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T, BHEHAEAL A, B AR R g S A MR, P2 o A ke U | s R 6- SRR
VU] AE SRR S I SE M S S s ok | g e | W R P R B L A IR 2D IR AR . BE TR SRR
FEYIER R KB KSRGS W RIAAAE i NENTs 7E4 38R 8 N Al i ar i XU 70 B T 0.57%~8.34% FiI
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Enrichment Mechanisms and Potential Intake Risks of Typical Neonicotinoid Insecticides and

Their Transformation Products in Vegetables

LI Shengge'?, CAI Yue'", LIU Yinzhu?, YU Yunjiang', WANG Shengli?, HUANG Chushan’

(1 Key Laboratory of Environmental Pollution Health Risk Assessment, Ministry of Ecology and Environment, South China
Institute of Environmental Sciences, Guangzhou 510655, China; 2 Technology Research Center for Pollution Control and
Remediation of Northwest Soil and Groundwater, College of Earth and Environmental Sciences, Lanzhou University, Lanzhou
730000, China)

Abstract: In this study, imidacloprid, clothianidin and thiamethoxam were selected as model pollutants of NENIs, their
accumulation, migration and metabolic characteristics in vegetables were explored through a 35-day pot experiment. The results
showed that clothianidin-urea, imidacloprid-urea and imidacloprid olefin were transformed by the functional microorganisms in the
soil, and these transformation products were subsequently absorbed by lettuce and carrot through the root system, then migrated to
their above-ground parts. However, clothianidin-desmethyl, thiamethoxam-desmethyl and 6-chlornicotinic acid were produced by
further endogenous metabolism of imidacloprid, clothianidin and thiamethoxam or their soil transformation products after they were
absorbed by lettuce and carrot. Risk assessment results showed that transformation products increased NENIs risk in edible parts of
lettuce and carrot by 0.57%—8.34% and 0.65%—24.64%, respectively. This study indicated that the contribution of transformation
products with higher toxicity should be taken into consideration appropriately intake risk assessment of NENIs in the future.

Key words: Neonicotinoid insecticides; Transformation products; Vegetables; Enrichment mechanism; Intake risk
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25%, M, FREC R EBREKAY NENIs 4277,
PRIV ZR I, AR =R i) C 455 30 000 t,
FLrfont b wE R | e R P SR R 3 A
B NENIs BYRE 0, HA R RS R i H £3
WETAS

T T B W A o, 275 e i A BT A= )
HEMCEERRTT . HET, NENIs 7EBSERUK R 2 46
o MRS SE E A ER RS, JLT A AR R S
FE R ERA I Y NENISP!, Montiel-Ledn 28R 5% %
PL, M HHE(0.080 0~29.0 pg/kg). WEHLHE(0.130~
140 pg/kg)FIE HBK(0.110~110 pg/kg)fEAESE . R
%) VG Z1 A P A AG R A . Chen ZEPVRI Ying
S5 1OV B S R S Hh e SRR K A A Y SRk
100%. o3 A BFFE R ) 23 A7 1 56 [ R 248 T R [ g
W—Pi/Ng 58 22 BB AR R Y 7 Fb
NENIs, A& I AZ KA A v e e it s bR H 3% A
1, FLAERUIN AR SRR R A Hh 0000k 66% FiI
51%, FEFEEESBITHAT IR TR 50 52%
1 53%, ZMFGEH#E—2UESC T NENIs 78 2Bk i it
R AR, A, NENIs ELAT BT K I3 E
IR PE Rk gae v, Bz . VRSB WAk # A2
RAMER LR, R, #R9F NENIs ZEAEY) o A7
RRAIE B A B XU 28 T2

