (Syi12) =
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R4 BEILEBRRERHSINNAIHBEE'
Table 4  Uncertainties resulted from preparation of standard working solution
Ho EmwE/ AR o/ml R GIAMRMEAR B SIARARAE AR X R oA B 2 BE
. 3 V/mlL T OWENE w(Sw)/mL R «(Sw)/mL uwa (S
2 mL % HH 7 2 +0.015 6.12X10°° 7.85X10°° 4,98 X103
1 mL % 4 1 +0.01 5.77X103 3.93X10°° 6.98 X103
200 pL B AR 12 0.2 +0.003 1.73X 1073 7.85X107! 9.51X1073

VX1.36 X103 X5

] ~ a
T 14(51@.1):7 &

su(Sy.2) =

2.3.3  ARAEATZR LA FIA AR AR AT 0,0 (O

H AN [e) J5i 5 B 1A s o ARV VR B AE 2 kL DAL
T 0 T B P M (N R 5 TR A AR R L bR o TRV TR
Jo R ViR B A R AR AR S AR 2 R Y =AX +B(A At
LB I Kk E R BRI R (6) ~R (8 I8
(O 0, (O EERMFE 6 Fros, NFE 6 ATLLEH,3 F
A 25 (Wb Bl 2R 1005 5 R B 8 B 4K S A R B
B TTIR R 32.3% ~42.5 % (J& 1) 3% I A 77 B AN
JE Y SRR Z — AR I AR N T DL

strel (Seo,12) =

w?(Sw) T u?(Se.2)
v .

JE 19 5 A > ng/ mLs
B——3 & TAE il 2R () 31

Yiisa —H—Fh 3G TR AR 25 bR vE LA V8 WA VR BE A
3 ) e TR AR
2.3.4  FEALFREE T AR X AR AN B E JE wa GmD) R

B 5.0 g ile T B TR « 510.05 gk

MNHETE 3 Al (k=3 BRFE I 85 O 2 0% 5 FR L 3 3
w(Cm)FN g (m)

a \?’ 0.05\°
— — ulm)= 2><<*) = 2><<7) =0.040 8 g;
_ 2 k V3
. Sk 1 1 (X — Xsa)
ulC) =— [—+—+ . (6)
A P n " - ) ~uGm) 0.040 8 g _
2 (Xiou— Xeu)? U (m) = W—S 17X 10
> u(C) o 2.3.5  FEMBTALFES A B AEFAR UEAR B E S wa (V) TE
U rel - ) . . N . .
X A5 ot AL P AT AR P ON B B R R R RS W R
- R IR E AL T Bl AL KA A E (o) M
< ; [Y;.S\'(|7<B +A><X;.sm)} . ﬁgfu 15] N *Z{ﬁl%%ﬁj}’jﬂjﬂﬁy\ ﬁéﬂ;ﬁ:}’%ﬁ(/’ «/7)*[]
R — .
n—2
- x5 MAERRRERESEIZERR
A ) B Table 5 Mass concentrations of standard solutions
Sk — A TAE#h R P bR 22
! and peak areas of chromatograms
A—A TR 2R .
\ e, 7 %/ I BT 4%
p— b BT E KR p =65 e e
o SN N (pg s mL™1) AR SUREHEE RSN
Fo 24 % M T AR VA OIS U s . .
0.02 1 144.7 785.6 613.1
n=14;
0.05 2 544.6 1 858.8 1594.9
e o 25 i & NG
X TR il Y YR M R — T B T A 24 o vk B 1 P 1Y o1 54845 4 433.7 3 892.8
i - pg/mL; 0.2 10 8473 8887.1 9 036.1
X —H— Bl 3 Wi 4R 24 4 1 1A % R J0 3 ¥R B 1Y) 0.5 30 712.5 26 439.4 27 029.3
T X 50 =0.553 pg/mL; 1.0 62 445.5 53 856.3 60 540.6
J ] Std . - ’
X */T‘Y'ﬁzj:'f/];{ﬁ'?’ﬁ‘l T%*ﬁ%@ﬁﬂ%ﬁﬁﬁm 2.0 125 840.3 108 852.3 124 068.8
6 RAHZUSHENIBEE
Table 6 Data of fitting calibration curve and uncertainties
K2 Y=AX+B R? Sk Y (X=Xen? D) Kisa—Xs? w0 0 (C)
i—1
A EZHlE Y=063 290X —844.5 0.999 9 356.6 0.093 0.211 3.16 3.11X107% 3.33X10°2
SUKBEEE Y=54 914X —1 057.7 0.999 8 373.1 0.094 0.210 3.16 3.75X107%  3.98X102
TR EE Y=62 942X —2 401.4 0.999 2 896.0 0.098 0.209 3.16 7.84X107%  3.79X102
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AT (e =\3), SR ERENQOES C,ZH.IE
SRk R BB 43 Bk 1.37X107°,1.36 X107 C ',
HRNHETE A3 A (e =/3) s 1155 4% 4 Bk 1 7R 8 o I3 45 ORI,
zx7,
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AR AE AT AL BE G AR b R T A AR R B T
Mﬁ.l(v):

