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Degradation and risk assessment of sulfoxaflor and its
metabolites in strawberry
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ABSTRACT: Objective To explore the residual degradation dynamics and risks of sulfoxaflor and its metabolites
in strawberry. Methods A highly sensitive and rapid method for the determination of sulfoxaflor and its metabolites
in strawberry was established by ultra performance liquid chromatography-tandem mass spectrometry. The field
experiment was conducted to clarify the residual digestion rule of sulfoxaflor in strawberry and evaluated the dietary
risk. Results The calibration curves of sulfoxaflor and its metabolites in matrix and solution matching exhibited a

good linear response in the range of 0.1-100.0 ng/mL, the lowest limit of detection was 0.01 pg/kg, and the lowest
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limit of quantification was 0.02 pg/kg. The recovery was within the range of 88.16%—-104.14% at different

concentrations, and the relative standard deviation was less than or equal to 9.18%, which met the requirements of

trace detection. The field trial results showed that after metabolism, sulfoxaflor could produce X11719474 and

X11721061 metabolites, and the digestion rule conformed to the first-order kinetic equation, with the half-life of

14.75 d. The results of dietary risk assessment indicated that the dietary exposure risk of sulfoxaflor in strawberry was

low. Conclusion Using 50% sulfoxaflor water dispersible granules on strawberry in greenhouse at a dose of 10 g/mu,

sulfoxaflor and its metabolites X11719474 and X11721061 have no significant dietary exposure risk.

KEY WORDS: sulfoxaflor; metabolites; degradation dynamics; ultra performance liquid chromatography-tandem

mass spectrometry; strawberry

0 35

BRI PR ERRNERZ —, HE TE%E
M. fERURZHMBFEZMER TR, MABERELETH
AR, o A LR A #a! Y, bz
BRI, I AT LA I 4 5 s v A A PR D

AR R B R A Tl R R R A M S 4 B i S A AR
VB, 2021 AEFRIE RIAE T A 368.25 7 t, AR IHPA
F 14 AW, BIA P RRERE T E, 5 AR
B R T2 — U EPL BT E A A e R R A
2 A, RS LA O 4 [ 22 b T IR A 1Rt A 1
FRE PR ZGER AR 4 EE 120 A ERERE S A e A 24
FRERK ;T EEUIZE 2020 AFAb T BRE AR 24 56 B I A
TAEH LRI 44 FhAc 2 AR B, i Ko 24 5 R e i ik
9.87 mg/kg, K MTERIAE A IO IR & L 61.4%, H
R SRS G HE 0N 22.7%, IR LR 4.98 mg/kg.
TE GB 2763—202 1 B i 2 E ZAnE il P AR B K5k
), FUNE S B B K 8% B PR B (maximum  residue
limit, MRL) 0.5 mg/kg. FBUHE LRI 1 S —Fhogh B AR ikt
IR, X i 2 A S R AR O, H AR
RGO b ARBIC A, TR R B R
HE b 1 S U i A B 2 U ML S RN 4 4 S 5 A W R
AR 25 UM O e B A R M AR b 41 4H (Food and
Agriculture Organization of the United Nations, FAO)7E 2011
AR AT RS, G I AR R M 3 SR 2 b
R84y B X 11719474 F1 X11721061, 18 H 5 e 4t
o I A s AR R AT 0 G AN T I, ™ EE S )
AP RUNE UM SOLAC ) 0 MR, R T R 25k
FARHERITITT, S0 A T e 4

FET I, AT LU ST & 1 XM B B4 o iF
TN, HENT A RUNE SR R AT Y =
%, TR M A b it 98U H W I S A [ 1] 1)
KA, i AR T FUNE S G SO R B, WA
i RUE I B LA ) R FR A, SRR AT Sk
PEPERE & XU ITAL, G A 202 i T ER i Bcs Al

il

1 RS

1.1 w5 NEE

FENE IR RS FRAES (1000 pg/mL, 3758 B AG RHEE B4y
FRATD; e BRI Y X11719474 bR & (265
97.26%) . FNE i I AC W X11721061 #r o &b (2
JE>95%)(F IR FIAF]); 50% e B K 2 0k (B
AR AT BRTTAE A W), S (Eagal, SEEFER ¢
25wl ToARBREREE (oM al, VE AL FRHA FRA ), &
fbal (o drat, 25 4 B Ak 25 R BRA /D, N-I k2, —
Jlié(N-propylenediamine, PSA, 50 um, JE[E Agilent 23 Fl);
0.22 pm RN IEIECH T BB S 30 535 A BRA FD) .

