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Preparation of matrix reference material for chlorpyrifos residues in
cucumber
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ABSTRACT: Objective To establish a method for the preparation of chlorpyrifos residues in cucumber. Methods
Fresh cucumber which meets the requirements of reference material development was selected as the research object,
after pre freeze-drying, adding, mixing, secondary freeze-drying, screening, packaging and irradiation sterilization,
the cucumber was determined by gas chromatography tandem mass spectrometry (GC-MS/MS) and quantified by
isotope internal standard method. After homogeneity and stability test, the value was determined by cooperation of
several laboratories. Results The property value and expanded uncertainty of chlorpyrifos was (0.403+0.033)
mg/kg (k=2), certified by 11 independent laboratories. Conclusion The uniformity and stability of the samples are
good, which is suitable for the development of the method and quality control of chlorpyrifos poisoning in cucumber.

KEY WORDS: reference material; cucumber; chlorpyrifos; certificationl; uncertainty

1 8 = 0 AT TR A T R AN S S R AR, i)
AT B0 S S AR X 0 BB A3  BRREE, B A

FRUED) 5T e HAT 3 2] AR AE 4 ek B W o, AHA LY
RIS AT 00 5 sOb PR R R 2 b U &, 24y R 2018 4 6 HUIR, FIEFRMEY R 11087 B, H
BRI b 8 v o DRI P i, LA DRASI 12 R 5 vl HE A AR ) 5T 597%‘11({3‘2%2\{WM&\%M&W(’E%E)M, PS
S AT HOE S AR R S URER Y R AT LR T ARG ISR EY) BRI OFFE W B S el Sk 24k vh
A FFPER AR Y, B E AR SRS 4 N BRI A TEZRI . WRAGSERTT L MR DL ., ARl | S ILAN DT, B

EE&WmB: EERE ML HRITH (2017YFC1601300)
Fund: Supported by the National Key R & D Program of China (2017YFC1601300)
EBIIERE: RIS, WP, EEUFG R A I, E-mail: 113343838@qq.com

*Corresponding author: YU Xiao-Qin, Senior Engineer, Sichuan Institute for Food and Drug Control, No.8, Xinwen Road, Gaoxinxi District,
Sichuan 611731, China. E-mail: 113343838@qq.com



%5 18 3]

WK E, S BN AR AL IR B BB i) Joe i 4 o 6357

RAFIAELZ NI AEESS . AL ZEBE TS,
EIHT, PR AR A B S5 D R, 3 PR AR SRy A Y e 55 v o
AHLBEAR 2, B A PSR BRI S AR
Bl N1z, SEPEMAE B SR AR B Rl LA B,
WA BEAEME AN A ARG B LA . RRFAE R R A
Al BEXT AR R ARSI BB d I, B T
PERUSM Y2 B RS, Rl E T a2 50 sk
R AT T A I ELE, W H ASFIRICE # e 75)I Fp 7 T g
R F BRI 0.05 mg/kg!"™), v [ BUAThR R E ESE LE
NP AR R B B4 0.1 mg/kgt'®, PRI, vREAf e dis A
R g 3% o 2 SE WA B R RS

PSR SE I Sk R, T BE SR UG R ON SRR, BT
DA £ 12 b 400 I 05 Ay SR ) R UE R ST AS A8 S5 AT AR
Erm PRRCE, B R T 1 VAR 0 977 S 7R 2 A
i SR A ARAEI, EJGIE KR e & R e . AP R
BRI 3, SR R T R B K B T A I T
Ky, TR B fe KR A UE 35 R A A AN IR, SR g
TR G BT 5%, W2 BT, ZEEstbs iy i 2 e
A7 6 A H o BLBBE, oK 0L 8P 8 SE M LR bR ) 5
W A8 o A SCA R T LA IRy LA ) 23 SE M AR v 4 ot
FRF I 1L R,y iR VR faT BT 5, AT LAY A2 AG I 3ok i v
7 VR B R AN R R

2 MRS

21 # ®
2.1.1 B LRA
BTOR B AR R ) AT AR 24 1) B e 2 I
TQ8050 S AH €3 - = 5 DUl Fii% I L (Fc A EI U4,
H A SHIMADZU 73 #l); ME204 4347 K- (B -I: METTLER
TOLEDO 7A7]); IKA MS3 JeiRiE & an(fEE KA AR
N1-50 ZMAL(ATEs i, Iz SeU R R R A BR A w);
X3R ELHLEERE Thermo A ), Milli-Q % & FiK A AR
(2 Millipore A ).

