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ABSTRACT: Objective To investigate the residues of neonicotinoid insecticides in commercially available
vegetables in Wuxi, and evaluate the risks of dietary exposure. Methods The 74 samples of 20 kinds of 7 major
categories of vegetables were collected from Wuxi in 2023, and the 12 kinds of neonicotinoid insecticides were
determined by ultra performance liquid chromatography-tandem mass spectrometry. Detection and exceeding levels
were analyzed based on GB 2763—2021 National food safety standard-Maximum residue limits of pesticides in food.
The dietary risk assessment of neonicotinoid insecticides was evaluated using relative efficacy factor model, food

safety index model, and hazard risk coefficient model. Results The detection rate of neonicotinoid insecticides was
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39.19% and the exceeding rate was 1.35%. The 5 kinds of neonicotinoid insecticides were detected, including
imidacloprid, acetamiprid, dinotefuran, clothianidin, thiamethoxam. The highest detection rate was thiamethoxam,
21.62%. The residues of neonicotinoid insecticides were detected in 7 major categories of vegetables. The average
total exposure concentration of neonicotinoid pesticides (IMIgpr) was 0.980 mg/kg. In the relative potency factor
model, the combined exposure concentration of neonicotinoid insecticides was lower than the health guidance value.
All detected single safety index and overall safety index mean values were less than 1. In hazard risk coefficient
model, the R value of thiamethoxam was 2.45, indicating moderate risk, while the R values of other insecticides were
all below 1.5, indicating low risk. Conclusion In this study, the residual pollution of neonicotinoid insecticides
exist in commercially available vegetables in Wuxi, although the overall dietary risk is relatively low and do not pose
unacceptable health risks to the general population, further monitoring of neonicotinoid insecticides in vegetables is
still needed.

KEY WORDS: vegetables; pesticide residues; neonicotinoid insecticides; risk assessment; hazard risk coefficient
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R SE IR BRI SRR e AR R, O S e 2 A Y
A 2 22— B RS A BRI AR B AL kB i
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Exion LC Triple Quad 5500 %45 /=5 2506 AH €213 - — F Y
G TSR (35 SCIEX 24 +]); BEH Cig #1(100 mmx
2.1 mm, 1.7 um, 35[E Waters 2\ r]); AL104 B FK-(0.1 mg,
Mettler Toledo {2 A B/ 7]); DMT-2500 B3 Bk ¥ 4
(HMEIZX AIEHTFIUAR)); Centrifuge 5804 5L (1
Eppendorf A A]) .
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Be(Eikal, Rk mA A BRA E); MR . Ak
B BERREN . ATIERREN . PRI SN s, EZER
A R |, 2 R -N-TR R RE e Ak A I (primary
secondary amine, PSA)(3E[E Agilent /A Fl); 12 Fh& 2545
AB(100 pg/mL, HEAOP AN FRIREE CRAPEH LM ), 52
55 7K R Milli-Q Ab B B 21K (3€ F Millipore 23 #]).



324 B dn 2 4 R R I A 4R

FH15E

13 HmRE

Fe B CE GRS YR 35 R 2 AU o AT )
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R.ORH . Fowm. BN, £, UE, B3R BOE, WK,
MF. SR, gy, HE. WA B DA,
BYE L AL 20 A,
1.4 175 AR E kiR

Z: B CE G T YR 3 DR 2% AU W D A 01 )
PRI TR PERE S b 12 PR BsIE A 2455 BR 2 1 0 8 s 1A
YERRIT ) FLE A WOAH 0335 - BT vk, A A & ok d gk
(imidacloprid, IMI), BE Hi Bk (acetamiprid, ACE). WE HUHf
(thiacloprid, THIA), BEH & (thiamethoxam, THI), BEHfi%
(clothianidin, CLO), "kHij%(dinotefuran, DIN), % 8E Hf%
(nitenpyram, NIT). 4 MEMk(imidaclothiz, IMID), Wk H I
(paichongding, PAI), ¥4 HLIE (cycloxaprid, CYC)., FIEH
JHfiE (sulfoxaflor, SUL). JRUMLIK MR i (flupyradifurone, FLU)
12 Figr oS8 AR & i . TR R AL FA T AT BRI 22,
K EAERERDZE T N, ik BISCRTE 70%~130%2
(B), JirAG B S il A RE X AR T A 22 241 <15 % Aar D45 SRR 3
GB 2763—2021 #FATHIE: K WAE K F 4 4 B (limit of
detection, LOD) K, L i K5k B PR W bR o AWFSY
71 LOD # 0.003 mg/kg, fi&F LOD MM+ 1/2 LOD it
AN RE N B ARSI B 8 5 Microsoft Excel 2016 4
AT
15 REH

