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Abstract: Under the combined action of wind, light and microorganisms, plastics present in the environments are
easy to break into smaller plastic fragments or particles, namely microplastics. Microplastics have been considered
as emerging pollutants, and may pose a potential risk to the safety of marine organisms. Besides, some synthetic

plastics are refractory to degrade. Hydrophobic microplastics can migrate for a long distance with water flow, and
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become vectors of microorganisms, algae and other marine organisms. Microbial colonization of microplastics could

induce a series of changes in their surface morphology, roughness, surface functional groups, and other physico-

chemical properties. These changes further affect their environmental behavior and fate. In the present paper, the

effects of microbial communities on the physicochemical properties of microplastics in the marine environment

were comprehensively reviewed. The impacts of biofilm formation on the sedimentation and adsorption behavior of

microplastics and the possible mechanism were also discussed. This review could provide theoretical guidance for

biodegradation, pollution control and ecological risk assessment of microplastics in the marine environment.

Keywords: microplastics; biofilm; environmental behavior; physicochemical properties; marine environment
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Fig. 1

Determination of physicochemical properties of microplastics

Note: SEM represents scanning electron microscope; FTIR represents Fourier transform infrared spectrometer; XRD represents X-ray diffractometer.
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Fig.2 SEM images of the surface morphology of microplastics
Note: (a) Abundant microbial communities on the surface of microplastics®®!; (b) Microorganisms with various shapes®”);

(c) Pore and creases on the surface of microplastics®!; (d) Pits and grooves on the surface of microplastics due to microorganism adhesions®”).
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Fig. 3 Succession of biofilm on microplastic surface
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Fig. 4 Environmental behavior of microplastics before and after biofilm attachment in the marine environment

Note: The red and green arrows represent the adsorption mechanism of organic pollutants and heavy metals by microplastics respectively.
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Table 1 Adsorption behavior and mechanism of microplastics in the marine environment
b (Db g/ W B AL 27 3k
Location Microplastics Pollutant Adsorption mechanism References
H A ZRIK ALk B KAHELAE T 3% 1 W
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Island, Greece PP pellets distributional effects
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T ER B ISR H LTS I,
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Yehk 22 TR SR A TR T 2 1) Y PE(E%) AT FEAL | o B 265 N
The beaches along a stretch of . Fe Al Mn Pb . Cu.Zn Microporous filling, electrostatic [105]
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coastline (south Devon, England) adsorption, complexation
IPE I L i ST EZ2 NS 2755 <
. .y . BK A AR
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. . . Hydrophobic interaction
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o - - T IR BT 265 S L AR B T
Bk 7 A il 5 Ak PE 0k , e .
o Cr.Co Ni.Cd.Pb Electrostatic adsorption, complexation, [38]
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. . Polytype . Van der Waals’ force, 61
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ik TAALIFEAL | 5 R B 265 SN
PS .PVC Cu.Zn Microporous filling, electrostatic [108]
Seawater . .
adsorption, complexation
e i, IR B
W PS . PS-COOH Ni # . et . [109]
Indoor Electrostatic adsorption
o JLAEAE ) PASLI TR
Ak +HR o
PS.PE . Van der Waals’ force, [110]
Seawater Oxytetracycline . .
microporous filling
AL BTN B A AR |
LI 7K PE PP TRk JYg B E 48 1y L IR BT [100]
Simulated seawater ) Sulfadiazine, phenol Microporous filling, hydrophobic
interaction, electrostatic adsorption
N e
VPR GEe ) .
PA-66 PP Electrostatic adsorption, [111]

Marine environment

Ethyl orange
hydrogen bond
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Hb A B HYY) W K AIL 3 Z:7% 30k
Location Microplastics Pollutant Adsorption mechanism References
E[EE B /R TS IR AR S R E s . W2 B 28 B SR
WL SRR &5 AR5 BBk Zn Hg .Cd Pb il Ni % AR S S
The coral reef ecosystem . . . Electrostatic adsorption, [64]
. . Microplastics Zn Hg ,Cd Pb and Ni, et al. .
in the Gulf of Mannar, India complexation
5 i A BB PE i EL TR B 25 LR
=W E‘P_ﬁn' mﬂx Cu. PR % T FEL I %:..fi\ %Eﬂ”ﬁﬂl
Virgin and . Electrostatic adsorption, [21]
Indoor . Cu , tetracycline . L
biofilm-developed PE complexation, surface diffusion
2 s 2 kY } :
i :.ﬁﬂafﬁﬂzfélfﬂ bl il 7K 2R . et
The eutrophic urban lake PS Co Ni,Cu,Zn .Cd Ag [48]

