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Research on ecological and environmental effects and removal technologies of emerging contaminants in
agricultural ecosystems//LU Bianhe'”>, WANG Peifang'*, QIAN Jin"*, ZHU Ningyuan', WANG Yimin'**, ZHEN
Ruoxi', ZHOU Gang'* (1. College of Environment, Hohai University, Nanjing 210098, China; 2. Key Laboratory of
Integrated Regulation and Resource Development on Shallow Lakes, Ministry of Education, Hohai University, Nanjing
210098, China)

Abstract: Based on a comprehensive review of domestic and international research progress regarding the source
distribution characteristics, migration and transformation mechanisms, ecological and environmental risks, and main
removal methods of typical emerging contaminants ( including pesticides, antibiotics and antibiotic resistance genes,
microplastics, and per- and polyfluoroalkyl compounds) in agricultural ecosystems, this study investigates the impact of
changes in farmland irrigation and drainage conditions on the transport of emerging contaminants. The study proposes that
future research should strengthen the whole-life cycle monitoring of emerging contaminants in agricultural ecosystems to
accurately identify the sources, types, distribution patterns, and concentration levels of typical emerging contaminants.
Particular attention should be paid to their transport, transformation, and bicaccumulation effects during different crop
growth stages and through farmland irrigation and drainage systems. Further understanding should be developed regarding
their accumulation and transformation processes in the water-soil-crop system and associated ecological risks. Additionally,
an applicable technical system for emerging contaminant removal should be established by integrating with farmland ditch
and drainage engineering. These advancements will provide technical support for the prevention and control of emerging
contaminants in China’ s agricultural systems, ensuring regional ecological security and promoting high-quality green
development.

Key words: emerging contaminants; agricultural ecosystem; transport and transformation ; ecological effects; irrigation and

drainage system; removal technologies

PR B R A AR T R ORR A SAES I (PRASs) RV (MPs ) 16 4 1 22 i 2
TRRE A2l R HFIHUR BN, SEUR MRS {5, iXLeis ey ad & MR HE K ATk 70
PR R TR YA R MPUESE (ARGs) (& % TER I 3 BUEY SAEYI R R e 4k, &>

EEWA KA R AR = EE ST H (51421006) 5 B 5K R T e 516 BAHEL K% I (20172X07204003 )
EB T B H(1993—) 55 BV AFSE 5t it R NFHT5 Re YEAT N5 . E-mail ; lubianh93@ hhu. edu. cn
BIEIEE  £IF(1973—) , &, #dZ , W, ERMGER HEEHER ST K 5 PG BT, E-mail ; pfwang2005@ hhu. edu. en

- 244 -



ERUTEAEYI M R B AR SR B R
AR T TR, B 5K B T g
Yt B, 2022 4F & AR CET s G i BRAT B U7
280 B 2024 AR Ao (R 55 B O T HE S5 i
] R 1) R AL ) A5 SBOR S, B Af  H n siRT
Y SREE KBS BE, SR, Btk HAES RE WS
PR TS PR BEATE a0 FH KA B AR
JEAEIRIRR Rl 2 FL A B e A A B i AL 1) A AT
KBS RHBEHA YL G, i, A SCHELR R H
A R GUHNE Y B T R UR TS YRR AE A B S
RUHS R Wi R8s ek semabli A etk 5 A
BB g FE R L f BT T REHE K S R B s
AT R S L BRAILHT, B8 T Rk g it — 25 m
SRS ST T 0], Rk H A 25 2R B0 TG e 14 DRI 4
P59 A R B AR

1 FSRYRIER S REHE

1.1 FEFRE

A A5 R G0 BTG Y F2 BRI BT
WATAGs R O 250 . ALFE FH T4 il H 3 i
B IR N B ] /e - R £ a1 3 i =
MR FIE, &85 A AU EFZE SRR
PEA 38, TP R IR K ARGs BRI [H AT,
PR F B E MPs 15 5% A H B4 13 iR 45, 23 W IR 4 18
S IFBRARE Y IEH AR OWEBEK . S
WK AR 3715 e B 5 i), LB /L oK AR S T T /K
TR, i A5 22 ol 5 Y W Bt 3 R T K 2 A A O
@A Tt o e PR Al 254 A5 B AR
MV B AR K T MPs Fl PFASs 2535175 YL W 1)
A FH g AR AR
1.2 RHETEDFTEIEEFKTE

o, Bk 1 IR E 2 EH G e i)
Zis g, 35 E BT R E SN R B PFASs JT i ik
166 pg/ke'® | BEPU R H Hp 2R A 3 e 8 4k
F ug/kg KT A Bk AR Yy B A B 5T 4R Y ED
JE AR V5 KA 36 [ A B2 ARGs #RS 0 A IX
B0 HEAGED RRINANAL 954 B AR 43 S i A R A
43 J7 ¢ F130 J3 t B MPst L FR B A SR AR AT K
I AR A HLBEA 25 55 Y ) O e A A
BRG AR KT = A b X R e 26 hi 2
F e eIk 235 ne/kg' | A ARGs 2 %%,
WA LIS sul2 F rerG 25 H: FARFE DA X 32 5 ]
i56.7x107 F1 5.2x107°( Lh 16S tRNA K K S
Fo) U MR W, 3 R H 4 e PFASs J5i
A 17. 12 pe/kg! ' A H B ) MPs 2B A
503 ng/kg' "',

1.3 EYHRFHSLENEER

AAE) T (0 B 5 G P A R R R A N G
Donkor 257 7 JINGA 6% 52 F 7K S s i oK A9 A HL
BRI H 35 B2 4R 24 ; Malchi 2518 78 D) 8,51 4
TR M PUA R PR L (T E) B
0.25 pg/kg; Larranaga %6 76 P4 PE 1Y A 3% 3%
FEE PRSI 2] T KA ARGs ; Piva % BF 5T &
B, 0 K R SR R Y PRASs 8 1 Bk
1A

TEFR [, A6 FA HLGE 30 58 i S rh s il o
10 Pk R e B (T ) 35 76. 8 pg/kg ™ 25
il RGN S B R 3 P AR SRR R R, ST (e
) 3k 140. 5 wg/kg; Gao 252 7 H 8] () /INAE F s I
RIT ARGs, H# R ARGs 2B T 25 i e 7 4t
Mg H  PFASs MTRAE 5 8 A W 7R, PFASs B T
HH(TE) JEHETE 6.19~143. 13 pg/kg™ |

2 HERYMENTRESREIREUNH R
QPSS

SRR IEARBAES RS, fEK N
FVEYIE K IK SN T 4T 240 o 2 R i i) R %4k
I 5 R RUE Y A Y R G S B T
AT REXTVEY) i 0T 5 A A MR i e
2.1 HEEPERBLIERNIBNGERZME
S
2.1.1 RIEIAIEXT AT LA YR

A M ARG LI BTs YW #5525 2 Fh
AR 2 LB | A K SR ALK
TR AERE 15 e ot AR b X AR 2
SRR W RS Y MPs R AR/ T AL R
ff, MPs 3 7E S E T T MR )2 0%, I AE T2 5%
T, RIEEE R ek (TR R T K
B AS AL S PFASs FIAR 25 (T L iR /K
G3i8/0 [ PFASs IR BE 7 8855 ; [a K sl o T8 0] 25 34
AR 251 B B E I IR