ABEFE IR I 5 MBS A 2GR, IMIL ACE.
DIN.CLO.THI fy4} H L1445 A i (acceptable dietary intake,
ADI). 18122 %5 (chronic reference dose, cRfD)#l RPF
W3 1.

F1 TEFEESERRTIE ADL cRID 1 RPF
Table 1 ADI, cRfD and RPF of different types of neonicotinoid

insecticides
STy ADI"/(mg/kg) cRfD*/[mg/(kg-d)] RPF2
IMI 0.06 0.057 1.000
ACE 0.07 0.071 0.803
DIN 0.20 0.020 2.850
CLO 0.10 0.010 5.816
THI 0.08 0.006 9.500

T SR GB 2763—2021; *J IR USEPA 34524 afi 4 IMI Y
cRID P15 FIAASTRLAE N 21, HAK 3 B8 252 RPF=cRfDjwi/cRID;
5.

P A [ 288 A4 AR B 2A % P 790 B o B AN ], AR
WFFE R USEPA B Y RPF -4 55 58 v B A2t 2% sl
FS B, A IMI 20 AR, fHIEER T
3BTRS R BRI, LA IMT SRS, B
FEUE L) IMIgpr (mg/kg) /R, BAARIBA Q)

IMIgpr=Y;(C;¥RPF;)=Cip11% 1.000+Ccx0.803+

Coin*2.850+Cc0%5.816+Crymx9.500 )
AP, C-f 22 Hh R B RS AR ORI Y B B2 IR, mg/kg.
1.6 BERXKITL

RPF HH 55 22 HR AN [R) Al 3 00 6 28 4% 570 37 D X} i
RPF {8, #ALdsnib&9 IMI R84, Hnjs BaE s
LR IE RS BB E . AR P ERSBRBRERT
IMI ZZ#(l cRfD 0.057 mg/(kg-d), FEHIZ:HFHI5R R
RN 2, K2, FHIR BRI S 5% e K
AR AR RAX3) . @)ilH:

Exp=R%0r 3)
BW
n
EXP,=>" | EXP; x RPF; 4)
I:

b EXP-Bi ST IS A« ORI 5% B S 8 Wk B2, mg/(kg-d);
Ri-i5% 32 Ll MR s % 500 i % B8 T 3408, me/kg; Dk
AT H BB, kg, % (P EEREFRSEERRO
R (2020)) , LIEEAEEK 0.266 kg 113 BW-RAF- 414
ik, kg, 2% (b EERE SR SRS (2020))
LB ME(69.6 kg)FI& (59 kg)HIME 64.3 kg i1; EXP,-ii
SERTIRBNZE IS 5. B A B B, me/(kg-d); RPF-
FRAE IMI () cRID TR RAXTRCRE N, W3 1.

