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Abstract: The plastisphere is a mobile reservoir of harmful microorganisms and genes such as pathogenic bacteria and antibiotic
resistance genes, but the current understanding of the occurrence and dissemination risks of pathogenic bacteria in the plastisphere is
still insufficient. The distribution and transmission characteristics of plastisphere pathogens in different environmental media are not
yet clear. This article systematically introduces the definition and composition of the plastisphere, summarizes the occurrence status
of microplastics and pathogenic bacteria in the plastisphere in water environment, soil environment, anthropogenic environment, and
atmospheric environment. Results showed that Vibrio, Pseudomonas, and Acinetobacter are common pathogenic bacteria in the
plastisphere. The transmission routes and potential health risks of pathogenic bacteria in plastics were summarized. It was found that
microplastics carrying pathogenic bacteria could spread among water body, soil, and atmospheric environments, promoting the
spread and proliferation of pathogenic bacteria and antibiotic resistance. Finally, prospects for future research are proposed. This
article could provide a basis for a comprehensive assessment of the risk of microplastics pollution.
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Table 1 Relative abundance of pathogens in freshwater plastisphere at home and abroad
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Table 2 Relative abundance of pathogens in marine plastisphere at home and abroad
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Table 3 Relative abundance of some WWTP plasticsphere pathogens at home and abroad

by TOREVRE R KRE 5% [RES%N 993 i B Rk S/ MNFEE®) Bk
X ST 1% 77 ARV Bk KRN .
W kRE PR, pp LRI A 168 B ,
o HK A B SRR AT . . JKHF B (Aquabacterium) 10~60 [78]
SR (71~120pm) Ji g rRNA 38 7
oI
it S E PO ORI 132 DNA #E4T 168
K \;‘ PVC ANFIEHETGKNSBR X rRNA il &7 15 B o B J2 (Pseudomonas) 2.74~7.15 [79]
= R HI 2528t PCR
w 2ZH N R N
JTAERE - PLA. PHB. PCL B PR B TR R (Pseudomonas) 0.61
WWTPs PET. POM
JEA S 7R R R P HEF Y Bl
NS W S i St 1.78
/{Lizgﬁﬁﬁﬁ;\i};’ JLH DNA HEHT 168 (Arcobacter) [£0]
SR E YRV E ST Y) .
/ A \ SR S
E?j;i;;ij PS3 5LDPE BT WWTP — 50t 1 rRNA w3 Bl ATé)J*Tb)E 130
Y S (3~5mm) 20em VUM 48h (Acinetobacter)
A L A 0.49

(Comamonas)




3984 A 45 %

#R3
Hhp TOERHRE R KAETT ¥ RHEA 978 J R s Al X (%)  ZFE
AN
(Aeromonas) 026
IR
(Vibrio) 008
B & (Vibrio) 6.95x10*copies/ng
HDPE. PS %kl JEUN B R A A R 1331 DNA HHT 16S W B Rl (Enterobacteriaceae) 0.13
[ WWTPs (3mm) WWTP ] 2 Dt pifi5% rRNA i 7 K5 F5 FF 18 (Tenacibaculum) [45]
AR 2.1 PCR A=K (Acrobacter)
AR JE (Acinetobacter)
S R IR 3 A it S R 5 R
WWTP 1585 & k7K (Raoultella ornithinolytica)
IRATRE IR 25mL BFE W F7 SR 9 B I
& [ A vE N PE. PS PR 3 FhARELD %, HEHR DNA BT 168 (Stenotrophomonas maltophilia) 81]
WWTPs (85~106pm)  Hh &4 6mg 3 Bk rRNA s &7

Y —Fi(BI PE. PS 8%
V)M SsmL V5, B R
30d

HEI 28 5T H AT

(Klebsiella quasipneumoniae)

T:PLAY S FLIR PHB A SR F4 5 1 IR I PCL A 2R LA 1, POM A 518 FR TR WY IR LDPE A 11K 5% 12 55 £ 090 93 J5L B AFLRT = RE AR AN ) o X J 87 7040 17 54

ORIy L

2.3.2 [EMAEY)  VEKARBR R AR R T e A
RIS R R SR R INIEEN/ L7/ LN R S PN R T L 2
TERMI0G Ji Pk T Vg 7K AR BRI ANV A L b SR
Y7y AN TG KA N RN B ) v RO R R
FH g K T 90% IR S e £4 4.
Wang SIS T VS P8 SR B (0955 B 20 A
B, R AN ) M R (Acinetobacter) 1 43 ¥ #F
(Mycobacterium)¥I{E 5K} br & 4 Rasool 255 45
CURI 4 AR B DR T SDRLRE it R
mi o> B IR TN R SO E A W (Klebsiella
pneumoniae) . 11 V8 o 1 B 2 & & (Enterobacter
cloacae complex) 3t [ A7 15 W& FT i (Citrobacter
freundii), AR EEEM(C. freundii complex)FIE
GLINEE (Vibrio cholerae),FSE T ¥k 3% 3% 111 95 J&R
W2 5 B

HEJIE A 9 D 03 AT e g P OR L B T RE ) T
2O 4 7= o R AT A7 AR RO R, FLSR B9
o T AR A AR 25 B A R 1) 22 L AR SR ) 26 T
ATV 1L 0 75 5 W B 2B 3 A L e ™ Ak
I3 2B 0 3 R i 4t ¥ D 10 S SRR 7 A A7
S Li TR P T P B AR S HE JE B
TORL BRI P RV 23 A, L JEEBE TR 1] (R AR 0 =
JEE b 25 B ADURT BT 1] AR TR BRI 1R AT 1 IR A R
% 3% T .Chen 45 PP BB T M IR i AR

PLA/PBAT Yk} i Fl ot 42 b7 S 1) 22 e, 5 HEJIE 7 3%
P EREVS A EL, PLA/PBAT YRR L 4% 5] J5LBE 1R
IR B O g, 2 AR v A HE N I R (35

B R R A B B T B —, K4
21%~42% ¥ 3 T 58 ) 17 3 25 2 3% 3] by 3% S I
1 DR 2 0 3 A 3 O R ) T i A
(] S, S Ak 357 85 3 ] W B A B AN A0 431 5 1k
PRy s B Y SR B A 4 SR U RS
AT AR Ji BT, 20 3k 7K ST 355 R A 4 i s it A 1) 2R
A7 RS0 PEP. — T SR, S 3 R 1 A
=S A S TIT BT AR o b B R PO AT g il A
N 3 T BUR BB O FRY R I, T R T
SR b (1) 903 J A JECHE 37 PN 3508 S ) o 9 it BT 1)
A7 S AR A fp ik — D
24 KAMEE

AT A SR, K URURE 4 v 1l 58 R RN g oK B kL
(Nanoplastics) (¥ H I 5142 T AT 32 63, H i
CEIR LI L WA B IR o 5 B A
37 AE PO g A R I ) T B2 R 4
FE RIS I A ALEDT, AR K 2 B ARt A
B B0 PEP B B 2 A YO B R R 7
I JE A RAT S5l (R I 9T R W) IR R AT e i R
RGN N AP 5055 R 4 R 4 g A A
W N BB 5 Xof N A Ak R A4 J 7™ 2



