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Determination of edifenphos residue in grain by Reque method combined
with high performance liquid chromatography-high resolution
mass spectrometery
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ABSTRACT: Objective To establish a method for the determination of residue of edifenphos in grain by Reque
method combined with high performance liquid chromatography-high resolution mass spectrometry. Methods In
this study, the pre-treatment method for the determination of residue of edifenphos in grain was optimized, and the
key parameters such as instrument condition, limit of detection, linear range and recovery rate of liquid
chromatography-high resolution mass spectrometer were analyzed. Samples were extracted with 90% acetonitrile
solution, purified by Reque purification column, separated by liquid chromatography with Phenomenex Kinetex F5
column, and analyzed qualitatively and quantitatively by high resolution mass spectrometry. Results The
edifenphos in grain had a good linear relationship (r>0.999) in the range of 1-100 ng/mL. The limits of detection of 5
kinds of grains were all 10 ng/g. The accuracies and precisions of the method were verified by standard recovery

experiments. Under the standard addition levels of 10, 20 and 100 ng/mL, the recovery ranged from 90.6% to
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109.8%, and the relative standard deviation ranged from 2.10% to 5.20%. Conclusion The method can quickly,

sensitively and accurately determine the residue of edifenphos in grain, and is suitable for the detection of edifenphos

residue in many kinds of grain.
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F R A KRR A A [ A g Y, A 2hig
A7 Y (0 70 R ot ok R e DRl 0 96 i A = 12 v
I il (edifenphos), X A TURWE . FHEDG . PR, e
MR O-2H-SS-Z REZmMABBE, 5 F N
CisH,50,PS,, H @B ORI, HRMRK, ANETK,
REVE TN . —HRSA AR, B R—Rh T SRR
FIEO BEME LK RE A B W AR K RER B, X R
TR 2242 NBUK TR LN A BT TR, S BRRsomt .

R, A s R A B A M R A
O RE-TR L . R OB - ER BB O Ik
[ AR AE B kU A i T AR 2R B A TR
K, T 43 ¥ 1% (high resolution mass spectrometry,
HRMS)REWR A28 # 7=, LAMHINEERNLEY
HN, BTSN AT E, SR, &
R R HARY), BT 3RAS AT SER S bl SR,
45 HRMS ZEA 25 AT 4440 T o AR Aerill £ 5
rhe 25 5% B8 7 T v I £ 192 Q/TOF MS Fl1 Q/Orbitrap
MS, HH Q/TOF MS @ahfett, RIARER, 2 HHii
TR BIEAER, rWERE T, T Q/Orbitrap MS [l
FE PR RN AP HERTE (&, BT EDAE B O 22 B {E TR /N, AN [AZE A
UG5 M PSR ER R AR B A, ShaWnT {5
A, ANBEMRE B A8 bR ENS . R IE AT HE4 HRMS 454
151 %% WK AH 8, 43% ¥ (high  performance liquid chromatography,
HPLC)K il 445 H s i B R B i, HA s ek . &l
R R AR

o ) A 24 5% B B AR o vk R, RE SR RT AL B AY rvk
SR [ AHZEEUL FI QUEChERS #:%2, QUEChERS #:(quick,
easy, cheap, effective, rugged and safe) H. A “St (O fbF A0 %F
S P Pk e T A A 2R B, AR ORI E R [
N2y, ATARIERE Sk TR AR TR], SR BEAS [F] 4t 9 54k
PR T2, T Reque /& QUEChERS L RLj™ i,
A Replace QuEChERS #fb4E, fAiFR Reque.