and the reservoir

Complexation

11 : PP /R RN ; PS RN LM ; PE KRR L ; PVC FIR A LM ; PS-COOH Kn i A R AL B REI 1Y IR LM 5 PA-66 Fs TR I-66 .
Note: PP represents polypropylene; PS represents polystyrene; PE represents polyethylene; PVC represents polyvinyl chloride; PS-COOH represents poly-

styrene that coated with a carboxyl group; PA-66 represents polyamide-66.

FER BRI PP X422 Cs 1% St Ay W B 12
B PP AY 1.0% ~1.6% . AEWEIE 5, 48
FESICEARE 1 0 R B HC P SR R T 4 O L 5 A8 oy
FEE FROML A 2147 ] s A g R e S A Y AT
FEP (I PR P R L R IBE L | I R R )
HoR T RHOBR S E AR B TR IS EAE
KA % A TN, H B SR T B Y R 0 T B R
JyUS TR TR R B R 4 SN SR AR ) R AR
1o B ) 4 T W B B g 1 i PR RS 48 100
Wang %5238 1o % FE v sRFRS X A YIS Cu® Z ]
MI4E RV IEAT TIRAIRS, K IA YR i
12-—H 3R BEE 12 7 O JRFFEE 19 i O Ji
24 ZH 78R I memk i 56 21 i NN
12-28 “HR 1-2-Z K C 5L fig k2 41 f7 O T
g S Cur RAESA RN S G0 S, A, &
YIRS R BLVE BEAS 52 W AN B B HE R — 25
T B I AR, DT 980 A 0 5 4 1) LA
(1) EPS, 2t AR T 8 e} T Bt e 1
2.2.2 AW I B A A I B A AL TS e P i
Al

HEREt kL A A RO Guo
A Wang™' Li ST 5 58 TR K IREE 8
REFAT LTS G 0 W B LR | % BG 0B R AR Vg T 2R
S BB 5 KPS Y 0 B KR BAE L A
FIRVu AR Ty LI T | SR A e A B
G XWMTE G . 534, Li AR Xu ST R B
W T - SRS AE AL T M B AR L, PS XA HLT5 e
Yy BRE 1% PE A1 PP BE K. 5 GG 8 R
Ll , 2R 58 TR A v ) SO R e ) LA o

A 1O 3 T A PR T G R 3 T A ) Y
TR A W A TR U DR T R R R T
PR R T 1550 09 A 20y o BUR R L T2
R = S Ak R T A W R P A R
A, OB T5 e 2 TR AF AE R PR A A TR
— LA RN - B SR T LS S Y A
AR FH TG SRR 15 G A B 27200 5
b, i T AR B AR R L e T, B
T L 2o R g B L A A LTS e
AW FE Y T ORI B S e AR BT P2

Zi b AR Y B RE 6 A TR R Y 26 T PR
i KEHE S FLBR SRR PE R B R, AT k%
TR R BE ST, A I AT ), 15 QWD AE L
SRORLE T T2 A RO ] 53301 2 ORE 2 1T 47 A
P BB AR YA OB T A I B
WREELE G S, TR AT AL T Y 1 R o = A S e
R E A AU - SRS PR . IO, A= Pt
SHBHRYE EPS W25 T OB BTG S 9 R
HEESERRE T LA A RO, 5A LTS Gl
et T I (S R (S PR E i1 S R
PRI ORI A7 0 BRI B2 L, R S OK
AN A TR A R A 255 10 B HE 5 Bl A O ) A
WSS LEVIIEA T S B0 RO R AT 9 LU 515 5y
A RAT AR IR IR B =, R o BER A FR
BEHIRTIT

3 Z5iE5REE (Conclusions and perspectives)
TG o (0O BB RS YL [n) 1 H 25 7™ 8,
TFJ& & TR 1 R G B IR EEA T R A A 2 U
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