Blixer 3 ZLALBEFEHL(EE ROBOT-COUPE /2 l);
ME104E H, TRV 0.1 mg, HRR-4E7) 2088 (L)
HIRAF] SK-1 IWHER A (LI 4152 F]); 3-30K B30
BE S YR DL E SIGMA A Fl); HZQ-C 2= SR
A RETRPEHE FHEARF LRAERAA); ACQUITY
UPLC®BEH Cg f41%45(100 mmx2.1 mm, 1.7 pm) ., TQ-S #
P OB €873 — R DU AR T B3 306 B A (36 Bl IR Rt 2 il )
1.2 R E
12,1 A5 R B AR m &

(1) VR 75 Y i

TERR I —E & 1000 pg/mL F6UNE BRI b7 HED) IR,
HZNEZRFGREZE 10 ng/mL FIARERE 70 HERRFRIBUR IE
H B X11719474, X11721061 FRdEdd, 252
SRR TR BN 10 pg/mL BIARUERE A . & B B — 2
TR FRURE ST B 2 At AR MR & v, S
R FE R 0.1 pg/mL FRARE NARME LAEVME, T-20°CTF
TAE

()R T A 7

FREL 5 g AL E T 50 mL LRSS R, JILA 10 mL
2, R IRIE 30 s J5 T 200 r/min 32 K3E 30 min, TN
A NaCl | g, MgSO, 4 g, #WJigdE% 30's, LA 8000 r/min Z5.0»
3 min BEE0JF R 1 mL il A PSA 50 mg, MgSO, 150 mg,
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WHERYS 30's, LA 10000 r/min B5.0> 5 min 5 B E iR
0.22 pm JEME, CERIEMS K 11 (VV)IRAS G T BOH (i 5
I B T S ARG I

()] RS

3%k ACQUITY UPLC®BEH Cjg (100 mm=2.1 mm,
1.7 um). FEBIARR 0.1%H fR/K . 5 mmol Z R BV (I 2
M AF 0.1%HE2 . 5 mmol ZM%k. 10%K 2 shH
B), A 0.3 mL/min, BEEVEML, HAKSEOLE 1, R
9 40°C, HEREARBUN S pL.

(G)isi s

R FH 22 ) Wa A 28 (magnetic resonance microscopy,
MRM), HL &R HLESE B T (electrospray ionization, ESI),

TEB TR AR Ty TS (NI 150 L/h, T4
RIRSE: 400°C; FALSES7: 30 psi; B FHES HLIE: 3500 V;
Wit AR RS W 2.

®1 REERBERERFNE

Table 1 Mobile phase and gradient elution conditions

pye M R A s B
/min /(mL/min)
1 0.0 0.3 95 5
2 2.5 0.3 10 90
3 2.6 0.3 5 95
4 5.9 0.3 5 95
5 6.0 0.3 95 5

x2 ARHEBRAKREONRERE. ST EHBETHER

Table 2 Retention time, quantitative ion pair and qualitative ion pair information of sulfoxaflor and its metabolites

R s PR B3 B[] /min JE X FEMERS T XF PENREZER RNV R R/ V
FE NG 2.47 278.1>174.1 278.1>154.1 15 7;28
X11719474 2.20 296>174 296>154 15 7;28
X11721061 2.48 192>172 192>130 18 16; 19

1.2.2 @K 7 %

(Dt 7%

BRI 2022 45 3 HAEAE 50T P X R AR RIE R A T
U R R N A R E IR OCEAE, M2 P AR 2
IR PR AU 10 o/m(5 g ad/ii)!,
3 ANX, E/NXEF 1.76 m?, Z5ERE 30 g 50%5
e e I K 2 BIORE R A% T 3 LK AP, BUH 25 mL, ik #
BEE 151, WAL 3 /NRF& I, A/NX 051, Hizh
—W, (ARG 2 AR RT3 /NK AS XTI, X s
7K 0.5 L, Wiiti—iK,

