e

Acta Microbiologica Snica

2024, 64(10): 3571-3590
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20240175

Review BESEEBN

/AR ZERIS REIHU R SRR R

WL R EaRlereebi, AMARRS SR AT IMESLIE, WiVl bt 310058

W, MR, FLAEER, (RS, B, U8R SR X IR 0T Ak R G e BB ST (D], AR A AR, 2024, 64(10):
3571-3590.

LI Hao, LIN Renzhang, KONG Xiangyu, REN Hao, LU Zhenmei. Research progress in the effects of micro(nano)plastics on anaerobic
digestion system[J]. Acta Microbiologica Sinica, 2024, 64(10): 3571-3590.

W E: AWMRIEFWIREFR £ F M IT R(waste activated sludge, WAS)# 4T /R 27K 1t (anaerobic
digestion, AD)#& WAS #& & At Fe = Fhx 6 —Fr A AL AR, TH UK WAS KA, 25 WAS
BLAKBOR, JFEHBEFF A, K. FBANFE, Bk ZEH. XM AD IE£EHZ
3| 4h 31 B & 4ot 8 #F(microplastics, MPs)3k 24 K # #t(nanoplastics, NPs)#) %%, MAfm-F3K AD 0¥
BARE 25T, AD SRR TETEZMREYAFAIAMEIRE. MEER, AL THEHF
BRAE, HARERTHER A 20, EREB AL FTRABRENREFRRENAG,
m S S ME . FRAMAL MPs f= NPs L#t /74845, (204249 MPs #= NPs BF 5 P 424248 &
A, ALLZERET RE XA, R$6) MPs #2 NPs *f AD 2 A&t dtk, A RETFTRAZAT
AR, LEZmE . FRHEARNESKA, 435 MPs = NPs s A Y BEZ ¥ a b
HEARET ARG ILAE, FRZE T MPs 4= NPs 3t AD 24 % w7 @) R RFA TG,

SR AR SRR REN A R MBS HEK

TEEHIE . WiTLA BT %1(2022C03001)

This work was supported by the Science and Technology Program of Zhejiang Province (2022C03001).
*Corresponding author. Tel: +86-571-88206279, E-mail: 1zhenmei@zju.edu.cn

Received: 2024-03-20; Accepted: 2024-04-28; Published online: 2024-05-06



3572 LI Hao et al. | Acta Microbiologica Snica, 2024, 64(10)

Research progress in the effects of micro(nano)plastics on
anaerobic digestion system

LI Hao, LIN Renzhang, KONG Xiangyu, REN Hao, LU Zhenmei’

Key Laboratory of Biosystems Homeostasis and Protection, Ministry of Education, College of Life Sciences,
Zhejiang University, Hangzhou 310058, Zhejiang, China

Abstract: Anaerobic digestion (AD) of biomass waste combined with waste activated sludge
(WAS), which is characterized by great stability, low energy consumption, and biogas production,
can effectively reduce the volume and improve the dehydration of WAS and thus has been widely
applied in methane production. However, the AD process is susceptible to external factors such as
microplastics (MPs) or nanoplastics (NPs), which can lead to reduced efficiency or even collapse of
AD. The AD system needs the interdependence and interaction of the microbial community to keep
stable operation in a dynamic equilibrium state, in which phages play a key role. Phages can not
only regulate the structure of the microbial community in the sludge and direct the energy flow but
also attach to MPs and NPs with bacteria and archaea for transmission. Nevertheless, the effects of
MPs and NPs on such a process were underestimated in previous studies. In this paper, we
summarize the research progress in the effects of different types and sizes of MPs and NPs on AD
systems, with focus on the ecological connections among microbial communities, especially
bacteria, archaea, and phages, in anaerobic systems. Furthermore, we put forward novel viewpoints
about the effects of MPs and NPs on microbial communities and make an outlook on the future
research directions in this field.

