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ABSTRACT: Objective To evaluate the degradation dynamics of the combined use of bifenazate and etoxazole on

Vigna unguiculata and assess the dietary exposure risks for different population groups. Methods Bifenazate (sum
of bifenazate and bifenazate-diazene) in samples of Vigna unguiculata collected from eight regions of China were
detected by liquid chromatography-tandem mass spectrometry. Dietary exposure risk assessment was conducted
based on the test results , dietary consumption data and body weight data of different population groups in China.
Results The dissipation behaviors of bifenazate in Vigna unguiculata from Shandong, Anhui, Hunan and Guangxi
all did not follow first-order kinetics. The dissipation behaviors of etoxazole in Vigna unguiculata from Shandong,
Anhui, Hunan, and Guangxi followed first-order kinetics, and their half-lives were 1.93-2.54 d. Using a suspension
concentrate containing 45% bifenazate and etoxazole with 8 mL formulation per mu (Chinese acre) to control red
mites on Vigna unguiculata, spraying once, at the harvest interval of 10 d, terminal concentrations of bifenazate and
etoxazole in Vigna unguiculata were <0.0100 mg/kg and <0.0020-0.0042 mg/kg, respectively. The contribution rate
of the long-term dietary exposure risk of these 2 kinds of pesticides were all lower than 100% for different population
groups, indicating that there was no unacceptable risk. Conclusion 45% bifenazate * etoxazole suspension
concentrate is applied at a dosage of 8 mL per mu for controlling spider mites on Vigna unguiculata, with one spray
application and a recommended pre-harvest interval of 10 days.

KEY WORDS: Vigna unguiculata; mixture application; pesticide residue; short-term dietary exposure; long-term

dietary exposure
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&1 FH R Bt 57 (32 [ Sigma-Aldrich 24 F)o

LCMS-8050 & AH (i H Bk i 154 . AUD220D HLF-K
FOREE+ Tz —, HARBHAF);, ACQUITY UPLC®
HSS T; (63E4:(100 mm=2.1 mm., 1.8 pm)(GE R & HRHE
HBRAH
1.2 HiERE

MHENRE T 2023 4 7—12 A, WER AR TR 2
K sE Bt R AT CRZTBEFR BRI I6 KI5 g ) (R 20K (5%
A)[2018] 18 S)FEITEH . bRt R4, INARZE L, Z#Hl
AR IRV TVURE T AR RS AN R Y T A
ZAR AR, HpINRA%, AR, MK
VU T HEAT AR B T AR e . MEZG IR AT 45% KK
Fi » £ BRI 2Y 77 8 mL/AT). FEREHIARME T, 1%
B2 B N X R E T O BN, BN 50 m?,
TEVL R = WA S 2 2 RIS X UL S AR 21855 1 Ko
FREATHMAALE: MiZ5)5 20,00 3. 7. 10, 14 d HRIR4EL
F/NX PELEREA, 0 d Fl 14 d SRAEXT B X IL T REAS , F K
FREERI: MZG)E 7d. 10 d 28 SR HLINX FX BN
XL EREA, B/NXBUCRERA 2 kg, HEAYIFEIR
S)0G, HEVUA IR Gy, R4 SR RN 5T K AR R 1 5
IR, BBy, EAED 250 ¢ fF, F-18 °CLATF Ik
iEL AP c
1.3 RAKRBRNTGE
1.3.1 #enaras

(DB ke AP e - — U0

FREN(5.00+0.02) g BIETF 50 mL g0, LA 10 mL
0.25%KIZBRZNE, IAHE | min JEHEFFHEIL 10 min, 4000 r/min %
> 5Smin, BUS mL 3B, JA 5 mL 0.25% B3R i 2 A
4 g FALEATF 50 mL 2048 b, TS AGE 1| min, BRI
30 min, 4000 r/min 250> 5 min, B 1 mL FFERE T 10 mL
BT, A 50 mg PSA, 50 mg Cis Fl 100 mg Fo/K B R
£, 4000 r/min .0 5 min, B LIERL 0.22 pm A HLIEAE,
R