Q)FE &R AE

FRERER RAE TS % NY/T 788—2018 (K245 8
RIGUHEN Y ; FHEZh)5 2h, 1d, 3d. 5d. 7d. 10d. 14d.
21 dR#E, FHRARE/NEA 10 4 LL B RAR S REPLR 4
ARIER . ToWRE . CEAMERRS, 3t 3 RER, §
ANEEADT 500 g0 RAEG FAPHEOLS), Ratiid, T
—20°CYKHEHitifE -
123 BRFERENE T4

3 ) LA R £ A XU (% ADT) Al 221 i £ 5 AL
B (%ARID) NFEAE, AT HIRE PR 2 5% B8 A 2t i
TR PP A o 38 3 2R (1) T 25 1 18 P i £ 48 AUXUKS,
R ARG IR Z 1 SRR B AR
STMR x 0.0457

bw x ADI

AR (1), STMR 4 25 5% B H{E (supervised trials median
residue, mg/kg); 0.0457 A JE R H ¥ REEEN 9% i (kg); bw H
IS BA T (kg), T 60 kg; ADI 424 H R A

%ADI= 100 (1)

Ht[allowable daily intake, mg/(kg-bw)], FIEHFEIE Y ADI
70.05 mg/(kg-bw), FHEHKIETF FAO, GB 2763—2021,
5 T4 44 20 (World Health Organization, WHO)FIA 25%5%
B & Z Bk % 21 (Joint Meeting on Pesticide Residues,
IMPR)!'7),

1ESTI= EP x HR @)
W
%ARfD= % x 100 3)

AR Q@M ARX @) F, IESTI [ bk 3% AL
(international short-term intake, mg/kg); LP iy o [ J& R &%
TR0 (ke), 4% 0.44218 kg i1 HR WK 255k B
{H (highest residual, mg/kg); ARfD & 5% 5| & [acute
reference dose, mg/(kg-bw)], R IMPR AR E, FlEH
& ARFD {4 0.3 mg/(kg-bw),

1.3 HIEAIE

K] Waters MassLynx V4.1 ¥E47 % & =545,
K Microsoft Excel 2016 3R {45470 ¥, IR il g by
[l T AR 255

2 HERS5SH
21 FIEHERBEREKEINES EZFER

A5 SR 0 2 LA 53 590 582 R B
PR MR I VI, 5 BIAERE, EFTERMEIIIE, 550 H2k

VORI EA R LG DL 3 4550 L (SIN=3) I A% 7
LK BB (limits of detection, LODs), LI 10 £%515 M Lt
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(S/N=10) i1 5 15 % 7 7% & 1= BR (limits of quantitation,
LOQs). FiME B R g B HACH 5 5 A B AU R AT,
TEEWLE 1. W3 3 B, DAERRR B X i, DA
Y St I Uy AR, BIFIT 4G SR R B R HUE R S LA
HIITE 0.1~100.0 ng/mL ¥R BEVE Bl N 256 2R RLAE, r* KT
0.994, #tHBR>470.01~0.02 ug/kg, =R 0.02~0.05 ug/ke,
IRENT IR AR A EEK o e s G 2 LA i B sk
)% (matrix effect, ME)#/A R (415 .

ME/%= (Ss—m ~ 1) x 100 @)

S

KT Sy, R FETIFRE MR, S, Fmim AR il 2
MY ME<O i, SRIC ML FINHIZON; 24 ME>0 i, R
Shy R SR AN, H P ME] < 20% B S 55 3 BRSO
20%<|ME| < 50%H > P45 3L BTN, [ME>50% M 4758 JE 57

BN o 8 T AE RUNE H R ITE JE AN O 13.03%, i
X 11719474 KRN }9-0.03%, L X11721061 FFERL
NK 0.17%, BEILLL b 3 Flvigy £ B S rh 2k 55 B
BN o ATE R RGN R A SR A o 2K
2.2 [ERERFFZEENE