1 SEBR R R, NENTs A9t A o X 35 A0 45 4 4
Jits FH (Bt K TREBR . - S A0 FH b 4 ) R T
B, Hob S 60% LA RS R HEREE
HEBNIG R T i 2 400, ity o
MR, K535 . NENIs H B A 2990 . Ak . figdLar i
BE ORI L | R A S AR T RN 8, FERR
BRFEEA TS TRARED, Wik, #AKHRS
i) NENIs R%55) kA 54k. M T EABR SRS
P£, iX2E NENIs 540 W) 2 FrBk ik —i2 SR T
RIRAR 2 O HFI AR B 8 b
MidE . AR EEY PRI ] NENIs (36ik=y, W
K TAk . BBl . Ebedt | KA . A SRS S N
ARV ST ER, #45r NENIs H k=)
BEPE R TR, JU R A SRR o,
PERT BESRE B BB . H A, o b A G 3 A e
TS JE 7= X T L sl ) FE v oy BRI REAR Y 195 %
o441 50 Hk, RUIOCE T A A BRUKER
JRUBS: DAk AT e ™ ARG 7 2 i i A o UG

25 TR ARG A AR ) AR SE R B N A
PRIHAT NENIs +3E2F, @4k QuEChERS %11 H
PPy AR B S Ak, ds R SO i — T/ T

(LC-MS/MS) Xtk sk, 1 e | g e e R AR
YA T e o AT, PRI AR A SR 2 MR Y
SR EBAURIRIE; 5B MRPREA ) 16S rRNA
5301, $878 NENIs BFALHLET; IR TRHA 554k
7700 VR A R R KXo LR £ R R A T P4 o A5
S5 NEY h NENIs (19 A Al 52 JRURS: A5 1 4 A
WA o

1 MRS

1.1 AF SR

Mk B2 Bk (Imidacloprid , = 97%) . & H 1% (Thia-
methoxam, =95%)4 [ g2 e kA AL R A R
]y WEHUHE(Clothianidin, =98%)W [ I i J5 A4y
BHEAHRAF; M A £ (Imidacloprid-olefin, =
96%). WE i Jli¢ ik (Clothianidin-urea, =99%), 2 H 3k
W€ 1 % (Clothianidin-desmethyl, =97%). 2 H 3L Bt
7% (Thiamethoxam-desmethyl, = 97%) [ F [ B£ 2450
#](Laboratory of the Government Chemist); 6-Z AHER
(6-Chloronicotinic Acid, =98%). M3 Mlx(Imidacloprid-
urea, =95%)W A L iGEREA VIR A RAF .

AHIFFE A o OB €35 (LC-40D X3, H AR
AL A EL % A 4 3% A (Kinetex 2.6 pum Biphenyl
100 A, LC Column 100 mmx2.1 mm)%} H #5#) #17
O3 . B o = DU AR B BT i 3R 48 (ABSCIEX
QTRAP™ 6500, AB Sciex /A l), K ESI & 1§
(TonDrive™ Turbo V, AB Sciex /A1), #id AR K
A AR (7 N SR S g = B A BR S R B AR 28
B
1.2 HiXBTEYHIER

A3 W MR H T ARE R FRBE . BGE
AT, M 10% 3 A AL EBH HAIR I 30 min LA
THEE, BES A AEK M 3~5 IR SEBOFFRLE 1Y)
PR B WAL, EIOCIRMIE AP RE 25 C,
MBJE T0%)MEZF . P HACH T B, U #—
HWAHE AT A | kg HIENALR S, FEXT 14
KISHIHTEAT NENIs 588 . s 4 Mgl O
HLPIR IR (P-CK), B sk AR GE i 2tk 50 mL; @
4 NENIs 575 41(P-NENIs), #5352 A% De il W i 4y
Bk 1 mg/L i bk 5 HU e g HUBRTR S UK 50 mL;
@A HEXT HRLL(S-CK) , RFSAH G SR AL
A EME LK 50 mL; @+ NENIs 241
(S-NENIs), ARG AR MRAA LI AL 7 rh e
WREZr 5 1 me/L mb bk wig dufile . wiE IR A
W S0 mL. 7ERERIGIEE 0 ROREEH 12 h) LR
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1. 3.7, 14, 21, 28, 35 RUCSEAEY AL ERES
1.3 HREtESEESH