AR Reque FRFN 3 o 2 AU AT AE S m U 14
B Z A 28R Bk D R Ak B R, w B L GB
23200.113—2018C £ it 42 A [ bl A IEME AL oh 208
g 24 T LA P % B TE DI 8 SRR €013 - ST 100 7 )
1 QuEChERS #1464 i . Reque b AE R LRI E &

PR 2 AL, A & 7 221k ik 2 (graphitized carbon black,
GCB), #H Lt QUEChERS ¥k HA B @ At A3, m] W R
mtEER . AR . BoKEY) . MRS, HERR
CRGE 3 AR, B AT 550 H ARAE LT AR
FE ST Reque #4545 HPLC-HRMS 52 M43 v S 1ok ¥
HE, DB RRAS vh s ik B AR 4 A R

1 MR5ERE

1.1 MR5RF

P, S5 SN Y QN B N T 1 B3 P S e

IR BRI (4l = 98%, T Dr.Ehrenstorfer 2
Al); CHE. BB, HRR(tigal, E2ERFia RA
Al); ZEBERE(E 4 g TOKBRIREE . 1 g EAbAN. 0.5 g i1

REATAN . 1 g FrEIRENCE B L HER A F]).
1.2 UE5EE

BSA822-CW HL T K F-(FFE 0.01 g, FE [ 3¢ 2 F
N H); 20A OB AL (H AR B HEA H]); APT 5600+
B PSR (S5 AB A F); Kinetex FS fai%41:(100 mmx
3.0 mm, 2.6 um) (3% [E Phenomenex /A #)); Allegra X-22R &5
%O HL(EE E Beckman 23 F]); Reque /641 (200 mg,
6 mL, 3l T/ F]); VX-200 IRHENR Y 4e(35 E Labnet 23H]).
1.3 fRERIIER

SUIR ORI f 2 VAR FRIBGE ta R HOPR o &, R
P P A B R R M B O 100 ng/mL HIARAEVE IR, B TE
0~4 °CukAfiTh, # M.

TR FROA HE U AVE TR W S ROb 1 VU
MR 1. 2. 10, 20 ng/mL (ISR BbRUE CARIRE, Jik
BEE 0~4 °CukFh, &H.

25 FFETORG: AR, e 2 AR
14 TRALIEFE

BORK Rk, /K. Bk K mpRE 4 500 g, BR
AN R AL R, 1 425 um BRAERIGE, TR, E
F &, uririd, BT 0~4 CCORFRAF. FRIX
REE 2 (KRR 0.01 @A 50 mL B0, HIA 20 mL
90%NIEVETR, #5 $2HL 5 min, 10000 r/min 250> 4 min, U
£ EEHW, EELEPHEIA 20 mL 90%Z G, &
SR RIBURE .G, FRgib. AIRRBOR, KRR A

B



5523 1 X, %5 Reque 1R854 Ry R (2033150 40 3 S0 1325 00 R AR P s S OB B 169

A Reque HHEFEN, $RIBGRTETE )T AR, IR 23R
K, PR, IRA), BUl 4 mL EHLE RBIA TR
AN, 40 °CERWRT, | mL ZRRTRER, F1 022 um A
HURIE B 385, AR =0,

1.5 {NE|EH
3% 41 Phenomenex Kinetex FS5 @41 (100 mmx
3.0 mm, 2.6 um); AR 30 °C, FEAEE: 10.0 uL. BHEERED
PSR 1 R,
*1 BEERER

Table 1 Gradient elution program

Bisf [61] /min i 3##/(mL/min) A% B/%
0.0 0.25 90 10
2.0 0.25 90 10
6.0 0.25 5 95
9.0 0.25 5 95
9.1 0.25 90 10
12.0 0.25 90 10
WA A R 0.1% M RIEIK, Tahi B R,

F i A B TR HBE5F L B U (electrospray
ionization, ESI), 1E&F43#; B3 nvz 100~1200,
m/'z 50~1200; &FIIEE: 550 °C; KA 2.41x10° Pa;
AR 3.79x10° Pa; HHBIINAAS: 3.79%10° Pa; KffrE:
60 V; filif#EfER: 20~60 eV,