7 3] BT ANFEIES IR I AT A AR B Ui 3985

Peng ZElOORAL T R AT B A4 % P9 OB 2R
FE SRS A BR BSO8R0 0 I 1R 16 AR 15 1 2
FLAE 5 ARG . 5 S 2 s T SR 5 P 2 11 T B 4
R4y, 2ot PET. PA. PP M1 PE # b £ 5 X5 N
A I R BRI DR R E KB, B RIR R S AR L,
PA HI PET £ 42 11 (179 Jir 11 5 55 sy, b 2R 07t
1 (Ralstonia) /£ ¥ K br & 3% 5 4R Jing 255y T
W JREE TIT 5 4 ) 1) 2 50 P O R LR RT 15 R A
(1) V5 R Ik B G v Ak 5 i), 45 3 B 2F AT
R AT E . BURAT R E . e g, Y
TP T a8 AP P L T B ) = R A v A T A A
B ) L SR A BOREAS P X 2O D T
EROENGE A PR & SNSRI AL/ B N =
TR R IR IR B 5 2 AL R B0 1R 1 AH S PE &
AH AR T 0 45 F 38 0 B0 BHRRAE 5 R
U B A7 AT 0 3 I AH DG, A R B 1T
PN € 2D S e o G st S S R e R
eSS

R SR B i 1R T B B 9 32 A rh T
KA FA S5 [l M PR 458, KR BB R RIE 9 0 Ak Tk

Rz ot
S
O
EMDN%

UESEEN

ANGEY §
QQ' ®

W B T I R T e 7 VR AT AR 2 57 A
WHARFZLL 16S rRNA i =77 o4 32, R H g
SRAF IR 95 J5 AT (10 R X = B e LR A D B
AT 50 M1, Ja 4200 75 40— HURE RS U 7 2ok 4 sy AN
[vi) PRI rP R 9 S5 BT A T B AR AN TR 3R
355 vp RL 0 T B b ORI S R R B AR IR R
SR AN SIS RN E R N £ AR
DR 25 LASUAE ) 0 1 IR B TR AR A i S A e T
SRHR (5 4 M O AR AR R 2 A FE pH A
LS5 R 2 AT T 9 W o Y I R v Y R
b R, B RS S IR AR SR
FiT ORI 85 SR o B, s M 2 2% R G b REIAT B . Kl
FFB S MR B e A T2 b U i iR g i e
MR AR E. SFFEE. 2EfATEE. K
FFE B AR AT B R M B f i S /K A 5k
W F A UL 1) 98 A T 4 R AH DG L v S S i
IKAESRBE A Pl 04

3 EERPR R E R B I
3.1 BIRHIR I A7 AR S A DU DR KCOP RS

BT AR T B R R b BB R K B B (HGT) AL

Fig.1 The formation process of biofilm and the mechanism of horizontal gene transfer (HGT) in it

TR R DR AT v PR TR e fLBSUR AN iR 7 /K
PN S A D BEATU R S, [ th e Pl 3
G J R 24 %6 22 i 7 Y 1) 1 4 2800 i 790 Wang

A USVIR I 398 7K 3T RIS 7K P s vl W 2
B M PUAZ 0] LU — 25 W 3R L0 BB B S 3L
FEL K SR B e v iy BE T2 ) ARG R 70 A



3986 A

45 %%

Yang 21047 T 18R | ARGs 192 FEPERIE T,
RIIERLBR T ARGs F1 MGEs (1) 725 82w T A
KO W AT A R SR A SR T A A AT
R 1) ARGs ZEAT AT, A& I —2EE 3% 1) ARGs
HREAEYER B A B R BR s ARGs RlpiE %
i 245 41 T (ARBs) ) 25 22 il 47 J22 1100 9 el B 1)
ARGs WM #A. Hib. 9. TSN
YK A A 22 i g LR A 7] 40 i I 4% 8, 6 7 2R

SRZANEIRET L A T BT RIS Bl st AL Jo AT ) R
w7 Ak SR B 4 3 e 4 3 R (HR TR 24 1k A AL
ST 24 ) A 3L A v A AL S B0a AR AR
A 2 v O, AT WLys e % AU A (PCBs)
R 22 21 55 42 55 A0 0] BE L0 95 SR B 19 & 4R ok R i
B n 2% B ) 4 O 2 W R OK AR A R G,
BEBRAE L8 ARGs B JJ K- 2 K (VFGs) Fl MGEs

%@@Qﬂ%E%Mﬁfiﬁ%%ﬁVKhﬂ
ARG, #3307 1, 7 A i 24 4, 108 1 58 M ol A% 27,
11173 22 iR 24 1 995 Jd BT ST B ok 2 R PR S AE AN T

ISR T AR B 1S B0 0 A 2 2 A AN DA B
7R T ).
3.2 I I AT R N A (A 4R

B It T T R B A LR Rl . KIAEE
ARG H RIS T A% 4k - R K PR Bl 3072 1)
Tl Bk b R 328 VT e, W47 A I K R ) T R IE RS
B TIRAE PDRE AR 3 K B R S
BIR AL AR @ AR 2 8 AH L SCHR, 3K R 9K Bh 1 2
FHE 8RR R IR, 10 3R 9 i 3t B
2B 52 R E AR L 2 RO B
TR AR AR A SR AE .

A @
& TF%/K
% l‘ [ 4 2 L
Hei | T =
\‘ ,‘ “g JXL
)4 UG P
y ‘r_\ 7 G N
AU m
mk || ' ‘
w7 i %;%ﬁ
IR AN
wn [ e "
/| —_ @
/s‘ e VR tFA
' Pt ?W&" T
, NNT @; " wmﬁ\‘
e /AR =  } T .
~N _ELE —~ \r o i

mf.ow

_— = ~= | =
T

1EH

2 PRERHEMST R IR iR e

Fig.2 Propagation pathways of microplastics in the environment

321 KBRS NI SRR K B Rl
SRS b5 K AL FR TR R S AR T HE K E N TR
TR ER 8P, A T i KT R A AR R T ¥
RT3 7K A R Tl A SRR I T R e 20 2%
BTV NP S R A 0 3 W IO R X K A A
WA H G BOKE TR MESI Y. AN 5L 3 W)

NI RITEIE Y 75 L TN 7 % S TN N T

PLEPEE AT TSR W] O R e i fr ) e
¥, '3 8O S e v AR LB R R T
B A 100 R < Jems AT AT LS Ae S5 0 — 20 el 1 Gkt
AR A i R AR T A R B AR 1
ARGs FEUp B A AR K A8 A8 NSl I SN
IR Jok e fo 5 5 3 9 Ji U 51200, M % A
Al A A R I Unuofin 2502k 9% i B 1k 0



7 3] BT ANFEIES IR I AT A AR B Ui 3987

BEA BRI S AL VR 2% 5 b Al NS &
FH U eE I B B TR, 25 5 S0 T A TR e 1k
DN AR 06 6 36 N A e B e XU T gl 22,

322 TIERZGHPIIMEE  SKIREEARL R
8 38 v R B Ik AR, DR ok, 3 ) o v R A AR
WIRETR 2552 B S5 0 - 3 ER 85 1 R A O, - 338 v 1 48
SRR AR B N M5 (PP) . 38 M5 (PE)VRI SR 2K 445
(PS), BT I sam i gy . RV 75 /K RERE
FR T 2 3 1 08 IE 5 2 W, S SR 7 A FH R 3G
by b 28 TR o () 2 A REAE A ), 2L B o 2 B - R
J3£ (885 o i AR,