- L AR SRS T TS Y i AL 1Y) E R I (R
R, WRERW SRS S I RE A 25 T
AERIITRE, H ARGs 7E R b gy R0 32 B2 71
SRR £ AN A 1 i T LR N R
TR A, XS e ) i B A R
2.1.2 BEAFHRAHGREGES G PR

P M A R GRS PR ik 32 T3k
T 5 AL R Y R e R
A pH (E5E, RHEAAHLBT (R oR | JE 58 4 ) 25T
ARITR A EZ R R 3R, a0 SR S5 AN P4 4 ]
I 2RISR A 5T S5 v A M A AL U AT g

- 245 -



PR AR s KRR HLT AT 358 MPs (T A51
ARGs 8 8l st 1% o0 R AR A W G 1%, L4
5 e USRI F AR R R IR Y i
BUBT 75 R BH B8 158 e 5 T E T PFASs iEF%
RESIY

MPs 55 5644 Jot 1 AT SR A FH mT 3 5%
RIS B/ 8 5 Tl MPs (A
AR AT REfE MPs #8870

- HEER A pH B S5 0 SR P 0 R e
FEJ7, NITHE IR ARGs FU3ER A REDT ) AR+ 3%
pH A 298/ -+ 5 3% 18 £ F Ar , AF T ) 55 B S - A
PFASs 1 4= 91 = % fiff it 35 16 & 4 (PFOS) By i
B B FRER KRG I (it A ALAIE ) 4 B AR
5 ARGs By A,

2.1.3 #FEMAFFERTTHITHGYR

BTSSR A A R P R e LA A FE A
FAT R BN, R 53 F KR E R 6 5 T
HEA A HEFLER B K 1 D5 i JHL 5 4 385 HL 5T 1Y) o
ATy, T H fr R A SRR ) SRS L)
Jo 3 1A A LT A A B AR R 33 e A G ) 55 e L
P e BT AT

MPs TR TR R R b 5 i A
R ELTYE R MPs & 5 + 38 Uk 20 4, i R 68 1 5%
5514 AR R L0 MPs 7ERD T+ 3 b HoAT By
AUTEREPE 5 IEAN, SR K P 355 1 SR 2 M MPs 7
T MR R AR,

PFASs [13F £% 52 Ho s K B 155 /K 3k A 1 52
M) | BRI | AL 7 e R o i ke g o g
S AR PR JEE LU PR R 3 ELAT A (K P
2.2 TP AERETERNEL SRS
2.2.1 REHFFE D6 EAHE]

BTG AW AeAR 3 5 Ak R B R A
Ak e KRR AR BRI AR R R
TEAE BTG YR A b A T VR, 40 B R B0 = 1
TS Y T S B A 0 L R R AR
MPs FENUBREE B F A= IAE T 240, e AU E DY)
LT i A R ECS A Y s DA oL,
WLk B ] R g i e e b A R L ¥4 PFASs 1f
FEREDVER TR R ERNIEA, I 2 F 4255
FILBEEL £ Bi% A 554k PFOS™ | #4H7 ARGs
R 240 TR TE PR AR Ak ol ) 5 4 gk T (R i S ot i v
FET; WIS B LA ARGs T8 22 4N AL FIE TR
515 A
2.2.2 EIEIACH TG A AL Hh

PG Gk Z 1 pH (1 JRJE SRR
FRAVH 5 52 30 PR 2R 3 R M A ) 1 2 R

. 246 -

PEFITIRE , T2 W8T 15 G 0 % 4 Sz ARGs 19
PEFIFERE S 3B B pH A AT g £ 27 7K i ik
AR AT 4B de 1 YR B 4R T R A 1
BRI A ALRCRDY . HOK A A RUE P $R A
JoU, AH 5 Z s DR R A e R
TIN5 i, A7 R A 40 1 305 12, 5% o A Ak s o
AL AT W B 35 e, ek AR HC U 8l P A A 0 4
JEUS R 5 Bk 0 B A BE T B DDA Y
FA LR E R SR FE 5T, B A W) 5 81 S B it T
SyARBURETR , A2 HE T8 Ts Y i e fe e
2.3 FHiERMEEW R R RLE
2.3.1 AR iF Gty 6 BOK 5 A5 iE L]
VERXE 8 15 G W 19 W sz AR ) TR 3R (an kA
B AR AR AR R (s G YR PR
W) BT Christou 255 HFSEHE A R 1E
PR S G B RE ) — A - SRR TR Sk
RTFAWRRT R, — LAY R A B
i R % BE A 0 W TS G B, 0 A0, AR RS
(Alisma orientale) ] ik 5 PFASs 2544 VT L 1) A A
I GX B IR MPs BT IR 2 AL
DyTEARPRE 4R, 38 o 5T S AR I BT 1A iR A2 i A
Pyt TRIRE HE AR H 0 45 Bl K R (Oryza
sativa L. ) A KA AE A Rl g B RELCY
2.3.2 #HFRYEAFDIKAGEEERE
VEVRSCE 15 e Wy I, L8 o AR S5 S 4370 g 7
1Lk, TR S HTTS B WIS IRV | H A P 2
LR, Miller 5% 5 R, 1K (K, K
MBS R0 >7 H 1gK, (K, HERE KRB <
0 HYHTTS A Wy 0 ) T AE AR B A& 15 2 B P AR
-1gK, <7 H 1gK,, <3 1Y& A5 QL) 05 5 70 ) Je
HiT e, iR R TR LM AEM . PFASs R
AR I AR ) AL R 5B ROR Y IR K
B MW an A 2% ( Lactuca sativa L. ) B8 K 7N B 4%
(<0.2um) By MPs iz £ 3 F 384y, 8RR A2
(10 wm) i) MPs W HE M £ K ( Zea mays L. ) 11 iR
ise Al ﬂﬂJ:%KﬁJm , TE Il 3 ( Brassica campestris
L) i AR WS 2 1 2R J5 1 MPst* | 1B
MPs TEAE A P 11 5 56 A GG 2 HLI B 4, 75 ik — 25
WHIE ., BUAERTEAEY A N 28 B h g 1) BiTR8,
SRR MEBER JERRE IR . JET ARGs 7EMEY)
HR R ST (B R S h 4 TR Al i AR
ARSI AL 4% T RIZE s AR LR

3 HERYMNEYNSTSEERKE

A IR 25 RGeS T Se W IR O HRR SR B 45 7
T G, B R S T ARAEY) A BRI



FEAERRE , B2k AR S R GUH R TR
3.1 MEMNEESE

Bris g 2 S e i A AR, il an,
BRI A &R (20 mg/kg) 2K R AR K, 8o
SRR A RFRAR, A S AR . 100 pg/L
PFASs 2 (i 1] i 25 02 A8 0 AT 52 w6 & 1
FHY . MPs I 2 B R4 P &l 7 ik 1) S A ik
2R TR 1A 0 T 5 AR, SR AR AR B
BN R IR TR I 3 R e
R BT
3.2 MIEPUHESREE

28 W ( Dorylaimus stagnalis ) . Bk H ( Folsomia
candida) S ESYEEA MPs J5 s i K iE AR
W15 AL BN B A K R F I Y A2 sk e
I PFASs il T3 KR T AR T S 47
WRAAEY ZREE ™ Pk Ri5 Yo WM+
S R WSS TR MR 2R R R
(A R0 R 4 7= 5, ARGs T fi B 46 i
( Dorylaimus stagnalis) 5 LIS YITEA H rh 24 | 38
1B Y BE AL R, X AR AN B BT RO 2 M
e
3.3 MRETEMEDHESHE