AR K ] QUEChERS ¥EXS +HE | A:38 . A%

MR NENIs BRI A Yt trie e, B
PRI ARIOR TR 1 £ 38R 0.1 g, A SmL &
&, i IR ER S AR E 3 min, 7£ 20 C &M

TR 30 min, FfiJ5 A8 15 min, 7E 4 000 r/min 4%
ARG 10 min, B EIEW, EE FRPIR 2 IR, 7E
B I EIEW AN 0.5 g NaCl Fl 2 g MgSO,, i
Ji€ 5 min, VSR | mL, ITA A 10 mg PSA 1) 2 mL
BELET, F 8000 r/min F4 TEL Smin, FIEW
it 022 um JEME, HITF NENIs A LG4k r= 8y (i)
FE o AR TR MRS R SR U i TR
W, $RBGARN 000 SRR E A 0.5% BRI NG,
HARR 5354 20 mg GCB., 10 mg C18., 10 mg PSA
110 mg GCB, 10 mg C18, 10 mg PSA. 7EFEMLiE
ICETANA 10 ng IMI-d, YESR PR, #5213
80.41%~86.36% . A 5% i HAx NENIs M H A%k
BRI BR A 0.05~0.6 pg/kg, FRifElZ 2yt 2804
KF 0.99,

HPLC-MS/MS F Gi7E IF HLIE 55 HL 25 (ESIH) 4514
AT HERYI R S B RGBSR SR R IR AR 1Y
MRS 15 °C F145 C. st A #Hh7K+0.1%
R +2 mmol/L ZR%# ; B AH N H BE+0.1% R+
2 mmol/L %k . WAR IS M 0.3 mL/min,
PERERR 5 pL. BREEVEBRR Y A WILG 5% B, T4
1 min, B 5 £ PE22 62 100% B, 3.5~7 min 1145 100%
B. 7.1 min ZEME25EF] 5% B, {£4% % 9 min, RHZ
J WEI (MRM)RE R AT M . o i, 4
B R 9 ming FUiSS4 . B 1R R (IS)4 500 V;
A AFAU(CUR)3S psis Mi%53(GS1)40 psi; S BIIN#ALS
(GS2)0 psi; & F U5 B (TEM)450 °C ;5 Hilf $i <
(CAD)LOW; Hlff# == 5 th HL e (CXP)10 V; B4
JEFE R 50~350 Da.

14 RHEYHRISKEN T

AR NENIs 22 85 J5 565 1 R A 21 KW L IRE A,
WL 16S rRNA KR FE o3 Afr FL A Wi v A1 AR
fbo BB B2 g A MEELEAESE . B b
MRFIH A I, AR OE T, 80 CUKMHAE, H
F 16S rRNA 7087 (IR FR it AE W RHE A BRA A
KM Hlumina P& X DNA R Bk 47 X
(Paired-end)l ¥, i DADA2 Jrik#fr 2519 . Fi
k. AW PHEM RS ARG LR, BBIIET

H(OTUs) . i IR £ i 55 N = 7 LA Ak 21 &
(https://www.genescloud.cn/login) 73 #T AR Br 4 S #£ 5,
R DIV AR S 25 5