TOURLAE £ 358 v (T B A 46 1B ELRUKCSTT R,
o ek R, 5 AT S BOERE S AL
BRI 2R AR M 5 145 [ 2 i ik - 3 HLAT
BN LR R, K 22 BRI R R 25 £ P
5 443 R R -5 41/ R Rl 2 i i K
T B AT B A2 R A, 3 v 5 R O R
SHLY R AT LR S th A 5
W3 A% AR /N RO R B 25 5 0 3P as ),
T %55 5 5 K 1 Bl SRk B A T RESTE A% 380 T R 1) 1
w23 A ) 28 A3 4 2 R0 1) A B R B i D A
[, PE B KPR 8 AN 5 B K e UL PET T 3%
2 1 A i DR S A e e g R 2 Ak &
S IR T A RORLAR 43 A7 R 2B S5 338 1 5% g 2L
eI TR T R

R TR i A7t L SR Y M
—, e R B R R AR by
NI Hi R /K A4S Nizzetto 25025V FIRLAZR /)N
F 0.2mm RSBt 5 KT #S Rezaei 2511
T 3 R AREELGE S T 3 R O R  ENAS R
FBif AL A A, 38 R O R L 2 1E N AR B R
B AR RN Y R ZE . AR
AP A AN S 485 509 TR R R 3
NUK S AT RS B0 4 8 T A T XK, T
HOF KIS FEAE A A B
3.2.3 {EKAES R ARG KA KR
WOBRL A% SR = B 5 Hh i e
BEEBRSRTTIA 97%!" 8 J) 2% kb BERAY B 1 2] 122
Bk 7K PR EE T DR AT T B ) AL ] A 25 B 0,
V57K F R A3 PR T A A A 2 Ak B e U, g
Aab B 2 ) A A 0 ) 43 AR AR P A B A B 4

ZAT N ZBRA AT R S S BEUE K
SRR HUCRE 21K A IREE . = AR B 2 58 A=
YN RAHEAR, Wil SsL Rt —2
2R T5 K TS Y A W IT AR W B A B T 2B
K 70%~98% HITHIE R, — 2 Ab B BRSO 55
D 20%, 11 = A ] 3 — 20 2B 2% 1R
0T (B 5 K Ak B ) AR R A e AT O R R R
Koyuncuoglu 5/ T 4 FEH i y5 K 4 21
ORI 23 B 80, R IR AR PR AR B I 95%,
EAF KR BRI FE 5K 3 1.28%10"'MP/d. A2
XV 7K HEAT A BRI 5k A 4 A 2 70 Al OR) 2R T
TSR E W, Ahamed 21 2E 5 % W, K A B 5 R v
DO Rl A A B T T k4 5 YT R R o e e ke i Ak
TR L, T 4 8 A HLYS DI 25 B e A 1o R
YIRS TE B i AR R AR 2 PR B
Rtk S UK R T B3 S 80 K T
A SRR 5 AR AE Kelly 25535 BIAS WWTPs
BRI IS E IR 40 R R VR UEAT TS, R I
SDRHBURL A5 AN R) P Bl 26 40 e B o L. A B Ak
BE AT s RE . ABCER B J E RT J F EE f
[Ep R T E ST B = ey S ATy G L
ANBEA S 22 BRI L B SR Bn i Ak 4, S rh A R —
BB ISR .24 WWTPs  HU/KFERUS MOER 8
JIE _E B0 B - ARB Al ARGs 23 Bifi 2 3k N2k 44
FEAE KA 2 RGP A B I TR ) 5] i 2
YOI AR N A H Ak A2 ) A T RSO It AR S R G
7 A AT S MO SRR (1995 i - T o )
XK AR (1 IR 4t >R — 52 A HE Sy

FE Y5 7K AR BT R Ak B R G A B 1R R A ik
SRS HE AR . Wed 20T R 5 ANG 2K A
By e A R S B VR AE AT T, I
T A FERY B 14175 U6 #8470 R S A ) I A v
HIe R R B AR 233.33~750.01N/kg, I iE
PR FE Bl 55.55~61.11N/kg, 1T T-¥5 Y8
M 44.44~111.11N/kg V5P AF R AR MV E L 21) 1458
rh 2 T () O R A N T SRR T 3R} B S
TR 2 i v e N - 398 33 i 48 o - 5 R B R
Y J A 95 T KUK
3.24 RAAMEFE KA IR S — P H
FESEAFAE 0075 G, Rk A 3K OGTE 1 3R 85 1)
FI O KA R OB 2 BRI T BT 4 R R



3988 HOE

R 45 %

F69 BB 5 R0 7 A 24 25 U381y T AR RRURD 85 5 B /)N
TCRHR 25 50 R, I s R A N R R PR g
ERAE KB S AL,

Jiang VR HIRARTBUN PER% Z "Be,*'Pb I
200 I T R MR A S A, R LA
ZEIORRL L AP S 25 v T A 2=, HAK A 2=k k)
KTHFE W A4 R RORL 15 B N TR R 9.47~
22.85d,° V¥ 14.41d.Allen 2514538 T Wiz, J5A
TR N 7N EE S | S Y O L s NG K 1 228 S
R (P ML &35 TSR B0 B R O R E KA R
A B B9 1A 95km. Welsh 254U fingr ok e K g
A4 R S T DY AN A0 27 I D00 St 0B 1) BT A DO R
Hp S AL D ) T BB R UKL, 2 B 88 kL AT K T
200km A1 Hb 5 32 i BRI 0k B AR ok g AR
HH R AR TR i 1) T B804 Tl 9 R mT Bl R
P I 21320 2 SR RCUR ) AR I8 X 35

A Ik P8 ) 28 0ot 7 B B A S I DU AR 2 K
A A2 AR B S nT A R, AR A AR
B AR EE A DSk 2 s G 5 07 0 AR AR IR
Bt e H U Wang 25U PR T OO R HEA
T b Y SR 1 AR 2SR e, e T b 20 B AR U 1 S5 R
eIl € R S SN Ly NN B AT Ry NG e A X
A B B R AR 25 2 R N N AR5 e A I RN 46
S S8 U B S i T A AN B . A S IR
SR, 5 WA TR A HUBURLAH L, R R mf
WG RS0 e T A 0, 1 B P e S A T 40 T R 2 3
PRI T OO0 R i, #8550 5L 5 ARG BRI R R
)P TR AR P St N A At R ARG 87 75 | A v B D

XS SR} B i B XS DA A K 22 4
T DR R = B B DR R SR R R K A SR bR
o3 D TR AT A ORI e L S A R
S (49 DG B8 s 75 0 DR 3028 7K v, 99 i R 11 2
I fi6 0 Bk SR o 9 5 B X P A 2R R P I i, v
37 S FEE AOR, XU AR S 189 0. Zha 250 49Ttk 7 9
B At BRE JXUBS: PEAl (HRA) B 77 3, B v D5 3= B2 1,
W E T N (HA) B3 tEMO). A2K3x
93 PE (HP) LA K i R AT FH P (C A XU DA 485 32 1,
VB2 Ek i i I B 2 — PE T2 R HRA
.