FERREAS (IRE S A EA T IS 28 RORG % B I e G, AR
P e A B A E #I S GB 2763—2021 HEL
E I ARG R JRUNE UG P I o A KB R B A, 4351 L 0.01
0.10. 1.00 mg/kg TEAUINUR A TINbR BSOS, N0
TR BEIEAT 5 A TS . i It ge gl gk 4 iR,
AN T) S n v B T SR E H ke i 2 L AC B 1 [l i Ry
88.16%~104.14%, AHXTHRIENRZ (relative standard deviations,
RSDs)H 1.99%~9.18%, A 4% 24 5% B8 W (2K

100 247 278.1>174.1(Sulfoxaflor) 100 221 296>174(X11719474) 1 247 192>172(X11721061)
‘ 1.48¢7 1.67¢7 1.98¢7
RS S | S
i i i
1= > =
= = =
1 1 1 1 0 1 1
200 400 200 400 200 400
LR R B[] /min LREAES ] /min LR BE 1 ] /min
100 247+ 278.1>154.1(Sulfoxaflor) 100 220 296>154(X11719474) 100 2.48 192>130(X11721061)
O 8.35¢6 _ ‘ 7.78¢6 I 2.48¢7
X N X
= B 2]
0 4 -l 1 0 = - - 1 0 1 1
2.00 4.00 200 400 200 400
P B [E] /min LR B B E] /min LB ] /min
1 FERERL TP R SN S LA i) RRAE 5 2 135 1] (50 ng/mL)
Fig.l1 Characteristic ion chromatograms of sulfoxaflor and its metabolites in strawberry substrate (50 ng/mL)
#3 FEHEBRERBINEESIE. RERHKC). LODs #1 LOQs
Table 3 Linear equation, r’, LODs and LOQs of sulfoxaflor and its metabolites
sl L LR LR PETE I/ (ng/mL) r? LODs/(ng/kg)  LOQs/(ng/kg)
I X Y=15974.8X+361.148 0.9945
e U ® 0.1~100.0 0.02 0.05
gl Y=14133.3X+1032.93 0.9992
HiEE Y=29544.7X+2297.15 0.9970
X11719474 > . 0.1~100.0 0.01 0.02
gl Y=29554.3X+2340.59 0.9970
BAE Y=20939.3X-1007.31 0.9987
X11721061 o 0.1~100.0 0.02 0.05
sl Y=20903.6X-1007.07 0.9987
F 4 FAIEHEERERSYHEWZERT RSDs (n=5)
Table 4 Recoveries and RSDs of sulfoxaflor and its metabolites (n=5)
0.01 mg/kg 0.10 mg/kg 1.00 mg/kg
&2
B /% RSDs/% BN &I RSDs/% BN &I RSDs/%
FENE BN 102.32 7.63 101.76 3.57 102.99 1.99
X11719474 101.76 8.53 97.94 7.64 104.14 9.18
X11721061 88.16 4.26 91.96 2.46 102.96 3.16
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F 14

23 EESHEIEHEEERERSINERDTS
3 BN it 245 J AN [ st [0 14 0 6 S S 4 7 BORE
FE, MELERINZR 5 PR 762 5 BAE SR S Rl 2 i
W i B LA X 11719474 F1 X11721061, 2 h J55% B8
5010 97.131, 0.837. 0.059 pg/kg, 7¢I IR IE RS 7
BAEPAETE X11719474 F1 X11721061 B, ELACE
) X11719474 R BRSO, X11721061 FRE K, x5
HYUNG ZUS56 T3 e fis S HAR MY X11719474 A
X 11721061 78R K 5 B95% B8 T4 f AR
R L Hhe e i R LA X 11719474 71 X 1172106
(AT A S5 D R, R S e S 7 0 R 52 vl 1 T fie R
G — RS S5, N Ct=0.068349¢ %7 FHX 2%k r?
J9.0.8004, 21 d 5 AER Ty 69.98%, TN 14.75 d;
R X11719474 I8 fERUE RIRERF &5 — s J124 5 fE,
Ct=0.0006903¢ ">, M REL r* 2 0.9305, 21 d 5 il f%
J999.05%, THAREEER R 3.61 d; A X11721061 5%
BRI, FLATE i sh A U i R BB, A IR Sk
— N . ASBIESE P RUNE SRR S ALK, ATRESE R T

