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Attt 3 R IR e B A1 0 B i o AU VA

1,2 1,2 & 1,2 1,2 = 1,2 5 1,2%
Mo AR, ARFE, 8 Ok, K B, RER

(L TR A REABTERE, T 315043; 2. T PR OAG™ b T 2 A 5 Pl i SC R A, T 315043)

W OE: BRY a0 - 53 B B 15 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS )l & 7k v 3 Al 2% 7 (U iR | [53% sRUDR R 520 BRI fie ) 5k B 1 20 A ik, ORISR
3 B RORIE 7 A AR AT O SO RE B AL . AR AR 3 RIS HURIR T 2 IS $E
UPLC-MS/MS #6:ll, H T VC BCAMR i e dik o ARl 7k P A DU 45 SR AN AN [ R 1) J 10 V0 20 ok A £ XS
£ER  1£0.0005~0.0500 mg/L 5 [H P, W AURIRE S RAFAIMESCR, MOCREIYART 0.999; mUHIK ., Bkt
JUR A0 G A Y P A 0 A P 2 DR TE L 433N 81%~97% . 77%~105%H1 73%~102%, e KARXIHRiENR 2
H14.2%, ERREE 0.010 mgkg. S55RP], TR B HODRFN GO T LE 9 A 2 A 0 43
6.3~21.8. 6.3~22.1 F13.9~10.6 d. JER XU IEALFREA, 3 Ok B A RE & XU BT/ N T 1. 8538 ik
i WERR . REOE S, AT T AP EUEIR . B SUSRA R R P R A AR B AN . T AR BRI (14 AR
FHBORE R, 63 SRR R e R P I e 1) e ik B e IR R IR 7 P e KB B B (0.5 mg/kg AT 1.0 mg/kg),
] i A ] PR 75 A P R e KB B PR . 8o RURSE B4, 3 i 3% R R 7 v 1) 38 B AS 2 X AR T AT ke
37 A AN T B 22 I KRG
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Litchi chinensis
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ABSTRACT: Objective To establish a method for the determination of 3 kinds of insecticides (lufenuron,
diflubenzuron and chlorantraniliprole) residues in Litchi chinensis based on ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS), and study the residual behavior and dietary risk
assessment of 3 kinds of pesticides in Litchi chinensis. Methods Three pesticides in Litchi chinensis were extracted
with acetonitrile, detected by UPLC-MS/MS and quantified with matrix matched external standard method. The
dietary risks to different subgroups of Chinese were assessed according to the results of the experiments. Results In

the range of 0.0005 to 0.0500 mg/L, the peak area showed a good linear relationship with its mass concentration, and
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the correlation coefficient was greater than 0.999. Meanwhile, the average recoveries of lufenuron, diflubenzuron and

chlorantraniliprole were 81%-97%, 77%—-105% and 73%—-102% with the maximum relative standard deviations of

14.2% in Litchi chinensis, respectively. The limits of quantification were 0.010 mg/kg. The results showed that the

half lives of lufenuron, diflubenzuron and chlorantraniliprole in Litchi chinensis were 6.3-21.8 d, 6.3-22.1 d and

3.9-10.6 d, respectively. The dietary risk assessment indicated that the risk quotient of 3 kinds of pesticides were far

below 1. Conclusion The method is simple, accurate and sensitive, and can be used for the residue determination of

lufenuron, diflubenzuron and chlorantraniliprole residues in Litchi chinensis. The final residue level of diflubenzuron

and chlorantraniliprole in harvest does not exceed the maximum residue limits in China of 0.5 mg/kg and 1.0 mg/kg,

respectively, after 14 days of the last application. The maximum residue limit of lufenuron in Litchi chinensis was not

established by China. After the risk assessment, the residue of 3 kinds of pesticides in Litchi chinensis will not pose

an unacceptable risk to the health of different population.