BEAN RS 3 T 4 A S AR R
PR 25 ¥ R, S A 0 T SRRk s 1) B 45 4

XU Wu S VRIE 5 s T ARk 8 AL ) 18 8 700 (418
IR PRI ) 23 (8 S A A= 0 A0 B TR e P R ) 4 4,
3880 I SRR 475 e XU Bang 2 S h K o Rl B 55 T
B Cu MY EEA ) T35 rh RIS S5 Pk 78
KR ARGs Fll VEGs ¥ 8 S F H, RN i 17— 4
VERTE 95 5 R ARG - J Deng 251N N LR 55 T
A LB BELBA R R B R o, 30 /) B AR 4 kA
T AR AR AR N R T AT AL R 7R 1) A
Ptk .Cheng 1 OWIFGT T ORI A1 58 70 XUy A
X NARIT R G A B0k, R IUOE ROy A B
W E R A . Rk a5 AR 2 55 TR bR K 2 A
75 Y b 2 o) N AR AT >R B K gy

4 Hiv5RE

TCERL A TR B e AR SR A T VR B A A A
TERCAE DR, T A= P ARGs R VEGs A 2 AE 11
HGT A 3RLBR 8k i JR R ARGs 1 #R s DX sk 3
J&(Vibrio), 1 -} 181 J& (Pseudomonas) FIA S AT B4
J& (Acinetobacter) =5 72 ¥R} Br &5 WL 105 Jod B 485 717 o
Ji B FR A RL R A AR, 3R SO TP A% 43k
9P I B 5 0 AR 2R T 24 T TR AL R R S, DT 0 A
A RGPS R B A5 B AR5 I
A T RS, R AR AT T 1 A T kS 20 B B, B 82
FE R 3R JLAS T 0 st 7

SRR I 5 LR T B A0 i 1 2 T ) 5% R
ARk — LTS G] MR RDEAR R
KA B E ST TR 91X LA B H 3 T It
TR PR = R ZE ol )55 Wi 0 o SIZ M SR A B ST =
AU 88 T 3 WA R R U DR B A 38 ] 2200
T 27 R0 3 A VR S8 AR T A B b e B i 1
JEE Ky At A B, IR P BLA 7 > 00 sk B kbR 1
FLAR T Do b ' SR 2 ) (R AL R AR

SHRIBRR B IRPT AR 25 B R A LG B Je
TR TBORR) A TS 00009 Jir v R e A R i 24
(5 AT A5 1 — B WT 9T 2 H AT R b Bk Br i R
GBS ARGs HIFLIEFA H] CA R RIS, M
Z AR . PPCPs M2 3057 JE S8R i 1l 5 4R 1) B
IR IR I A Ak 525 22 nl ¥ Rk LS
LR Jt R BEAT I B B B IR VAl AN [ AT BIL
V7 B B IR 5 1 DT R s 0 i R e AR
JEE T 21 AR A S5 T 24 1 e ka3



TR

ANTRVASE R 95 i 1 PR VAT 5 A 4R 9t J

3989

L K 0 5 S P 7 0 A L

AR, LA % I8 R . ARGs Al VEGs [1=F )% &
6 1, 57 50 F A R Y VP A A S O R
LA I AR DAl £ 28 B K S A3, (H BOR] bR AR 4
T G I B A B 1 52 B G KU VP A 5 v 5 HE
AU E AR ST ST AT Ok A T VAR S RS B 1
FRBEFI N A4 Je RS B ik A ) 4%

SE -

(1

2]

B3]

[4]

[3]

(6]

(7]

(8]

[l

[10]

[11]

[12]

[13]

[14]

Ali I, Tan X, Li J, et al. Innovations in the development of promising
adsorbents for the remediation of microplastics and nanoplastics — a
critical review [J]. Water Research, 2023,230:119526.

Méller J N, Loder M G J, Laforsch C. Finding microplastics in soils: a
review of analytical methods [J].

Technology, 2020,54(4):2078-2090.

Environmental Science &
Tan Y, Dai J, Xiao S, et al. Occurrence of microplastic pollution in
rivers globally: driving factors of distribution and ecological risk
assessment [J]. Science of The Total Environment, 2023,904:165979.
Lebreton L, Royer S J, Peytavin A, et al. Industrialised fishing nations
largely contribute to floating plastic pollution in the north pacific
subtropical gyre [J]. Scientific Reports, 2022,12(1):12666.

Bai M, Lin Y, Hurley R R, et al. Controlling factors of microplastic
riverine flux and implications for reliable monitoring strategy [J].
Environmental Science & Technology, 2022,56(1):48-61.

Cole M, Lindeque P, Fileman E, et al. The impact of polystyrene
microplastics on feeding, function and fecundity in the marine
copepod calanus helgolandicus [J]. Environmental Science &
Technology, 2015,49(2):1130-1137.

Stollberg N, Kroger S D, Reininghaus M, et al. Uptake and absorption
of fluoranthene from spiked microplastics into the digestive gland
tissues of blue mussels, mytilus edulis L. [J]. Chemosphere, 2021,279:
130480.

Lian J, Liu W, Meng L, et al. Foliar-applied polystyrene nanoplastics
(psnps) reduce the growth and nutritional quality of lettuce (lactuca
sativa 1.) [J]. Environmental Pollution, 2021,280:116978.

Rillig M C, Kim S W, Zhu Y G. The soil plastisphere [J]. Nature
Reviews Microbiology, 2024,22(2):64-74.

Harrison J P, Schratzberger M, Sapp M, et al. Rapid bacterial
colonization of low—density polyethylene microplastics in coastal
sediment microcosms [J]. BMC Microbiology, 2014,14(1):232.

Chen Y, Yan Z, Zhou Y, et al. Dynamic evolution of antibiotic
resistance genes in plastisphere in the vertical profile of urban rivers
[J]. Water Research, 2024,249:120946.

Arias—Andres M, Klimper U, Rojas—Jimenez K, et al. Microplastic
pollution increases gene exchange in aquatic ecosystems [J].
Environmental Pollution, 2018,237:253-261.

Flemming H C, Wingender J, Szewzyk U, et al. Biofilms: an emergent
form of bacterial life [J]. Nature Reviews Microbiology, 2016,14(9):
563-575.

Zettler E R, Mincer T J, Amaral-Zettler L A. Life in the “plastisphere”:

microbial communities on plastic marine debris [J]. Environmental

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Science & Technology, 2013,47(13):7137-7146.

Guo W, Ngo H H, Li J. A mini—review on membrane fouling [J].
Bioresource Technology, 2012,122:27-34.

Gonzalez-Pleiter M, Velazquez D, Casero M C, et al. Microbial
colonizers of microplastics in an Arctic freshwater lake [J]. Science of
The Total Environment, 2021,795:148640.

Vaksmaa A, Knittel K, Abdala Asbun A, et al. Microbial communities
on plastic polymers in the mediterranean sea [J]. Frontiers in
Microbiology, 2021,12:673553.

Li K, Jia W, Xu L, et al. The plastisphere of biodegradable and
conventional microplastics from residues exhibit distinct microbial
structure, network and function in plastic-mulching farmland [J].
Journal of Hazardous Materials, 2023,442:130011.

