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Abstract: A method of liquid chromatography-tandem mass spectrometry (LC-MS/MS) was
developed for the determination of flufenacet and its metabolites in wheat. The results showed that the
linear relationship of flufenacet and its metabolites is good in the concentration of 0.001-0.5 mg/L,
and the correlation coefficient is greater than 0.999. In three different concentration levels, the
recoveries of flufenacet, flufenacet thioglycolate sulfoxide, flufenacet OA and flufenacet ESA in
wheat are 89.1%-119.4%, 70.7%-113.0%, 72.0%-105.3%, 74.1%-114.8% with the relative standard
deviations (RSDs) range of 0.5%-3.1%, 2.2%-5.6%, 1.6%-3.4%, 1.4%-5.9%, respectively. The limits
of quantitation (LOQs) of flufenacet and flufenacet thioglycolate sulfoxide, flufenacet OA and
flufenacet ESA are 0.01, 0.05 mg/kg, respectively. The method was used to determine the wheat
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samples in ten areas. During the harvesting, the residues of flufenacet and flufenacet thioglycolate
sulfoxide in wheat grains and stalks period are all less than 0.010 mg/kg, flufenacet OA are 0.050-
0.38 mg/kg, flufenacet ESA are less than 0.050 mg/kg, and the total residues of flufenacet are less
than 0.12-0.69 mg/kg. Dietary risk assessment was calculated according to the dietary risk assessment
model. The results showed that the daily intake (NEDI) of flufenacet in winter wheat for general
population is 0.026 87 mg, and the risk entropy of flufenacet is 8.5%, indicating that the dose of
flufenacet in wheat does not pose an unacceptable risk to the health of the general population. There
are some uncertainties in risk assessment, which are mainly reflected in three aspects: 1) No chlorine-
related information has been collected from the database of the FAO/WHO Joint Meeting on Pesticide
Residues, and no reference dose has been found, so acute dietary intake risk assessment cannot be
carried out. 2) The maximum residue limit of registered crops in various countries was used for the
residual data of flufenacet, and the median residue value could not be obtained, and the processing
factor of cooking process was not considered, so the calculated risk entropy was high. 3) In this paper,
only wheat was used as a single exposure route to exposure, while daily residents were also exposed
to flufenacet through other foods, so there are still some limitations in the overall risk assessment of
flufenacet exposure for residents.
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B3 3 040 kPa, i B SR8 1 013 kPa, filf i
SR 200 MPa, 3E4£5 5 T W (SRM) #E
1.4 HERE

R A AR W v Ak 24 5% 87 90 o 0 ) B,
F 2022 4F 10 H ~2023 4 6 HETEHBI)I . 1L
WL dbEE s IWARTE . WEH S LRON
WA B RAT . e ATV R T
10 Hi HEAT /N | 500 /L %8 W9 B iz & 7 5] 10
BRI . B B AL BN X R ZS PR/ X 4 1A,
P 40 mL/fT (4 550843 300 g/23 kit ) i) il 551 42 7E
ANFEERERG HVETRT . BRI A2 1R,
T /N FZ USRI ] Fsf R S 6 HERIA B/ N X R AR
1.5 HEH&

W 22 L TR R IR AR R R R, T
~18 C 1R, R
1.6 ftFEmATALEE
1.6.1 FEAPZEL  ZERAES: FRECS ¢ i S0 mL
BT, A 10.0 mL 1% /R -2 15 1 %
(75:25, VIV), iR HEFLEL 3 min, JTA 0.5 g #7145 R
TR KA Y L 1 g MEIERR N KB,
J8 ZU4E % 1 min, L4 4 000 t/min 25.0> 3 min, b7
WAL