IFS 456 TS QWsk K- flE RE 2=, AR
WA TFS A IR o] PEAG £ S 4 R USRS PO, At
5% R FH B — ¢ 4 38 BU(IFS) A1 A 2 4 48 B0 39 (overall
safety index mean values, IFS)PEYEESE i SRR BRI &
T 5 5% BR RIS AR K R 2K % H 7 B B T S TR R Y i T AR
JE . Y4 IFS B IFS <1 I, MR Hus 5k B i £ dh 24 2 XU
A, 2 IFS B IFS>1 N, WA A5 % T dh
B A KU A AT 2 PR .
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TR BE Ay e B DRSS o
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ot
AW IBEIRE S 74 0, BRI B 12 Fh,
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AATUEINEH 888 F5. 29 (A6 B RIS A A, ERE Sk
HEN 39.19%, A 5 B HGR), 4390 IMI, ACE. DIN,
CLO.THI, W32 . Hrp, & HIS{E =)k THI (0.028 mg/ke),
MBS A4 THI (1.070 mg/kg). FEGHE R4 THI
(21.62%). 1AL, THI A5 LR, SRS EARARN 1.35%,
AMWEFEBE S BRI A R 5 5 5 Ik
M 6 URRME B AF I bR R B S R RS H R 43 51 R
53.30%71 70.50%HH HL AR, D DR AT il 2 AN ) e XA 25
IS 2R, S [A)E h R0 S 1 32 2% Rt I DA 7E —
EE . AR EEZES IML, THI, CLO A H 3R
R X AT BT EE RARE . AT TR THI 41, B
A B SR OB B 28 R R sR Ok E S R 2L GB
2763—2021, THI (5% A M B AR XT38 =5 HLAEAE B bR, FIRE
GRS R T THI it 25 W75 i i A %

2.2 AEIZEFEFHFFEE R RFIZR B REBR
1B

7 KBRS R AR AR, W& 3.
Horp, KB BSEE R BEZE2E 0.052 me/ke, BRER
PO B 2528 1.070 mg/kg, A A B e 0 Ok i 252k
100%. BLAb, @EZE2EHG AR, BIRZEN 25.00%, #in
mAN N KA. ARBRFRHRINEESE . NESE. . KA
Fei  OLE A 2~5 FOR R AR B IS S BRIk B, £ 0%
BARE GRS 2 13.51% (10/74), Syl E 4 fh
i i, 5 A 5 1 R AR SRR 2 AT R 2 R
FUZE FARLE01 e B 3w KB I % R i 2
BRI ZS B

23 FEBERETIRERE S

B3 TP AR 2 S R 1 B R R VR IMIger
0.980 mgkg, MIgpr YIE A IMI (0.037 mgkg). ACE (0.045
mg/kg) DIN (0.205 mg/kg) .CLO (0.923 mg/kg) . THI (1.168 mg/kg).

7 KEERIAEK, IMIger PE AR R S HET R
PR AN HZ£25(0.045 mg/kg)</R3EF(0.064 mg/kg)<IT ik
122 2 25(0.067 mg/kg)<ili 25 (0.396 mg/kg)< M 32 2
(0.702 mg/kg)<ff 5 25(0.946 mg/kg)<f=535(3.829 mg/kg).
Forh, IMIppr BB 5 55 O 6 2555 h R 240 7.630 mg/kg, IMIgpr
P o ISR 2E i K 0.008 mg/kg.

WA MR RPF Jrid:, DMETIEASF N 288 T
HA b S50 AR 2 BT IR RNR S
BT ACBHFE AR HRARE R R -3 B R SR VR IM
90.980 mg/kg, T4 5 KA 6 YA RITEhii
) R R IMIgpr (0.0812 mg/kg., 0.110 mg/kg)*, A
BT IMIgpr ¥9{H M 0.0446~3.829 mg/kg, IMIgpp 1
T 3 MBESEFNI S5 KA A SE . J3E . IMIgpr
Y0 e AT B PR Sl A 280 v R R S A R o B e, AR
THI ¥k BE R AR, T2 &G A BRI R Z, 5 Bk
HER AT 3 FhR R . ] PRF A5 R g S
IMIgpr AN AA 2 587 100 9 28 7% o 700 % B 174 ] B 5
TRACER TR B S iR K 2 A% R0 2o 5 5 2% 5% 1)
R A M 2 KU ),

2.4 HTHREE R B FIEE R XS TG
ABFFERS B AN R RSB AT R HUR EFT RPF
IFS., fEEWNE 2L REFRE R XA Wk 4.

R2 FEMSEHRREERAFRES S RBIRER

Table 2 Detection and exceeding standards of different types of neonicotinoid insecticides