Li C, Gillings M R, Zhang C, et al. Ecology and risks of the global
plastisphere as a newly expanding microbial habitat [J]. The
Innovation, 2024,5(1):100543.

Hidalgo—Ruz V, Gutow L, Thompson R C, et al. Microplastics in the
marine environment: a review of the methods used for identification
and quantification [J]. Environmental Science & Technology, 2012,46
(6):3060-3075.

Li Y, Gao W, Wang C, et al. Distinct distribution patterns and
functional potentials of rare and abundant microorganisms between
plastisphere and soils [J]. Science of The Total Environment, 2023,
873:162413.

Di Pippo F, Venezia C, Sighicelli M, et al. Microplastic-associated
biofilms in lentic Italian ecosystems [J]. Water Research, 2020,187:
116429.

Zadjelovic V, Wright R J, Borsetto C, et al. Microbial hitchhikers
harbouring antimicrobial-resistance genes in the riverine plastisphere
[J]. Microbiome, 2023,11(1):225.

Ni B, Lin D, Cai T, et al. Soil plastisphere reinforces the adverse effect
of combined pollutant exposure on the microfood web [J].
Environmental Science & Technology, 2024,58(49):21641-21652.
Zhu D, Ma J, Li G, et al. Soil plastispheres as hotspots of antibiotic
resistance genes and potential pathogens [J]. The ISME Journal,
2022,16(2):521-532.

Sun Y, Shi J, Wang X, et al. Deciphering the mechanisms shaping the
plastisphere microbiota in soil [J]. mSystems, 2022,7(4):0035222.
Barboza L G A, Dick Vethaak A, Lavorante B R B O, et al. Marine
microplastic debris: An emerging issue for food security, food safety
and human health [J]. Marine Pollution Bulletin, 2018,133:336-348.
Wong J K H, Lee K K, Tang K H D, et al. Microplastics in the
freshwater and terrestrial environments: prevalence, fates, impacts and
sustainable solutions [J]. Science of The Total Environment, 2020,719:
137512.

Zeri C, Adamopoulou A, Koi A, et al. Rivers and wastewater—
treatment plants as microplastic pathways to eastern mediterranean
waters: first records for the aegean sea, Greece [J]. Sustainability, 2021,
13(10):5328.

Qiu R, Song Y, Zhang X, et al. Microplastics in urban environments:
sources, pathways, and distribution [C]//He D, Luo Y. Microplastics in
Terrestrial Environments: Vol. 95. Cham: Springer International

Publishing, 2020:41-61.



3990 LR 7 A & I 45 %
[31] Li J, Huang W, Jiang R, et al. Are bacterial communities associated impairment [J]. Water Research, 2021,191:116812.

with microplastics influenced by marine habitats? [J]. Science of The [47] Kirstein 1 V, Kirmizi S, Wichels A, et al. Dangerous hitchhikers?

Total Environment, 2020,733:139400. evidence for potentially pathogenic vibrio spp. on microplastic
[32] L2 FR G S 42, 45 3 [ = K /K R IR BE O Rl G Je Uik K 3 particles [J]. Marine Environmental Research, 2016,120:1-8.

R AE D TER R AE T 788 0], G244, 2023,63(6): [48] Frére L, Maignien L, Chalopin M, et al. Microplastic bacterial

2261-2275. communities in the Bay of Brest: influence of polymer type and size

Peng Z Q, LiJ L, Qiu L T, et al. Research progress on the status quo of [J]. Environmental Pollution, 2018,242:614-625.

microplastic  pollution and the characteristics of microbial [49] Radisic V, Nimje P S, Bienfait A M, et al. Marine plastics from

communities on the surface of the three major river systems in China norwegian west coast carry potentially virulent fish pathogens and

[J]. Acta Microbiologica Sinica, 2023,63(6):2261-2275. opportunistic human pathogens harboring new variants of antibiotic
[33] Xu C, Hu C, Lu J, et al. Lake plastisphere as a new biotope in the resistance genes [J]. Microorganisms, 2020,8(8):1200.

anthropocene: potential pathogen colonization and distinct microbial [50] Kesy K, Labrenz M, Scales B S, et al. Vibrio colonization is highly

functionality [J]. Journal of Hazardous Materials, 2024,461:132693. dynamic in early microplastic-associated biofilms as well as on
[34] Tang K H D. Terrestrial and aquatic plastisphere: formation, field—collected microplastics [J]. Microorganisms, 2020,9(1):76.

characteristics, and influencing factors [J]. Sustainability, 2024,16(5): [51] Curren E, Leong S C Y. Profiles of bacterial assemblages from

2163. microplastics of tropical coastal environments [J]. Science of The
[35] Laverty A L, Primpke S, Lorenz C, et al. Bacterial biofilms colonizing Total Environment, 2019,655:313-320.

plastics in estuarine waters, with an emphasis on Vibrio spp. and their [52] Zhang Y, Lu J, Wu J, et al. Potential risks of microplastics combined

antibacterial resistance [J]. Plos One, 2020,15(8):¢0237704. with superbugs: enrichment of antibiotic resistant bacteria on the
[36] Xue N, Wang L, Li W, et al. Increased inheritance of structure and surface of microplastics in mariculture system [J]. Ecotoxicology and

function of bacterial communities and pathogen propagation in Environmental Safety, 2020,187:109852.

plastisphere along a river with increasing antibiotics pollution gradient [53] Guo X P, Sun X L, Chen Y R, et al. Antibiotic resistance genes in

[J]. Environmental Pollution, 2020,265:114641. biofilms on plastic wastes in an estuarine environment [J]. Science of
[37] McCormick A, Hoellein T J, Mason S A, et al. Microplastic is an The Total Environment, 2020,745:140916.

abundant and distinct microbial habitat in an urban river [J]. [54] LuJ, Zhang Y, Wu J, et al. Effects of microplastics on distribution of

Environmental Science & Technology, 2014,48(20):11863-11871. antibiotic resistance genes in recirculating aquaculture system [J].
[38] McCormick A R, Hoellein T J, London M G, et al. Microplastic in Ecotoxicology and Environmental Safety, 2019,184:109631.

surface waters of urban rivers: concentration, sources, and associated [55] Ren Z, Gui X, Xu X, et al. Microplastics in the soil-groundwater

bacterial assemblages [J]. Ecosphere, 2016,7(11):e01556. environment: aging, migration, and co-transport of contaminants — a
[39] Jiang P, Zhao S, Zhu L, et al. Microplastic-associated bacterial critical review [J]. Journal of Hazardous Materials, 2021,419:126455.

assemblages in the intertidal zone of the Yangtze Estuary [J]. Science [56] Yang L, Zhang Y, Kang S, et al. Microplastics in soil: a review on

of The Total Environment, 2018,624:48-54. methods, occurrence, sources, and potential risk [J]. Science of The
[40] Wu N, Zhang Y, Zhao Z, et al. Colonization characteristics of bacterial Total Environment, 2021,780:146546.

communities on microplastics compared with ambient environments [57] Gao D, Li X Y, Liu H T. Source, occurrence, migration and potential

(water and sediment) in haihe estuary [J]. Science of The Total environmental risk of microplastics in sewage sludge and during

Environment, 2020,708:134876. sludge amendment to soil [J]. Science of The Total Environment, 2020,
[41] Wu X, Pan J, Li M, et al. Selective enrichment of bacterial pathogens 742:140355.

