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Research Progress on Degradation Characteristics of Neonicotinoid Insecticides
GE Ling, WANG Xin", ZHANG Ya’nan
( School of Environmental and Chemical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Neonicotinoids are derivatives of synthetic nicotinoids with better insecticidal capabilities. Neonicotinoid pesticides
have become the most widely used pesticides in the world. In the past two decades, the environmental residues of neonicotinoids
have enormously increased due to large-scale applications. Thus, the systematic remediation of neonicotinoids is essential and in
demand. Photolysis and hydrolysis of neonicotinoid insecticides and its degradation pathway have been reported. Compared with
chemical methods, bioremediation is a cost-effective and eco-friendly approach for the treatment of pesticide-polluted
environments. However, few reviews have focused on the neonicotinoid-degrading microorganisms along with metabolic
pathways and degradation mechanisms. Therefore, this review aims to summarize the chemical methods, microbial degradation
and metabolic pathways of neonicotinoids. In the end, the future research focus and direction of microbial degradation of
neonicotinoid insecticides are prospected.

Key words: Neonicotinoid insecticides; Photolysis; Hydrolysis; Microbial degradation; Metabolic pathways
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Table 1 Physical and chemical properties of neonicotinoid insecticides
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Table 2 Photodegradation pathways of neonicotinoid insecticides

257 W fie 7 490 4 ik ST aik R BefiiR e BH R
O e M s A N W e e, shE [25-27]
| N M HEVRMEEE 1 BT C=N Ffk
\f( & C=0
cl N 0
9753 2 4,5 F LN s o HO OH AL R 4,5- R L H s (28]
a Wk, % AL
| N NYNH 2520 A T i
% ’ET"‘J
o N/ Nl—NOZ 1Lr=4)
Ve 11108 W R R N 0 PRk e (29
/k 3 VAR AKEOLRILIE 4 Fi
Cl/&s N N—CH;j 1y
0]
st e 1P 3530 - 310k g P 36 R 0 Ik e 4 8 S A R [24]
(_L H WOET R I 75 N-N Rt
TN_CHS 2, [ NO,, SRJS C-N it
i kb R L AT
e BRI A B C=0 4t
9 : J(2- -1 3-WEME -5 FE N O -y — > [30]
5 H i N-(2-54-1,3-BEmp-5- 3L /( \ " 0 ¥ QEEEJ:&IilN C A
F 2)-N- Ml cl S N\H/N CH; C=0
(6]
1 o g 7-(FF S 3)-3-05-(1,5,7) M e N N N cp. WEMUE CS-CHEERIMIZL, B [30]
NP \W S LS. NN, CCl A,
NH Jii 2 NO, 1 Cl
2.2 kiR k1 s, BE B ) K A R R B R C=N AU

ALK RN SR AR 245 5 5K o3 F R AE A E
YERI A2 RN o 72, HE W AR A 7K 43 B SR A%
F A1 (H,0 5% OH)#E U AR 245 40+ 1 SR L BE AT (C . N
S. P 45, BUREEEMA(Cl. KWmEL%), BTx
RLBUR BN P, T MBI % R A4 7 A 30 B L I
G, WEHMKIE 25°CHI pH 9 I, sKf#KEEWH
59.8d, HBIREFE 50T, KFEFRN, il
vk B 39.8 do — W, HEIRE S U R K
ffsz pH BN, TERRIERI M2 T XE LIRS
— BB K AR, BEE pH IR, KR
Wontle, H2MEEBETF(Cu® . Ni™, Zo™)fIg"
YIRS AT . BRI . TiO) X 7K fiff 3 2R IG5 i B2

B OH Mrili, Azpll C=0 # . C-N W R
LA R B G P30k ol e (g K A AR £ OH
VB SR A B i SO BRI (CT=N), I AR BRI
;A2 B C=0 P45 1 r iz 1) K figpaod g 32 9 e a3k
A iV N=C 4= i, C=0 %AV LA B C-N £
W4 00T Hy T ALk R BRI IR AE - G N O, 2 5 W L 35
M, BEff C=N{i [0y C JRF53% OH #MEER
I POV b e ) 7K i ot R R B R R P R I
N'=C 4% C=0 #tyid LI & C-N Wi, 5
ST & B, HyO 43 F OH 1k MU ek 43+
SR R AR A N-N Hug, JE R N-H 8, i
M216 F1 HNO; /M3, H,O 4> F 1 OH™ #F 1 M216

http://soils.issas.ac.cn



1096 +

e 554 %

S S IR g C-Cl Bk, B C-O &, A4
B M198 #1 HC1 /N3F»

0 o .
CI/Z/\]Q\/N@—CH—) CI/EQ\/N(HJ\],CHK_,CI 4 N,
|

N;Jo2 O0
WE Hht N ( j
% \HO /45_3\/1\1 e,
rOYOH N-NO,
Cl () N lN’CHs
N-NO,
oy o8
H H H oy
Ny~ N-NO, —» N~ N~
HI:—rCHK \(I)f
Wk H b N
H H
N CI/Q;\)\/N\H/N*C“*
DA e
Cl N\WN*CHn 0
N
N-NO I\
wame Nl

N-NO,
TAEELUIN
N N N
01/45‘3\/ N/\?N—>c1/4@\/N;—\N—>H0 /QS_B\/N;:}\I
HN-NO, NH, NH,

SEIEI
1 SLEYHTIRTE A 5% M5 Ak AR 3R

Fig. 1 Hydrolysis mechanisms of three representative
neonicotinoids
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Table 3 Degradation studies of neonicotinoid insecticides by isolated microorganisms
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Fig.3 Microbial degradation pathways of acetamiprid
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Fig. 4 Microbial degradation pathways of thiamethoxam
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