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Uncertainty evaluation for determination of chlorpyrifos-methyl residues
in cabbage by QuEChERS-gas chromatography-
tandem mass spectrometry
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2. Sichuan Agricultural Product Quality and Safety Center, Chengdu 610000, China)

ABSTRACT: Objective To evaluate the uncertainty of methyl chlorpyrifos pesticide residue in Cabbage
determination by QuEChERS-gas chromatography-tandem mass spectrometry. Methods  The residue of
chlorpyrifos methyl in cabbage was determined by gas chromatography tandem mass spectrometry. Through the
establishment of mathematical model, the main sources of uncertainty in the measurement process were analyzed, and
each component was evaluated. Results The main sources of uncertainty were the preparation of standard solution,
the fitting of working curve and the recoveries of standard addition. When the residue of chlorpyrifos-methyl was
0.041 mg/kg, the expanded uncertainty was 0.003 mg/kg (k=2). Conclusion This method is suitable for the
uncertainty analysis of chlorpyrifos methyl residue by gas chromatography tandem mass spectrometry, and can
provide scientific and reliable basis for the accuracy of pesticide residue measurement results.
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W B i AL 57 B A1 SUE R, ISOAS T v R 3 B AT A
TRIEH B . 7 GB 2763—2019 { & fh &2 EF AR
ai AR 2 B K AR R R ) U SR AR O A0 7 4 Bk
g P R RO ER B R 0.1 mg/kg. TAESE, BE3Ek
2 5% BR BB ) )2 R 55, AR G T 45 SR 7
SR B A5 BT B, EC S A o b T A L o E
G I 25 R T 5 ) B B R A SRS I E . 1993 4R, FE
ISO B AR H T fb2p 30 = A e f & s 2, k1=
)AL T BT F B e 0 S T T 28 SR A AN f 52 JE o/ RB/T
214-2017 A5 BEAG WAL TF BT A E BE 70 PEH A6 3646 100 HIL
oy LR ) VIR, T A T S AR
A F55 G 6 G T 5 4 BRI LA L R RPN o A o
R MR TR B . CNAS-CLO1:2018 { 4 1 1% i 52 3
SEREJTIN AT ) Clep R, FF R AR I A 52 56 48 0 24 PR
I AN A

W LA A 2 5% B IS 5 T N SR Y SR
PR WO - R AR GB
23200.113-2018 (M IETEE AL 208 Fi 25 K LAY
B BRI ORI L ) Y, R ol
QuEChERS i &b 3 75 32 J S AH €033 - A I B 350 . 1 0 A
oA 2 5% BRI ) [ AR . 12O A T R AR AR, Y
AT R U AR ARSI R Bk, B IR
1059.1—2012 € I 5 A 2 B 2 5 & on ) A JIF
11352005 {Ab2p b A E BT E ) iR, wf
SEERH W P L AU AR B 0 A A TS S B TR AT
i S A R E R, R I I B 25 R 1 Al {5 1k
S

1RSI

1.1 UE5RF

GCMS-TQB8040 < AH {8 3% - 5 1/ B i e R A (H A= 5 1t
23 ]); MS603S HL K- (i AR 8454 2223 v

NG (B4, 518 Fisher 2N+l); MR ZFER(G g4,
BB R EAL TR ); 4 g BREREE . 1 g SALEN . 1| g 4715
FR4H . 0.5 ¢ FrEEIR A AR . 900 mg BRFREE . 150 mg
PSA b4 . HI L d JEMBR VA (10 pg/mL, 99.3%, ¥
NERZTR) . AL A B AMERW (100 pg/mL, EHI 2
15 218K, 99.8%)(H A% 5 H A Fl) o

FEE Y TGS BRH K .
1.2 fRERRHIECH

R I FEFEFE AR VE VAR 0.25 mL B 5 mL &l
b, MR CEEFBEZE 2, BI1S 0.5 pg/mL ARER

AR L3R 0.5 pg/mL MIFRHERRIK 0.05, 0.1, 0.5,
L.OmL BF S mL 5T, MR ERHREEZEE, W5
0.005. 0.01, 0.05. 0.1 pg/mL AIFRIHEIR .

1.3 HRERER

BRI 0.25 mL B 5 mL &%, 2R 2 BEH
BZEZIE, W15 5 pg/mL,

1.4 ERTEBRK

25 IR TRE R AT, A 20 puL P bRl IR,
350 1 mL 0.005, 0.01, 0.05, 0.1, 0.5 pg/mL fIARfE
WO 2 AR R, 1 0.22 pum SRR, EPAS (LA
BRL).

