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Research progress in microplastic pollution status and
microorganisms on microplastics in three major rivers in
China

PENG Ziqi’, LI Jialing®, QIU Liting', SHU Ranjun', SHE Tingting'"

1 School of Biology and Food Engineering, Guangdong University of Education, Guangzhou 510303, Guangdong,
China
2 School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, Guangdong, China

Abstract: Microplastics (MPs) are ubiquitous in the surface water of aquatic ecosystems.
Generally, MPs can provide unique niches for microorganisms in the environment and pose
potential threats to ecosystems and human health. China produces and uses a large amount of
plastics, which results in serious plastic pollution. The pollution of MPs in aquatic ecosystems
in China and the ecological effects of the microbial communities on MPs have aroused
increasing concern. This review introduced the status of MP contamination in three major
rivers (Pearl River, Yangtze River, and Yellow River) in China, the microorganisms on MPs,
and the factors influencing the microbial community structure. Finally, we summarized the
research progress in the microorganisms on MPs in China’s aquatic ecosystems and put
forward the prospects.
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Table 1 Polymers types and applications of MPs commonly found in freshwater
Polymer Structure Application
R Film, plastic bag, plastic bottle, disposable cup, etc.
//\//
Polyethylene (PE) I
RN _)\/_/ Carpet, bathtub, fishing net, textiles, etc.
Polypropylene (PP) “ N
RALN » Construction industry (pipeline, fence, floor, etc.)
Polyvinyl chloride (PVC) ’/\[/ |
Lo

RN
Polystyrene (PS)

R

X _HR C Rl
Polyethylene terephthalate (PET)

| n
0 H
Polyamide (PA) )J\/\/\rrN\/\/\
L 0 A
0 0
1g C o
L n

Disposable meal box, insulation board, etc.

Fishing gear, plastic glove, meter case, toothbrush, etc.

Fiber, film, audiotape, food packaging, etc.

W, UE K, ## Lebreton S!S RIS,
KA BRVT 430 2t 5 b b e o — B2
=PTE A X, 1 Ding ZUNRRFST R, I
I8 473t k) AR O £ R 7R % VD A ) T A R
PLTTR, SEUL TR R
T, AR SCRES TR E = IOK R PR RS
Yl il B SR A VR 1 i A R A, B AE R
TSRS e 1 D A2 18 52 S il B R R TR AR 0 1
IR — R EES %
1 ZAKZRBER TR
PUR BEE T ERYL KT 8] /K 2 A s i sl
W53 A5 S5 G fie, A FE Tk, SRk
TR 11 4 DX R TR AR HBIX (3R 2)
1.1 WENNFEREMABRIFTERIE
TR 32 B R A W S R A b DX A AN ()
A, SRS, R PE) &R N (PP) &
SRR AR EE R G YRR, X RE

T PE J PP 2 BkWlk™ i KMZE, &
IR T2 278 iR FLAEDST ) ieah,
5% 2R W TE /K IR 58 H ph AN [RDAA R 2H B Ay A 2
HAARNFEBARET N, @%EREGY A PET K&
PVOVEDLRRY T A BB R ZOK R, X ] fE
S TR R I SO R B 2 B TR 3 IS e Hh O
W B FE LR 2 1 7