(2)Z B

FREN(5.00£0.02) g BT E. T 50 mL B0, JIIA 10 mL

0.25%M ZFR M, WWIE 1 min, A 4 g &ALHN, 1) 1 min,
Jo#E AR 10 min, 4000 r/min Z.0> 5 min, B 1 mL Fi5HK
BT 10 mL &0, A 50 mg PSA, 50 mg C #1100 mg
To/KBREREE, 4000 r/min 5.0 5 min, B E3EWGT 0.22 pm A
HLUEME, Rl
132 #m &4

G4 ACQUITY UPLC® HSS T 23%41(100 mmx
2.1 mm, 1.8 pm). isHH: A 5 2 mmol/L H 244 0.01%H
R /K, B R 2 mmol/L B R 0.01% FH R FH BV, Tk
47 0.3 mL/min. $EREMRRN 1 uL, KEIR 40 °C. B VENAR 5
k1,

F1 REGE-RIERERREF
Table 1 Gradient elution program of liquid
chromatography-mass spectrometry

B[] /min WBIAH A/% Wi s AH B/%
0.50 60 40
2.00 100 0
7.00 100 0

10.00 60 40

i S IBSSE I E FR(), 2R R, 1k
AWk 3 L/min, FEESGE 10 L/imin, IT#SE 10 L/min,
BFRE 300 °C, B FIELIREE 250 °C, AR
400 °C. FLAFTRE S5 an3R 2 s .

1.3.3  ARBIER B BAT W &4

(DB R AP PR - — /U

FRIBUBE A B FRUE S 0.00324 ¢, M2 EARZE 5 mL
REH, BEFREWRE N 634.39 mg/L BIEMHEEbRAER
WA AR o FREUDER IR - — AU PR 1E L 0.00341 g, LK
FEARE S mL AR, SRR WE R 677.23 mg/L PR
JHRER R VR T VR 2 T o FH R R ik i AN Dk R - —
SRRV A S ROE BRI 100, 10, 1 mg/L BARfEH
[, PR BT IR E A 0.001, 0.005. 0.010. 0.020,
0.050. 0.100 mg/L FYEKAR MR AR IR - — ZUS AR fETR
BV T 1.3.2 TAYAUEIRE, ATk B i AR AR,
of AU T AU AR BRZ HIbRHE T 2R . AMRTE € & o

®2 OBCRBHES. BEMBEE- RSN WIS R M ENERITESH

Table 2 Multiple response monitoring mode parameters of bifenazate, bifenazate-diazene and etoxazole

B A = = s A2 2 ‘
st PREFIIIE R T TET  mmmims Q1 Pre i my  MERERE Q3 Prefi IR
/min (m/z) (m/z) /eV A
301.15 198.05 -30.0 -20.0 ~11.0
T Wt g 3.71 63.0 . .
Gl 301.15%  170.20% -30.0 ~19.0 ~18.0
299.20 155.05 ~14.0 —20.0 ~17.0
IR G- — AU 424 299.20 152.00 47.0 —14.0 —42.0 ~16.0
299.20%  213.05* ~14.0 ~13.0 —23.0
360.10 113.10 ~18.0 ~55.0 ~22.0
2. e 4.67 360.10 304.00 63.0 -18.0 ~18.0 -21.0
360.10%  141.10% ~18.0 -30.0 -28.0

T N E R TR
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FRELZ W bi e 0.00310 g, FHZISERZE 5 mL
AR, fFI BN 611.32 mg/L Z bR R TR
AT . NG 2 W v b v V5 TR A 5 388 0 g
100, 10, 1 mg/L MbrfiE b W, P R T vk
0.0005. 0.0010, 0.0025. 0.0050, 0.0100. 0.0200 mg/L [
FRUE TAEIE W o 76 1.3.2 RIS E, DAL v Al
bR, XN E FUR AR bR HIARE 28 . MR E A .
1.3.4 RImEioR

TEZS LTSN 3 A 7K R B2 BB R AR R
-RUEATUES, WSINOKT43 502 0.01, 0.02. 7.00 mg/ke.
RN 45124 0002, 0.010, 0.020 mg/kg., FENS
KPR EEESE 5 K, WHERAHE 30 min J5, # 1.3.1
I 1.3.2 WA TREAS AT AL BRI A3 AT I 5, 43 50 17 2 [
WSO AR X o M A 2 o JFC A SRS I R £ BT & AR AR ik B oA
7 mg/kg MIFEASRIBOR, EHLRTHERE 100 55 00E .
14 BERREXEITME
141 s R B R R