1.5 Hil@B%RH &

K% FREL 10.000 g 21%0FE T 50 mL B0, %
A 10 mL 21, FMA 4 g BilREE . 1 g BRI, 1 g
AALEN . 0.5 g MR E MK 1 B &Y, &% EEl
BT, IMHE 1 min J5F 4200 r/min 5.0 5 min, K& E i
T 6 mL BN 900 mg BiFREE & 150 mg PSA B L& H,
WHERS) 1 min J5 T 4200 r/min 250> 5 min, K88 2 mL
IR TRE T, T 40 CKB PR RRREL T KESMA
1 mL ZFRZEEE Y, A 20 uL WARME %R, RS, o
0.22 pm JEME, FRE . [RIEHEA 725 19006
1.6 SHEGBIEEHE

iEtE: 53 SH-Rtx-1701, (0.25 mmx30 m, 0.25 pum);
IR 40 °CH#4%F 1 min, J5 LA 40 °C/min FRFFTHRE
120 °C, FFLA 5 °C/min FHif 2 240 °C, FFLL 12 °C/min F+ifi
%300 °C, fiFF 6 min; 2 AR, Ui 1.0 mL/min; i
FEORE: 280 °C; #EAEHEE: 1 pL; #ERE T RAPVREEFE
1.7 FRig&H

B IR B FZ 7% (electron impact ion source, EI);
BT IRRIE: 230 °C; BEMIRE: 280 °C; Vi LEIR i (a]
2 min; FA#HE: £ 50 Wil (multiple reaction monitoring,
MRM); 7 P ik 3 1% ILER 1.

®1 RESHEH

Table 1 Mass spectrometric analysis parameters

Hiztb & FERE X (mlz) b FE HL R 1/V EMEE TR (miz) il 4 L 2/V
IR 285.9>92.9 20 287.9>92.9 20
WAL B 352.8>262.9 15 354.8>264.9 15
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2 HREHR

2.1 HEFEREBWEST
WRBE_E R TR TN e, SRR E &, HEf T
FFRIEM A ST A AR

X = ” X f
A X—H IEEESEMY 5 i, me/kg;

c—iaURf rp F L BEFE ML A MR, pg/mL;

V—FEIR I 48 2R T, mL;

m—FRIGAFE (1 T 4, g;

IR BRI
22 PRAEESEXRESH

R B8 8 N7 1) B 2 AR TR KR S 1 0 A L R, A AT R T
SEBRT W v LSRR AN E T A, HORER 2 B
ASRIR 2 (DARMER R EC LR (2) TAERhZe 4
A5 QYRR IR B R (LRI E N, (S)REaRHYN
NI
23 BTHERDEFE
230 TR SRS R MY B A Y AR R AT A R A
FEu(S)

2311 FRUEBAS B (AR AR AT u(s:)

R B FF 35 B B0 MU o 490 S UIE 15 AT, O 7 R bR
WAL R 99.3%, §7RAHHE R 5%, HIRI515)
A7, HA AR AT 2 R

u () = ﬁf;/;s% =0.0291,
2.3.1.2  FEil AR R AR AR EA A E B ue(s,)

Je bR v L AR R E] S mL 25 5 IR, 200 uL
Wi 2 YR, 1000 pL B4 3 K.

(D)FC BRI B B it L e 35 A 2%, R
P JIG 196-2006¢ i FHI 33 5 A 2 MURR YU P s %8
O 5 mL A EPRZ S Y 45 5 A 25 9 +0.020 mL, %8
Y504, &Nk = V3. N

0.020 mL

u(Vy) = =231 1072,

S & IR R (20+5) °C, LR LR IAFRIE Ik &

Boh 0.00138/°C, i REI A4 A, DI E il A v 1 W 2L e vp
T EE 20 R 0 A SR VAN A B -

5 mLx5 ‘Cx0.00138/°C _
up (V) = SR — 398 x 1073,

TEARMER L H L R, S mL A B IR R

B BABRT AR VAN B 2 B A
Uy, 5 (V) =5 xu2(Vy) + 5 x u?(V,) = 0.0103.