FH i P B AE A TR E ) T (GBW(E)08 1141, FrifiE{:

1.00 mg/mL, FXTY SR E B 4%, k=2, HEiT5Fk
WFFEBE); BEAEML-D,o(Z4lEE: 94.7%, f&[¥ Dr.Ehrenstorfer 23
"), . LM OHE(EEA, 25 Fisher A H]); LI AK
B4k (3 E Millipore A Fl)s ##}: QuEChERS #2HUf
(B'5: 5982-5650) ,QUEChERS #+ kU, (B 5+ 5982-5056)(3&
& Agilent A F]),
2,12 #HAH%&

FRECES FIBAME TR 26 kg, K o8 I 25 3546 A5 FIAR S,
T3 V) 7 I FIRRE LI BORIIR, K v T B A R T B 4
WO, ETUR T, IETRE, o 50 B, BGUTBm ALK
el 18 LR A, BOWPR BAT —e i ah i R n] o B 600 g
TOTCMA, WER I AGE i B AL AR TR (1 mg/mL), R&

15 min, FAIAZS UM 600 g, HEFE 15 min, FIIAZS
P T 1.2 kg, HFE 30 min, FEAIASS (M 2.4 kg,
PidE 30 min; FeJE MR R TE M2 4.6 kg, fiidk
60 min. KEHEFETERUS IRER, O H A G TG E
HRHETER T o KR T R RS U R AEA T 0 | 1 50 H i,
Z e ARSI HUIR 512 /AN o VR I AR AR K 2 ik
3%, FESMFEASIE S 2, 2 /4%, RAHE FHIRE,
IR 10 kgy, FRIEAEFEIY 1 ho—15 CCEMRHRIAE
22 LWHE

221 HsuayHt

FE S B2 TR BT BT AR GB 23200. 113-2018
(B ZEEZARE FPRER S 208 Fk 25 K AR
AR BRI AR - BRI ) T

(DIRFEE B KSR 0.4 g FEMLCREBHE 0.0001 g)
F 50 mL 8RN0 A R, DIFRRERE 24 £ T H G AR 46
KSR, PRIRMILTE RS, 12 30 min.

)P ek ) R 5 R P HETR A R D
WOE R, FEFIIA 10 mL ZJ5 | 1 4% QuEChERS 25U,
=B E R, RIZURENR 1 min f§ 6000 r/min .0
5 min B BEEER 6 mL & QuEChERS 4L 4% H iR JiE 1 min,
6000 r/min #5.0> 5 min 5, K& | mL FIERFAEWRE
IR ZEE T, FASEINA 5 mL LR ZESE Y, WiE 30 s,
RA], 2 0.22 pm A HUAHERE . ft GC-MS WE . [FIEE, [
il £ Ak A VAR

ORISR HERI 04 g BIMERES T
50 mL SRFELDE Y, HALTRERE AR,

V€= = 3L

4, 1% #F . SH-Rxi-5Sil MS F& 41 & # (30 mx
0.25 mm, 0.25 um)EHI 247 .

EREAEREE: IR 100 °C, f&4F 1 min, 1 15 °C/min
FH% 250 °C, FELL 50 °C/min T} 300 °C, {445 5 min,

HA: AR, SdiERTHT 99.999%;

JiE: 1.8 mL/min;

BERE TR : 250 °C;

b1 = = W N e = SR i = s T B

B BLUR; & FIRIEE: 200 °C;

e o 2 28 F b W I (multiple  reaction
monitoring, MRM),

MRM Z & F R T % 1.