Keywords: microplastics; nanoplastics; anaerobic digestion; microbial communities; phage
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Figure 1 Flow chart of methane production in AD.
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Figure 2 The way in which bacteriophages regulate microbial communities.
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fo . CEEEE . SRR A TEAE R I ). Manu 4§
RLZE T MPs Fl NPs 5200 AD [ BLEEHL I A ] 42
LG, FF1He T MPs 76 AD it s EHiE R
i 2 3% [H] (antibiotic resistance genes, ARGs)3F=J&
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Types and applications of plastics commonly found in AD systems

Type of plastic ~ Chemical structure

Application

PVC - Cl
\\A
- n
RN
- n
PP I CH;
N
- n
PS N
L n

- /PEV\/\/H\

PET

o

PLA

Pipes, toys, fiber optic sheathing,
furniture, etc.

Film, plastic packaging bags, plastic
bottles, etc.

Laboratory supplies, automotive
components, speakers, textiles, etc.

Foam plastics, heat-absorbing and
soundproofing materials, household
appliances, etc.

Fishing gear, nylon, Kevlar, medical
equipment, etc.

o) Heat-resistant materials, electronic and

N electrical components, etc.
O n

Electrical and electronic appliances,
mechanical industry gears, etc.

Medical instruments, etc.
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2 BT MPs F1 NPs Xt AD BRIy SCikl 2
Table 2 A summary of the current literature on methane production by MPs and NPs in AD
Types of Diameter Concentration Reactor information Keywords References
plastics
PS-SO;H, 60—80 nm (PS-SO;H) 60, 80, 100 mg/L 500 mL, bottle Methane production, EPS, microbial [30]
PS-NH, (PS-NH,) 5, 10, 20 mg/L community and functional gene response
PS 54.8 nm 50, 100, 200 mg/L 300 mL, bottle Methane production, microbial community [31]
PVC 1 mm 10, 20, 40, 60 particle/g TS 160 mL, bottle Methane production, leachate, microbial [32]
community, biochemical methane
potential tests
PE 40 pm 10, 30, 60, 100, 160 mL, bottle Methane production, ROS, microbial [33]
200 particles/g TS community, biochemical methane
potential tests
PET 150 pm 10, 30, 60 particle/g TS 1L, bottle Hydrogen production, leachate, ROS,  [34]
(0.09, 0.32, 0.66 mg/g TS) microbial community
PES 200 pm 0,1,3,6, 10, 30, 60, 100, 310 mL, bottle Methane production, biochemical methane [35]
200 particles/g TS potential tests, microbial community
PS 50 nm 10, 20, 50 pg/L 7 L, upflow anaerobic Methane production, EPS, leachate, [36]
sludge bed (UASB) ROS, microbial community
PS 50 um, 50 nm 0.16 g/L 300 mL, bottle Hydrogen and methane production, [37]
microbial community
PS 0.5, 1, 10,50, 75mg/L 100 mL, bottle Methane production, leachate, microbial [38]
75, 150 pm community
PS 50 nm, 1 ym, 50 mg/g TS 250 mL, bottle Methane production, microbial [39]
10 pm community and functional gene response
PET, PP, PE, 150 um 40, 80 mg/L Serum bottle EPS, microbial community, hydrogen [40]
PS production
PS 100 pm, 1,20, 100 mg/L 1.6 L, sequencing  Nitrogen metabolic pathways, [41]
100 nm batch reactor (SRB) metagenomic analysis
PVC 0.1-0.3mm 0, 1, 10, 30 particles/g TS 500 mL, bottle Methane production, cadmium [42]
PE, PET, (PLA) 150 pm 60 particles/g TS 250 mL, bottle Leachate, aged plastics, microbial [43]
PVC,PLA (PE, PET, community
and aged PVC, PLA)
PE, PET, less than
PVC,PLA 300 pm
PS 110 nm 0,1,0.5,1,5¢g/L 500 mL, bottle EPS, sludge flocculation, surface [44]
thermodynamics
PS 50 um,100 nm 1, 20, 100 mg/L 13.8 L, bottle Nitrogen transformation process, [45]
metagenomic analysis
PE 40—48 um 10, 1 000 pg/L 200 mL, bottle EPS, biofilm, electron transfer nitrogen [46]
removal
PET 0.3 mm 0.1,0.2,0.5,1.0 g/L 100 mL, bottle Anammox, microbial community and [47]
functional gene response
PS 120 nm 0.1,0.5,1.0 g/L 500 mL, bottle Anammox, sludge structure, EPS [48]
PS 80—160 pm 0,0.5,5,50 mg/L 3L,SBR Antibiotics resistance genes, functional [49]
genes, ARG transmission
PS 1 mm,100 um, 30, 200 mg/g TS 120 mL, bottle Food waste, microbiom and enzymology [50]
1 pm response, ROS
PVC 75, 150, 0.024,0.24,2.4 g/g VS 200 mL, bottle Dissolved organic matter, leaching [51]
3 000 um compounds microbial community
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*3 DPAFESERICERBDERNTTE MPs 71 NPs EXHIRBEYIR T R EHIIEE