R FFRE s FRE 2 g iUREF 50 mLig L
JIA 20.0 mL 1% fR - 21 % W (75:25, VIV), J&
S LR R A7 KORE i
1.6.2 FEag b BHC1.00 mL 1.6.1 15 ) LI
T EA 5 mg C18+5 mg GCB (19 &5 .0 45 1, 18 Jig
1 min, PA 4 000 r/min &.0> 5 min, 37T 0.22 pm
TR, R
1.7 tREBRRERS

53 R B — 2 k1 UM e B FLAR T,
VAR I 22452 10 mL, BE #1000 mg/L Fr
HERE AR M, B 100 pL B ME A% A VA W, FH
FisE 25 2 10 mL, BC AL 10 mg/L v P R A R
AR (1% F R 06 ) FEL 5 (25 1 2800, 5 AT 48
W) 43 SRR B 10 mg/L b 76 v ] 95, T2 ok g
e 5 R 0.001~0.5 mg/L I FRAE K
1.8 ERBML

LSBT 0.01~ 1.0 mg/L ¥ B 5 [l P4 A 3% 571
P Y VA VBRI S bR E RS R I 2, TR R G &R
o 5 B A A ot AR} 5 5 i R AR M It e R R R A T

He s, 1155 35 % %% (matrix effect, ME), 22 200
1:[21-22]:

ME = SmS_Sleoo (D

s

A, S S, 53 501 26 75 5 500 A o ot 42 0 25 B A
HE R BB . —20%<ME<20%3% 71 55 K& Fi &%
W 3 —50%<ME<—20%5Y, 20%<ME<50%%% 71 H 45 5L
RN 3 ME<—50%E{, ME>50%% 715 51 i 5 R4
1.9 BREZITM
1.9.1  JEE RSP E SC A IR B b AR
WE T JHz 1 XU DY A e BA R S Ry R ME e (F)
G e S 2 R AN (YF) | J ME B R
(OA). FMEEE e ESA(ESA) Z F™®), AR H
2 (2) T35 e B e it
Cu=Cr+1.206X Cyp+1.613 X Cop + 1.222 X Cgsp
(2)
A, Crv Cypy Con F1 Crsa 73901 2 718 FWE B i e
AR 4 W R R A R 2 TR I AN R W
OA., JRMERLIE ESA 5% it 1.206. 1.613 F11.222
3 59 3R 7 R T file 5 SR R Y B A 2 R AR
FUBE R OA. FUE R ESA Wy F a2 L,
5% B W AR T O vk R, DUk R
0.01 mg/kg A1 0.05 mg/kg HEATHHH
192 FREBWE X (i A 245 55 K ak B R
) PRI, FBE R 11 5 BE A R R N %
HACE Y N-3R FE-N-57 I 36 22 0, D G 108 ke
For .
1.9.3 JEEXES AL A SCR I XU KT /)N
7 T R B A% B A T KUBS 3R
NEDI = Z(S TMR; x F,)/bw 3
RQ, = NEDI/ADI x 63 x 100 (4)
A 1, NEDI 2 B 24 5 5 H 4 A &t [(mg/kg
bw-d)]; F, 55 i B & WA NHE T35 5 H O 2%
i (kg/d); STMR, h AR 2575 /N A2 15k B8 TP (L, HoAth
YR AE R TC AR P 1) B Kk P PR A {H (mg/kg )5
bw R ANFEFBIATE (kg); RO, 18 P R A ; ADI
B H A48 A [(mg/kg bw, d)].
1.10 HEH
di-K FH Excel 1 Origin2018 #4748 34347 .

2 HR55%
2.1 @ESHRK
ARLFEELT 0.1%RK-H . 0.1%H fR-HH



354

2,
¥

B e 4R Hae

0.1%Z K- 5 0.1%H B2 -2 I 4 Fh i sh A1 7k
o GERFEH, H IR AR AR MERE B R4 B
522, CIEVR R A8 B AR A UG 2 i B RN o

i AR, H AR TE K MR Z i i I A 2
I, TEFF 0.1%H MR- L VR I T sh AR & o e
e B AR MRM 3% R T8 1.