BTIE Y 3 e - SRR AR R e R
VLRSS AITIRE . MPs S HHERUE Y 4R
FEFANGE ML, TR AP435, S UM A WiE v R
ThZREE A R AG T TR A 16. 33 pe/L
) PFASs fill 0] Ip 3% M 58 & B (O 40 A Bk
( Staphylococcusaureus ) [ 75 1 5& K 3 35, 7 1 B A%
THEShY s 117 MPs B BEK BN B s A 4
(X E il — 2 e A K
3.4 HERMHNEEESYN

Z MRS YW ) A5 RN SR T TG e
Pyt il MPs TR A A R s A S Y i A
AR WA, MPs 5HE Rk E S
IEP S (RPN () SR K N (7 iUP
SR (RPN EE 7N L T 3 (/o i
UYL B g Y Z A AR RS BUAE T, BN MPs
(IR AT R 55 PROS X AR 1Y B 1, FE s i A R 5
PFASs B It 2 R BB RS HUAE

4 HEEMERTESEATR

4.1 Iheet R B EBRIE

T L5008 5 G Wy B A A R R e 2 B+
TR B TSR IR 55 . RIS RHINTE M 2
BE Rl 2 A AR W) ¢ S5 R B K I PFASs IR B R8CR
5 o /NG A e P E BEE 80% ~ B6.% 1) L R I

FIRARNE T s 78 R MG 19 W9 2E Wik, Wk e
I A e — Y R 11 S BR R st
BTl e LA R i SR AR AU ARGs B9 7)
PIFEAR 44. 1% 51. 8% F1 43. 4% ; B s vk A5 Wy ¢
RRIK AR MPs 1B 335 94. 6%, SR, L
BRESRIAT RE S | & s g B T AR AR FH
4.2 BHREMNE

T PR AR AEMERE S A LTS S 25 B85 T i
3 A B R R 5 4K 9 28 Fenton A% N W] 7E
30 min [&f# 77% E‘J%EBESF—[”] s i 13 Y6-Fenton 2
I3, 90% VA _F i = SR AR M WA R R it , 5 [0 85. 19 1Y
R, SefE b R NG K Tio, , A H% PFOA
(LR ) BRI 19% T 2 899%™ 5 W4
JE AT HUAE 22504 4k FT B A 99. 1% 1) 95 s i B 470 4=
R GOKMRIE ARGs bR A HEE EEEM,
4 & S A 9 K UKL o A AL IR DNA 4170 1 44
BZER U T ARGs I FE R XSH AR
S R R R BRRCR A HAEAR H
SCHEK 5 3 v S B 107 AT TR I By A A2 | - 38
PRI 5 2 P D R T A T XU, S8 ] 7
4.3 EB[O AR

TR AR TS B e o LR A0 v . R
AR TR ( Pseudomonas sp. strain Imbl 5. 1) XF Bl 45 $i7
T B i R L 96% Y 1 B EL B ( Aspergillus
spp. ) AT B fift 3R 20 R R 2l MPs S0k 10
AP RT IR PFASs i C-F #E ¥ HAE b &
FIRUR Y o SR MR S, Bt 2 3R A A o
AR A R AR TS ARGs EEN ™ W A ]
kDB AN, AERE R i R S T Ee
4.4 RBEHRI

F ALY B SORIRG & A AR S R GUH T G
W e — B F UL B TS Y ) 25 B 7 kU Zhang
A0 5 G UF W AT 8 55 (Juncus effusus ) 7] W W
83%H) PFASs, iR R A B IAEY AIE S MPs {5 5% +
BV PR 5K (Sedum plumbizincicola ) T A 22 B
( Lolium perenne) Xt 1= & B9 2 B K 43 ] ik 36% ~
76% 1 3.4% ~ 28.8%" "' P4 # P ( Cucurbita
pepo ) FEEFR ( Ricinus communis ) X} 22 fp 4 25 HLA ¢
SR ISORELSZ e Y R AR R R [ S
YW RN AR 3 22 5, X0 S BUHAE ML ) 14
P ) SRR KO- 52 R 8 2 A Ak R O O 3 g sk
WA P 04T BEC B R A MY S AR AR R
]IS IERNE? 1548
4.5 HHMUBERAKRAR

AP A IR T AR S 3 Ak g 32 v B S e )
FBRABCRIAE S B AR W IE U8 5 i FURTH R

- 247 -



AR AL W 5 T IR A AR 25 B R R
e SAE Y WO A, B, AR A REE T %
AW A AR DAL S AL S EOR X R AL A 25 B
ROR TR T A Y- A 5 12 BT R AR
VEHIES A 3, Ye B S5 B e 5 20
PR, U RIESR T ARGs BITHHL, A RCKE THiA &R
T 255 S5 . He S5 FIHT MoS, 49K 0kL 5 %5
( Phragmites communis ) -FFRi8AE V) RGEH , H4 242
AU B LR R R & 88 1%, AR, AE Ak ik
R BRI AR 28 RGBT Y ) 22 3 v ) 1o A
FEM ANz AL 5 52 BRI RCRATS A 5 TR A
TRV X AR W] T By ]

5 KEERHKBETIT R @RI ER

5.1 EBRHAXMHETRYIBEANZWSER
P

Wi G ERE LK E A I i E R+
HEZIENZ K A e AR M RGP oAb R
L A TE I HE K R 7K I S S5 S A
AL B S e BRI AAR 2 BRSE T TS e
TP LR JUHOR KA U T
WAl 4R 9 PR AR O e e, B 1
B IR JFR S R E e T 4k ek 5
T, A MUBEA 25 2555 15 e Wy ml FE 0 S8 25 AF T A
W 53 W I AR i, B IR SR 1 T i S Al Bk
S AR R A K DR SR A B 0 A2 4
ARGs FIPRERUE Y (IS ALk J5UiR ) SR 4, fl K
R ARGs K= T 50 4 7R -+ 7
T, WK S AF T 2R ) S ARBR M E WA BRI AR
P VRN, S BREAE 15 e W i) A= Wy A AR A Wy
P R b R 1T R A AR L B AT RS |
EARTELAL
5.2 WMERBHKRZHISREDERKAR

BT WA T HEK R 58 P K 73 FIAR TREA T
ks, PRI, 05 4 A Bl B IR T8 R S
Yy AEY) LI RERTRESE A T HEK A TE AR 25
B RGOSR L R ST, LB T HEK
TWIE SRR L R G, S T X B AR R A
WG S s e 5Bk . (RIS AR BO PR R i 1k
HALVERT R SRR, ARk | G X5
TSR = 1R s 25 B BRI TE B A WTER A Jia
SR A B T 18] A PR K 9 42 1T A R0
VIS G R BAEE G A 5 T [ v ) S A
AR T - HESLBRES Y RO T R > AR TR AL A
WD T AR B TS ey 0 Wi S A I R A R
BT S8 FERR B S RN KAl R S %

- 248 -

X S PR A R AR JRL Y, AN RE I T
IR A SRR R A R AR A T i T
EHEBTS Yoy 114 A W g 2120 38 R 5 M AR B
TEFI T B0, B S8R X 15 e 0 (1 W 20 [T, 0
i G A AR T T e s AL R BR T A g i 1
5 A K R B A 3 RO AT L A R
WA B B TAEHRK TR A R L bR i
e, i BEWD R IR PR 5 e SRR I 1w )
PREE I HORURE