KA 2R A /(mg/kg) % KA/ (mg/kg) AL K HH /% B FREL IR %
IMI 0.006 0.126 10 13.51 0 0.00
ACE 0.005 0.104 5 6.76 0 0.00
DIN 0.005 0.188 4 5.41 0 0.00
CLO 0.021 0.145 9 12.16 0 0.00
THI 0.028 1.070 16 21.62 1 1.35

F3 AEFEANFFFER LR RFZER D RBIRER

Table 3 Detection and exceeding standards of neonicotinoid insecticides in different major categories of vegetables

freill FEAEL A /(mg/kg) K AR /(mg/kg) i K %% R FREL HEPRH/%

-3 30 0.007 0.309 13 43.33 0 0.00
s 11 0.002 0.007 1 9.09 0 0.00
PR Al =ik 6 0.002 0.008 1 16.67 0 0.00
25 4 0.052 1.070 4 100.00 1 25.00
HhiAAE 12 0.005 0.100 7 58.33 0 0.00
JRSRE 9 0.002 0.013 2 22.22 0 0.00

fif T 2 2 0.009 0.093 1 50.00 0 0.00
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Table 4 Dietary risk assessment of different types of neonicotinoid insecticides in commercially available vegetables

R AR EXP/[mg/(kg-d)]  EXP,/[mg/(kg-d)] IFS IFS nax IFS IFS e ABRFRER KRR
IMI 0.0000260 0.0000260 0.000434  0.009  0.00628  0.0160 1.10 VR B AU
ACE 0.0000215 0.0000173 0.000307  0.006 1.10 R EE AU
DIN 0.0000220 0.0000626 0.000110  0.004 1.10 IR EE AU
CLO 0.0000853 0.0004960 0.000853  0.006 1.10 R BE AU
THI 0.0001150 0.0010900 0.001440  0.055 2.45 rh B RS

2.4.1 RPF 34>

FH2 4 A1, L IMI cRfD {H 0.057 mg/(kg- d)fE J{dRE
fe M, AWFFEH IMI, ACE, DIN, CLO, THI {4
FEUTE 0.00169 mg/(kg-d), ZALTEFTEFHEH, Hb, EXP,
F =54 THI 0.0010900 mg/(kg-d). 45 R, T H A
BARBNZE 2 A AR P R R BN, U 2 ] 4257 .
2.42 1IFS #Hh

FH 3R 4 FIAL, B R FPSE B s Ak B g 11
IFS JEFI7E 0.000110~0.001440, /NT 1; i RAH IFS oy T8
7E 0.004~0.055, /NF-1; IFS I IFS 10 47 0.00628 1 0.0160,
INT 1o ATRFE A A B — R RURIR B e 4680 TFS
AR 22 A8 MO TFS /T 1. G5SR KW, FImE
G B SR S A RN, AR R e ] 7 .
243 REHRE FEH RFH

AMFFEH IMI, ACE. DIN, CLO. THI BYXU R R
fHAE 1.10~2.45 Z ], W3R 4. RIEK/NATRESZEBFRZ 0,
25 WK, THI RIECH 2.45, SRR, HARK R R1E
BUNF 1.5, BAUERK

3 iiesge

AR T 43 A 60 JRUISG: Ak e A58 A Bl 245 % L 75195
Fe/IMERZES b2 4 5 B0 Hr MR s R HURI A K
BEHSEOK, 5, RSN RO, A
¢k BB T T B B S AE A B M S R T A RS
39.19% MBS K 1 PRI B, 1.35%K
THI BAr. JRE AR A AR A A rp, A i
1) 8 LT MR 2A 2% FRR) PRt v 0 b 37 T 9 A ke A1
FEILAR, T S R A ME BRI R, 5 B S i FR AT
FEAEHFT RS AR R R o 7 S0 TR 25 254G R A X
o T HAEE SR, FTARES A K LR R AR A, R A 48
MEY RN Z XK BT T ARMNNA L, R, SFFRH
10.35% 198 MRBRZE A ORI 28R BRI B0, S e s R P 7E 5%
S KB AR S o RS AT b MRk
A% MU H VR BE IS, 25 R BB R BRI % ORI Yo AE B 3R
ok ol A R A VEE XU, AR R T TR A s AL 2 24
5, LA 2R TG 5 I, AL EMAZ .