107 x10° x10° x10¢
25¢ .
a 426 oy 343 6fc 364 Lerg 3.52
L z4 24 2 1.0
& Z g g
E 22 g 2 £
=05 & = = 04
0
. T 0 -0.2
4 5 3.0 3.5 4.0 30 35 40 45 3.0 3.5 4.0
t/min tp/min tp/min tp/min
T a. FUERE L b. FEU0E RS B Ak £ R AR c. FME BE G OA; d. JRME L ESA
E1 smEREREEACHYRESRRN MRM E
Fig.1 MRM spectra of flufenacet and its metabolites standard solutions
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Table 1 Mass spectrometry parameters of flufenacet and its metabolites
(st LR BA B[] EEE X JE i B X Rl e L

Compound Retention time/min  Qualitative ion pair (m/z) Quantitative ion pair (m/z) Collison energy/eV

TIGE T 4.26 364.1/152.1 364.1/152.1 18

364.1/194.2 10

TERE I B 2 AR AR 3.43 302.1/168.1 302.1/284.1 19

302.1/284.1 10

FHE R e OA 3.64 226.1/110.1 226.1/138.0 27

226.1/138.0 15

FWEFIZESA 3.52 274.1/80.0 274.1/120.9 31

274./120.9 20
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Fig. 2 Effect of different extraction reagents on the recoveries of the target substances

120
a 7710 mg GCB+10 mg C18

100 + mg GCB+10 mg C18
B 5 mg GCB+5 mg C18

80

4

XXX
oo
%

ool

e

R
%%
o
SRR

RES
XX

60

XX

%%

R

X XK RKRKK
XX

5

35
5

RRR

SBRIK

%%

o5
XX

654
XX

40

2

%
%

S

R
2
s
otet

o
0.

XX

X
X

e%0e%

20

LS
SRS
XX

XX
%%

X

o2

o2

%%
o2

=%
=i
&
>
=2
e
I

0 XA { |
o ESA

120 Lb 74 10 mg GCB+10 mg C1
5 mg GCB+10 mg C18
B 5 mg GCB+5 mg C18

100 |/

80

%%
L

60

dete

/%

ofots

XX

XX

40t

XXXXXX

20

DoSesesesesesete?
KR

oot

9%
oFote

0 %% ol
FUE o JMERE
B A HZESA

1 a. ki b fEFF
B3 ARREELA XS B Ry R E R0

Fig. 3 Effect of different purification materials on the recoveries of the target substances
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il B AR 56 R BOR T 0,999, Ze 156 R Kb 7
FORLFIAS AT, FUME R | FUME R LS AL £ TR .
B, FUME e OA. FBUME B JHe ESA 114 35 BT 3501 43
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Table 2 Evaluation of matrix effect
L&Y FE EAE R REL FESONE 50
Compound Matrix Linear equation Correlation cofficient (7) Matrix effect/% Influence
eI sl y=5x107x+37952 0.9999 — —

Fhi =6x10"x+50988 0.9999 20 55 5 T RLUN
y

F&FF y=5%10"x—5399.2 0.9999 0 SR

FE R B L R gl y=3x10"x-21453 1.0000 — —

AL =3x10"x+40219 0.9999 0 SR
y

T y=2x10"x+144110 0.9998 -33.3 rp 85 AN

FWERZOA sl y=5x10°x-2686.3 0.9999 — —
FRi y=5x10%+5852 1.0000 0 S HE BTN
F&FF y=4x10°x+10789 0.9999 20 SR
FWERLIZESA sl y=9x10°x-14639 1.0000 —