6 & iE

a. FBUINPRIT I R G089 75 G UK W AT 5 4 e
TR 4 A i S0 R e ARG I A 4 DX
15 Y DR AE e E AR X, U BOAS (] 98 B A U A
R GUHT 5 A A BRFAE2E 5 WL A TH 7 T8 7K - T
7K 7K DL K #% 9 HE K 1 T8 58 5 G e 1k 3l
& 4B AR KPR h A R 28 A LA ; 73
PRI = AR AR A 5 B Bt e R i
YW Ar &, T AR A= 25 3R e bR s G ) A g
23 P ATRRAE s PR TE 3 5 YAk AR v SR 75 e )
SRUE , ZI A RIVEY) A 1 B B RIAR AR 25T %
FFS2 R TS BT 23 A R 3 2T B ad e, PRI
ARG 5 Y 175 Gk

b. FBUFREE AR RGLR G OHFT, Hai R
AN [FIE R HE /KA K IR A K 3 A8 BT OB
15 Gk ARAEY Z 40 TR AT RS 1 7 LU R LA
PIATRI AL ZA b 1 S LA, ) WA W T e W B K O 8
HAEAR T Hh i) 22 5 T ELASEAL A L R A FH AL ; AT 5
LSS Y YN (R /LT E RS N INE S
HILBE R A 25800 5 9 8t BB B e T v A [R) 4
G A= 05 M) B4 0 7 AR A 5, A S A ) A 2 X
WAL R R A 2R 5 45t OB 15 S DT A kR i 55
I HP ) 35 KPS AR XU TR

c. AEBUIMSRFR A THHEBEHEK AR, T B
PB4 i v A i B, TR il 22 BRI OB 15 Gt
PG BEARIRZR AR T HEK B 8- 8 -S4 &
GEr) K AL KB T Z5 ARG Y R AIE 22 53, T e &
FEOE SR A AR X BT 15 e ) M0 4R 1Y 25 BR AE
ATF L [ A - - A S A 1) 3 FH P 75 e )
FERBOAR 5 [RI, 5 DA FH IR 7K 7R 2R 4, 449 3 55 9
JeWPsAL BRI G S A T AR K R
GLREE A4 G A i sl R R R E R
VAR R A IR AR

d. BT RA HUE 15 R A% 5 (LT K
S W5 R AR - A [R] DR B 9 A A5 AIE AR
b3 ) S2ERE B RAEY AR AR E TR A



191 AN [ A B B ) 3R Bl 4 20 O i 2 AL
207K 534 BIAR 2 (AN [R) KR K BT AS [ 8 =X
AT 2GR [ 25 ) 15 528 BT ey i i
FoFAl MW7 ok it J5T B DI 2 XU, U 45155 5t
AR RGO 15 G Wi 2800 ; 1 57 2 15 Stk
o8 B Tk AR B4 A = g o
LR SR 04 TH P HERE R AR BRI XS 9
PESRENS ,  DRFRAR B 24 4 | DX IOR AR 25 2 4 e N
FEAR B AR S

S

(1] Wi, kvl BEHgm , S5 B Ts S ol sn F e [ LR
SREHBUR AT ()] B A A%, 2023,5(9) : 105-
110. (YOU Yangyang, ZHANG Tao, LIANG Zenggiang, et
al. Analysis of soil environmental management from the
perspective of emerging pollutants [ J |. Environmental
Ecology,2023,5(9) :105-110. (in Chinese) )

[ 2] LIU Ziteng, MA Ruiao, ZHU Dong, et al. Organic
fertilization co-selects genetically linked antibiotic and
metal (loid) resistance genes in global soil microbiome
[J]. Nature Communications,2024,15(1) :5168.

[ 3] 3Kz, 28, Bl A5, HE DXOKAR SR KU T AG T 52
PERELT]. KB, 2021,37(5) :159-168. (ZHANG
Yan, LI Ping, LIANG Zhijie, et al. Research progress on
risk assessment of water ecological environment in
irrigation districts[ J]. Water Resources Protection, 2021,
37(5) :159-168. (in Chinese) )

[ 4] RASSAEI F. Exploring the potential of fucoxanthin
treatment to alleviate microplastic pollution effects on
maize growth [ J]. Soil and Sediment Contamination; An
International Journal ,2023,298.829-858.

[ 5] 5kBKR VPG, 200 =, 58 RRBHESE I R H 1+
Herh A RPUHIE R I OE S RE )] BB S
Bii6,2023,45(6) : 862-869. (ZHANG Mairan, XU Yi,
PENG Dengyun, et al. Research progress on the effects of
different farming management practices on antibiotic

resistance genes in paddy soils [ J ]. Environmental

Pollution & Control, 2023, 45 ( 6 ). 862-869. ( in
Chinese) )

[ 6 ] LIM X Z. Tainted water:the scientists tracing thousands of
fluorinated chemicals in our environment [ J |. Nature,
2019,566(7742) :26-30.

[ 7 ] JIN Tianyue, TANG Jingchun, LYU Honghong, et al.
Activities of microplastics ( MPs) in agricultural soil; a
review of MPs pollution from the perspective of
agricultural ecosystems [ J]. Journal of Agricultural and
Food Chemistry,2022,70(14) ;4182-4201.

[ 8 ] WASHINGTON J W, YOO H, ELLINGTON J J, et al.
Concentrations ,

distribution, and  persistence  of

perfluoroalkylates in sludge-applied soils near Decatur,
Alabama,USA[J]. Environmental Science & Technology,
2010,44(22) :8390-8396.

[ 9] DALKMANN P, BROSZAT M, SIEBE C, et al.
Accumulation of pharmaceuticals, Enterococcus, and
resistance genes in soils irrigated with wastewater for zero
to 100 years in central Mexico[ J]. Plos One, 2012, 7
(9):1-8.

[10] ZHENG Dong, YIN Guodong, LIU Min, et al. Global
biogeography and projection of soil antibiotic resistance
genes| J]. Science Advances,2022,8(46) ;eahq8015.

[11] NIZZETTO L, LANGAAS S, FUTTER M. Pollution: do
microplastics spill on to farm soils? [ J]. Nature, 2016,
537(7621) .488.

[12] Sk, REAESh whitfg. 2015 4FF A 245 46 7 5 fdf FH AR L
[J]. RZ5R % 595 ,2016,37(7) : 1-6. (SHU Fang,
XIONG Yankun, HAN Mei. Overview of pesticide
production and usage in China in 2015 [ ] ]. Pesticide
Science and Management, 2016, 37 (7). 1-6. (in
Chinese) )

[13] SUN Jianteng, ZENG Qingtao, TSANG D C W, et al.
Antibiotics in the agricultural soils from the Yangize River
Delta, China[ J]. Chemosphere,2017,189:301-308.

[14] SUN Jianteng, JIN Ling, HE Tangtian, et al. Antibiotic
resistance genes ( ARGs) in agricultural soils from the
Yangtze River Delta, China [ J ]. Science of the Total
Environment,2020,740.135353.

[15] LI Jinhong, LI Qiang, LI Jiufeng, et al. Simultaneous
determination of poly- and perfluoroalkyl substances and
organophosphorus flame retardants in serum by ultra-
performance  liquid  chromatography/tandem  mass

spectrometry [ J ]. Rapid Communications in Mass
Spectrometry ; RCM ,2022( 14) . 36.

[16] HE Defu, LUO Yongming, LU Shibo, et al. Microplastics
in soils; analytical methods, pollution characteristics and
ecological risks[ J]. Trac-Trends in Analytical Chemistry,
2018,109:163-172.