QBRI AR E B U, wa(V) R IRAR
HEAZE U (V)M EEEN U gun(VOPIE S, RIE
TRIE:

U g5 (V1) = \/uité(vﬂ + u2§ - VD)o

8 JIG 646-2006 B LR ) PO BEiam il
2 VTR 22 DA RGN 1 (1 BB SR PR B I A PRI 8 8, %
MRS oA, WA T I AN B L3R 2,

FWAR 5 | AN E B XS FR AN B

Uer g2 (V1) = /2 X (1.04 X 1072)2 + 3 X (6.46 X 1073)2
=0.0185.

B il 3 A 5 A AR AR AN 2 ul(Sy):

Uer(Sy) = \/uzr e Hu2 () = 00212,
23,13 IR S SR MRV I HIX BRYE A 22
Fuc ()

FRUETA VR A DA XS AR A E E Uel(S):

U (S) = VuZ(Sy) + uZ(S,) = 0.0360,
2.3.2 AR IAEt EANE T A AR AR AR T U(A)

DA Y V5 YA U 1T AR5 PN b 0 06 T R BB PSP 24 (B
PN, W HAE B A AR, SR A e/ ek LA At
B0 5 FE A=ke+b, TR I FRHE 22 Sg:

. ]23-‘:1[/41 “ (kg b))
n—2
A bR T PR TR L
kbR HE 22
R UE VA4 R TR 5 A B e E L
b— i
N BRI VO

F2 BRHJIANNTHEE
Table 2 Uncertainty introduced by pipettes

S Ime IR A2 /L = =R N U 2x(V)/uL U msn(V)/pL Ue (VUL Uer (V)
200 +3 <2 1.732 1.155 2.082 1.04x1072
1000 +10 <5 5.774 2.887 6.456 6.46x10°
5000 +30 <10 17.321 5.774 18.258 3.65x10°
10000 +60 <20 34.641 11.547 36.515 3.65x10°
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AT N BRI E i, BRI 2 B AR B SRR 2
W, SRR M A e, Wk 3. 15 F bR el £
A=27.9344c— 0.017052, M FREL r=0.999, ¥k 3 ¥
AL, 15 Sp=0.0647,

R3 EHGBIBRAE

Table 3 Standard curve data and processing

F5 1 2 3 4 5
Wz 0.005 0.01 0.05 0.1 0.5
EMmMAZ L 0.1140 0.2363  1.2828  2.9279 13.9301
B PR S LM E 6 R, BRI R

0.08127 pg/mL. FHBRIfE B R INA 7= 2 B bR v A i 2 B -

(c-0)?

2ia(e;-T)

p—iaRf 7 22 S B

N— A A VRO R U BK

k—E1H R %K

iR IR

C— s VHE VA VR e R S H 0
C—PRUEA IR A A TR

DUDHE XA AN A o R

u(A) 1.23x1073 pg/mL
ur(4) = T 008127 pg/mL 0.0151,
233 H&

ﬁ?kﬁ‘ﬂkﬁz“f’ FING AR AT A Eu, (Q)
2.3.3.1 kAR SFRE BRI AR AT E e, (m)

X RAEFR I B T m BRI f E BE ug(m) R
PrzR R 225 ARSI A E B U ga(m) R FE A S AR
A SE U wan(M)LA R R TRIEIRZE5 A I8 E
U sm(m)B o

AT T AR - 30 R 22 MS603S, £ 1f] B F K-
Ko R GE AT AT N2 Rl KRS 620 g5 HLSCPRAT
f d 1 mg; BEMRDEMEN: e=10 mg; KF-MmEBRKA
VFiR2E H+1.0e; KVPEE MR K AVFHRZEN 1.5¢; H0<m
<50 g, RPn{HEKRARVFRENL0.5e. HHRECH 11X,
FB S AT E 15

Uy (M) =22 = 5774 % 107 g.

Uy g (M) = 2228 = 8,660 X 107 g,

> =123 %1073 pg/mL,

0.005
u_,(m) = \/_g—2887><10 3.

uc.(m) = \/ufﬁﬁ(m) + uig,&(m) + uﬂﬁ(m) =0.0108 g,
FESLBOFRR TR 10,000 g, $RRISIE, Wik A
o e R A AR B REAS B 5 u e (m):

0.0108g _ 3.
U (m) = 100008 =1.08x 10~

2.3.3.2  FF ST AL BRI AR PO A DR (4R X R AN B
& Eucr B (2)

FEWAE T ATIBRIEAHAAE B U (Vo) S VRAR 1 25
R U (Vo)A A EZNE U sen (Vo) E 7 AR
AR T RITE:

U g0 (V2) = \/ hE V) + u (VZ)