Table 3 Polymer components and their functions that meet the definition of MPs and NPs commonly used in

personal care products and cosmetics

Polymer Examples of functions in PPCP formulations
Nylon-12 (polyamide-12) Bulking, viscosity controlling, opacifying (e.g. wrinkle creams)
Nylon-6 Bulking agent, viscosity controlling

Poly(butylene terephthalate)
Poly(ethylene isoterephthalate)
Poly(ethylene terephthalate)

Poly(methyl methylacrylate)
Poly(pentaerythrityl terephthalate)
Poly(propylene terephthalate)
Polyethylene

Polypropylene

Polystyrene

Polytetrafluoroethylene (teflon)
Polyurethane

Polyacrylate

Acrylates copolymer

Allyl stearate/vinyl acetate copolymers
Ethylene/propylene/styrene copolymer
Ethylene/methylacrylate copolymer
Ethylene/acrylate copolymer

Butylene/ethylene/styrene copolymer
Styrene acrylates copolymer

Trimethylsiloxysilicate (silicone rosin)

Film formation, viscosity controlling

Bulking agent

Adhesive, film formation, hair fixative, viscosity controlling, aesthetic agent
(e.g. glitters in bubble bath, makeup)

Sorbent for delivery of active ingredients

Film formation

Emulsion stabilizing skin conditioning

Abrasive, film forming, viscosity controlling, binder for powders
Bulking agent, viscosity increasing agent

Film formation

Bulking agent, slip modifier, binding agent, skin conditioner
Film formation (e.g. facial masks, sunscreen, mascara)

Viscosity controlling

Binder, hair fixative, film formation, suspending agent

Film formation, hair fixative

Viscosity controlling

Film formation

Film formation in waterproof sunscreen, gellant (e.g. lipstick, stick products,
hand creams)

Viscosity controlling

Aesthetic, coloured microspheres (e.g. makeup)

Film formation (e.g. colour cosmetics, skin care, sun care)

e i PR T 15%°°, Wang 2] 50 um
50 nm AR NERBIESY T HX PR AU 1 52
il , 45 53 W] 50 pm MPs fifi &S0 S 3GNTTT 50 nm
MPs il &7 PR AR R AR R,
NPs X 14 2 7 A 071 THT 5% 0 (4 R R0k B 22 L. MPs
fiRAS 22 B2 BURLAG B T X F e A5 M R
[, Wang 5% TN [RIBA BT (0 DR KA [R] i 1
PR BB = i RE ), R RN AT
) MPs (PE. PET. PVC)XJ Bl o)™ & 4 £7 T 5% 1
IR 2 Z Ak TR MPs /NS MPs #1 NPs 1
P, L e PR AR R B RRIE 2
— . FHBS T PS-NPs (PS-NH,)%} F e i iy
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RIGHNZEBSN, T T ORISR TE <™ 4
s Y s, A -4 T &
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SCE, WELE| PS-MPs AF7ERT, AnGS /RF H X
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Mg G —e, B — MR, R e .
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N 23K EPS MRS EME . B RBEIR £ 2R B 1E
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C-O SFHAEHIMEAER, BB AL,
il EPS MYBiKYEREAR, Z5H7AE AR,
MPs FI NPs %[ {56 2 &t F2 . AnGS #l EPS J&
BRI SRR, BUR T AR EE Y
T, MR T AD 1A R BERGETT .