by microplastic biofilm [J]. Water Research, 2019,165:114979. [58] Zhang Z, Cui Q, Chen L, et al. A critical review of microplastics in the
[42] Auta H S, Emenike C U, Fauziah S H. Distribution and importance of soil-plant system: distribution, uptake, phytotoxicity and prevention

microplastics in the marine environment: a review of the sources, fate, [J]. Journal of Hazardous Materials, 2022,424:127750.

effects, and potential solutions [J]. Environment International, 2017, [59] Gao J, Pan S, Li P, et al. Vertical migration of microplastics in porous

102:165-176. media: multiple controlling factors under wet-dry cycling [J]. Journal
[43] Erni—Cassola G, Zadjelovic V, Gibson M 1, et al. Distribution of plastic of Hazardous Materials, 2021,419:126413.

polymer types in the marine environment; a meta—analysis [J]. Journal [60] Zhang M, Zhao Y, Qin X, et al. Microplastics from mulching film is a

of Hazardous Materials, 2019,369:691-698. distinct habitat for bacteria in farmland soil [J]. Science of The Total
[44] Silva M M, Maldonado G C, Castro R O, et al. Dispersal of potentially Environment, 2019,688:470-478.

pathogenic bacteria by plastic debris in Guanabara Bay, RJ, Brazil [J]. [61] Sarkar B, Dissanayake P D, Bolan N S, et al. Challenges and

Marine Pollution Bulletin, 2019,141:561-568. opportunities in sustainable management of microplastics and
[45] Oberbeckmann S, Kreikemeyer B, Labrenz M. Environmental factors nanoplastics in the environment [J]. Environmental Research, 2022,

support the formation of specific bacterial assemblages on 207:112179.

microplastics [J]. Frontiers in Microbiology, 2018,8:2709. [62] Sun'Y, Wu M, Xie S, et al. Homogenization of bacterial plastisphere

[46]

DeVilbiss S E, Steele M K, Krometis L. A H, et al. Freshwater

salinization increases survival of escherichia coli and risk of bacterial

community in soil: a continental-scale microcosm study [J]. ISME

Communications, 2024,4(1):ycad012.



7] BT ANFEIES IR I AT A AR B Ui 3991
[63] Shi Z, Xiong L, Liu T, et al. Alteration of bacterial communities and ARGs by microplastics in river, estuary and marine waters [J]. Science

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

[72]

(73]

[74]

(73]

[76]

[771

(78]

co—occurrence networks as a legacy effect upon exposure to
polyethylene residues under field environment [J]. Journal of
Hazardous Materials, 2022,426:128126.

Wang L, Wang H, Zhang H, et al. Formation of a biofilm matrix
network shapes polymicrobial interactions [J]. The ISME journal,
2023,17(3):467-477.

Lin D, Xu J Y, Wang L, et al. Long—term application of organic
fertilizer prompting the dispersal of antibiotic resistance genes and
their health risks in the soil plastisphere [J]. Environment International,
2024,183:108431.

Gkoutselis G, Rohrbach S, Harjes J, et al. Microplastics accumulate
fungal pathogens in terrestrial ecosystems [J]. Scientific Reports,
2021,11(1):13214.

Junaid M, Siddiqui J A, Sadaf M, et al. Enrichment and dissemination
of bacterial pathogens by microplastics in the aquatic environment [J].
Science of The Total Environment, 2022,830:154720.

MacLean J, Mayanna S, Benning L G, et al. The terrestrial plastisphere:
diversity and polymer—colonizing potential of plastic-associated
microbial communities in soil [J]. Microorganisms, 2021,9(9):1876.
Bao R, Wang Z, Qi H, et al. Occurrence and distribution of
microplastics in wastewater treatment plant in a tropical region of
china [J]. Journal of Cleaner Production, 2022,349:131454.

Tadsuwan K, Babel S. Microplastic abundance and removal via an
ultrafiltration system coupled to a conventional municipal wastewater
treatment plant in thailand [J]. Journal of Environmental Chemical
Engineering, 2022,10(2):107142.

Le TM T, Truong T N S, Nguyen P D, et al. Evaluation of
microplastic removal efficiency of wastewater—treatment plants in a
developing country, vietnam [J]. Environmental Technology &
Innovation, 2023,29:102994.

Ragoobur D, Huerta-Lwanga E, Somaroo G D. Microplastics in
agricultural soils, wastewater effluents and sewage sludge in mauritius
[J]. Science of The Total Environment, 2021,798:149326.

Talvitie J, Mikola A, Koistinen A, et al. Solutions to microplastic
pollution — Removal of microplastics from wastewater effluent with
advanced wastewater treatment technologies [J]. Water Research,
2017,123:401-407.

Ngo P L, Pramanik B K, Shah K, et al. Pathway, classification and
removal efficiency of microplastics in wastewater treatment plants [J].
Environmental Pollution, 2019,255:113326.

Mak C W, Tsang Y Y, Leung M M L, et al. Microplastics from
effluents of sewage treatment works and stormwater discharging into
the victoria harbor, hong kong [J]. Marine Pollution Bulletin, 2020,
157:111181.

Mak C W, Ching-Fong Yeung K, Chan K M. Acute toxic effects of
polyethylene microplastic on adult zebrafish [J]. Ecotoxicology and
Environmental Safety, 2019,182:109442.

Wang Z, Gao J, Zhao Y, et al. Plastisphere enrich antibiotic resistance
genes and potential pathogenic bacteria in sewage with
pharmaceuticals [J]. Science of The Total Environment, 2021,768:
144663.

Wang S, Xue N, Li W, et al. Selectively enrichment of antibiotics and

[79]

[80]

[81]

[82]

[83]

[84]

[83]

[86]

[87]

[88]

[89]

[90]

[o1]

[92]

[93]

[94]

[93]

of The Total Environment, 2020,708:134594.

Dai H H, Gao J F, Wang Z Q, et al. Behavior of nitrogen, phosphorus
and antibiotic resistance genes under polyvinyl chloride microplastics
pressures in an aerobic granular sludge system [J]. Journal of Cleaner
Production, 2020,256:120402.

Martinez-Campos S, Gonzalez—Pleiter M, Fernandez—Pifias F, et al.
Early and differential bacterial colonization on microplastics deployed
into the effluents of wastewater treatment plants [J]. Science of The
Total Environment, 2021,757:143832.

Pham D N, Clark L, Li M. Microplastics as hubs enriching
antibiotic—resistant bacteria and pathogens in municipal activated
sludge [J]. Journal of Hazardous Materials Letters, 2021,2:100014.
LinJY,LiuHT, Li XY, et al. Influence of sludge treatment methods
on behaviors of microplastics adsorbed cadmium and its driving
factors [J]. Journal of Environmental Management, 2022,322:116113.
Carr S A, Liu J, Tesoro A G. Transport and fate of microplastic
particles in wastewater treatment plants [J]. Water Research, 2016,91:
174-182.

Wang Z, Gao J, Zhao Y, et al. Fates of extracellular and intracellular
antibiotic resistance genes in activated sludge and plastisphere under
sulfadiazine pressure [J]. Water Research, 2023,247:120752.