AL =8x10°%+7515.7 0.9999 -11.1 SR
y

F&FF =6x10°x+5501.1 1.0000 -33.3 A RN
v

R3 ARFMAKFT, SRR R EA G Y =X AR R 2=
Table 3 Average recoveries and relative standard deviations of flufenacet and

its metabolites at different spiking levels

fea s TRAE FEIHCH Recovery % MM
Compound Matrix (mg/kg) 1 2 3 4 5 H{H Average RSD/%
FME R A i 0.01 1182 1194 1184 1194 1194 118.9 0.5
0.50 107.8  107.8 1052 107.8 106.3 107.0 1.3
1.0 962 891 949 906 939 92.9 3.1
F&FF 0.01 1160 111.0 1120 1140 110.0 112.6 2.1
0.50 1060 1086 1100 107.8 105.1 107.6 1.9
1.0 1048 1042 1025 1080 1052 104.8 2.1
FER R LR ok 0.01 93.6 906 954 97.6 954 94.5 2.6
0.50 764 778 742 183 767 76.7 22
1.0 1.6 707 727 754 758 732 2.8
FEAT 0.01 113.0  109.0 100.0 102.0 100.0 104.8 5.6
0.50 88.4 845 89 865 919 88.1 2.9
1.0 87.1 89 780 872 878 85.4 49
FEFLOA R 0.05 732 760 734 739  79.0 75.1 3.4
0.50 734 733 744 713 718 75.3 3.1
1.0 735 736 731 753 720 73.5 1.6
FEFF 0.05 756 768 780  78.6 752 76.8 2.1
0.50 988  99.5 1053 103.6 1053 102.5 2.8
1.0 793 775 715 796 799 78.7 1.7
FRMERIFEZESA ki 0.05 830 850 775 855 894 84.1 5.3
0.50 755 756 756 776 781 76.5 1.4
1.0 83.8 736 820 812 741 79.0 5.9
FhiFF 0.05 1082 110.0 1148 112.0 109.0 110.8 25
0.50 1039 982 1060 1055 1059 103.9 32

1.0 86.3 88.0 77.1 88.2 86.6 85.2 53
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5.6%, AT AN T K o AR A fin [l i S 50 1
SR R e R0 SR e 2 R 2 TR U R P A
PR 0.01 mg/kg, F60ME BEJIE OA 1560 E 5 i ESA
975 1 E B R 0.05 mg/kg, FGE B e K AR i
WTE /N ZE 11 TS0 S5 RRE Xof o o i 2 257 76 A2 AH
KBRS,
2.6 ZHEBEEWRN

1 500 g/L FBUME i 2277 7 LA 40 mL/ e A
Wt TN L 2 e T SO B R R N
FEAGEAT RGN, 2505 F 3 4. 10 /> Hh X 22 pi
S VR R e R R MO RN A 3 £ TR U LB R 2 /)N
T 0.010 mg/kg, FUE H i OA 5% B 4 0.050~
0.10 mg/kg, R WE H i ESASR 8 & ¥ /N F
0.050 mg/kg, F WE B e (G )5% B it o 0.12~
0.23 mg/kg; 76 A FF Y, ToUME B e 1 G 108 R g 28 ik
TR A5 B8 i 4/ F 0.010 mg/kg, R ME HE i
OA 5% ¥ £ 4 0.050~0.38 mg/kg, % & %1 iz ESA

il

B B B /T 0.050 mg/kg, FUSE T () 5% A
49 0.12~0.69 mg/kg.

3 1 (B v g 24 e Rk B B ek ) PRI i
W R e /N7 P ) B KB BRI B 3ty 0.5 mg/keg;
5 [ PR S R E L A /N 22 A8 R b B K Bk R BR
N 0.6 mg/kg, 75 /N2 il AT b die KBk B BR
0.35 mg/kg; KPR JUME L i e /INE TR IR R Bk
B PR R 0.1 mg/kg; H A FpUME B JEAE /N 22 Th
e KA B R AR 0.5 mg/kg; [ B i ik L B 2
(CAC), BRI | 4 [ 485 278 A i g0 5 fre
TE/NZ R KRR B IR B . AR T 7E Y
Tl R SR WA 9 o i () R 3ot e A 3 A P o
{H, HAx oMb IX A .
2.7 BERRKEIEME

