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Abstract As an effective soil amendment, biochar could be applied to adsorb neonicotinoids in
soil, and promote the degradation of neonicotinoids by direct or indirect effect, thus reducing
neonicotinoids ’ environmental risks. The adsorption mechanism of neonicotinoids on biochar has
attracted many research attentions. However, the interaction between biochar and neonicotinoids may
be controlled by soil chemical and biological environment, it is necessary to further study
neonicotinoids > behavior mediated by biochar in this complex system to effectively control their
environmental risks. This paper summarized the mechanisms of adsorption of neonicotinoids by
biochar. The effects of pH value, mineral ash, and persistent free radicals (PFRs) relevant to biochar
on chemical degradation of neonicotinoids were comprehensively analyzed. In addition, biochar

could indirectly affect the biodegradation of neonicotinoids by regulating enzyme activity, Acyl-
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homoserine lactone (AHL) conduction, and soil nutrient composition. It is worth noting that the
degradation of neonicotinoids in soil is mainly controlled by biodegradation. The changes in
microbial habitat and community structure caused by the addition of biochar will eventually affect
the secretion, species, and activity of enzymes. This paper also put further suggestions and prospects
for the treatment of neonicotinoid pollution in the future. Concretely speaking, the combination of
biochar modification and microorganism inoculation may be a more effective method to solve
pesticide residues.

Keywords insecticide, adsorption, degradation, enzyme, microorganism.
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Fig.1 Mechanism of biochar adsorption on neonicotinoids and its physicochemical properties with pyrolysis temperature
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Fig.2 Effect of biochar on the degradation of neonicotinoids in soil
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A=W ¢ Al LA ik ks 8 pH BRI, 20 R GCAE W R v A B LT TE R, AT 3 45 5 MR R
AR LR L A WS A WS B A W o - 1 SR B W v e R Y 2R ) 5B S pH (E(7—8) R 1R
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AH 5, L R PR R — B R i B AR A AR 25 0 B W, A0 o A8 JE B ( Allphaproteobacteria) 3 HL g B 7]
(Gemmatimonadetes ) FI iR #T 1# | ] ( Acidobacteria) F¥ A X 3= B (RA) 5 138 pH B (Bl iR 14 2 Sl P4 =2 18] )
SEUAHICE B T XA AR 2 B A 2 R A1, Lu 5500 & B0 BB B TS (Pseudomonas putida) 53 WA
bk SR S5 i il — T2 4R Fb il ( AOX) 2 AL JilF— 200 it (5, X P4SO(CYP450) 7E AN [R] pH 4544 N A T 4
FEAE2E S, XT3 P. putida 75 pH 5—6 B 54T (30K bk H ok 56 A oA ST il 6 Itk Ok, 07 #E pHL 7—9 Y 5%
PFRIRP=AE T S-FRSEmE k. LAk, AOX Ml CYPA50 i AT LA 3 AN [ 14 b4 iff 14 720 o A b i KB A 25
W& A2 2E 75 B PR 1] ( Stenotrophomonas maltophilia) 43 1) CYP450 ] LK WE H DK A1 188 bR 571 B ik
N-Z HIEAC T AR SR A, o o] {0 i g 2 HA Ak, Bl {0 — 8 PR 4 A A i e, 1 AOX U AT
DK H R 56 it Ry I i SRR R R | WA i 4 LA R PR R ARG 7 8., PR ik, 8 o 95 o A= 40 o o 4 - 3R
AW VR A S A& AR, 7 AR B AR EE sl TR 1 AR B A 25 A5 7= vl ARSI FCER B8 L iR 1 3R
BE RS A T - G M R Vs 4540 0 2 2k, DL B AR B L 1) 24, A7 B — 2D R SR U A W
XoF SRR A 2 I i i B LA A28 ) 5
3.1.2  AWme AR 4 e o A R W T R IS A s A