#1 MRM BTRERFREK
Tabel 1 MRM ion acquisition information

BET(m2) TFEF@mM2 CENV w/E
313.9 257.9 14 SER BT
BESEIR 313.9 285.9 8 ENEE T
313.9 193.9 28 EMEET

RFEIEM-D,, 324.1 259.9 16 L7
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222 FikFHIE

BUZS FRERL 0.4 g, BT 50 mL &.045 9, 23S Em
AIE B SCIMAR YR, LS A4 29°8 0.2 mg/kg
F10.6 mg/kg, 1RAT, e BRIy ik [FvE & IR K AL BINBRFE 5,
TRASAE S bR BB W, GC-MS/MS T2
223 HHHEALE

Fe B JIF 1343-201 2 A5 14 52 {0 38 R R 0 K et
SpJEE ) USROG F R A MR I A SR, Y S2 I B AU
F 500 ANBF, W REHLAHBOR T 15 A T S PR
SE o W REALAMIR 15 G330 37 ALBERE S IEA TR, R4S AE Al
Y EEME 3R, FHEEERN 04 g,
224 FEE MR

TR MR I8 2 0 R e PE A R e PEAG 56 . DRI
b O R, WU AR M R R s R i
JE (5 TR MG I ) 3 I R B AR B B RS . B E AR
Yrmis sk L, SRRt R 7 d, IS T d A
wRE e, KT EMEIEFT 6 N H, RAMHLIAERY
D52, H BROE R S B 5 4 R 0 i B AN R ) g, SR
[ 25 A M PPl kA TR e M T
225 & A

FKHAEZEANEZREAEEME T 7. EENERE 11
FAEBEHC IR DN S5 I8 AT — 28 B AR A LA S B A
EHSEIE, 29T 01~11, BB ENE 2 M,
FEABER ST A TN E 3 o AR A% hr A TG 56 |
RO e I S E AR I J5 BOE A . 11 e BN RT
6 PR 04 fh R RN 78 5 DL 36 2.

®2 UEREMES

Tabel 2 Instrument brand and model

75 ASCEES i eI
1 Agilent 7890A-7000C
2 Agilent 9000-7000D
3 Agilent 7890A-7000B
4 Agilent 7890B-7000D
5 Agilent 7890B-7000D
6 Agilent 7890B-7000D
7 Thermo TSQ 8000EVO
8 Thermo TSQ 8000EVO
9 Thermo TSQ 8000EVO
10 SHIMADZU TQ8040
11 SHIMADZU TQ8050

3 HER5HH

3.1 FAFWIESER

3 3 VR A [v) 57 KT 118 85 B0 L L [T g %6,
M, FREIREICREE RS0 97%H1 105%, H AR5
TRFEHIN, T EEER, ARSI 3,
3.2 HEMHAR

BEMLIER 15 AFE S IEF T 5 I, B3R I 5 3
AT AT, SRR UL 40 XA GE R B R 7
ZEITIE(F-Re AT 5 oM, 7 250 T SR 36 5.

#3 EWREMESER

Tabel 3 Recovery results

K 0.2 mg/kg 0.6 mg/kg
HPR HS1 HS2 HS3 HSI1 HS2 HS3
[T /% 96.3 98.7 97.5 96.9 100.2 94.6 103.9 106.8 106.9 102.5 106.3 106.2
SB[ /% 97.4 105.4
RSD/% 2.0 1.7
F4 BRMEHIMREERE k4
Table 4 The homogeneity test results of chlorpyrifos N
Fy o odAnN1 HN2 #HN3 ANEEE BEREEIE
FE o 4Nl HN2 A3 AWEEIE BRI
8 0.412 0.412 0.408 0.411
1 0.404 0.411 0.404 0.406
9 0.401 0.421 0.411 0.411
2 0.421 0.417 0.417 0.418
10 0.403 0.416 0.438 0.419
3 0.424 0.417 0.437 0.426
11 0.432 0.421 0.404 0.419
4 0.403 0.415 0.422 0.413 0.416
: 12 0.407 0.402 0.396 0.402
5 0.401 0.423 0.422 0.415 13 0.407 0.416 0.434 0.419
6 0.438 0.431 0.432 0.434 14 0.428 0.408 0.417 0.418
7 0.412 0.419 0.431 0.421 15 0.409 0.412 0.426 0.416
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Table 5 Analysis of variance in homogeneity test