Rasool F N, Saavedra M A, Pamba S, et al. Isolation and
characterization of human pathogenic multidrug resistant bacteria
associated with plastic litter collected in zanzibar [J]. Journal of
Hazardous Materials, 2021,405:124591.

Chen L, Li W, Zhao Y, et al. Effects of compound bacterial agent on
gaseous emissions and compost maturity during sewage sludge
composting [J]. Journal of Cleaner Production, 2022,366:133015.

Law K L, Thompson R C. Microplastics in the seas [J]. Science,
2014,345(6193):144-145.

Amaral-Zettler L A, Zettler E R, Mincer T J. Ecology of the
plastisphere [J]. Nature Reviews Microbiology, 2020,18(3):139-151.
FuL, LiJ, Wang G, et al. Adsorption behavior of organic pollutants on
microplastics [J]. Ecotoxicology and Environmental Safety, 2021,217:
112207.

Galafassi S, Sabatino R, Sathicq M B, et al. Contribution of
microplastic particles to the spread of resistances and pathogenic
bacteria in treated wastewaters [J]. Water Research, 2021,201:117368.
Li X, Qi X, Liu X, et al. PET addition delays the composting mature
process and promotes microbiota associated with plastic degradation
in plastisphere [J]. Journal of Cleaner Production, 2023,389:136066.
Chen W, Feng Z, Chang Y, et al. Comparing the bacterial composition,
succession and assembly patterns in plastisphere and kitchen waste
composting with PLA/PBAT blends [J]. Journal of Hazardous
Materials, 2023,454:131405.

Nizzetto L, Futter M, Langaas S. Are agricultural soils dumps for
microplastics of wurban origin? [J]. Environmental Science &
Technology, 2016,50(20):10777-10779.

Meng J, Zhang Q, Zheng Y, et al. Plastic waste as the potential carriers
of pathogens [J]. Current Opinion in Food Science, 2021,41:224-230.
Bowley J, Baker-Austin C, Porter A, et al. Oceanic hitchhikers —

assessing pathogen risks from marine microplastic [J]. Trends in



3992 HOE

R 45 %

Microbiology, 2021,29(2):107-116.

[96] Hsiao T C, Cheng P C, Chi K H, et al. Interactions of chemical

components in ambient PM, s with influenza viruses [J]. Journal of

Hazardous Materials, 2022,423:127243.

[97] Zhai Y, Li X, Wang T, et al. A review on airborne microorganisms in

particulate matters: composition, characteristics and influence factors

[J]. Environment International, 2018,113:74-90.

[98] Liu H, Zhang X, Zhang H, et al. Effect of air pollution on the total

bacteria and pathogenic bacteria in different sizes of particulate matter

[J]. Environmental Pollution, 2018,233:483-493.

[99] Wang M, Li Q, Shi C, et al. Oligomer nanoparticle release from

polylactic acid plastics catalysed by gut enzymes triggers acute

inflammation [J]. Nature Nanotechnology, 2023,18(4):403-411.

[100]Peng C, Zhang X, Zhang X, et al. Bacterial community under the
influence of microplastics in indoor environment and the health
hazards associated with antibiotic resistance genes [J]. Environmental
Science & Technology, 2022,56(1):422-432.

[101]Jiang J, Ren H, Wang X, et al. Pollution characteristics and potential
health effects of airborne microplastics and culturable microorganisms
during urban haze in harbin, China [J]. Bioresource Technology, 2024,
393:130132.

[102]Xu L, Bai X, Li K, et al. Human exposure to ambient atmospheric
microplastics in a megacity: spatiotemporal variation and associated
microorganism-related health risk [J]. Environmental Science &
Technology, 2024,58(8):3702-3713.

[103]Li Y, Liu C, Yang H, et al. Leaching of chemicals from microplastics:
a review of chemical types, leaching mechanisms and influencing
factors [J]. Science of The Total Environment, 2024,906:167666.

[104]Kesy K, Oberbeckmann S, Kreikemeyer B, et al. Spatial

environmental heterogeneity determines young biofilm assemblages

Frontiers in

on microplastics in baltic

Microbiology, 2019,10.

sea mesocosms [J].

[105]Yang Y, Liu G, Song W, et al. Plastics in the marine environment are
reservoirs for antibiotic and metal resistance genes [J]. Environment
International, 2019,123:79-86.

[106] 7 20, Wt R, 252 752 Aol 2 S5 i 70 P R ) A% B 15 7K1 6 TR
¥ 0], TEFERIEE, 2022,42(8):3957-3968.

Wu X J, Shi G J, Wang Y Y. Effects of microplastics on the spread and
horizontal gene transfer of antibiotic resistance genes [J]. Chinese
Environmental Science, 2022,42(8):3957-3968.

[107]Abe K, Nomura N, Suzuki S. Biofilms: hot spots of horizontal gene
transfer (HGT) in aquatic environments, with a focus on a new HGT
mechanism [J]. FEMS Microbiology Ecology, 2020,96(5):fiaa031.

[108]Li Z, Junaid M, Chen G, et al. Interactions and associated resistance
development mechanisms between microplastics, antibiotics and
heavy metals in the aquaculture environment [J]. Reviews in
Aquaculture, 2022,14(2):1028-1045.

[109]Imran Md, Das K R, Naik M M. Co-selection of multi-antibiotic
resistance in bacterial in  metal

pathogens and microplastic

contaminated environments: an threat [J].

Chemosphere, 2019,215:846-857.

emerging health

[110]Sun Y, Wu M, Zang J, et al. Plastisphere microbiome: methodology,
diversity, and functionality [J]. iMeta, 2023,2(2):e101.

[111]Dris R, Gasperi J, Tassin B. Sources and fate of microplastics in urban
areas: a focus on paris megacity [M]/Wagner M, Lambert S.
Freshwater Microplastics: Vol. 58. Cham: Springer International
Publishing, 2018:69-83.

[112]Junaid M, Wang J.

Interaction of micro(nano)plastics with

extracellular and intracellular biomolecules in the freshwater
environment [J]. Critical Reviews in Environmental Science and
Technology, 2022,52(23):4241-4265.

[113]Bakaraki Turan N, Sari Erkan H, Onkal Engin G. Microplastics in
wastewater treatment plants: occurrence, fate and identification [J].
Process Safety and Environmental Protection, 2021,146:77-84.

[114]Jin Y, Xia J, Pan Z, et al. Polystyrene microplastics induce microbiota
dysbiosis and inflammation in the gut of adult zebrafish [J].
Environmental Pollution, 2018,235:322-329.

[115]Saley A M, Smart A C, Bezerra M F, et al. Microplastic accumulation
and biomagnification in a coastal marine reserve situated in a sparsely
populated area [J]. Marine Pollution Bulletin, 2019,146:54-59.

[116]Ma H, Pu S, Liu S, et al. Microplastics in aquatic environments:
toxicity to trigger ecological [J]. Environmental
Pollution, 2020,261:114089.

(11717 TP EEA SR KPR Ok S 3P (9 AH ELAE RIRF
Uk [3]. HEEERFY, 2024,44(12):6962-6971.

Li X, Luo Y H, LI H, et al. Advances in the study of microplastic-

consequences

microbial interactions in the aquatic environment [J]. Chinese
Environmental Science, 2024,44(12):6962-6971.