He W 5 U fk 1M A LB (dissolved organic carbon, DOC) L™ #) Ik 4345 3% 43 vl LA B L 3 1 HE PR 55
b SO SR g L B R R IR R AR W A B L RS R B, A EE T 700 °C A=k, 300 °C
AW BN N B 38 5 A T M R AL T 2/ DOC., A RUA(, AT LA 2 54 0 534 R & ( Cupriavidus) | &
Y1 15 J& ( Pseudomonas) . 21 EK B J& (Rhodococcus ) %5 ] [V figk 16E HUBRGHAE 9 B A X = 27 e Ak, A=W e
B 4585 B & AR i AR T e 2 R BOL WY SOM BUHA B (1) DOC BT 3 - e B v, A
T R AR A S5 4 2H 1. DRI, A2 ) e XoF 1 38 55 4 1) R B0 i W A 7 ok AT e 2 S B A Tl A 4y A e 4
B S D FE 3 T, DA S M T AR B A 24 8 A 1 230 A S AR AR Horh, R KA G S
“IRIRYE I (tricarboxylic acid cycle, TAC) H IR 14 Eb i 2o A% ] L I 2 52 W 57 K0 A A4 24 1 gt 7= 24 .
PEHAE, P. putida KT2440 BE L4 205 SE oK A6 5 9 L S TAC R BEHATR . 32 SR A6 I A Ay
AR Y, 3814 73 W5 CYPA50 FI AOX K5 Ak Kt bk 73 531 (3% A% DA 5-58 H tk EE R SIV. 7 kb R BRSO KT, A
T S 0y the 2 36F [] — AR i A2 7= L2 SR RE 0L S. maltophilia CGMCC 1.1788 L) 248 SH IR 911X
FEAE M K R3S £ Ry S-F2 Btk smbk, 1T L TAC () R BEHARR . 2R R  Fr R AE A Iy, W AT LKtk
TRIRRF A Ry S-FE TN sk, I 1E— 25 i K A s R e Ok e, 3 1 i, N R A g nl AGE A AR R AR
RN ACIAE FH ™ AR A R4, 3R B R A2 R0 DA R o4 e i ) 2 S PR BT 35

AR, A 0 e Xof ARSI JEG 400 1) 8% B ST A 0 AT o A AR P %) JEC A i 2> . DX 7 2 R B — R R
BT MR AR 24 B AE 5, - B v RS A 1 78 A RT e £ T B R AR TR o B 32 R S, el R A 24 T xE LA
W fige . (R TE R IR, M AP OR AT 2 4 e 2 0 e %) v WO B R T RN A 0 s Y W o ik e D AR 25 5, 38
I 14 58 V5 G 0 I R R A i 22 TR R R, A 0 e BRI B - A8 G ) ) A5 A G BB L2 7 A )
BB B AT MR AR 24 B S E W0, ASASURT LR B 35 KR A 245 R 3985 4, A1 1F 4 498 AT SR A A TR ok
T I A T MR AR 245 P R e i 32 T, 38 e A Tl A A 4 R e P 2 L R 5 A 1 IS .
3.2 HEWBGEE WG S o AR S, TR B 24 1 AR ) [

CL A 5T & 3, B % QB M TR 2 A A A R Bl A 245 199 32 20 W, LRI JB 3 ( quorum sensing, QS)
ML AT LA 1 AHL A% 552 i 85 2% [ B o 0 AR =5 B AR W o 488 rh AHL (9 B . 7K i sl S Ak AT
R B =2 TG P TR A 20 e TR 301 X — I G TR o AR W) B s ) 49, 5 =2 TG S P v 1Y) e
432 B R EE T R, TR S fi X A A A SO ) = G P R R LA AT RE o e A W T Y 3 S
A, [R) HsF - B8 PRI v i 1 0, DR i 2 W R 8 R e 7 T A A R AR T A R Y R, BEE S AR T Kk
A=, AHL TEA W L (R W BEE . A A PR 228 Vi s 557, A% S D) K A2 1 [) i 5 = G IS 44 T R 7 3
3 f SOM, 154 9 i 1K) K AR A HIL#Y) (natural organic matter, NOM), UNZF4E SR | F4F4E R 45, NHE 2T
R B HR AL 2 e i AR IS 9, Wik /K Ak & 90 LA e TAC Hr R, 33X — o 75 A e 2 (i 75 45 22 FR B ME 1R
AFRTE 2 B2 LA K % e it 1%) 43 WA X4 1. (W] F, AHL B9 7K A4 FH 5598 R msi e 245 10 Ak 2K g AR ], #K s T 54%
BRSO, RS in v pH B A9 AR 9 e AT LASRHE B 249 OHfE if AHL (%) N R SR /K M, 7= AR AN B AT AW
TG PE eSS = 22 R, 18 AR 0 A L T ) A5 5 15 R 3K
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BEAb, AW ok ) PFRs ol H7 S 7= A 19 [l 36t T BE & AHL & A S AL S 250H 2 228 e,
A HEFEHE KB, 7 AR N 300 °C AW R SR, B AR AR 24 5 A A BT 1% R G 3 R R HL TR 1
AN 700 °C AR 4 A 0 7= A T A I B4, X AT RS 700 °C A= 9 < 1 1 W B 6B 77 R =5 pHL B X
AHL MW R 7K A F AT SQRT. SR, BRI b i R B A 24 [ £ [R] Aol 52 - 98 200 A /0 L 1 1) e ()5
FAR LR IE 5 50 BB Ry i/ 5 oK 25 K T 32 A 0 e R W B L 7K A A S i A/, (R 9N B Z A0 LT
FE BT IR A 24 % it 3k A b BT P VE .