2 GRS

2.1 =% NENIs 7£ 5k 5 ) R RR$FE

NENIs 2 #J7 , MEHumbk, wg d e | we B 7E B Fh
YR H 3 A 35 B AR 1 sh AL A 1 R .
3 Fi NENIs fY 52 R it il 2% 8 B[] P A4 8 A St S
G R X TASM S, EREENE 0
KEERG 12h), HH LA R AT 2] 3 F
NENIs. B BRI ER: , A 30 1 Entk dank | g
Jie . wE RGN FR R AL =, JFESS 14 Rk B
KAE, 4351k 351.62. 610.84 Fi1 346.14 pg/kg; 1EE
SEH R ER, I HRORRRIE e (AR SR AR AR 21 KA
wKAE, 53900 348.73 pg/kg F1 276.57 pg/kg, TiiLE
HENTES 14 KiKBIERAME 226.79 pg/kg. NENIs
FRERAC IS REE 0 K, 7ESHE Nt [ R T A
DUE]T 3 Fh NENIs, #5585 | b [0k e bR sl
FRAES 14 RikB|mKAEH, 30k 443.58 pg/kg Fl
289.81 pg/kg; MEHUNIZESE 21 RKikFlRAME, N
572.79 pg/kg. TEEAEE N &R, WEHUG REE A,
M HERIR 22, W R SRR . ZE S b R, itk bk
FIgE R A R T 14 RIBFNEE, 2518
70.79 pg/kg A1 60.71 pglkg; e du i i AR B 7
553 RAEIAFN KM, M 218.05 ug/kg, BT NENIs
TEASFR A B0 [F] b AR 7R IR A ok 72 DL SR
Bl AR, Mtk wEre | oE R R
I iR R b L A B — AN T sl AR e 2
2.2 =% NENIs FLE-BRERZPRELFIE

SRS 3 Bl NENIs 7 5P & b i e Ay
fiE, W HEAC =R shZs BRI T TIE (& 2).
TEASEHS 13, MRk 5 A = itk bl . 6-5
TR AL R PR & B 7R SR 7 R MBS — NI, 43
9 21.72. 20.32 Fl 5.45 pg/kg; BEIG 3 MEEAL= )
SRR, AR 28 FIRFEE 2 Mg, HEZE
FUEAT R 24.08, 25.77 1 4.09 pg/kg; 1E%25% 55
35 K, 3 PG AL Py AE AL S b LR & b, ok
BN 7.48, 10.19, 1.05 ug/kg, i 6-5 AR
14575 A R o A 0 e e e 14 R 7 i
IR T 2 FE R ek e ) Ve JBE B % % B R) 525 B R
FERO RS BEBIRSE 7K, BERENR(31.76 ng/kg)H
FHIRLIE UK (5.45 ng/ke) I B ARG ; 5 35
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Fig. 1 Accumulation dynamics of imidacloprid, clothianidin and thiamethoxam in lettuces (A) and carrots (B) after NENIs exposure
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Fig.2 Time-dependent changes in transformation products of imidacloprid (A), thiamethoxam (B), and thiacloprid (C) in lettuce
Kif, HERE RN 7.57 ng/kg Fl 1.05 pg/kg, BE A S M S b HR kA £ 7 ik e RoAS A R g H

HR A AL =) 2 B REE R S 7SS 14 Kk B iR IR A AR B AEES 21 KRB, 4054 10.23 pg/kg
KAH, M 13.31 pg/kg, FEJGHA WD, 5 35 KAt 1 4.67 ng/kg, FfiJa S RREAG, 55 35 R HEE B &5
BB AR 1.13 pg/kg. A 5.43 pg/kg A1 1.58 pg/kg; 6-F MR BRUETE
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1 RIkFEME 7.20 pgkg, 5 35 RufHARBE RN ALY A A 35 d NIARfbifa 3 S HAL IR ERk
420 pglkg. WEREAISTE Y E BB IR AN 5 FE e R ER R a] A AR AL LR A O — B

MM S 28 KA R K, /A EI T 11.93 pg/kg FERAEE b P B 5 A4 SR TP Y NENIs #%
M1 3.31 pg/kg, 5 35 KIWFREE B9 R 7.96 png/kg Fl o=t RBUFE(E 3). BRI, NENIs %469
3.03 pg/kg. FEASEHL R AR AT M G e R ) FEASREATEAE N R R S T H T, xS
oAby W R R ER B, (B RAEXIRR S, 5 WAL A HLTS e 2R E T Ak
35 REFHIR RN 1.51 pe/kg AR ,3 F NENIs R Wi 35040 124 5,