[17] DONKOR A, OSEI-FOSU P, DUBEY B, et al. Pesticide
residues in fruits and vegetables in Ghana:a review[ J].
Environmental Science and Pollution Research,2016,23.
18966-18987.

[18] MALCHI T,MAOR Y,TADMOR G, et al. Irrigation of root
vegetables with treated wastewater: evaluating uptake of
pharmaceuticals and the associated human health risks
[ J]. Environmental Science & Technology, 2014, 48
(16) :9325-9333.

[19] LARRANAGA O, BROWN-JAQUE M, QUIROS P, et al.
Phage particles harboring antibiotic resistance genes in
fresh-cut vegetables and agricultural soil[ J]. Environment
International ,2018,115:133-141.

[20] PIVA E,FAIS P,IOIME P,et al. Per-and polyfluoroalkyl

- 249 -



substances ( PFAS) presence in food: comparison among
fresh, frozen and ready-to-eat vegetables [ J ]. Food

Chemistry,2023,410;135415.

[21] HU Xiangang, ZHOU Qixing, LUO Yi. Occurrence and

source analysis of typical veterinary antibiotics in manure,
soil, vegetables and groundwater from organic vegetable
bases , northern China[ J]. Environmental Pollution, 2010,
158(9) :2992-2998.

[22] 2=k, 0 00 B 2 A% HR) A PR IR 5% B B KRS A0 F 50

[D]. AU T Tl K2, 2017.

[23] GAO Yajun,LUO Wen,ZHANG Haofei, et al. Enrichment

of antibiotic resistance genes in roots is related to specific
bacterial hosts and soil properties in two soil-plant systems
[J]. Science of the Total Environment, 2023, 858.
163933.

[24] LIU Zhaoyang, XU Chang, JOHNSON A, et al. Source

apportionment and crop bioaccumulation of perfluoroalkyl
acids and novel alternatives in an industrial-intensive
region with fluorochemical production, China: health
implications for human exposure[ J]. Journal of Hazardous

Materials ,2022,436:129250.

[25] MA Wenjin, XU Xiangyue, AN Boyu, et al. Single and

ternary competitive adsorption-desorption and degradation
of amphenicol antibiotics in three agricultural soils [ J].
Management, 2021, 297.

Journal of Environmental

113352.

[26] 2. BR8ETS e 0 P 4T A WEsE [ D).

PR E KR A, 2010.

[27] XU Liheng, WANG Yuhao, WEI Fang, et al. Transport

behavior of microplastics in soil-water environments and

its dependence on soil components [ J ]. Environmental

Pollution, 2024 ;DOI; 10. 1016/]. envpol. 2024. 123542.

[28] SILVA C, ALMEIDA A, FREITAS D, et al. Sorption,

desorption , half-life and leaching of sulfometuron-methyl in
different soil classes[ J]. Revista Caatinga,2022,35,557-
566.

[29] SEYOUM M M, OBAYOMI O, BERNSTEIN N, et al.

Occurrence  and  distribution  of  antibiotics  and
corresponding antibiotic resistance genes in different soil
types irrigated with treated wastewater[ J]. Science of the

Total Environment,2021,782.146835.

[30] MUKHOPADHYAY R,DRIGO B,SARKAR B. Mitigation

potential of antibiotic resistance genes in water and soil by
clay-based adsorbents [ J]. NPJ Materials Sustainability,
2024,2(1) :26.

[31] REN Xiaoya, ZENG Guangming, TANG Lin, et al.

Sorption, transport and biodegradation-an insight into
bioavailability of persistent organic pollutants in soil[ J].

Science of the Total Environment,2018,610.1154-1163.

[32] HOU Jun, XU Xiaoya, LAN Lin, et al. Transport behavior

of micro polyethylene particles in saturated quartz sand:

- 250 -

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

impacts of input concentration and physicochemical factors
[ J]. Environmental Pollution, 2020,263.DOI. 10. 1016/
j. envpol. 2020. 114870.

DAFALE N A, SRIVASTAVA S, PUROHIT H J.
Zoonosis ; an emerging link to antibiotic resistance under
“ one health [T].
Microbiology,2020,60:139-152.
CHEN Sidian, GUO Bo. Pore-scale modeling of PFAS

transport in water-unsaturated porous media; air-water

approach ” Indian Journal of

interfacial adsorption and mass-transfer processes in thin
water films[ J]. Water Resources Research,2023,59(8) .
DOI: 10. 1029/ 2023WR 034678.

YAN Xinyu, YANG Xinyao, TANG Zhang, et al. Downward
transport of naturally-aged light microplastics in natural
loamy sand and the implication to the dissemination of
antibiotic resistance genes [ J ]. Environmental Pollution,
2020,262114270.

WU Xiaoli, LYU Xueyan, LI Zhengyu, et al. Transport of
polystyrene nanoplastics in natural soils: effect of soil
properties ,ionic strength and cation type[ J]. Science of
the Total Environment,2020,707:136065.

YANG Chao, ZHAO Yanhua, CAO Wei, et al.
Metagenomic analysis reveals antibiotic resistance genes
and virulence factors in the saline-alkali soils from the
Yellow River Delta, China[ J ]. Environmental Research,
2022,214.113924.

OLIVER D P, LI Y, ORR R, et al. The role of surface
charge and pH changes in tropical soils on sorption
behavior of per- and polyfluoroalkyl substances ( PFASs)
[J]. Science of the Total Environment, 2019, 673 197-
206.

QIN Xuechao, ZHAI Limei, KHOSHNEVISAN B, et al.
Restriction of biosolids returning to land; fate of antibiotic
resistance soils  after

genes in long-term  biosolids

application [ J ]. Environmental Pollution, 2022, 293.
118494.

BONDAREVA L, FEDOROVA N. Pesticides ; behavior in
agricultural soil and plants[ J]. Molecules,2021,26(17) :
5370.

ZHANG Guoshai,ZHANG Fengxiang, LI Xiutao. Effects of
polyester microfibers on soil physical properties : perception
from a field and a pot experiment[ J]. Science of the Total
Environment,2019,670.1-7.

DONG Zhiqgiang, ZHU Ling, ZHANG Wen, et al. Role of
surface functionalities of nanoplastics on their transport in
seawater-saturated sea sand[ J ]. Environmental Pollution,
2019,255:113177.

LIU Jin, ZHANG Tong, TIAN Lili, et al. Aging
significantly affects mobility and contaminant-mobilizing
ability of nanoplastics in saturated loamy sand [ J ].

Environmental Science & Technology, 2019, 53 (10)



[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

5805-5815.

SORENGARD M, OSTBLOM E, KOHLER S, et al.
Adsorption behavior of per- and polyfluoralkyl substances
(PFASs) to 44 inorganic and organic sorbents and use of
dyes as proxies for PFAS sorption [ J ]. Journal of
Environmental Chemical Engineering, 2020, 8 (3 ).
103744.

MILINOVIC J, LACORTE S, VIDAL M, et al. Sorption
behaviour of perfluoroalkyl substances in soils[ J]. Science
of the Total Environment,2015,511,63-71.