[118]Li Y, Tao L, Wang Q, et al. Potential health impact of microplastics: a
review of environmental distribution, human exposure, and toxic
effects [J]. Environment & Health, 2023,1(4):249-257.

[119]Smith M, Love D C, Rochman C M, et al. Microplastics in seafood
and the implications for human health [J]. Current Environmental
Health Reports, 2018,5(3):375-386.

[120]Dong H, Chen Y, Wang J, et al. Interactions of microplastics and
antibiotic resistance genes and their effects on the aquaculture
environments [J]. Journal of Hazardous Materials, 2021,403:123961.

[121]Unuofin J O, Igwaran A. Microplastics in seafood: implications for
food security, safety, and human health [J]. Journal of Sea Research,
2023,194:102410.

[122]Jin Y, Lu L, Tu W, et al. Impacts of polystyrene microplastic on the gut
barrier, microbiota and metabolism of mice [J]. Science of The Total
Environment, 2019,649:308-317.

[123]Yu Y, Flury M. Current understanding of subsurface transport of
micro- and nanoplastics in soil [J]. Vadose Zone Journal, 2021,20(2):
€20108.

[124]Chiellini E, Corti A, Swift G. Biodegradation of thermally—-oxidized,
fragmented low—density polyethylenes [J]. Polymer Degradation and
Stability, 2003,81(2):341-351.

[125]Nizzetto L, Bussi G, Futter M N, et al. A theoretical assessment of
microplastic transport in river catchments and their retention by soils
and river sediments [J]. Environmental Science: Processes & Impacts,
2016,18(8):1050-1059.

[126]Rezaei M, Riksen M J P M, Sirjani E, et al. Wind erosion as a driver
for transport of light density microplastics [J]. Science of The Total
Environment, 2019,669:273-281.



7 3] BT ANFEIES IR I AT A AR B Ui 3993

[127]Ran T, Liao H, Zhao Y, et al. Soil plastisphere interferes with soil
bacterial community and their functions in the rhizosphere of pepper
(capsicum annuum 1.) [J]. Ecotoxicology and Environmental Safety,
2024,270:115946.

[128]Michielssen M R, Michielssen E R, Ni J, et al. Fate of microplastics
and other small anthropogenic litter (SAL) in wastewater treatment
plants depends on unit processes employed [J]. Environmental Science:
Water Research & Technology, 2016,2(6):1064-1073.

[129]Chaisar M, Garg S K. Selection of sewage treatment technology using
analytic hierarchy process [J]. Materials Today: Proceedings, 2022,56:
3433-3440.

[130]Okoffo E D, O’Brien S, O’Brien J W, et al. Wastewater treatment
plants as a source of plastics in the environment: a review of
occurrence, methods for identification, quantification and fate [J].
Environmental Science: Water Research & Technology, 2019,5(11):
1908-1931.

[131]Koyuncuoglu P, Erden G. Microplastics in municipal wastewater
treatment plants: a case study of denizli/turkey [J]. Frontiers of
Environmental Science & Engineering, 2023,17(8):99.

[132] Ahamed T, Brown S P, Salehi M. Investigate the role of biofilm and
water chemistry on lead deposition onto and release from polyethylene:
an implication for potable water pipes [J]. Journal of Hazardous
Materials, 2020,400:123253.

[133]Shen M, Zeng Z, Li L, et al. Microplastics act as an important
protective umbrella for bacteria during water/wastewater disinfection
[J]. Journal of Cleaner Production, 2021,315:128188.

[134]Kelly J J, London M G, McCormick A R, et al. Wastewater treatment
alters microbial colonization of microplastics [J]. PLOS ONE, 2021,
16(1):e0244443.

[135]Metcalf R, White H L, Ormsby M J, et al. From wastewater discharge
to the beach: survival of human pathogens bound to microplastics
during transfer through the freshwater-marine continuum [J].
Environmental Pollution, 2023,319:120955.

[136]Li C, Wang L, Ji S, et al. The ecology of the plastisphere: microbial
composition, function, assembly, and network in the freshwater and
seawater ecosystems [J]. Water Research, 2021,202:117428.

[137]Wei F, Xu C, Chen C, et al. Distribution of microplastics in the sludge
of wastewater treatment plants in chengdu, china [J]. Chemosphere,
2022,287:132357.

(138 A BT, He N R 18 5, A8 KU P ORI IT Sk g [0]. BABEAR A,
2023,42(12):4079-4092.

Guo X M, Cu X M, Chen ] Y, et al. Research progress on atmospheric
microplastics [J]. Environmental Chemistry, 2023,42(12):4079-4092.

[139]Jiang K, Zhu J, Su K, et al. Tracing the transport and residence times
of atmospheric microplastics using natural radionuclides [J].
Environmental Science & Technology, 2024,58(35):15702-15710.

[140]Allen S, Allen D, Phoenix V R, et al. Atmospheric transport and
deposition of microplastics in a remote mountain catchment [J].
Nature Geoscience, 2019,12(5):339-344.

[141]Welsh B, Aherne J, Paterson A M, et al. Atmospheric deposition of
anthropogenic particles and microplastics in south—central ontario,
Canada [J]. Science of The Total Environment, 2022,835:155426.

[142]Qian J, Tang S, Wang P, et al. From source to sink: review and
prospects of microplastics in wetland ecosystems [J]. Science of The
Total Environment, 2021,758:143633.

[143]Wang X, Li C, Liu K, et al. Atmospheric microplastic over the south
china sea and east indian ocean: abundance, distribution and source [J].
Journal of Hazardous Materials, 2020,389:121846.

[144]Zhang Y, Pu S, Lv X, et al. Global trends and prospects in
microplastics research: a bibliometric analysis [J]. Journal of
Hazardous Materials, 2020,400:123110.

[145]Li C, Liu J, Rillig M C, et al. What harmful microbes are lurking in the
world’s 7billion tonnes of plastic waste? [J]. Nature, 2024,634(8032):
30-32.

[146]Zhu L, Li R, Yang K, et al. Quantifying health risks of plastisphere
antibiotic resistome and deciphering driving mechanisms in an
urbanizing watershed [J]. Water Research, 2023,245:120574.

[147]Wu J, Zhou J H, Liu D F, et al. Phthalates promote dissemination of
antibiotic resistance genes: an overlooked environmental risk [J].
Environmental Science & Technology, 2023,57(17):6876-6887.

[148]Ni B, Zhang T L, Cai T G et al. Effects of heavy metal and
disinfectant on antibiotic resistance genes and virulence factor genes in
the plastisphere from diverse soil ecosystems [J]. Journal of Hazardous
Materials, 2024,465:133335.

[149]Deng Y, Zhang Y, Qiao R, et al. Evidence that microplastics aggravate
the toxicity of organophosphorus flame retardants in mice (Mus
musculus) [J]. Journal of Hazardous Materials, 2018,357:348-354.

[150]Cheng W, Zhou Y, Xie Y C, et al. Combined effect of polystyrene
microplastics and bisphenol A on the human embryonic stem cells—
derived liver organoids: The hepatotoxicity and lipid accumulation [J].

Science of The Total Environment, 2023,854:158585.

PEZ e TH52001-), 98, 1l Z5 55 5 WiV TR A# WLt
NI R R AR S A AL R R B 1 R 23020160040@pop.

zjgsu.edu.cn.