3 MPs f2 NPs v AD 24y

W DL

3.1 MPs # NPs ;2 Hi& % AD RGHI%2 00
MPs il NPs 7EfilfEd #2 v, 2 ffi A Btk

RV I 30 B2 s DR R R B L 7E DR S Ak 3 AR

XY N 2 AT X A 2R 7 A A T AR
XU A (bisphenol A, BPA)JE: PVC ¥4 rh i1 4 F
A5, Wei 23858 T BPA )\ PVC-MPs i H
IKSE R F B = s, 255 7R BPA 1
WHES PVC MEREIEMEKXR, HHAR
PVC &t il 7 Wb se s, 135045
5 MPs W2 I HeA W) 4, 45 i BPA 2R3
e 77 i T B BRI P2, e SR R 4N
(sodium dodecyl sulfate, SDS)/& PS ) F %2
Yy, e PS T B BE s i R AR o SR PO
SR, FRAE AT R A #02  1l H ot 7
W FRE, BB R — T RN PE-MPs i) F 2
B, IR = m 28 RRRA,
SRRIRE T 2 B U 5 Wi B e 7 1143
Sy IR, MPs il NPs X AD 8202 2 5 T Y
3.2 MPs #1 NPs iS4 1) ROS Xt AD &
A

NPs 5 HA A AR R, S35
R H BT ML R e R, (R TS
) B 35 40 F R AL RN, DTN T
ROS Y77 A, X —xd Fe o | 40 i ) A I 3
N, FECAMET . 7E4HI MPs Fil NPs B9
Hh, R RENLER RS M KSR T, AnBE a0
w5 ROS 2 T8 AD RUR KA 225
[R3363895] - Huang SEA075 e H 1) ROS 7KF,
TE PE-MPs ¥ & #1200 Wiki o/Ts i, WELH|
ROS T+, AUAENE ) BEACFI 240 fu st T 2R T
L Li ZLERFSE PS-NPs %f AnGS (I1E I,
WAL H] ROS B FMEH. Jeong S5
B PS-NPs #2155 77 ROS, 5EA L 4E
B4 1 (Brachionus koreanus)E 1 g il
Wei 55 D)L 71 L2 1 Ui (lactate dehydrogenase,
LDH) A 40 i B 58 B 6 45 , #4898 T ROS X 4 fitg
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%, WE/R MPs 23520 B el e i iR ik 5 7= H
e BB, Wang DL PS MHIFSE AR W2 3
FRALE R AR JEPERRARCY 56T B PR
R, HRrE LS —mEie, — 7l fg
SEWRNS IR Y BEMEAE T, Wang 4536 F PE.
PVC BIEW MRS R, s &
BTG P SRR S — TR R TR R
FALIR FE AR IR, LB RE S R UE D)
FE IR AR5 1T 38 3k WP WA 2 e L 4 T 3 R
B L&, Zhang ETEfE A PS-NPs Al
PS-MPs i} 5% SRHEURL /AT AnGS it /R 1Y
WHIVE R & B, NPs S2I 4 P35 71558
b R 0 35 KR X 2 BRI, 450 NPs e MPs X
HL £ 3ofs 4410 )V R R R MT e L R, T
A& MPs Fl NPs fBff SANMEARES A, 5l
it MPs Fll NPs S4Ifs2s A, XHIRAZ A
75 U8 i R | AT ) A = g A AR 22 7
W HA SEIRIVE R . BEAh, MPs 4554,
e VR ) o A2 438 3 1 DNA 450917, s 2,
MPs Fll NPs f78 I 2 AR B bt o 72 rh iy iR 1k
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7 e AH DG BTG 1, H S O T M BRI ) =X
AT BB F T X0 R DG T BE T 1) B 422 i R B8 %o
L1538 R 40 I B AR A A -
3.4 MPs F NPs X4 #1872 195200