A, B H A S Methylobacterium sp. YAL-2 X}
T e W 00 R A R P 0 ). 0 5 BRI A 4l
2012, 18 (3) . 438-443. ( WANG Li, LING Qi, TANG
Lihua, et al. Degradation  characteristics  of
acetylmethamidophos by Methylobacterium sp. YAL-2[ J].
Chinese Journal of Applied & Environmental Biology,
2012,18(3) :438-443. (in Chinese) )

LI Yang, SU Peidong, LI Yadong, et al. Adsorption-
desorption and degradation of insecticides clothianidin and
thiamethoxam in agricultural soils [ J ]. Chemosphere,
2018,207.708-714.

ZHAO Shan,ZHANG Zhen,CHEN Liang, et al. Review on
migration, transformation and ecological impacts of
microplastics in soil[ J]. Applied Soil Ecology,2022,176:
104486.

REIS A,CVANCAROVA M, LIU Y, et al. Biodegradation
of sulfamethoxazole by a bacterial consortium of
Achromobacter denitrificans PR1 and Leucobacter sp. GP
[J]. Applied Microbiology and Biotechnology,2018,102.
10299-10314.

BOLAN N, SARKAR B, YAN Y, et al. Remediation of
poly-and perfluoroalkyl substances (PFAS) contaminated
soils-to mobilize or to immobilize or to degrade? [ J].
Journal of Hazardous Materials,2021,401:123892.
ZHANG Yuting, HAO Xiying, THOMAS B W, et al. Soil
antibiotic resistance genes accumulate at different rates
over four decades of manure application [ J]. Journal of
Hazardous Materials,2023,441.12990.

EEE, E& PUERIERFEE L EPRE BB
THUBR BT S8 HE R [ )], A= A PR BE 2740, 2023, 32 (11)
2062-2071. ( GAO Xiaoyu, WANG Lei. Research progress
on the accumulation, transfer, and reduction of antibiotic
resistance genes in soil [ J ]. Journal of Ecology and
Environment ,2023,32( 11) ;2062-2071. (in Chinese) )
CHEN Qinglin, AN Xinli, LI Hu, et al. Do manure-borne
or indigenous soil microorganisms influence the spread of
antibiotic resistance genes in manured soil? [ J]. Soil
Biology and Biochemistry,2017,114,229-237.

PANG Xinyan, LI Jiaoyang, XU Pengfei, et al.

Environmental fate and metabolism of the systemic

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

triazolinthione  fungicide prothioconazole in different
aerobic soils[ J]. Journal of Hazardous Materials, 2023,
445.130583.

POBEREZNY J,WSZELACZYNSKA E,LAMPARSKI R,

et al. The impact of spring wheat species and sowing

density on soil biochemical properties, content of

secondary plant metabolites and the presence of Oulema
ssplJ]. Peer],2023,11:e14916
MURUGESAN C, MANIVANNAN P. Plant growth-

promoting bacterial ( PGPB) mediated degradation of

pesticides: a review [ J ]. International
Biodeterioration & Biodegradation,2024,190:105769.
MADDELA N R, RAMAKRISHNAN B, DUENAS-

RIVADENEIRA A et al. Chemicals/materials of emerging

hazardous

concern in farmlands: sources, crop uptake and potential
human health risks[ J ]. Environmental Science ; Processes
& Impacts,2022,24(12) :2217-2236.

CHRISTOU A,PAPADAVID G,DALIAS P, et al. Ranking
of crop plants according to their potential to uptake and
accumulate contaminants of emerging concern [ J ].
Environmental Research,2019,170.422-432.

WANG Wenfeng, RHODES G, GE Jing, et al. Uptake and
accumulation of per- and polyfluoroalkyl substances in
plants[ J]. Chemosphere,2020,261.127584.

SHOROBI F M, VYAVAHARE G D,SEOK Y J,et al.
Effect of polypropylene microplastics on seed germination
and nuirient uptake of tomato and cherry tomato plants
[J]. Chemosphere,2023,329.138679.

PAN Min, WONG C,CHU L M. Distribution of antibiotics
in wastewater-irrigated soils and their accumulation in
vegetable crops in the Pearl River Delta, southern China
[J]. Journal of Agricultural and Food Chemistry,2014,62
(46) :11062-11069.

MILLER E L,NASON S L, KARTHIKEYAN K G, et al.
Root uptake of pharmaceuticals and personal care product
ingredients [ J ]. Environmental Science & Technology,
2016,50(2) :525-541.

ZHANG Xianming, LOHMANN R,DASSUNCAO C, et al.
Source attribution of poly- and perfluoroalkyl substances
(PFASs) in surface waters from Rhode Island and the
New York Metropolitan Area[ J]. Environmental Science
& Technology Letters,2016,3(9) :316-321.

ZHANG Yihan, SONG Miaomiao, ZHU Yiming, et al.
Impact of microplastic particle size on physiological and
biochemical properties and rhizosphere metabolism of Zea
mays L. ;comparison in different soil types[ J]. Science of
the Total Environment,2024,908 .168219.

LIU Yingying, CUl Wenzhi, LI Wenguang, et al. Effects of
microplastics on cadmium accumulation by rice and
arbuscular mycorrhizal fungal communities in cadmium-
contaminated soil [ J |. Journal of Hazardous Materials,

- 251 -



[ 66

[67

[68

[69

[70

[71

[72

[73

[74

[75

2023,442:131355.

] CHEN Ping, YU Kaifeng, HE Yiliang. The dynamics and
transmission of antibiotic resistance associated with plant
microbiomes [ J |. Environment International, 2023, 176
107965.

] WANG Fang,FU Yuhao,SHENG Hongjie, et al. Antibiotic
resistance in the soil ecosystem:a one health perspective
[ J]. Current Opinion in Environmental Science & Health,
2021,20:100230.

1 Tk, BT, BRKE, . L i e R g A X
IRREAEACHYFE WA [ 1], R BERESE, 2023, 44 (2) - 1021-
1028. (ZHANG Wei, WANG Peifang, JIN Qiutong, et al.
Effects of sulfamethazine presence in soil on rice growth
[J]. Environmental Science,2023,44(2) :1021-1028. (in

Chinese) )
] EBINEZER L B, BATTISTI I, SHARMA N, et al.
Perfluorinated alkyl substances affect the growth,

physiology and root proteome of hydroponically grown
maize plants [ J]. Journal of Hazardous Materials, 2022,
438.129512.

] SHEN Maocai, ZHAO Yifei, LIU Shiwei, et al. Recent
advances on micro/nanoplastic pollution and membrane
fouling during water treatment :a review[ J |. Science of the
Total Environment,2023,881:163467.

T BT, X AE v, S i, A5 IR SRR FLIR TR X
KRR A A A 2 ma [ ], o [ SRR
2%,2022, 42 (6); 2894-2903. ( LIAN Yuhang, LIU
Weitao, SHI Ruiying, et al. Effects of polyethylene and
polylactic acid microplastics on the growth, physiological
and biochemical processes, and metabolism of soybeans
[J]. China Environmental Science, 2022,42(6) ;:2894-
2903. (in Chinese) )

] JIN Tianyue, TANG Jingchun, LYU Honghong, et al.
Activities of microplastics ( MPs) in agricultural soil; a
review of MPs the

pollution  from perspective  of

agricultural ecosystems [ J |. Journal of Agricultural and
Food Chemistry,2022,70( 14) :4182-4201.

] KER, R A KN A OBEE YR B R
FEHEREL T ]. TR S22 ( H AR BE S AR |, 2023, 47
(4): 67-76. ( ZHANG Hecai, WANG Caihui, SHI
Changying, et al. Research progress on the biotoxicity and
effects of microplastics [ J]. Journal of Anhui University
(' Natural Science Edition ), 2023, 47 (4): 67-76. (in
Chinese) )

] SCHULZ R, BUB S, PETSCHICK L L, et al. Applied
pesticide toxicity shifts toward plants and invertebrates,
even in GM crops[ J]. Science,2021,372(6537) :81-84.