% A e & %% #2 12 (international estimated short-term
intake, IESTI, mg/kg bw)3k T A ER AR A LM F A4
4l (food and agriculture organization of united nations/world
health organization, FAO/WHO) 4 24 5% B8 & ZK Bk fif 2 1%
(joint meeting on pesticide residues, IMPR)AJAH /A5
el I IESTIHA AL (1):
UexHR xvx(LP —Ue)xHR )

bw

A Ue JAl &4 1) $ 5 (edible portion of the unit
weight), kg; HR Ry 4% 24 1) fix 5 5% B8 & (highest residue),
mg/kg; v A MEZ B A S F, ULEH3; LP K& H
g (large portion), kg; bw A& (body weight), kg, 1 EAR
[ B L3 3,

S 31 B 7 72 XU (Yoacute reference dose, %ARfD)IT
BALIWK(2):

IESTI=

9% ARfD= IESTI
AR{D

*x100% 2)

KA ARID HE R 2 SHEH &, me/kg bw.

HARBE S IMPR Bdla "), 24 ARfD<100%H,
FORRE AT 4552 24 ARD>100%M, FRAELEA AT $#E57
4 e S I £ R R XU
142 KHEE R FERIEIFE

SR P ) AR 25 5% BA AR e T PR 2 B S A 1O o DA
HEUSHEA T, ARG MR ()

NEDI=( 3, STMR; x F,)/bw 3)

A NEDI K B Z4 58 4F H #% A (national estimated daily
intake), mg/kg bw; STMR; A 255% & f i, mg/ke, AHF5E
T AR 25 1 5% A IEAR S, FoN S i PR i B HTH 2%

i, kg/d, AR AN R HFELSL B HE 98 IR 3,
YT BHETCE ELE —Fh & AR 5 B 2% B A
P, IFICI A FHAC ™ W b A DG A 24 5% B A, RS
RETHEAL T BT A B ICETE N A 245 5% B G (2 22 8% NEDI
B, SRR G R A AR 25k B G R ER 5 NEDI (A
DL K %o K 4 27 2% XU B 7T (long-term  dietary exposure risk,
RQUIITTHRA(RQ%), FAATHHE A I (4):
RQ.%=NEDI/ADIx100% o
KA H: ADL K& A& 2515 H A1 8% A it (acceptable  daily
intake), mg/(kg bw ¢ d),
*3 HETEFER. HHEARNTERBEYIE
BHHER=E"
Table3 Weight of people of different ages and genders in China and
the daily consumption of Vigna unguiculata in Fujian Province'"”!

k1% el N UL A HH 2R/ (g/d)
2~7 — 17.9 6.8
8~12 — 33.1 10.0
1310 5 56.4 12.1

oL 50.0 12.4

20-50 5 63.0 14.0
& 56.0 13.1

5165 5 65.0 14.4
oL 58.0 13.0

65 5 59.5 12.5
& 52.0 11.7

TE: —FR AR, K 8 1A,

1.5 HEALE

F]H Microsoft office LTSC 2024 ##Y Excel il 3%, f
PEF T & B A G A 2 I s 7R BT SR (R T R sh S 5 AR, &
Prism = 3 Ik,

2 HREDM

2.1 FEMGMSEE. EREREEE
ICORJUFTE « TR TR - U 0 2 e A 2 M D AR L
4, MEREBEOBKRT 099, BEEBHEE B PHEE-— A
I 7 e BRI R 0.010 mg/kg; 24 )5 1255 R RN
0.002 mg/kg.
4 BRMBEE. BREBEE-—EEMCHBMEIIT RN S
2. BXRE. REHRMESR
Table 4 Linear equations, correlation coefficients, limits of

detection and limits of quantitation of bifenazate,
bifenazate-diazene and etoxazole in Vigna unguiculata