4 Z5E 5B (Conclusion and prospect)

A= ) ¢ Xk T H AR 24 1 2 FRFE P LA B %o o ik i A P55 FE B P o A o B DD 2R . A W e 9
PR CEREH . JF B A5 AR S5 A i SRR L A EAR AR D L BB /P () - EDA AH B A HI AL
BT S FE AL 1 2 R R e 24, 3k SEAE T 55 A 0 JORE SIS B R B gk 1l 2 85 DDA DG . A LRI B R IR
INAE B B MR 24 8 G2 RaAE F T LAl /b Jim 300 4 24 1) 3 525t Y, TR AN IR SR RAE FH 1 31458 3 3]
DLAE ST MR B A 24 F1 A= W e 1 R .

A= W AR R T KRB 245 1) 1 27 ik 5 A 0 R ik 2 — 20 ik DR R 245 35 e [ R DG . A W e ] LA ek
A% 38 pH PREE, 30755 A i SONCPE B B H IR AR A 24 1 Ak A B A R SR, R HERR ST
BT 245 11 T A R AR S A VIR A, 2B W i e i - SR AR BT L B T R R 2 AL LA K
FELAS AHL 1% 5: 45 J7 252 e (3804 10 A 0 24, 3 170 (5007 AR i e 245 1 e e ol i i A 78 A Rtk =z b, 38
ST A TR 24 [ igp o R v A SCBRERA T, AR AR 4 o b 8 LA RS 0y ik B A 2 AP R A T
ik T MR 245 1 B8 % A 0 e R AT SO, T LB A R AR AR A 24

Y T SRR EE b AR W e S T MBI 24 A ) 2 TR AR ELAE FH 8 52 Z 1, A 0 R AR A 24 7
fi AL w9 R AT B T84 M R A IIFSE R AR W ¢ PFRs ] LUAR S8 35 MR B A 24 1) b 2% R i, (R FE o) + 3
T 400 3 1% 240 B 453003 R A T80T BB AR T R A 245 110 £E ) e (B DG TE Y S, A Wy il el
BE I A AHL 2 38 B0 A BT 200 B0 TRAR 280 A K 0 98 rh 20 T 15 T 1 L B9 1808, (L0 e ffe 200 T 0% 12 B G
Tit 73 D 18 S W) 5 A AR SCAIF ST HEAT B TE. LU, AR AR B () T i S 3 0 R o R R B T T LSO B
Py ILARI I 2SR, 38 2 5 e 7 R A 24 63 A I ) o XS R P, 1T 4 S i e 245 10 AR A DA
P P28 i TR AR A 245 1A [R)ACIG ™ 40 A A ] ) A2 25 B I PR XURS:, AH GBI S8 AN REAUOG
TEAE W) 5708 T MR A 24 BEAAR [ e ) 02 BEAE T, 0 T2 5 s e A ™ 0 7E L b G R e At i 45 7
HEZRIEMBIST.

WA, Ry b BN [ S5 8 A 245 175 G Wy s AN ] 9 8 B 4, AT IO A= 0 e AT A 2 e vk (R4 TR
O | SO N AR AR O ) A AR P e A e A X R A e R A S5, G e A 4
FUE R AR AN 1 2 AR T Dt 1, 1 T2 W A= ) . b R 245 10 R B 5 it ]Ik, FRATT 5
BT WU AR W i W R T T MR 24 02 7 2 B o 5 A ) e SR A B RS T R R A G R 2
Bl A W) e T Jn 4 [ W B2 5 AR Bl AR R L, Bl AR R SR S S TR A L A3, DT O 0t
B AETRA 245 W B | BEARERE 0 7 AR W SO AR ) A AR A B R B BIFFE M A0 il 5, G v W T
RE 3 F0T5 G W) Ko ik RE 3 AR 4856 T2 Mo DR AR A 245 78 A W e b W RS RN 5 i 22 8] 2 i 19 A 8007 . [ I
B, WK W BT A A L B e e BT MR A 28 B LR Al = 1 2 I B A U E Y AR K
TP K Y WHh, FE FEAE Y BB RERR 125 N TR R 24 A T 52 M S R RE O, I A B
SR A -3 W 001 A e A G S
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