] ZHAO Fangkai, YANG Lei, LI Gang, et al. Veterinary
antibiotics can reduce crop yields by modifying soil
bacterial community and earthworm population in agro-

ecosystems[ J |. Science of the Total Environment, 2022,

- 252 -

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

808 :152056.

VINAYAMOHAN P G, PELLISSERY A J,
VENKITANARAYANAN K. Role of horizontal gene
transfer in the dissemination of antimicrobial resistance in
food animal production [ J ]. Current Opinion in Food
Science,2022,47:100882.

GUO Q Q, XIAO M R, ZHANG G S. The persistent
impacts of polyester microfibers on soil bio-physical
properties following thermal treatment [ J ]. Journal of
Hazardous Materials,2021,402:123732.

REN Xinwei, TANG Jingchun, LIU Xiaomei, et al. Effects
of microplastics on greenhouse gas emissions and the
microbial community in fertilized soil [ J ]. Environmental
Pollution, 2020,256:113347.

MANGU J,STYLIANOU M, OLSSON P E,et al. Per-and
polyfluoroalkyl substances enhance Staphylococcus aureus
pathogenicity and impair host immune response [ J].
Environmental Pollution,2022,314.120294.

LI Hongzhe , ZHU Dong, LINDHARDT J H, et al. Long-
term fertilization history alters effects of microplastics on
soil properties, microbial communities, and functions in
diverse farmland ecosystem[ J ]. Environmental Science &
Technology,2021,55(8) :4658-4668.

et VIGRE 207, 2. OB S A LTS Y AR LA
AT AR T ). T R 24k ( A AR B2
RZ), 2020, 48 (1) 22-28. ( HOU Jun, XU Xiaoya,
CHENG Fang,et al. Research progress on interaction and
environment behavior between microplastics and organic
pollutants [ J ]. Journal of Hohai University ( Natural
Sciences) ,2020,48( 1) :22-28. (in Chinese) )

RILLIG M C, KIM S W, ZHU Yongguan. The soil
plastisphere[ J |. Nature Reviews Microbiology, 2024, 22
(2) :64-74.

GAO Minling, BAI Linsen, XIAO Ling, et al. Response of
wheat ( Triticumaestivum L. cv. ) seedlings to combined
effects of polystyrene nanoparticles and tetracycline [ J ].
Environmental Science:Nano,2023,10(4) :1040-1052.
LIU Yaxuan, JIN Tianyue, WANG Lan, et al. Polystyrene
micro and nanoplastics attenuated the bioavailability and
toxic effects of Perfluorooctane sulfonate ( PFOS) on
soybean ( Glycine max) sprouts[ J]. Journal of Hazardous
Materials ,2023,448 . 130911.

ZHANG Weizheng, LI Qi, YANG Yixia,et al. Joint toxicity
mechanisms of perfluorooctanoic acid and sulfadiazine on
submerged macrophytes and periphytic biofilms [ J ].
Journal of Hazardous Materials ,2023,458.:131910.
SARKAR B, MANDAL S, TSANG Y F, et al. Designer
carbon nanotubes for contaminant removal in water and
wastewater; a critical review [ J ]. Science of the Total
Environment,2018,612:561-581.

SHENG Guangyao, YANG Yaning, HUANG Minsheng, et



[88

]

[89]

[90]

[91

[

[92]

[93

[94

[95

[96

[97

[98

]

]

]

]

]

[

al. Influence of pH on pesticide sorption by soil containing
wheat residue-derived char[ J]. Environmental Pollution,
2005,134(3) :457-463.

TANG Xiangyu, YIN Wenmin, YANG Guang, et al.
Biochar reduces antibiotic transport by altering soil
hydrology and enhancing antibiotic sorption[ J ]. Journal of
Hazardous Materials,2024 ,472 . 134468.

DUAN Manli, LI Haichao,GU Jie, et al. Effects of biochar
on reducing the abundance of oxytetracycline, antibiotic
resistance genes, and human pathogenic bacteria in soil
and lettuce[ J ]. Environmental Pollution, 2017224 .787-
795.

WANG Jun, SUN Chen, HUANG Qunxing, et al.
Adsorption and thermal degradation of microplastics from
aqueous solutions by Mg/Zn modified magnetic biochars
[J]. Journal of Hazardous Materials,2021,419.126486.
CAGNETTA G, ROBERTSON J, HUANG ], et

Mechanochemical

al.

destruction of halogenated organic
pollutants; a critical review [ J ]. Journal of Hazardous
Materials ,2016,313.85-102.

PEI Zhipeng, WANG Chao, ZHOU Gang, et al.
Engineering phase and vacancy with anchoring Fe

nanoparticles  for  photothermal conversion in
peroxymonosulfate activation toward efficient removal of
carbamazepine[ J |. Journal of Cleaner Production, 2023,
419.138263.

ZHAO Yuhao, WANG Peifang, CHE Huinan, et al.
Effective degradation of organophosphorus pesticide by
the

generated phosphorus: dual function of iron ions [ J].
Purification Technology, 2024, 344.

photo-Fento and in-situ recovery/utilization of
Separation and
127123.

SONG Chao, CHEN Peng, WANG Chunying, et al.
Photodegradation of perfluorooctanoic acid by synthesized
TiO,-MWCNT composites under 365 nm UV irradiation
[J]. Chemosphere ,2012,86(8) :853-859.

ZHOU Gang, WANG Peifang, LI Hao, et al. Bimetallic-
atom-hybridization-driven catalytic reaction kinetics and
solar utilization to accelerate norfloxacin degradation[ J].
Applied Catalysis B:Environmental ,2021,298.120525.
SU Yinglong, WU Dong, XIA Huipeng, et al. Metallic
nanoparticles  induced antibiotic  resistance  genes
attenuation of leachate culturable microbiota; the combined
roles of growth inhibition, ion dissolution and oxidative
stress| J]. Environment International ,2019,128:407-416.
CHEN Ming, ZHU Mengxi, ZHU Yi, et al. Collision of
emerging and traditional methods for antibiotics removal .
taking constructed wetlands and nanotechnology as an
example[ J ]. Nanolmpact,2019,15,100175.
CHANDRASEKARAN M, PARAMASIVAN M. Plant

growth-promoting bacterial (PGPB) mediated degradation

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

of hazardous pesticides; a review [ J |. International
Biodeterioration & Biodegradation,2024,190:105769.
NDAHEBWA M C, MAGOMA G, IMBUGA M, et al.
Molecular characterization of low - density polyethene
(LDPE ) degrading bacteria and fungi from Dandora
dumpsite, Nairobi, Kenya [ J ]. International Journal of
Microbiology ,2018( 1) :4167845.

CHAE Y, AN Y J. Nanoplastic ingestion induces
behavioral disorders in terrestrial snails: trophic transfer
effects via vascular plants [ J ]. Environmental Science:
Nano,2020,7(3) :975-983.