MXRFRE EHR

12y LPE LR
(n  /N(mglkg)
IETRIPFEE  ¥=9449550.8724X-3554.9104 0.9996  0.010
1 B -
o Y=33221411.1111X-19985.8000  0.9998  0.010
=y
2. e Y=137614893.0705X-42432.6383 0.9996  0.002
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BOMIEOAEE S5 R ANk 5 FiR, £ 0.010~7.000 mg/kg
BIKSET, BRIR NG | RO IR - — AU I S IR BT
o R T 2 TR S ) A R BE R 92%~100%, A X AR
RS BRBER. BABEE- RS Z W ZEET S A AN 0 B4

R RN IRERE (n=5)

Table 5 Recoveries and relative standard deviations of
bifenazate, bifenazate-diazene and etoxazole in Vigna unguiculata

P 22 /N T 45T 9.90%; RIS - — AU 85%~89%, HHXIHR
HEm 22N F4F 10, 00%; 7E 0.002~0.020 mg/kg HANA
T, SRR ST R 92%~116%, AHXTFRHE
Z/NFTF 6.90%. HIFFEAR2G5E B gk,

22 BERMEE. BEME-—SEMNIHrEILS
FRHBRIS

(n=5) . , o
: — g 6 i, DORBHERZEILZR . e, WIRGA PEELE
7 petionde PNVKE PHEIECE HXThER 2 o T
2y resticide /(mg/kg) /% 1% J:B/‘JJ?; ﬁ‘{ﬂ*ﬁiﬁ}ﬁuj} 0.110, 0.026, 0.420, 0.043 mg/kg, ;H\:
0.010 92 2.90 Wil B FRIIAFF G — R J12F . LWEmerE Il AR
WA U i 0.020 93 9.90 LR WiEE AT PRELE LA R IR TR E 4 A 0.210
7.000 100 0.71 0.084., 0.098. 0.098 mg/kg, LIZs . LU T Y 2. i 7
0.010 89 3.00 BN LB E RN 1R, WA W50
o b — A=) v e N - -
WA — S 0.020 87 10.00 1.93, 2.54, 2.44 d; IR Z W50 08 A5 A4 — S
7.000 85 5.10 R
0.002 116 2.70 ) . o ‘
0.020 93 6.90 R 7 Frios, BEORBHEREELE LR UREIRE 7 d A
F 6 BERMEEF ML T FREBRSTS
Table 6 Dissipation dynamic of bifenazate and etoxazole in Vigna unguiculata
) & B4 e /(mg/k ) .
K% WK PR (me/ke) WRSEIE MR b
0d 3d 7d 10d 14d
i 0.110 0.031 <0.0100 <0.0100 <0.010 / / /
N ZE 0.026  <0.010 <0.0100 <0.0100 <0.010 / / /
BB AR 0.420 <0.010 <0.0100 <0.0100 <0.010 / / /
I 0.043 <0.010 <0.0100 <0.0100 <0.010 / / /
4 0.210 0.056 0.0062 <0.0020 <0.002 C=0.1423¢ %" 0.9940 1.93
. G 0.084 0.034 0.0066 0.0042 <0.002 C=0.0703¢ 27" 0.9953 2.54
2 -
AR 0.098 0.035 <0.0020 <0.0020 <0.002 / / /
i 0.098 0.019 0.0046 <0.0020 <0.002 C=0.0556¢0284 0.9467 2.44

T IR (5% B A IR RIS AR - — R 2

#7 BERMEEMCHMEIITHHRAKRES
Table 7 Terminal residues of bifenazate and etoxazole in
Vigna unguiculata

25 FROCHR B R

e H% F i/ (mg/kg)

HiIX
/(mg/kg) 7d 10d
LP§  <0.0100  <0.0100
JjrEr <0.0100  <0.0100
145 <0.0100  <0.0100
. 2 <0.0100  <0.0100
A ! WigE  <0.0100  <0.0100
JOPE 0 <0.0100  <0.0100
EE <0.0100 <0.0100
YR <0.0100  <0.0100
1174 0.0240  <0.0020
Jta 0.0070  <0.0020
% 0.0062  <0.0020
. [ 0.0066 0.0042
e 0.01% {é’kﬂfé <0.0020  <0.0020
JVE 0.0046  <0.0020
W& <0.0020  <0.0020
i) 0.0140 0.0040