250 (A) 100 (B) 401 (©
~ I < sl ~
Z 200 z Z 30}
D) 150 } { D) R)zo_
3 s R 3 3_
= 00k 15 40 I
s 100 pu pel
= 2 g 10
=i = =
= - i “,é _____ i = 0 = ol
0 E
3 3 3
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By By o 4+
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i i i
E o | = TSR o | - msR : :
5 8[Te nesmke g | i1 1 =R e
- 6 . ‘ . a6 oo R . ‘ .
10013 7 14 21 28 35 10013 7 14 21 28 35 10 013 7 14 21 28 35
TR (] (d) FEFEIHH](d) FEFEIN 1] (d)
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Fig. 3 Time-dependent changes in transformation products of imidacloprid (A), thiamethoxam (B), and thiacloprid (C) in carrots
2.3 NENIs £ T -3 E R P ry L H NENIs % 55 i 4= SR PR il 2R 1 P A s 2 /R 7

HHEST 3 Fl NENIs 76+ Se R 2 b iRl TR o OB hn, e s B MO BT 1) o LLosi b [RIE, 7R
i, A RERE A 1 RAEE 21 KIARPRED R BRd A, B S i e 0 i A R U . ik
VEIEAT O . FEIRAKCE E(E 4), AEFARRRUED E WA EE RS R 3 R A G, T
i B 2 50 TR (Sphingomonas) . M 582 /R T L2 I L2 T RE PR Y AR IR S KUY AR E N
(Burkholderia-Caballeronia-Paraburkholderia) . T 35 AR A N - B8 i 35 1 %528 K %) NENIs
PRI (Luteimonas)H B, FHXF 43510 15.73%. RS FH B RE . Gupta 25U TR H 4338 vh gy B 45

16.41% . 821%. HAEEXMMAP-CKM L, 4%  FVBEEIMRPIERK Pseudomonas sp RPT 52,

NENIs #%#%41(P-NENIs) (1 7e B /RMEE AIXT B 40 h KTtk HUsbk i) B AR 263k 2 T 46.5%, 7353 53—
{EIEINT 5.19%, Fb3EX R4 (S-CK)E i 15.53%:; ¥k Burkholderia cepacia (strain CH9), 20 d PIXJHHt
11T THE 5 P BR A N R R () e R PR A N MRIIBE R SEIR 69%). Parte Fil Kharat!'?15) 345 51 AF

7.92%. 5 REEE 1 KA, BEEH 21 KA NENIs T MRFMIE)R Pseudomonas stutzeri smk, X HE H
T TR 2 PP T B AR SR BE AR/ 0.58% 5 (H BB AT 62%; Ji A BER R, BT kR
%5 21 K L3¢ NENIs #7241 (S-NENIs) i = B A L 8 T Pseudomonas putida strain IMBL 5.2 7E 15d
PRI ARG = BE 0 2 A o SR e n, 58 21 R B3 P T AR 38.23% WEBRDY) ARTE BT IR S T

XREZHAHELIG N T 12.28% FEEH S MRBRGAEY Pseudomonas sp.1G FIARIEHJE N Ensifer adhaerens
B FN B L (K] 4B). strain TMX-23 H%wg A [ fi FH 22 Ao
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Fig. 4 Rhizosphere microbial compositions and relative abundance of lettuce (A) and carrot (B) samples (genus level)
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Fig. 5 OPLS-DA analysis of rhizosphere microorganisms of lettuce(A) and carrot (B) samples (genus level)
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Fig. 6 Metabolic pathways of imidacloprid (A), clothianidin (B) and thiamethoxam (C) in plants and soil
3 K A 33 R SO B AR Bl IR AL Y R 2
- -Lb ™. Pt N N Y
A HEAT PRI 7 2
1) NENIs(Mt k. g e | 8 e B8 e 32 iU ) 3) F AL A Hokk | E U | %E%Ti
T ) R AT AN A A st AR R B i A o SN I N - VAR e s o K 7 N =
2) WEHUMK . Ptk OB | bt b Je A 0.57%~8.34% Fl 0.65%~24.64% . l It , NENIs