T BRI R A A aE T R X11719474 2F
TE WA e UG W, RWDZC D B R S5 H AR
FERL R X11721061 % 288K AT fE 2 i TSt
A By b e B P A AR S R 4 I v S e P 1l 324
Pl A g 2T R R AP g 4 SR AR AR
SUNE S G (A R A R b, EIE IR 1.81 d; BRZMIE
G T TNE HUE I TR T N A IR B SR PRI e e 1 T A
A, SEIRFIAFE B AEG B N L SR R
ERERAAMIN 9.46. 7.41. 19.86 d, SAHIST4E HAHIE .
24 EEhElEdhigiE R ERHEYIES X IR

R SRS T, YN ADI L‘Mi
ARSD A LU filt FBE AR 5 (1 ADI AL ARFD (UL,
6 AN, JRONE LAY A A RIS i S R g &Fﬂiﬁ"m&
P/ 1, AR X11719474 1 X11721061 ()2 F0
8 P B B RV B84 /N, B e HR B i A s L R
JiE & KURS B A% . 1B H B A TAC Y X11719474 F
X11721061 FLUA 25022500 v R B, LR E £ XU
e — LR 2 (A

®5 EEPRERERERERHINERNTSO=3)

Table 5 Degradation dynamics of sulfoxaflor and its metabolites in strawberry (n=3)

X FUE HL X11719474 X11721061

i %/ (ng/kg) TH B 1% % f it (ng/kg) THR/% 5 FE/ (ng/kg) THIER/%

2h 97.131 / 0.837 / 0.059 /

1d 59.313 38.93 0.400 52.21 <0.050 /

3d 50.239 4828 0.244 70.89 0.059 -0.12

5d 53.936 44.47 0.271 67.66 0.054 8.23

7d 44,901 53.77 0.231 72.45 0.053 9.97

10d 39.972 58.85 0.170 79.66 0.064 -9.82

14d 32.253 66.79 0.062 92.55 <0.050 /
21d 29.163 69.98 0.008 99.05 0.065 —11.24

T IFRRAFFAE
*6 EEPRREHEBEREKRGHINESRXGITM
Table 6 Dietary risk assessment of sulfoxaflor and its metabolites in strawberry

X TRUE e i X11719474 X11721061
i %ADI/% %ARfD/% %ADI/% %ARfD/% %ADI/% %ARfD/%
2h 0.15 0.29 <0.01 <0.01 <0.01 <0.01
1d 0.09 0.15 <0.01 <0.01 <0.01 <0.01
3d 0.08 0.14 <0.01 <0.01 <0.01 <0.01
5d 0.08 0.12 <0.01 <0.01 <0.01 <0.01
7d 0.07 0.12 <0.01 <0.01 <0.01 <0.01
10d 0.06 0.10 <0.01 <0.01 <0.01 <0.01
14d 0.05 0.09 <0.01 <0.01 <0.01 <0.01
21d 0.04 0.08 <0.01 <0.01 <0.01 <0.01
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ABIFFE ST T AR R R M R LA A ) e
FRBUENE Y, EIEETF MRM BT, ke s
Fe HARHMITE 0.1~100.0 ng/mL (MR ETERIN LG L R R
i, BAGERERN 0.02 pg/ke, 3 UM T IR Yy
88.16%~104.14%, FXIREMRZER 1.99%~9.18%, i B 5L
AR 2R B E I ER

AR5 38 L AE M RS b IS R e S AN [
B[R] 1A B R A, 0 R T AN [0 it 24 s ) S5 2 S L i B
RHACH DI 5R E8 i . 25 SRR, AE R h e U i
AR 2 A X 11719474 F1 X11721061 2 FhfRise,
TIE NG P R S — sl D1 R, TR
1475 do HAERERARE 1L 10 o/ miti A SO%JRIE M e

5 K S BIORL AR, JUE Ht JHe I S SR P 1) 2 e g 1
BB EANF |, BEXEENK. BHhFRIEEY
X11719474 1 X11721061 P25 i AR R, HHARRE
1A 1 A i — o2 I

BN
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