KEY WORDS: Litchi chinensis; lufenuron; diflubenzuron; chlorantraniliprole; residue; dietary risk assessment
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A% (Litchi chinensis Sonn)J& JG /i F#}(Sapindaceae)
7 B (Litchi Sonn )R, TEFRIEA 2000 Z4F AL
LT NI oI Vs S [ VA I NI N E R AR 3 e MU S |
i3 | EHFRER, AR ERY B R 2
R, B E KSR R ROR, EEAMAERGE T
LK, SR R SR IR AL, G A e R
RZ HfAEFEEH, —HEE A B MR EEEE,
H AR A e SR SR, SRk 25 i A 2
BB A, THE S A A R EREE 20 A B
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S BTA ™ 2, (AR e A SRS I R A IR
o 5 BIC R R BB R B, AR T AR 2 a4
i, 57 APtk Ko psk s pst . mUk iR . BRIk
IS HOR F I i 2 0 A SR 2 A 3 (B A AL S AN AU bR
WBEMEA Z Ay A B, JerhmUgi R . B dUIR e T2 Bt
IR, S HOR BRI TmERS, ditaniE 1. BRTHRE
GB 2763—2021 { B R L L EFnlE B PARA R RS
BELEE ) R B S DR R G R R FY Bk e 6 75 A5 v 9 e R BR
FRR & (maximum residue limit, MRL)43-%/% 0.5 mg/kg Fll
1.0 mg/kg, Al & BUEIR A 258 1 A9 MRL, 3% SE537 R
2 AT DR s 2R T SRR T . (HEE
FHENWT Z M, vTEE™ A 1 i 48 A P 5 ) i 5 |

il

BT oM BN, BFE R, 76 BT SRR
e R AL B R K R, IS S A EE, N
I, XA 3 FivE LA 2 5% BR EA TASH I A 7 RURS: PEA e
YA bl L AR 1T 2 v BB A G
5 A R A 2 1) 2 BRI 5 R A B (kP |
AR - HR IR R ) | RO (- A B B A R
SO (- DUAR AT GA T[] Bk 20 24 Fas gl
PPN A - R T A |« R OB - R B
JR R A AT XS X O [R5 B TR T 3 A R
AR 25 5% BR RGN B RS DAy, 25 SR 2 BH 75 R v AR 244G Y R
o, o B BR dUIR A ST 70%, B E B XU
TERTEAZ O N o o5 AMIEE 7 BORE it b T A 4R 24 3% T
JLE ) AR PERE XU N 99.85%, B AT 4552 1K,
BEAR, 28 U 25 R i i B XU DTk R 85%, i
T LR HAG, A R R 5k B A 3
5% BR K B R PP A 25 AR 9 4 38 g /129728 g sk i 4 20
TN . ZHPTITR T 4% R4 B iF e 2 A By
R A AN, 45 B3R O IR 35 R TE 7 R A R P 2 o
2.6~6.9 d, L ARIFE R 21d, EHF iR ST
T 2 A SR VR R AR . SRR e P
J&T 522.5 g/L SR - s ALMFLIAER B B sk IR, &
TR ERTE 7 BRI B P 2 1500k 6.2 d F1 7.9 d,
FEICME SR AR B TP o il 2.6 d R 104 d, HERRR
SBEEIR 45 d, TigJLERIEEEN, FHERA R

P AR | R BRI S o R e f 2 2y X

Fig.1 Structural fomula of lufenuron, diflubenzuron and chlorantraniliprole
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25 T IV S S0P JRE B AR 33 £ AT e 2 BRI N o (HL R PRl
2 AR R KT 21 d, ATREAALE—E KUK, 5T
I It R 2 S ok 4 F g e O A 8 s A R
B R R IR MR 10 d, (EoRBEF T
BB IEAL; AR WA e MRl 14 d, 153
A b A X P i 2 B W] S A 1 PR £ RS i/ D
AUIRAE 75 A5 b RSk B AT N S ARSCHGE . A DETE R
o e AR 3 - ER I B X A A (AR LRI 3 AR
SR (UK R HORR SR B EOTE 6 AN]SR A
A5k AT M EA TR SE, TR KU A, o AR 75
B B A OG5k B R (E G 2 SR B2 5 1R 30