MPs HI NPs X [# #RAS B 52 0 32 2855 ok
BR/INFIRTA LA A OC, Fu R4k
Y =S U BSFT 1 (Acetobacteroides hydrogenigenes)
SRR PR ARG IR ST T AN oK SR X 2 s 37 A
FREGS I, S5, 0.2 ¢/L () PS-NPs [&{% T
R, A SR A hydrogenigenes
AR B & 4 PS-NPs Bk, FF 4 Bl R E 1
KK FLBRDY,  SRHEURE X 41 B 1 R A
P& = ma E A0 i N . SRR 7R 28 1
S AL A L R, WG RE S FIEE L, W]
AE S i H SR AN A HL 1 . Dai S5 & R 1H A
B T L PS ORLERSY 1 I T A A e 2 44
FFAT S5 AN [ HL v PS R A RS X, 25 R 3R 1,
HAEHLHY PS (PS-NHo) UKL 2 25 FRAR 1 2 Pl 2 8
rEfERE ST, T H/NRSH (<80 nm)ffY) PS-NH, i
L RE B PN A 3E A A TR 40 A N IR AR L R R
KIS (>200 nm)i¥) PS-NH, ki #1745 471 HL 39 PS
(PS-COOH) UKL I 2 ic A 7E 2 Jfd 5 2 T 1)
PS-NH, AJ DR %5 Z b o JIg 5181 K 1) 5% i A ik g
G322 18] ) R B T A0 R s B A
XA BN M R RO g 3G K, 4 A R AR
U IeAl, B R R S MPs REf% il ly HiAth 75
YIRS bk P A fa 3 o Li SERAHSR
RIL MPs i AT5/KAET 5, HERMmBAEZL
25 R H. MPs KR Y C—O il O—H FEHR N, X
BT T IR cd S E A RAE ST,

MPs Fll NPs I A 23 B A WA A
FIF KRR A B 7 67 7. Feng % F PS-NPs
PEAT T Rt B S s, IMA PS-NPs Z )5,
H. % FF I J& (Syntrophobacter) . B & B H &
(Saccharofermentans) . % 12 ji¢ {4 J& (Treponema) .
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7L R 9K B )8 (Lactivibrio) F1 4 ¥ 78 T & &
(Paludibacter) it =F £ i 2 T F, 33X 46 )& (1) 4H 14
REfE A KA & A4 7 1R, 3R] NPs
AR R ASF T 7= BR (14 5 [ 552500 [RIFE, Wei
G PET #FA 750000, & IK i AT I8
(Bacteroides) 1 j” [ig = & Id % P4 HB [T & )&
(Tissierella) . i 5= ML B J& (Fonticel la) it =F AR AIK
Fas AP, Wang Z7E4K5E 50 nm PS-NPs X}
PR AR e 52 e B, R I B £ AN AT T R
(Gracilibacter) . 4 i FT I# J& (Diaphorobacter) |
Candidatus Cloacimonas #1372 7 (% B 5% &
(Smithella) 55 5 7K fif R Ak A ¢ 1 240 B8 3 B R AR
ZEXFHLLM 80.1%"", Wang SFWFSE R PS
FIRLAE M 0.5 pum BENE] 150 pm B, L3 B2
Candidatus Caldatribacterium (1) 3= & H %F By />
T 14.8%-39.7%5%,