ABFFEITAL S R R BRI RS AR, AS2Xf—HA
TREE LN T F2 57 (O fE R RS, A7 2 WA % S J AR S 7%
), 454 RPF WEAN SRR OB MHBRR HUR A B A 2
BRI o ABIF S Hh A FREE Ry 0.00169 mg/(kg-d)
AR TR E AL 20 A FEIE 0.000710 mg/(kgd),
ARHICF R Rt B HP -2 0.00181~0.00711 mg/(kg-d)™!,
Hop, WRCHRRE R AR EXP, B, 43A0h THI
0.0010900 mg/(kg-d). CLO 0.0004960 mg/(kg-d), iX5=Z it
WA R —80 2 A P B A BRI AR, P
B OB AR A SRR B A R R MK B A
H[IMI cRfD 8 0.057 mg/(kg-d)], FH AREREEHE AN
BB A% SR A B XU A1 . SR T, 55831 cRED Ry T
REE A AE 1 N TR RS, BT AR R R B A R
T R RV 1Y 5 | A T 2 i E A

GG L AR BTV 8 S8 v T M 2K 2 R P
LRI o ASEFE R 32 T AS R RSB AR 2 % BRI Y
PAE IFS Fll IFS oy S KA A THI;  IFS FIIFS oy /0T 1.
BV G B — % BRI B B 2 AR R TS LB ACZE 238 5L
PE TFS /T 1, 3 5 HABFFe 25 5 — 3203435 b i3k
BH, OHAR AR R SRR SR 1 B S e R /D, g g
AR AR RS A ST AR . SR, PR T R AR A HUR) A
H, WO HAE & SR AE e, Bk, RN 2008 AR B
% HRUR 0 £ IR B A 14 T

LA FEEDINE R R VEMBE 8 BT R % e 5]
R £ T RS o WFFE R IR A A AT A rh A 24 % BR e A
PER R R A, AR 2y il . R D . S
Pl A2 it P A R 5 TR R POL, i KU R Mk R S B A
B E] BE AR | RS AR AR 25 B B U MR B S TP A
AL SRR . AR bR THI RE A 2.45 S K
Ak, A MR RIEE/NT 1.5, AR KU . 45 %0,
204 it K 45 3 R — SO, B AR B 2 AR R R A R K
B JRURSE K

AR FEAFAE—RE SR FRPE RN o (DA SR AT 1
FHEU B SE R I A I S A B SR, T RAE
AR JR BRI T DL P B SE R 2, R BE i o5 1T 65
SR SRR, B SR AR AR A, T AL 4
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RPTREAR T H I, ARG A O RB AR W Bk =2 T
T AR KU . () AWF9E S B 2 (P R B R
518 MRS A (2020) Y A 4 E B, 508 R RS
YIS T REAFAE AN . JF B R4 T BB TER 2, 9bs
LRSS A KR . A BN S R R
FEAERRER, A 8T e 0B R BB 2 A% BRI G £ XU
FHAERAR o (3)ASAIFZE 43T A S KR I 7% R 18- 4 2 o
— M NFE T REAFE T B AT, 3R o A TEESAR A K RN
R L, AR EON NI B B R R, [T
i 7 i HP R ST B R A B | A B R R A A,
R, ASHIFFE B PRAY 7 vk a] DR A b 1A 55 35 A T A el
BRI — B A HE R SRR RE ), 25 SR IR AR ST o

2E b, AP R UPLC-MS/MS #0434 645 i
T B % 28 OB R AR 2 S Rl i 3R BRI L, Rl RPF
IFS. fEEYRE R R AL — R AR & RER G
TEREEIRGS, PS5 ITeRltifE B, Ea kR EFEN
LA HICB TR bR . B1T . BRESTEM
Ko i S AV P A IR 2% SR, S AT 4R T e AR it
B2, A R TS T & 5L 2K
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