1 MR5RE

L1 R 5RF

AU IR (LI 98.6%) S8 HUAK H IBERL (DEE 97.3%) (18
[ Dr. Ehrenstorfer GmbH /A #]); Bk HEMR(ZIE 97.5%, i
LIEREMARMER AR 55 A IRA A]); CNE(Cagal, 78 EER
seAED);, IR . SRk (EREa, FgERTh T A LR iy
AR ), Ao rat, i [ 24 4R A~ R A BR
A H); BERE(0.22 pm, Jbatil BRMEABRA ).
12 HF5RE

Waters Xevo TQ-S j# S0 H (4335 FR IR TR . Waters
ACQUITY UPLC HSS T3 #(100 mmx 2.1 mm, 1.8 um),
Waters ACQUITY UPLC BEH C 3 #1:(100 mmx 2.1 mm, 1.7 pm)
(32 Waters /A 7l); Agilent Eclipse XDB-C, g #1:(100 mm>x
2.1 mm, 3.5 um)(3E[# Agilent 2 7)); Vortex Genius3 i
% . KS4000i control I #r(FEE TKA 2 H]); 3K15 B.LHL(HE
[ Sigma 2\ H]); ME3002 HLFKF(d=0.01 g) . XPE205 HLFK
-(d=0.01 mg)(Fii1: Mettler Toledo A F]).

1.3 5 &
1.3.1 wW\a X%

WIET 2022 4F 5—8 AilfEER . I &RHE. &R
FoML TV fmEF AT, RIS AR i T

®1 ZERN

gL OREME . RRKRRE . R UK. &k R
10% i 20T 2 T - mUIH6 R 7L R0 (U IR 5%), DAt 245 541)
1500 FERHIRA L), Htizh 2 ¥, MiZimfeE 7 do 12%6%
R - G R P P e B TR R (B R 10%; R kA
2%), LAt 24 54 1000 15 ik (i R0 ), iy 2 ¥, stz )
W 7 do BEARVMEZE)S IBE 14 121 d SRk, BB 2 Xt
HEUINIX, AN /INR TR A 4 BRSRAR o /INX ] 15 8 Bl 33
FREA ARG TE R 20k BRI/ N X p I R, BE R WKt 25
JATERE 0 (2h). 7. 28 d KAt FENLAAT 4 bR EA
A BEREZRD 12 D FHBRE, AT 2 kg

132 HSmaTa

PRI AL A5 L RIASIHAER 5 g F 50 mL RN E
LEH, A 20.0 mL )R, #&3%(300 r/min)$EHY 30 min,
SRIGIMA S g EALEN, WEIRIRT 1 min, LL2599%g .l 2 min,
W HY 0.400 mL, FH% 0.1%H ERAY 5 mmol/L ZFREVEHE 45
% 1.00 mL, BEHE), 37 0.22 um HEHEE {2 S0 @15-
RIS AN E
133 MELH

LA WA E 0.1%M BRI 5 mmol/L ZFR%k
B (AT ZIE®B); HE A 0.30 mL/min; R FHREEE S 5
1 0~1.0 min, 40% B, 1.1~4.0 min, 85% B, 4.1~6.0 min,
40% B; HFERFR 10.0 pL; GiEAEFER R 35 °C.

i AR SR H B 25 IE B IR, 25 S W
XA TR GER 1), BAERER 2.5 kV, FHImMHER
1000 L/h, HEFLSWEA 150 L/, BFEIRE RN 150 °C,
FALSIR A 500 °C;

14 ERYK

FE TRV (matrix effect, ME) B 5 & & (O HERA T,
24 ME>0 Hif 28 B 775 35 ST 3 58 300, ME<O0 B 6 B A7 76 3L
TOHIZN, [ME>20%H 2 B A7 76 B B A L A0, 5 R A
HERUC AR A T E . AR ()P