PRAE L2 Mi%ﬁﬁﬁ%?ﬁzﬁFkﬁﬁgﬁ
W RE— 2B 1 LR SR S Ml bR AS 5 1 25 F
Hufte 25 Y BEE BB 6- SRR TR W) 2 28 AF S F ) 2

AL Wy (0 15 B RUBS AN A 280, A R Ok 1 it B XL
I8 A 1A 2% v AT 3 2 0 IR BT iR AR B 1k
Y25 IEAE N o

http://soils.issas.ac.cn



534

ARG

SR HR A 7% R S A = 1 5 P ) e SR LR B £ XU

621

F1 BEERSHE MFHT NENIs REEL=1R T

HHRMBITERAE
Table 1  Average daily intakes of NENIs and their transformation
products in edible parts of lettuce and carrots

Bl B KL AL ) EDIstp.p (ng/(kg-d))
H3 GEEZAN

ik £ B HIVN 1084.85 33.16
it H mbfps A 43.08 5.47

g H b i 5.04 2.29

6- SR SR 30.31 0.41

5 Ut EATVN 782.86 101.19
WE H i i 52.51 3.62

2 FH JR g e i 12.77 6.29

98 H 15 HITN 1111.03 63.49
2 Y R e gk 6.3 0.41

SE WK

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

Wi, Ak, SEEW, GF BB B R oY
HERE[T]. 4¢2h, 2007, 46(7): 433—438.

M, S, E5, S BTS2 TS YL Ik
B A7 I WE o SR (0], AT, 2018, 13(4):
9-21.

European Food Safety Authority. Peer review of the
pesticide risk assessment for bees for the active substance
clothianidin considering the uses as seed treatments and
granules[J]. EFSA Journal, 2018, https://efsa.onlinelibrary.
wiley.com/doi/10.2903/j.efsa.2018.5177.

Montiel-Leon J M, Duy S V, Munoz G, et al. Occurrence of
pesticides in fruits and vegetables from organic and
conventional agriculture by QUEChERS extraction liquid
chromatography tandem mass Food
Control, 2019, 104: 74-82.

Chen M, Tao L, McLean J, et al. Quantitative analysis of

neonicotinoid insecticide residues in foods: Implication for

spectrometry[J].

dietary exposures[J]. Journal of Agricultural and Food
Chemistry, 2014, 62(26): 6082—-6090.

Ying J W, Zhou X J, Zhu M Y, et al. The contribution of
diffusion tensor imaging to quantitative assessment on
multilevel cervical spondylotic myelopathy[J]. European
Neurology, 2016, 75(1/2): 67-74.

Lu C S, Chang C H, Palmer C, et al. Neonicotinoid
residues in fruits and vegetables: An integrated dietary
exposure assessment approach[J]. Environmental Science
& Technology, 2018, 52(5): 3175-3184.

Morrissey C A, Mineau P, Devries J H, et al. Neonicotinoid
contamination of global surface waters and associated risk
Environment

to aquatic invertebrates: A

International, 2015, 74: 291-303.

review[J].

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Zhang Q, Yang Y Y, Shang N X, et al. Identification and

coexposure of neonicotinoid insecticides and their

transformation products in retail cowpea (Vigna
unguiculata)[J]. Environmental Science & Technology,
2023, 57(48): 20182-20193.

B, EHT, TR BT ARG A R R R B O
FE[J]. t3E, 2022, 54(6): 1093-1100.