EH RS KE |, Sun 0198 R BL, 7R
M PVC JEHYER 120 K, S0E 7R AL 6L B fn HY
% ¥ T J& (Methanobacterium) Fil B ¢ 56 4T 74 &
(Methanobrevibacter) ) 3= & 43 5| Lt X} 18 21 5
40.0%7F11 4.0% ; &0 I 7™ H Gt i R Ha Fl CO,
s RRA W e, i THE m A A K A
UF B RETEIE N RE ST, TR SRF T R A
g b B L3 4 11 Wang 25t v 7 3] 72 o
BITE MPs J8 T b R L0338 I S R B ™
HBE PR 5 A8 R AU R R e U0, Li Sk B
Fo W E 1) MIPs Y B ol 5075 7 78 e o R B4tk
i /& (Methanocul leus) 1A X = B T+ Bivk
(i) P e ) A F U B B 3 A R i R T
Wang S5 5% & B 4] ¢ {5 54 i 1 (Pseudomonas
AE 5 15 o M0 B0 M
(Arthrobacter nicotianae) ZM05 71k pH T [F4f#
SRHR ISR 2E R — T ERReRr, 2
H.E A AL A (syntrophic acetate oxidation bacteria,

SAOB) S 77 B Hl b vl T 2 [ A9 45 1R

aeruginosa) ZMO03

KRBEMBIGE TR AD RGAEZINHIF1F T iy~ H
BERE U, R 2 1F R, Dyksma 55T
T EUE TR HBe B AE e TR S Ak 2R RE A L
1R BRT T B e i o A 7 F e ik
ZE B Rk, MPs F1 NPs B0 A 240005l B B 7K A
PRI EIRE ST, FFD SR ™ B BE TR %) 7 H e
W, WeREERBLE N ERE S, IR HE
EFAH S HS5 SAOB REWIE MUK A&
%, SAOB 5 F B W e 1 55 AT B HKHT
MPs Fl1 NPs ifri8 (1) ¢

4 HHERE AD RS HHALS
e

41 AD ZLZihlEEAFEESZHM

T TR R A RSz —,
DR A ) T RE SN AR B AR AR YR, g
BRI AR 5] . MR E 45, X (L
B Ry W R AR P BRAE AR A . Ak, TE KA B
| R TG TR R 10°-10" 4N R A0
I FL TR PR BT P R W R A B Y, I FL
R ATE 7 B o S I i o DLRE R 220 5.2% 107 4S/L
A A T ik R A I R At ELAT
JE ) Z R R o Calusinska 2538 1 72 3 [K]
HEFERRET 9 DN A is AR
dsDNA BER AL RNA J#ERI 2 FEME, 7655
PEEHATXT LR, R 48.5%MIWE R {A contig
warHr, AMNGE BT AR mabR A T 0, 3
HH AR A5 K o A I T R P 810 R g A T 210 ), Fan
A 835 4 Jii PR 480 T K %% (anaerobic  digestion of
food waste, ADFW)H I B IR EA T 0F9E , A
46.8% g AR HERS Ol RE, MiJE, Wt
AL LR L% ) NCBI - A8 I A 2 2% L [R]
AT HEXT DA 5 W D AR B VR e, A5k
B ADFW IR R oA 64.48% 9 BEERAE 43
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X H{yj (viral operational taxonomic units, vOTU)
SRR, UL S A R EOR PR LY
PRARRE S PEWR A . 7RI g AR K R I T
& %} (Siphoviridae) (32.7%) . JIL J& W & 14 I
(Myoviridae) (11.9%)F1% LR A% (Podoviridae)
(3.0%) & FEM KR, HiE TAHREWEEE
(Caudovirales), Willenbiicher 55 M\ H Il R 480 7H 1k
ar PSR TIRIFER IR, I HR S 22 AP
AR (Inoviridae)Fl Tectiviricetes £ 51 B4,
H B WE T & H (Caudovirales) & T 74 & M 7 14
4§ (Caudoviricetes), %I IR Z R AE R FIR A
7 BETE A AR Y SCE AR A, o W R A
FEARN,
4.2 AD RGFEEA-FEREMNNF