ME/%=(S/S—1)x100% 1)
Horh: S, FRAR LT bR E I &RbR; S FoRAE
FIbRHE &R

e

Table 1 Conditions of multiple reaction monitoring
H sy B T (mi2) TE T2 B FA 0]/ HELHLIE/V HEAE L eV
N 158.1% 0.10 12 16
TR 513.1
141.0 0.10 12 44
158.2* 0.10 34 12
B 2K 311.1
141.1 0.10 34 15
R . 286.0* 0.10 22 12
S R I 484.0
453.0 0.10 22 20
s RS T
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1.5 BRI

VLR R IR B A i SO S i o RYE, 45 A
5% B4R 5 AP i (supervised trials median residue, STMR), it
BALEGY NGBS H 3 A B (estimated daily intake, EDI)it
RS RN ()

epp STMR xF

(@)
W

e BRI Stk (g/d); KU EDI i 53 H A irik
Af&(acceptable daily intake, ADD)AY HL{EHR R, ZEE /)
FEET 1 FoRRE AT L2, KT 1 R A 3527,

il Origin 9.0 A HEAT Bl AL HE . B4 R 45
el R, SRR 25 20 BE AR rh A R R 0, 1
BmAKXGE). )

C=Cpxe ™ 3
In2
Tin= T 4)

K Co AR, H A 250 3R B (mg/kg); CoA EIFRR S
2R BBk E (mg/kg); K RREMRHE AR E B t A RFRRTE](d);
T W),

2 GR5SH

2.1 FFEEWIE
2.1.1 &MER

£ 0.0005~0.0500 mg/L YL FEI PN, #HAE4R . SRR
T o T A ) 0 v 5 e T L) 2 B R A R M R R,

M 2 iR, EUBEIIR . Bk s IR Rn G 2 Y ke e o A AR A
4 AR rh R I BE BN, HER AUk . SRR
FH T i 7 7 A 4 R o BE AR ey W Wb, oAy A T A,
SR FH2E 5 DU i AR v 22 o
212 EHRELMHEE

ZEIRFRI(FR 3), WANHAE N 0.010.,0.100., 0.500 mg/kg
b, B IR E 7 B 4 R . SR A T 3 el 4 G o
81%~97% Fl 84%~95%, HH XTI #x 1 { 2= (relative standard
deviations, RSDs)fix KN 14.2%, BRIMIRTEZE AR . BA
FF S [FT I 2R3 ] 89%~96% 1 77%~105%, FX b e
ZER RN 5.2%, SRR BT A AR . R rF
B [ 2R3 1A 78%~102%F 73%~97%, HFHX i v i 22 ¢
KA 1.0%, EFREH 0010 mgkg, 45HFmE NY/T
788—2018 { RAEY AR ZG5R BRI HEN] ) AT R,
2.2 GHERRAI

MEZNJE 0 d (2 h), EUEIR . Bk H R R G2 H 2R I A
Fhi A T T T X5 B 43008 0.053~0.210., 0.390~0.610
1 0.082~0.270 mg/kg, KEEBTAIAGIER:, 4% BH & 20 ik
A 2N )E 28 d, BUREIR . B HIRF U R R AR A
A SRR AOE R B 43 128 <0.010~0.110, 0.086~0.180 I
<0.010~0.079 mg/kg. 3 Bl HURIAE 7L A A R (9 i 2
e —H S, PSR 6.3~21.8. 6.3~22.1 Al
3.9~10.6 d(F 4). RIKMZYJ5 14 d LA TEIR . B AR
SR I i PR AR A B R 38.1%~81.1% . 28.2%~72.1%FH
62.7%~84. 1% XIHa 3 S 21 0E | A M 76 7 s F R T

F2 IMRAFIEZRPHEEFESHEXRY

Table 2 Linear equations and correlation coefficients of 3 kinds of pesticides in Litchi chinensis