1.6 HIBAIE

ARG L PEAS AMEE FE L R H BR  RDfSeRe Je  TAk
N SEEATITRIRUE, BRI U 3 e B BOAREY A T
Fr BN B2, R E 10 1R, PRAL T 4 A vER
VR 25 82 o B A B il 2 L 22 BRI AL BRAS FH WPS Office 2023
Ar

2 GER5HH

2.1 wEHFRER

ARG LR A SO I AR S CAS 528 17109-49-8,
4li i =98%, FHfE[E Dr.Ehrenstorfer 2 &) 477, $ B LA T
A2 B 1 T R B T R T SR A X AR T SR A ARSI, S
B EER LR 1, FOREE — R RS E LR 2. 5T
I B B R SR LA 3.,
22 ZMXRER

f£ 1~100 ng/mL TGP, A 380 i v Ji il B 5 Lo
TAURIE e, RPETAE R Y=2.02¢*X+7.37¢*, r=0.9996, HX
ANFFETRAMERE R Z 1.4 TPk b A 52 LR, 1 H
25 U RO 2 AR e 22 4 A 4.

7.714
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= 2005 |
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PR ER IS} A] /min
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Fig.1 Chromatogram of edifenphos
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Fig.2 First-order full-scan mass spectrum of edifenphos
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Fig.3 Secondary ion scanning mass spectrum of edifenphos
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Fig.4 Matrix standard curve of rice (a), brown rice (b), millet (c), corn (d) and flour (e)

2 ESMERVVERZEMHERBXAR
Table 2 Linear equations and correlation coefficients of various
matrix standard curves

3 Reque j£5 QuEChERS 3&MEREIRMAK FHEmE U ER
SEEEE I (n=10)

Table 3 Comparison of recovery range of samples with different

B R4 R 28 5 e ) addition levels determined by Reque method and QuEChERS
method (n=10)
Kk Y=3.28¢*X-1.4¢* 1.0000 —
Hit ok Y=3.83¢*X-2.09¢* 0.9999 L L
/(mg/kg) Reque %= QuEChERS #:
UPS Y=4.96¢*X-2.42¢" 0.9996 N N
EPS Y=4.43¢'X+4.33¢" 0.9999 Sk 90.6-98.7 76.3-97.5
[ Y=3.54¢'X+7.34¢’ 0.9999 Fix 92.9-103.0 80.1-99.6
0.01 Nk 95.2~109.3 76.8~97.2
2.3 FEREMEFRBEE Tk 95.1~106.4 75.6~98.7
XFH HPLC-HRMS ﬁ*, ;FIUEH Reque ;%/“:Ljf, X‘TK[EJ @;{f}]\ 91.0~107.0 76.4~94.9
TSk AR R AT R 8 FTORG 5 B B o X FREAAN S B ok 92.0-99.0 73.5-94.7
SO NK . B TR . KOKFTRE KA P 4 A o c
VRINEE R, 435100 A 10, 20, 100 ng/mL (FHE, A4 ik 98.0-104.0 77:3-954
ACEE M 10 K, 3 HARFRFR KT B RO 0.02 U S 96.5~107.0 77.2~98.6
B N T AL Reque 7 F1 QUEChERS 25 X il 45 5L %) B 08.6~109.8 77.9~99.5
25, M GB 23200.113—2018 H* QUEChERS J5 &4 B 05.5-104.0 109-98.7
WA IR, AR EY, Reque I3 FA AR KE T c T
B 0 2P B R 90.6%~109.8%, AH X AR HE 2% 7E FK 92.0-104.0 74.8-105.4
2.10%~5.20%2 ] . QUEChERS #4532 A [J] 43 7k - F i itk 96.0~106.0 75.3~96.7
M R0 Bl h 72.8%~105.4%, #H XF An M W 2 N 0.10 JNKe 94.0~106.0 74.7-96.9
7.35%~9.98%(F 3 F1$ 4), ok 06.0-103.5 1981003
L 45 SRR, Reque ML ARG A ISR 5 70 S o
TAI#; 96.0~107.0 75.8~100.9