TE: % RO PHIER 0 de 20 B B ek S IO R T FIBE R B - — UG =2
M, 2l d R B R B A SR B3 B I I 5 B R

10 d /\ b () fie 28 5% B R0 35 2/ F 0.0100 mg/kg, KT GB
2763—2021 { i Z e EFRUE 5 P 2 i KAk
MR ) 7E81LF il MR KR BB E 7 meg/ke, £k
HILE E 7 d M 10d MELXEREESNN
<0.0020~0.0240 mg/kg F1<0.0020~0.0042 mg/kg, HH 10 d
J\ LAY F 2K 5% B R A T I A R SR L O i
5% BE BR 4 0.01 mg/kg!™,

24 FEHSKHERRIEXNK

HAE FAO B!, B BRI A 2, e T A b B2 1
FE ARD, PRI XS A B R 24 A 04 760 10 I £ 2 5 XL
WP

R I8 BB ik il AR 2 096 0 £ BT R AR PG H A B B O
P K ADT FIAR A TR S ais O kA T K0
ERBEXETEA, SR 0E 8. BEARPIEE A 2 Wms7EEl 5
RS A B 10 d B RQZIIE /N T 100%, 2600 HAK WS
T RS AE AT B2 Z R
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R 8 BAEBEEAN Z WML EL S P R R B ITN A RS HHE

Table 8 Exposure assessment and risk characterization of bifenazate and etoxazole in Vigna unguiculata

IR ik e 2.t
NBESEH) [ 5 4 RO FPCLTE N RO
/(x107°, mg/kg bw) ¢ /(x107°, mg/kg bw) ¢
2~7 % — 0.38 0.04 0.08 0.00
8~12 % — 0.30 0.03 0.06 0.00
13~19 % 5% 0.21 0.02 0.04 0.00
13~19 % % 0.25 0.02 0.05 0.00
20~50 % %3 0.22 0.02 0.04 0.00
20~50 % 4t 0.23 0.02 0.05 0.00
51~65 %55 0.22 0.02 0.04 0.00
51~65 514 0.22 0.02 0.04 0.00
>65 % 5 0.21 0.02 0.04 0.00
>65 # 14 0.22 0.02 0.04 0.00
3 0 'I,% WEN QF, LI DZ. Diagnosis and control of diseases and pests of legume

A5 B IR AR BT 5 A I R B AT A — 2
SR, IR, (AL A B R )
3.15d" 6.4~10.4 d", 7EMHE E2EFIN 0.23~1.54 dP1
1.92~2.66 d", 4.86 d*, 5.1~7.9 d"7 20.7 d!"" MR
PR ABIFSE o 2 A BT S T A RO 1.93~2.54 d,
SHAELL R R 553 3.3 4P et
273 d B BEAE 2.20~3.00 dPYF 6.4~8.7 dP) | IR
4.34~4.54 d® Hifg 5.77~7.13 P LA 6.9~8.9 dPSARAEL
CHEN S5O GHE T [ F i il 365 4 24 (1 7K i P AR AR G,
TR KT (AR 245 32 it 25 I B T 1) ol R S i A K . IR R
1 2, 5 e () T S B - 7K 43 Bt 3R $X (octanol-water partition
coefficient, Kow) lgP 43%lA 3.4 (40 °C, pH 7)F1 5.52
(20 °C)PY, SEKE A FRALAS ST BERZ R T X B AR IR Y
TH AR

A5 3R T R A JF 16 0 2 Sl e 5 TG A BT 7 v A 90 A
110 B RS VAL o 45% AR HFER « £ ik 77 R EZE L 6
2 ) 8 mL/RT, iy 1Yk, RALEIRE A 10 d I, 7R
FE A T X B R A 25 1 5% B IR TR KR B R = . AR
i, % ER 2R EERIE AR 2GR R, & R A9 XU
B s RSz o, TR E AR SR
HEEA RO TSFEENEA L, AR5 HAERILE
FOFE A BEUEATITAE, P RIS K UL 5 A I 1 2 8 XU 1
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