RSB 10 mL 25 R ER, L\FVEX 6 mL |7
Wk, BUAE 2 mL AR EE T, A 1 mL ZFROEEE
%o DL RE MR 10000 pL BB WA 11K, 5000 pL BB 1
K, 1000 uL AR 1 IR, S JIG 646-2006 WAk
SERLRR ), WA 1 25 o Fuv/r it 22 DA S ki & 52 PR T A
HIPR HEANTA 2 B, SRS, B A5 AR E
FELER 2,

FE A5 | S (045 AR X b v AN 52 35 A

s (V2) = \/(6-46 x 1073)2 4 (3.65 x 10-3)2
cr f87 -

+(3.65 X 1073)2
=827 x 1073,
DU A AR st 7 Ak B R 7 A O ARDNS o A 0 E T
uer(Q):
Uer(Q) = \/ucr(m) +12 L, (V) =834 %1073,

R E G AR £ 5| A AT AR R R

234 NEMNF
Zur(X)

FAR ST, % 0.01 pg/mL HZ205E 6 ¥Rk, T5E 455
W3 4.

F4 EEMNEER
Table 4 Repeatability test results

ha=2 e /(ng/mL)
1 0.009733
2 0.009907
3 0.01032
4 0.009960
5 0.01012
6 0.009966
FHLE 0.01000

DRSS R AR ER 22 s:

s= (AL _ 1997 x 1074 pg/mL,

P BRI 22 55
sx = 7= = 8153 x 107° pg/mL.
RIS UEAEE L u(X)
w(X) =Z=815x107%,

23.5 #?m/mifrmﬁc%f;lAéﬁifaﬁifwﬁmﬁu‘a&ur(m
FE 6 A 5L AR H SR B SR AR TR TR, %
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RILE S,

2 F 3

AL AR SCR, 25

JE L BRH A R SRR AU B A D kR, AR A R
AR R AL SR [BISCR T AR AE EROR . I,
R EOHE TR PR P R 00 UK, 8 e o R I e

x5 BRESEMEMAREEER
Table 5 Results of recovery of added standards of
methyl-chlorpyrifos

RS AR
VEHTERTE IR, s g 1030 450 1 o A A Jo i o
S DN N 5% S K- 25 T TR D R A R AN E B, R
e R 5 2R Y A

SE AT, AR i S Bk B 6450 9 1
%I_J (VA

SE Mk

B IR WA EeR CFEE
/(mg/kg) /(mg/kg) 1% R %
1 0.025 0.0213 85.2
2 0.025 0.0211 84.4
3 0.025 0.0216 86.4 t
83.3
4 0.05 0.0409 81.8
5 0.05 0.0404 80.8 (21
6 0.05 0.0406 81.2 B
IS BRI AR 2 : .
s = (Bl ) 3300,
lﬁlﬂﬁtﬁﬂﬁﬂﬂﬁﬂ’ﬂ‘ﬂ&XﬁﬁﬁéTEiﬂ:
u(R) = == 0.954%. (5]
EH&$%IAE’J$EXT$T(ET%EE%J:
u(R) = *& = 0.0115.
[6]
24 ARFRESTEEu.,
AR A AN A E B Ay Rk, TR A A

05 B AR AN R u e A
Ucr Jucr(S) +uf(4) +uZ(Q) + uf (X) + uZ(R)
=/0.0360% + 0.01512 + 0.008342 + 0.008152 + 0.01152

=0.0423,

25 RAMEE U REBRFTR
YRR A rp SRR S 2 0.041 mg/kg B, I

A RAREAHEE M: 0.041 mg/kgx0.0423=0.00173 mg/kg.
Mt JIF 1135-2005 A=A b I B ASHf 5 BEVEAE )

TE 95%MBFEACE T, B & HEF k=2, WY A& B

U=0.00173x2=0.00346 mg/kg., Z5R %R, Fi QuEChERS-

AR LT - T IR FH V0 R 2 R P P L A Y AR
i, 4551 (0.041£0.003) mg/kg, k=2.

3 & 1

SR QUEChERS-SUAH (3% - P It 15 05 I 5 45 Bk
P LR SRR B, TEAR VRO A A AL L

[N 1)(%%U!'Eff7?ﬁi’3/f§§|/\ﬂ<@%%§o AR SO A R o 1

FRRIOR . FEARIRR . BRI, B, bR
SRAIA | R TS P TR IR 0 4B

AT EEZ, G5, QUEChERS-A UM (33 - 53 16 Jo 13 )
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