I AT A - S A% 2 0 14 30 0 2 RUAE EAE PR A
A A P A A A S R G R A
N% . Zhang ZEPE 4 AP b bt s
5 IEAZ A AT 7 I — AU, {2
FHG TS G B e, RO T IR AR
AL S A A Y AL Z BRI AH DG, 45 R IR,
W R AR A TERE S AR I 40.6% 19 IRl A W HE TS
MR, MR TAREY RS, Uk g
TR AR 2 45 T DA% A ) 2 RO 3 R P g ) AR
SRR Y E A NGO b AL I S B0 R N
JE A% A W 22 [a) A AR B AL, Heyer Z57F1
JGAR A 27 AR R IR 480 IF Ak A v il Ak 1 8 gk
FTTHRST, ik CRISPR & FAFHIHE T W
R 205 ENFFER . TR BRE R
T I Methanocococal dacaea; I i 14 f 550 2 4
MIRrg 20-30 %, Ll HA AU, F5
I P 1S 6% 0 o) 2 figp 20 e 47 o s s 2 v
FEUL ] o & T PRAETH Ak A H s D AR 5 4 77 =z ]
2745, Centurion 0 HEFT T HE— 25 145
5%, Al liET % E CRISPR YW 1A 5 15 EAH
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HAERR R, BAA R ZHERER G — e 3,
BG4, Herelleviridae F} i B 14 5 41 14
Candidatus Anammoximicrobium Z [B] 40 A~
] () o S ) e 42, XS 7R T BT AT R T T
=N B B A

X DRAATE A TR A RV, H G AT
I J& (Methanother mobacter) Fl F ¢ /\ & Bk 16 &
(Methanosarcina) &5z fz Je i Z 1, 5 A Il sk
Wik AR -7 AR AR 70%%). Ding %54y 253k
15 Methanothermo bactermarburgensis DX01 J2&
AEFRA RN, BB A Hy f CO, ™
7 F e Methanosarcina 2 IR 40T 1k 28
Pz T, OMIRAE R, B
R, HER. CO, =B L™, Firms & M
7S B AR S R RO S, R — g
R AR T Tl A P 0 1 2, (LTI T R 1 3k
Pl A A BER AR . 38 218 3208 B e LI
Aoz M o SR, TEJLRI BG40 0 Tty TR
AR, RIS 2Rl s 35 DNA #5473 136 1
HEIMPO, Lu %5 % B v R 1A A A S ) 3 R T
TR A e s B SR R AR P Rossi
SEAE DR AR AL g AT AL B S g B, B
yopX BEPH s, I BEDR AT LAV H R AR Y
A AT AR MPs FIT NPs 52 AD
RARCRBEMM IR Z — . WA SHME . &
PR B SR A DG ST g EYE L, D]
PRATH AL A% A A B AU BB SE 38 2 — Rl
e, MEWELGAEE,
43 AD RZPHEBMKHEERMNEEER

Al B A e DT 4 e S W A A e
SR Y 3 DR B B8 =R DA T T2 B DR A A iR AR i A Gl
FE, X eI 5 1 3 AR H A AH R D 6E
T RERAE A — L . W] LR AMG
PREFEWEES A SEfE, WEESREN
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A= R P, Yuan S5 TSRS e A 7 3 R 41
PRI B T 752 > B B R MR TR R R 4
I T 101 252 M USRS AMG,