SS df MS F P-valpe  F crit

ZHIE 0.0025 14 0.000179589 1.83 0.08 2.04
20N 0.0029 30 9.81825E-05

Bit o 0.0055 44

33 BEMMR

() RS 2 1k
BN TR UK > S ARG, i T 50 °CHY,

B SRR ORI i A% A AN B R

LI o A BT B¢ 40 °CHIKEEMN-30 °CORAF FAFA 7 d J5 Y
AR EMEETY, A BIES 0. 1, 2. 4. 7 d BUREASI .
SR Ft AR I I R S AR P . ARSI 25 SR e S A
W2 6,

TCIETE = (40 °CH+K4%) s R (-30 °C) T % Wit e
PER AT to.054=2.78, HEERA W B E LS, RIN
FIRFE, U6 IO Y S bR v 5 R R R E 1, T
JE S PRis iR

Q@)K WfaE v

FEALHIBSE RS Z YR, S 5IHEF 0. 1. 2, 4, 64
FBRERGIN, SR R Bk A TR e M A T o LA I 25 5
T > HT L322 7.

Fo6 HRMEHREM (ESW
Table 6 Short-term stability t-value analysis of chlorpyrifos

W 45 5 /(mg/kg) F-HIME/(mg/kg) KRS t{E
BRI ]

1 2 3 - - -

#od 0.421 0.424 0.425 0.422 - -
H1d 0.424 0.428 0.417 0.423 0.0045 0.18
i (40 °C+ik4%) ¥2d 0.427 0.440 0.442 0.427 0.0031 1.83
% 4d 0.408 0.406 0.385 0.416 0.0037 1.96
% 7d 0.423 0.412 0.409 0.415 0.0057 1.65
% 1d 0.413 0.419 0.412 0.416 0.0035 2.23
#2d 0.425 0.424 0.424 0.424 0.0023 1.09

il (-30 °C)
% 3d 0.419 0.412 0.417 0.416 0.0034 2.26
% 4d 0.424 0.423 0.422 0.423 0.0025 0.35
x7 BERMKHREM ESH
Table 7 Long-term stability t-value analysis of chlorpyrifos
45 2R (me/kg) SFHI{E/ (mg/kg) KiE S t{l
i}
1 2 3 4 5 6 - - -
#oHA 0.419 0.411 0.412 0.424 0.428 0.415 0.418 - -

1A 0.417 0.416 0.430 0.413 0.425 0.409 0.418 0.0071 0.09
#2 A 0.429 0.421 0.428 0.407 0.416 0.423 0.421 0.0075 0.63
#4H 0.427 0.420 0.420 0.410 0.421 0.427 0.421 0.0065 0.78
%6 A 0.423 0.406 0.429 0.410 0.421 0.415 0.417 0.0076 0.15
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AL 2RSS Y RULE T-15 CHMHTIRTE 6
AN, HEEWR t HX/NT t0s0072.23, BOLEA R
H, KMWBIAEE, HGZIEFREY R 6 A NER
FEM o
3.4 EESTHEEMRR

AT AR UEY TR E IS E N 11 KR MR
IR I ABUR IR LA S E e (E, YR G — A UEARE
W AR 30 7 M A o 11 AT o AN [R] A (A A5 g 45
R 8.

#F8 U RBNEGIEEES

Tabel 8 Cooperative fixed value of 11 laboratories

SEMENE Al A2 A3 B1 B2 B3
01 0363 0372 0352 0372 0363 0353
02 0398 0395 0390 0.397 0386 0.387
03 0369 0370 0366 0368 0368 0.366
04 0357 0362 0355 0352 0356 0.351
05 0.430  0.427 0403 0429 0402 0421
06 0.409 0410 0408 0411 0410 0.414
07 0.479  0.475 0469 0478 0.453 0.448
08 0386 0382 0.387 0385 0378 0.379
09 0.410 0.418 0405 0423 0412 0.429
10 0.405  0.406 0403  0.405 0409 0418
11 0.425 0453 0458 0.449 0460 0.452

Fig B JTF 1343-2012 b i 0 5 (B A9 3 AR D0 K 23t
SR ) UG oM, (A SRR 10 KAL) B3 %S
11 KN AT B AR 4 AR A TG I8, 5 SIBRAT,
HAEE 0 A R A TR AR . R ST AT IS R E S A A
55, DR 11 55 (8 27 B0 0 6 - 3494H.(0.403 mg/kg) Wi
R B A B, L RF 2 (B AR T 22 (0.03597) Bl
HETER A EARHEATE L.