JIN Bosen, LIU Huaqing, CHE Shun, et al. Substantial
defluorination  of  polychlorofluorocarboxylic  acids
triggered by anaerobic microbial hydrolytic dechlorination
[J]. Nature Water,2023,1(5) :451-461.
URRA J,ALKORTA I,MIJANGOS I, et al. Application of
sludge to the

abundance of antibiotic resistance genes without altering

sewage agricultural soil increases
the composition of prokaryotic communities[ J]. Science
of the Total Environment,2019,647 :1410-1420.
AMBER D. Five ways science is tackling the antibiotic
resistance crisis| J |. Nature, 2024 ,632:494-496.

ZHAO Yuanchao, YE Mao, ZHANG Xinting, et al.
Comparing polyvalent bacteriophage and bacteriophage
cocktails for controlling antibiotic-resistant bacteria in
soil-plant system[ J ]. Science of the Total Environment,
2019,657:918-925.

EVICH M G,DAVIS M J B,MCCORD ] P,et al. Per-and

polyfluoroalkyl substances in the environment [ J ].

Science,2022,375(6580) : eabg9065.

ZHANG Weilian, ZHANG Dongqing, ZAGOREVSKI D
V, et al. Exposure of Juncus effusus to seven
perfluoroalkyl  acids: uptake, accumulation  and

phytotoxicity[ J]. Chemosphere,2019,233 ;300-308.
WANG Fayuan, FENG Xueying, LIU Yingying, et al.
Micro (nano) plastics and terrestrial plants: up-to-date
knowledge on uptake, translocation, and phytotoxicity
[J]. Resources, Conservation and Recycling,2022,185;
106503.

Sl 55 XU, XU, S A B R AR
ENCREREY SRR 0 G 7/k 6 il 30 Rt IR
b 3R B3 Bl 22 224, 2019, 38 (6) ; 1248-1255. ( ZHOU
Xianyong, LIU Hongyan, LIU Yanping, et al. Changes in
soil microbial abundance and enzyme activities during
phytoremediation of heavy metal and antibiotic co-
contaminated soil [ J ]. Journal of Agro-Environment
Science,2019,38(6) :1248-1255. (in Chinese) )

Wi R, oy R, A MR X b R B B AR
R R XA E TG PR R R [0 ], R TR
#z, 2017, 11 (5): 3179-3186. ( PEI Meng, LIANG
Yuting, YI Liangyin, et al. Degradation of residual

- 253 -



antibiotics in soil by ryegrass and its effects on microbial

activity [ J ]. Chinese Journal of Environmental

Engineering,2017,11(5) :3179-3186. (in Chinese) )

[110] WHITE J C. Inheritance of p, p’-DDE phytoextraction

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

ability in hybridized Cucurbita pepo cultivars [ J ].
Environmental Science & Technology, 2010, 44 (13) .
5165-5169.

Bioaccumulation and

LI Yingying, YANG Hong.

degradation of pentachloronitrobenzene in Medicago
sativa[ J|. Journal of Environmental Management , 2013,
119.143-150.

YIN Tingru, CHEN Huiting, REINHARD M, et al.
Perfluoroalkyl and polyfluoroalkyl substances removal in
a full-scale tropical constructed wetland system treating
landfill leachate [ J ]. Water Research, 2017, 125 418-
426.

et , E AT SR A B - R 5 T R A 2R SE
WRBT G [T, K BEUR AR A, 2021, 37 (2) - 15-20.
(HOU Jun, WANG Yanbo,ZHANG Ming, et al. Research
progress on degradation of chlorpyrifos by microbial-
physicochemical coupling method [ J |. Water Resources
Protection,2021,37(2) :15-20. (in Chinese) )

YE Mao, SUN Mingming, ZHAO Yuanchao, et al.
Targeted inactivation of antibiotic-resistant Escherichia
coli and Pseudomonas aeruginosa in a soil-lettuce system
by combined polyvalent bacteriophage and biochar
treatment [ J ]. Environmental Pollution, 2018, 241 ;978-
987.

HE Yuxuan, CHEN Qiang, FENG Rubo, et al.
Molybdenum disulphide nanoparticles accelerate the
transformation of levofloxacin in planting soil upon

exposure[ J |. Chemosphere ,2024,363;142798.

WANG Hongping, CHANG Hong,ZHANG Cunxu, et al.
Occurrence of chlorinated paraffins in a wetland
ecosystem; removal and distribution in plants and

sediments [ J ]. Environmental Science & Technology,
2021,55(2) :994-1003.

T RAZ, REEOE. KA L 59 A I A e S KA
ARMCRT]. RS, 1964, 12 (4) : 380-389.
( YU Tianren, LIU Zhiguang.
processes in paddy soils and their relationship with rice
growth[ J]. Acta Pedologica Sinica, 1964,12(4) :380-
389. (in Chinese) )

WANG Xia, TENG Ying, WANG Xiaomi, et al. Nitrogen

and

Oxidation-reduction

transfer cross-feeding ~ between  Azotobacter

chroococcum ‘dIld Paracoccus aminovorans promotes

- 254 -

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

pyrene degradation [ J ]. The ISME Journal, 2023, 17
(12) :2169-2181.

WANG Fang, XU Min, STEDTFELD R D, et al. Long-
term effect of different fertilization and cropping systems
on the soil antibiotic resistome [ J ]. Environmental
Science & Technology,2018,52(22) ;13037-13046.
LIMMER M A,EVANS A E,SEYFFERTH A L. A new
method to capture the spatial and temporal heterogeneity
situ [ J].
Environmental Science & Technology,2021,55(2) :912-
918.

AT R AR, . A FHVE KR IR F R G
HEFEELT ] R 22 4 (AR BRE R |, 2022, 50
(4).:7-12. (WANG Peifang, QIAN Jin, HU Bin, et al.

Construction method of irrigation water recycling system

of aquatic plant iron root plaque in

of farmland [ J]. Journal of Hohai University ( Natural
Sciences) ,2022,50(4) :7-12. (in Chinese) )
JIA Z, CHEN C, LUO W, et al. Hydraulic conditions
affect pollutant removal efficiency in distributed ditches
and ponds in agricultural landscapes[ J]. Science of the
Total Environment,2019,649.712-721.
TRBKIR VR AT =, A5 S TR BR AR 45 B 2%t et
IR R YOI R AT S ()] B
e 53R ,2023,45(6) :862-869. (ZHANG Mairan, XU
Yi,PENG Dengyun,et al. Review on the effect of various
farming management patterns on antibiotic resistance
genes in paddy soil [ J]. Environmental Pollution and
Prevention,2023,45(6) :862-869. (in Chinese) )
EOT A R S A BB K TS I T G
P AR S AL A [ 1] K BEIR AR, 2020, 36
(5) :1-10. (WANG Peifang, LOU Mingyue , QIAN Jin, et
al. Analysis of purification effect and mechanism of
pollutant by the farmland drainage wetland [ J]. Water
Resources Protection,2020,36(5) :1-10. (in Chinese) )
RS B I, R MIEE , 55, R 8 AR e M A5 e )
A ZERALE Bz e R [ ] KBB4, 2016, 32
(6):82-89. (ZHENG Xiaodi, TENG Yanguo, SONG
Liuting, et al. Removal of typical pollutants with
riverbank filtration system and influence factors [ J].
Water Resources Protection, 2016, 32 (6) : 82-89. (in
Chinese) )
WANG Peifang, YIN Yayun, GUO Yong, et al.
Preponderant adsorption for chlorpyrifos over atrazine by
wheat straw-derived biochar:experimental and theoretical
studies[ J]. RSC Advances,2016,6(13) :10615-10624.
(KR A 2024 -10- 15 Sk H18TF)