W RGER B MRS THERES S5k, A&

T AN R EL A Ak g s, B H W TR R P
Wil AMG Fmiffk . &, GRALFEIEIRT, Fan
S5 A BRI ] PN 1) 35 P T e v TR AR 22 Ak
17 THRIE, WE AR B V5 45 10 5 D RE 32 JW] 1L 3F
BRNERFT, 7RG R AL S 20
REff . BRBRERIA IS . SUAS AL AN HLBERR R /K %
I AMG, LR F i A= Wy b sk AL 7 6 20 1 2
SHE ) RE WA= 0 1 2R Ao R DA AR IR S TR TS Ve
REM 2 P2, BRILZAN, IRTENERRT
ik S e 13 2% 355 F ARGs, 51 T I A
YEF ARGs F 25 1y E DY, Wang 5%
12 4 IR S W BE % 1K T B (anaerobic  methane
oxidizing archaea, ANME)F I B (A3 717 43
BEIR IR T BRI FR I By cysH [, HUZ ]
B IRER I8 IR 42 1Y OB , R8I ok [ AL A iR
EHRETIR G AL, LR A cysH
JE TR AT 8 K 5 T B R &k 348 i TR (sulfate-reducing
bacteria, SRB), ANME il % 5 SRB #:4:, KL
ANME HIAEFEHRIS T SRB FFL A= AHH A/ P>,
R R T TERSE A 50T, WER R Al fE
Wt N HABE SRR A RS AMG k)
Ti—AME FHBUIR A

5 MPs 1 NPs ¥ DI1E MK A W
iR N

MPs Fil NPs Al GE1F Sk Mt 2k, i
S WA S RO L2 AT B A ARG, SR
HEWITE MPs 1 NPs I @FH P4, W /ESEBRE

(plastisphere)™ . PR B W e 2 SR BE N 1Y)
S /N, Li 453 2 JU 4% 43 B (redundancy

analysis, RDASHI1, SRR N I GUZE DI T% 2
IRBE R 10 24 oROPE 2 HE K A 3R 85 v ) ke A
FEH /NPT Bl MPs Fil NPs fE% 78 24 1A= W
BER ORI, K ) A A7 3] AD R5E
o AR EDRA BT 5 R 1A P A VR R AN (R
(). Bhagwat S5 ] 7 J [ 4H I s ARG 17
4 F MPs U EWIRETSE, SRR, 4 FhER L
HB A = R B 2L 4 FH(Rhodobacteraceae), B
I 2 AR o8 151 58 5 B4 i T (Pseudoal teromonas
shioyasakiensis)/& PS i ZAIHEE, MR
SR AT B EL AT i (Desul fatibacillum aliphaticivorans)
& B BB BR £ #F T (Desulfatibacillum
alkenivorans) | J2& 5 C TR %8 B 3 5 e 19
PRAEL OO IR B v A g B R s At
JEREREE A A 225, Li 25504 FH ok v e
A R A TS, o 5 R A R
iR R D PR R O B B IR B 2 e T R
), XARES R BOCR B AR,
Wk A BE RS T B ZE MPs 11 NPs |, 343 ml fE#2
o ME R I AE0E S A6 A% . Lu 8L PS-MPs
REAR, T2 WERE A WE TR AR, 38 i 28 S
B A 0 R0 T A AR IR G T W B AR TR
MPs [ WRERE ), Z5REH, 7€ AD
£ MPs B W B 755 35 (98.620.2) % M M TR 1A, L
Rt B F MPs B9 K/ NFI R 1 B BE A, il i zeta
HL A7 I A H e F R A PO 5 W R A O o A
PNER A I TRER Y SR Z S0 o e
Ja 2 3E5R MPs X Ik B AR 1 1 [ 78 01O, MPs
M NPs si/FRERS B UEY), L HIEMER R =
JEREEMZ T

6 REERZ

MPs Fll NPs 5|2 AD Z 4t B b= 5 FRAKAY
EENL (E 3), BFFRENTE FA SRR IR 52,
45 (1) 30 AD S FEFIERALEE; (2) B
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Figure 3 The main mechanisms by which MPs and NPs affect the methane yield of AD.
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Y= s EAE A, 2 R S T S 8
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BRI 5286, (HIFA A NPs A9 5 5 5 | 5 B
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