Mei J J, Ge Q Q, Han L X, et al. Deposition, distribution,
metabolism, and reduced application dose of thiamethoxam
in a pepper-planted ecosystem[J]. Journal of Agricultural
and Food Chemistry, 2019, 67(43): 11848—-11859.
Tomizawa M, Casida J E. Neonicotinoid insecticide
toxicology: Mechanisms of selective action[J]. Annual
Review of Pharmacology and Toxicology, 2005, 45:
247-268.

Xu T B, Dyer D G, McConnell L L, et al. Clothianidin in
agricultural soils and uptake into corn pollen and canola
nectar after multiyear seed treatment applications[J].
Environmental Toxicology and Chemistry, 2015, 35(2):
311-321.

Mohapatra S, Siddamallaiah L, Matadha N Y, et al.
Dissipation of neonicotinoid insecticides imidacloprid,
indoxacarb and thiamethoxam on pomegranate (Punica
granatum L.)[J]. Ecotoxicology and Environmental Safety,
2019, 171: 130-137.

Hussain S, Hartley C J, Shettigar M, et al. Bacterial
biodegradation of neonicotinoid pesticides in soil and water
systems[J]. FEMS Microbiology Letters, 2016, 363(23):
faw252.

R e, ETIE, W), 5. SRR T 3
BRI Z T REPE AR D], 11, 2024, 56(6):
1253-1261.

Gupta M, Mathur S, Sharma T K, et al. A study on
metabolic prowess of Pseudomonas sp. RPT 52 to degrade
imidacloprid, endosulfan and coragen[J]. Journal of
Hazardous Materials, 2016, 301: 250-258.

Madhuban G, Debashis D, Jha S K, et al. Biodegradation of
imidacloprid and metribuzin by Burkholderia cepacia
strain CHI9[J]. Pesticide Research Journal, 2012, 23(1):
36-40.

Parte S G, Kharat A S. Aerobic degradation of clothianidin
to 2-chloro-methyl thiazole and methyl 3-(thiazole-yl)
methyl guanidine produced byPseudomonas stutzerismk[J].
Journal of Environmental and Public Health, 2019:
4807913.

Rana S, Jindal V, Mandal K,

degradation by Pseudomonas and Bacillus strains isolated

et al. Thiamethoxam
from agricultural soils[J]. Environmental Monitoring and
Assessment, 2015, 187(5): 300.

Pandey G, Dorrian S J,
Biotransformation of the

Russell R J, et al
neonicotinoid insecticides

imidacloprid and thiamethoxam by Pseudomonas sp. 1G[J].

http://soils.issas.ac.cn



622 + i %5 58 &
Biochemical and Biophysical Research Communications, [24] Pang S M, Lin Z Q, Zhang W P, et al. Insights into the
2009, 380(3): 710-714. microbial degradation and biochemical mechanisms of

[22] Zhou G C, Wang Y, Zhai S, et al. Biodegradation of the neonicotinoids[J]. Frontiers in Microbiology, 2020, 11: 868.
neonicotinoid insecticide thiamethoxam by the nitrogen- [25] Yu B, Chen Z Y, Lu X X, et al. Effects on soil microbial
fixing and plant-growth-promoting rhizobacterium Ensifer community after exposure to neonicotinoid insecticides
adhaerens strain TMX-23[J]. Applied Microbiology and thiamethoxam and dinotefuran[J]. Science of the Total
Biotechnology, 2013, 97(9): 4065-4074. Environment, 2020, 725: 138328.

[23] Radolinski J, Wu J X, Xia K, et al. Plants mediate [26] JEHTZE, XICH, s, hEAH - E 4SBT

precipitation-driven  transport of a  neonicotinoid

pesticide[J]. Chemosphere, 2019, 222: 445-452.

N A AR VA B9 S A R B I). e
2024, 61(5): 1188-1200.

(REHE: L)

http://soils.issas.ac.cn