FEESE R E R R 3 A AR, 4500 55
PEBIE M AT ERE . BRE s AR ERE ., EEL R

SO AT R FE . AR AT PRI 4 BT 25 S AT A0, e
2 2
B s, 18 S > SR F, BstEs A MR

2_
FEAME, Upy = Spp = nﬁ, Urei(bb) = 2> = 0.01257 5 12

%ﬁﬁA%Kﬁ%Eﬁi%ﬁ?@%ﬁ%ﬁ‘“”ﬁﬁ%
et ) 2 AT, K E RO A R R
uwwzﬁcgﬁﬁ,E%%%E%%@%MK%E%%
BT, 2 S A R A R e B A R

Urei(s) = urel(§)+urel(sl):()'01849 FEE RS A A

JEJEJE 11 508 (- S (EL B b o Bl 22 Ya LUK SE (BT

B UM V4 0T ) A T S 0 2 U G B0 AR TN 1
Uchar H o ouy = SX_% 0(3/313197 0.010845

Urel(char) = \/Urel(A) + urel(B)
0.010845) (0.04)*
= ( : J +(7) =0.0335 _
0.403 2

broWE fH oMoy RO M & A
UCRM =k-X \/ uzrel(Char) + uzrel(bb) + uzrel(s) B % ﬁ_% B
BN P 2 SRR B AR R V) AN 2 B A3 ik 45 R AR R

9 R, K R BE IR K AR VE W BT R R A N
(0.403+0.033) mg/kg(k=2).

4 N L

AP 5 38 o W R BAPERE S InAR . R T8 . IR K
WA T2, SR 2 N AR-SOMH TS 6 5 F 2 5 5056
EEMEEM TR, TR SRR E M R R R
VR TR v B S MRS AR AR R BT, T aE o 52 )5S R I
FER AR — 5, HER R (L8 35 3T 29 (0.403+0.033)
mg/kg(k=2)o AHIFFT HE 7 A I A (B )y 206 8% 3 Ak 24
B BR ARG I 35 A b ofE 9 5 A A LA — 2 S
A, Ay 08 6] PR A 2 % B A I AR i TP R 5 o 4R
AR H.

R THEEITGER

Tabel 9 Result of uncertainty assessment

RS AN E JEE 23 N
% FrUE(E/(mg/kg) B R % *}L%:;ﬁgm)ﬁ
Sl e FREME MRS
Ea A 0.403 0.01257 0.01849 0.0335 0.0403 0.033




%5 18 3]

B E, S BN AP EE AL IR B LA i 4y Jot i 4o

6361

SE

(1]

[2]

(3]

(4]

(5]

[6]

(7]

(8

=

[9]

[10]

[11]

JIF 1005-2016 HrifEds 5t AR AlE XL [S].

JJF 1005-2016 General terms and definitions used in connection with
reference materials [S].

XV, R, A, % fhh AR SRS,
RN, 2019, 10(1): 8-13.

Liu SL, Wang HW, Zhao M, et al. Research progress of matrix reference
materials for food [J]. J Food Saf Qual, 2019, 10(1): 8—13.

RALBE, W07, XIEAT, 5. 5 sk B 1 SR DA B8 11 SR SR PR IR
FhgHI (D). €A, 2011, 29(7): 691-695.

CHERE)]. it

Yu KJ, Yang F, Liu ZC, et al. Preparation of natural matrix standard
sample of minced eel for quality control of flumequine residue [J]. J
Chromatogr, 2011, 29(7): 691-695.

FERIN, 05, XNIEA, 4. SEmULA sheL O SRS R L g
YeRbak B bR IEI R BRI, KPR, 2016, 35(3): 272-277.

Yin TK, Yang F, Liu ZC, et al. Development of a reference material for
leucomalachite green residues in eel muscle [J]. Fish Sci, 2016, 35(3):
272-2717.