ua (V)= /4,04 +4.45" X3+6.98% X107 °*=1.12X

1077,
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Table 7 Uncertainties caused in sample pretreatment

o W AR o/mL WA RE RESIARRER  BEARS ARRME AR EARH
¥/ V/mL p/C! Bl « (V) /mL REEE «(V,)/mL EE ua(Vy)
10 mL g 5% 1 10 +0.02 1.37X10° 8.17X10% 3.96X 102 1.04X 102
2 ml WA 3 2 +0.01 1.37 X107 1.08X 102 7.91X 103 1.45X 1072
1 mL B 1 1 +0.01 1.36 X109 5.77X10% 3.93X10% 6.98X10%
btV = vy =YXB0 oy =YV FE VD)
b \%4
2.3.6 ISR 1A B AH X bR E R B wa (R RHIL u,‘l(I):@:LS%:&%XlO ;.
S AR 48 SR 1 A i P AR T L x5 1 g i ‘ keos

AT 3 Fh 45 T 2% A 25 1% U o 1m0 503k 58, 9 & R 0,05,
0.5 mg/kg, BAKFEE 6 K, X (9 A (10) 53 71
T w (RO wa (R AR IR 8, 3k 8 v, R A
DR 5E A et b 3 4 R 28 A 2 1 IR 3RO 94,296 ~
96.5 % , ELA 5w B MER B L (R PR 3 R 2 e S g A Y
AN BER R X 5 N G ARAE KO S D S R 2 45
HEA X,

i} (R, — R)?
i=1

w (R) = LB 10
R
K
Ry — e — kA4 i WO L 0o
R —— P07 [l e S8 - 244, 6 5
n R UE
2.3.7 A E GIA R AR AR EAR I E L v (DD R

SAEIEA e b 3 Mk AR E R, HEeREL
P 1 AR X AT UE A 22 (RSD) Ry 1.5% 5 IR M AE TE 43 4 (B =

2.4 HERERTERHEE vulw)

Fe LD X 1 3R 4% 43 5 347 & B, 2% fif b op G090 24
T RSB T TR AE R 1Y w.a () 43 3] 2 0.058 4,0.060 9,
0.060 3,

e ()=l (X)) +uy (S) +uy (C) 4+ uly (m)+
wia (V) Fuly (R)+uly (IH]V7, an

Bl 1 3 P A IR 2 AR 24 1 45 AN 1 2 B3 43 i 0 B R
WM sk, mIE 1AL X 3 MR E AR 2 X A
BN 58 BE DTHR BT = 14 3 > 43k 43 9] A A o I VT T
o o 2R LA T [l e 3, LS o o B 2 oS S BLR f E
BERGEL 3K 5] 7 90 % LA b i el 4 AN 434 0 R i E
BESTRRE /N 0] L s A0
25 FERABEESHUERRT

MR P=95% (k=2 A4 S0 4 T8 Uk

B TR E S ER & W W E X EH va (o), 1%
KADHFEH Y R A & % U 205y 0.011,0.011,
0.012 mg/kg, WA P 45 5 AT 7R 2 - 505034 i (0,093 &
0.011) mg/kg.k=2; % 4 HE (0.094 +0.011) mg/kg.
k=2 E F R (0.0984+0.012) mg/kg. k=2,

V3w (D U=k X () XX, 12)
RS HREMEKERNRAHEE
Table 8 Recoveries of spiking samples and uncertainties
i wm/ R/% W u(R)/ (R
(mg + kg™ 1) 1 2 3 4 5 6 ' (mg * kg™")

SRS 0.05 102.2  90.4  107.9  97.8  106.1  99.0 96.5 2.05X 102 2.13%10 2
0.5 98.6 100.6 89.7 90.4 88.3 87.3

D& L 0.05 100.5 90.9 102.5 99.7 95.0 94.3 94.8 1.48X 102 1.56 X102
0.5 98.6 98.2 87.4 92.6 90.8 87.4

TR 3 i 0.05 93.1 86.5 97.5 85.7 97.5 86.2 94.2 1.80X102 1.91 X102
0.5 98.2 96.3 105.5 90.8 92.2 100.8
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