TALBIIOK | BEK . /IR TR T SE AR FRARTE 10,
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# 4 Reque 355 QuEChERS JENE R ERMAKFHRIFHELE R (n=10)
Table 4 Comparison of precision results between Reque method and QuEChERS method for samples with different addition
levels (n=10)

— AR AT AP35 {H/(ng/mL) PRt 22/% A A v ARG 22 /%
/(ng/mL) Reque % QuEChERS ¥ Reque % QuEChERS #: Reque 7% QuEChERS ¥
10 9.57 8.71 0.25 0.73 2.60 8.41
Kk 20 19.30 17.32 0.41 1.73 2.10 9.98
100 97.60 91.50 0.37 7.56 3.78 8.26
10 9.73 9.07 0.31 0.66 3.16 7.35
K 20 19.95 18.03 0.45 1.47 2.26 8.13
100 103.00 90.00 327 8.60 3.17 9.56
10 10.31 9.01 0.50 0.70 4.86 7.71
UNYS 20 20.10 17.90 0.66 1.43 3.28 8.01
100 102.20 86.40 5.14 6.85 5.03 7.93
10 9.85 8.95 0.31 0.72 3.19 8.08
EP N 20 19.72 18.03 0.45 1.35 2.28 7.47
100 96.50 88.50 5.02 7.50 5.20 8.48
10 10.32 8.69 0.38 0.66 3.66 7.62
A 20 19.85 18.05 0.52 1.35 2.60 7.48
100 102.90 89.90 3.48 7.25 3.38 8.06

20, 100 ng/mL 7K I (1) [ 5025 BBl AR X6 Ao o i 22 31
PIPEF QuEChERS A%, KIULAT LAERH R A Reque 15 & AR
B SO BOE AL, HER -
24 KHR

ABFFE IR 5 FHRA T sk B R 10 ng/g,
T AL G R
25 HEBSHR

1%+ Reque ¥ #1 QUEChERS 72 H A & #i: (1) Reque
AR E L R P W 2 AT B IR, R R
T A AL RV AT, RAEAE TR B m) A, 38 T R Y A
PE, 5 THRAERITL (2) Reque 4+l R IRRR (G 1R T
QuEChERS %, UFEB] Reque A4 b i) 6 R IR B g 7 5
5 (3) W)X T Ak S AR GEA T HPLC 43#, il
TEE & B Reque 5655007 B 8 AIKF QUEChERS J5ik, 1iF
BH3E 2 Reque FERFEIR H 92 T /b, (4)i 2 P 9 Dl
LRI Reque AR AT X AR RGN TRT AL A5 40 W B 2RAIK,
AL BE {8 F] QUEChERS 77 5t It GCB X T Ak 44 W ff
FHEIBCRAR R ), PR EHRRE i3 i, i Reque 75
REMSHE R RE A bR, bR A

3 4 i

HRMS H A REAS LU (08 1 J38 000 4 5 5 14 o
FE(mv2) S IR 731~ RS 1t 46 AL BEO0 AT, O T o il
ZeRE D, BE DX IR AR 09 JBOAT b, S BT 20 1 R RS 1) 4

FE o TERTIIHRAS b st o sl B b, el tiAbelist, R
Reque b bR BIAR, 7ERATAb R R HPBR T Bt
B, BT ABR AR, A RE S P e s b . H R,
Reque FbAEAAIE FF A0, B8, AKAESERE S I RTAL
T RE R, HA B R SR RS

AWFE R Reque EHibAE45 4 HPLC-HRMS #5371
— PRSI AR 2 v IR ORI T ik R R R
TP 2 5 Z2 R IR, A AR v (i 2595 L. QUEChERS
T, &5 AR D A FE T RRA TP s s PRSI,
AR il R ST R BLAA R AR A FP B B A 24 5 R AG I
TR,
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