Ting TL, Sin WM, Ho C, et al. The role of metrology in chemistry in the
upholding of public health and food safety in Hong Kong [J]. Accredit
Qual Assur, 2006, 11(4): 172-174.

KRG, B RPREY BT S ). &R
2018, 9(15): 3881-3882.

A2,

Zhang QH. Advances in research on the certified reference materials of
food safety [J]. J Food Saf Qual, 2018, 9(15): 3881-3882.

SRIGEPR, BT, [ PN 255 B ARME D T/ A e i BIR Z3 [0). v
KBS, 2019, 27(6): 58-61.

Zhang XL, Chen H. Analysis of the status of pesticide residue standard
substances/standard samples at home and abroad [J]. Chin Insp Body Lab,
2019, 27(6): 58-61.

EZAER BRI B[ Z).

Standard material resources sharing platform [Z].

MRS, EE, W, 4 SR E AN E SR R A R
MRS R (D). RS B (T2E 430, 2019, 55(3): 361-363.

Lin ZP, Tang XY, Pan CS, et al. Determination of chlorpyrifos residues in
vegetables, fruits and tea by gas chromatography [J]. Phy Test Chem Anal
(Part B: Chem Anal), 2019, 55(3): 361-363.

JABE, T, S P EE AT R AR R RARAT[T]. Alk SR, 2019,
39(17): 65-66.

Zhou Q, Jian Y. Analysis of high residue of chlorpyrifos in celery [J].
Agric Technol, 2019, 39(17): 65-66.

TR, B, XIWEMms, 55 3% s T T SRAR 24 3R B A DL ]
BRI, 2016, (6): 138139,

Xu Y, Xu MQ, Liu XP, et al. Analysis of pesticide residues in vegetables

in supermarkets of Lianyungang city [J]. Mod Agric Sci Technol, 2016, (6):

[12]

[13]

[14]

[15]

[16]

[17]

[18]

138-139.

VR, R, TS, AF SO T A R . SRR
YRR, WL Tl R222%4H, 2012, 40(3): 289-294.

Tang YL, Wang ZW, He AF, et al. The distribution of chlorothalonil and
chlorpyrifos in greenhouse cucumber [J]. J Zhejiang Univ Technol, 2012,
40(3): 289-294.

AR, Be BB, RPESY, 4. BESUME RNV A b A 5R F AR S A
[7]. HEBEE, 2007, (7): 23-25.

Zhou SP, Duan CQ, Yu ZF, et al. Residual dynamics of chlorpyrifos in
celery under greenhouse conditions [J]. Chin Veget, 200, (7): 23-25.

g, etk #P, . frh T EESEIER B G T BOR B[], £k
LA TFRMMAEAR, 2015, 6(7): 2696-2701.

Dai Y, Wang JH, Han P, et al. Recent development of detection methods
for chlorpyrifos residues in food [J]. J Food Saf Qual, 2015, 6(7):
2696-2701.

Wi, ZREAE, R, A5, SR TR IR SR S0 B ST MR F RN (],
TR EERE, 2013, (10): 50-55.

Yang J, Qin ZW, Zhou XY, et al. Evaluation about chlorpyrifos residue in
fruit of cucumber germplasm resources [J]. Chin Veget, 2013, (10): 50-55.
GB 2763-2019 B A ESbRIE £odl AR 24 i K5k B R[S,

GB 2763-2019 National food safety standard-Maximum residue limits for
pesticides in food [S].

GB 23200.113-2018 £ b4 2 ZRME AHPIIENE LD b 208 Ffe 2y K
HACHPIFR R I E R GRS BURSE F 3 [S].

GB 23200.113-2018 National food safety standard-Determination of 208
pesticides and metabolites residues in foods of plant origin gas
chromatography tandem mass spectrometry method [S].

JIF 1343-2012 By B (E 3 SO0 B i -4 5 S ).

JJF 1343-2012 General and statistical principles for characterization of

reference materials [S].

(FriEhiE: T8

fEZ &

BRKE, i, TEM, EEHARAE
ARBBREWRN,
E-mail: 276874514@qq.com

FRE, SRIREB, TERARFEHR
ERERLEEN.
E-mail: 113343838@qq.com