Ee RA
e AT e AT e
() BN Y% () A
T iR Y=1947628.3X-220.9 0.9999 -13.5 Y=1964772.9X+116.4 1.0000 -12.7
I IR Y=15984972.7%+9039.4 0.9996 -19.5 Y=19171110.4X+4781.4 0.9998 -3.6
S R R kA Y=37201494.0X-2426.6 0.9997 262 Y=43535469.2X+23513.0 0.9998 -13.3
3 3 MRBEFIEZRPIFHEEFT RSDs
Table 3 Average recoveries and RSDs of 3 kinds of pesticides in Litchi chinensis
N R R
feat M (me/ke) S IR /% RSDs/% S IR /% RSDs/%
0.010 93 5.5 84 14.2
il 0.100 97 6.6 95 10.0
0.500 81 7.0 85 8.1
0.010 89 3.8 102 52
¥k eIk 0.100 95 3.0 105 42
0.500 96 43 77 33
waen 000 g ! g
P Jiie ’ ' ’
0.500 78 0.4 77 0.8
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FH15E

B UIRZE 75 A FAR BB ST, S5 40%P IR 2 7
A RS 187.5 mg/L BIFIE S iEZE 1 Ik, iy
3.5~4.9 d, FEMERE, BLAN, EEH B TR BRI
T Pk 6 T A R i S VO b 5 A T 1 B B T SRS L, R AR
W28 PR AE 27 A 2 3 Oy 8.0~12.2 d, TR B3R
ZESATRESE B ORI MR L R . AR R AN TR i
RLHCO, Adf g, RGN . =R )7 3 HoE Y
BERESAIN 31.4, 25.4, 31.0 °C, ¥y EE 4301
FEARIREE 25.0. 17.4., 24.4 °C, [ RE9 0 14, 18,
15do PR I R T T B 2 T A e 2 T A A ) R B
HEZ—,
23 RAKERAR

IR RIS R B GE 5): REEMIEIAN 14 d B
FARM A A S T mUE IR . B BN U RO R R R B
FF{E M5 0.040., 0.210 A1 0.012 mg/kg, 5% B85 RKAE A7
7 0.140.,0.320 1 0.097 mg/kg; RFERIFEIHI N 21 d BREE

14 75 R 4 T R UG R Ak ORI G o Y A 1 3% P (i
S35 0.038, 0.120 F1<0.010 mg/kg, 5% A5 K
0.076. 0.200 A1 0.070 mg/kg. RFEEMFRHIN 14 d F121 d
I 527, A5 SR DA e DR B3k e R AR e A P T g rry ke P
<0.010 mg/kg. GB 2763—2021 il & Tk HUIK . S04 H it
JHEAE 75 A5 b R de KB B R 43 31 8 0.5, 1.0 mg/kg, i ATl
S B IRTEF B F A RAR BB i . 3% 5 AT BRIk
R e 2 T e ) e K B B e 34/ T 3R L ) MRL A
24 BEEXRITY

FIE GB 2763—2021 (Eih e EZbRE Bk
IR AR B AL ) o U R ok R DR RN S e R H ke ADIL
435124 0.02., 0.02 F12.00 mg/(kg bw) o ANFAERE ARERE
PR AR R (b e RS IR SRR A At
M) PR . W2k 6 B, Ml f Rk B R vl B
14 d B Z5 A% 5 PO A 3R B R 36 HHE(STMR, 0.010 mg/kg), 5%
HOAS TR R mUE AR . o sRUDR | 50 2 PR T g £ XU vl