TR, FRUME R A AE KRS L N R EOK |
FAFEAC Y, b, R 3 FpE Y HEAT PEAN .
R R 1 B H ARV 0.005 mg/kg bw

®4 RBEEREEQHMENEDHKE

Table 4 Residues of flufenacet and its metabolites in wheat

5% B4 & Residue/(mg/kg)

Mgt AEY) RAERTE — . — — — — — N
Place Crop Time/d  FPERIIL FEUE AR I 2R AR FVERZOA  JRMERREESA  FMERIMECE)
Flufenacet Flufenacet thioglycolate sulfoxide Flufenacet OA  Flufenacet ESA  Flufenacet (total)
TH Eh 256 <0.010 <0.010 <0.050 <0.050 <0.12
FhEFF <0.010 <0.010 <0.050 <0.050 <0.12
1T s 250 <0.010 <0.010 <0.050 <0.050 <0.12
FhiFF <0.010 <0.010 <0.050 <0.050 <0.12
dent Aok 243 <0.010 <0.010 <0.050 <0.050 <0.12
F&AF <0.010 <0.010 <0.050 <0.050 <0.12
R FEh 230 <0.010 <0.010 <0.050 <0.050 <0.12
FhEFF <0.010 <0.010 <0.050 <0.050 <0.12
[EIEE = A 233 <0.010 <0.010 <0.050 <0.050 <0.12
FhiFF <0.010 <0.010 <0.050 <0.050 <0.12
R A 225 <0.010 <0.010 0.094 <0.050 0.22
F&AF <0.010 <0.010 <0.050 <0.050 <0.12
WiT R 185 <0.010 <0.010 0.059 <0.050 0.17
FhEFF <0.010 <0.010 <0.050 <0.050 <0.12
RN 5 A 189 <0.010 <0.010 <0.050 <0.050 <0.12
FhiFF <0.010 <0.010 <0.050 <0.050 <0.12
107 A 199 <0.010 <0.010 0.098 <0.050 0.23
F&AF <0.010 <0.010 <0.050 <0.050 <0.12
[ A 152 <0.010 <0.010 0.052 <0.050 0.16
FhEFF <0.010 <0.010 0.380 <0.050 0.69
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R 5 Fo 0 5 fe A B0 A W A e K R B PR TG £ 45 R BN 2, AR A S e 1 £ H
L, LA SR S 6 3R AT (14 JUE R R 7R /INAZ I 1) 3% BN 0.026 87 mg, KUK K 8.5%, & BH F e
FA{H (0.05 mg/kg), FFAR 4 TAE &6 2015 4F & i 1) B Xt — P N TR A AN 23 7 A AN T 2 32 1 XU
(2015 47 [ Ja B E 3R 5 18 MR AR B0 5 ) i i TS,

x5 FEEREEQHYENEZPEEREIBANRKITR

Table 5 Risk assessment of chronic dietary intake of flufenacet and its metabolites in wheat

ey R /LIPS JE ek ZHEMRIE BRIDRE SHEAR  HAEEAR KUK
Registered crop ~ Food category ~ Dietary quantity/kg MRL/(mg/kg)  Source NEDI/mg ~ ADI/(mg/kgbw)  RO/%
KA K B HE 0.1777 0.05 ezl 0.008885 0.005 8.5
N TR A i 0.1428 0.12 REHE 001714
/S HAbA 0.0168 0.05 eR 0.00084
it 0.02687
3 itig W 4 A 8.5%, ¢ W S I8 R Jhe %o — e AT B A

3.1 AEMXSEEREL/NE FRGR B ES T 7R A ST HESZ (R RV o % BIF T AT S 96 IE B
St PSR B IR 2R R 0 AR 2 7E R B P TEA /NG b BAC SR S 1

AT N R N, T R AR, 78R8+

HEREE R, 5l 2 e IR B Pl UK 2 R & & 3% 3k
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