F4 3 MRAFIEZR T HIHEENZS

Table 4 Dissipation dynamics of 3 kinds of pesticides in Litchi chinensis

o jioaea) Pyl i)
=] N . N A . N » " NE—o
TH A ) A L3 /d R 32 /d NEY iy LI /d
m s R C=0.1937¢ 0318 21.8 Ci=0.0533¢ 110 6.3 C=0.0857¢ 03¢ 21.3
B HUIR C=0.3967¢ 013 22.1 C=0.5978¢ 1% 6.3 C=0.3952¢ 0334 20.8
SR F C=0.1529¢ 0080 8.6 C=0.0815¢17 3.9 C=0.2509¢ 0656t 10.6
#z5 I MABFNAEZRPFHREKREE(mg/k)
Table 5 Final residues of 3 kinds of pesticides in Litchi chinensis (mg/kg)
- ST (7] P 3 R R ik e JhR 5% B o S U e Ak B
/d STMR HR STMR HR STMR HR
oo 14 0.040 0.140 0.210 0.320 0.012 0.097
21 0.038 0.076 0.120 0.200 <0.010 0.070
14 <0.010 <0.010 <0.010 0.028 <0.010 <0.010
RA
21 <0.010 <0.010 <0.010 0.026 <0.010 <0.010
6 AREABETF 3 #RHEFIAEMERER BN ITY
Table 6 Risk assessment of chronic dietary intake of 3 kinds of pesticides in different populations
] . RS
% N AR /(g/d) — — —
il [F_EYi e S R Y kA
2~3 12.7 44.1 1.74x107 1.74x107 1.74x10°
4~6 16.5 493 1.49x10°? 1.49x10°? 1.49x10°°
7~10 22.30 47.0 1.05x107° 1.05x107° 1.05x10°°
11~13 34.05 46.3 6.80x107* 6.80x107* 6.80x10°°
14~17 45.95 53.3 5.80x107* 5.80x10™* 5.80x10°
18~29 55.25 47.4 4.29x10™* 4.29x107* 4.29x10°°
30~44 60.30 40.7 3.37x107* 3.37x107* 3.37x10°°
45~59 60.05 34.7 2.89x107* 2.89x107* 2.89x10°¢
60~69 57.95 34.3 2.96x107* 2.96x107* 2.96x10°°
>70 54.75 24.4 2.23x107* 2.23x107* 2.23x10°°
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A8 R 2.23x107°~1.74x107 | 2.23x107*~1.74x10° Fl
2.23x107°~1.74x107°, Z55LRH]: EUEIR | B IR AR o
H e AEAS R R P i XU AR /. BT, FRE MR E
TG PR AE 75 A sl PR AR AR 28K SR b ) f Rk 7 PR R
YECSL R fh e JXURS DA 225 5, 009 e s JO A 7 A v
T RIAR RN 0.5 mg/kg, A, HRHEAR 25 5% B B 21
(joint meeting on pesticide residues, JMPR) & BUBIR . &
HIRANE R H W 2tk IR BEEAR, ERE I 2 S%
|4 (acute reference dose, ARID), [Fitt, HEL2MEREE X
5 B AT R AN

3 4 i

AT 5T R i 1 50RO £ 3% - R R B I ST T Fh R
S LRI A Hp 3 2% R (R AR B3 SRR 0 SRR Y R
BAGEIN Jyi:, SRFH G B, 8 R SSORH i - 3 B BT i 1k
R, ke . RAEL, R AR . AR R
B, BUEIR . B c JIR R G o R R T P 7 A 4 SR v I T
R E—RE ¥R, EES SN 6.3~21.8.
6.3~22.1 fl1 3.9~10.6 d, J& T 5 FfiAc 25, 5 3CHk[31-32]
WEMLEEE —EES, TREh TR, BE. &
B VEY AN RN R A . AR BRI IR oK, 3 Rk
B TE 75 B A v i 5 B R AT AR, R E
T 0.010 mg/kg, RWHE2zh 14 dJ5, TEFHAART, A
JOR 163 o R A S RS R T e 1 R R SR A 435k 0.140
0.320 A1 0.097 mg/kg, B H kAN G A F IR IR 119 B Rk
B 44 /NT GB 2763—2021 #LE B9 MRL {f, #7722 42 1]
BRI A 14 do A XURS: TEAG 45 31 S8 70 AN ] A U DR
2 e i S O - o P R o 7L B
2.23x107%~1.74x107 | 2.23x107*~1.74x107> F1 2.23x10 7%~
1.74x107°, AN277 A AR A 257 (0 AU
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