XF = RAK R HIBRIE R B85 kB, 214
(fiber)Je:fix FE AT ARIEA . LRI A B,
UHLBERI BT 1900 ZAREF4E, “F-1 6 kg INHHTR
LR YL ST AT RE 70 Z2 T AREF 4RO, ok
AL 7K H I 6 2T Kl i 15 275 K AR 3R
X LE T2 b ) — 0 RS 2R R V5 K AL L D8
W, EAKAEFREERT, geabh, il & g2l 4
Tl Al 25 7= K B I B R 4R RS, ksl A2
TGSl RE R R BOZM R A R F LA . A
(fragment) . 78 B (film)FI UKL (pellet)7E = KK £
H S AR R, OGO, B R TT RE
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Table 2 Summary of MPs pollution in Pearl River, Yangtze River and Yellow River
Region Site Sample Main Main size Main color Shape Average Reference
polymer abundance
Pearl River
BRIT=4aW JEl] Humen  Surface PP (43.1%) Fiber (53.1%) 0.139 items/m’>  [20]
JIMIT #17] Jiaomen  water  PE (39.0%) Fragment 0.024 items/m>
8 major by | (13.1%) 0.008 items/m’
outletsin  Hongqimen Film (13.1%)
the Pearl "] Hengmen Foam (11.4%) 0.547 items/m’
River Delta & J]|] Pellet (1.27%) 0.065 items/m’
Modaomen
W] Jitimen 0.014 items/m’
FEBET 0.014 items/m’
Hutiaomen
EEI'] Yamen 0.041 items/m’
BZSARY % A TR Surface PP (61.8%) <2mm  White (29.81%) Fragment 0.85 items/m®  [21]
Pearl River Liuxihe Dam  water Rayon (94.83%) Black (21.18%) (56.29%)
Basin (23.5%) Film (31.14%)
A PP (63.3%) Fragment 1.95 items/m’
Suishi Harbor PE (32.7%) (60.96%)
entrance Film (22.75%)
ZRIL R PP (50%) Fragment 1.30 items/m’
Dong River PE (42.2%) (48.06%)
downstream Fiber (18.93%)
PEYL Rayon Fiber (100%) 0.14 items/m®
Xi River (76.9%)
VaREal| PP (61.1%) Fragment 0.78 items/m’
Shima River PE (33.3%) (71.43%)
Film (14.29%)
JEYT Bei River Rayon Fiber (94.62%) 0.91 items/m’
(64.7%)
SRVLT MR 3o B Surface PA (26.2%) <0.5mm Blue (38%) Film (52%) 19 860 (8 725— [22]
T BAI T Urban Section  water Cellophane  (80%) Transparent Pellet (41%) 53 250) items/m’
Pearl River {i[ [T Estuary (23.1%) (37%) Pellet (48%) 8 902 (7 850—
along Film (43%) 10 950) items/m’
Guangzhou
City and
Pearl River
estuary
R B Surface PE (34.62%) <0.5mm White (52.10%) Pellet 1.74 items/L [9]
Guangzhou Water PP (29.84%) (36.16%) Colorful (67.90%)
section of (20.27%) Film (12.50%)
Pearl River Sediment PE (36.04%) <0.5 mm White (52.71%) Pellet 556.7 items/kg
(dw) PP (23.42%) (42.57%) Colorful (67.98%)
(30.05%) Sphere
(15.76%)
(750

<l actamicro@im.ac.cn, & 010-64807516
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Region Site Sample Main Main size Main color Shape Average Reference
polymer abundance
WRILIOA  JRHE/KB  Sediment EPS (92%)  0.315- 106 items/m> 23]
HEREL HlIX Deep Bay (dw) 5 mm
25 NUkE RS (over 90%) 1 834 items/m’
25 beaches Mirs Bay
along the  PGILHR 2 349 items/m’
Hong Kong North Western
coastline at 4~ FEifF 400 items/m’
Pearl River Port Shelter
Estuary Fg X Southern 15 554 items/m’
I 55 382 items/m’
Tolo Harbour
4k Z2 0. 5399 items/m’
Victoria Harbour
BRYLO 34 BRI H AT Sediment PP-PE <0.5mm Black (28.3%)  Fiber (69.7%) 1449 items/kg [24]
EBAR RARREFX (dw)  (77.5%) (77.3%)  Green (43.1%)  Fragment
K3 Futian (27.8-28.9%)
Mangrove Mangrove
wetlands of Nature Reserve
The Pearl  FEVRUELLIA AR PP-PE <0.5mm Black (35.2%) 597 items/kg
River EEZSSiAlr (68.8%) (52.3%)  Green (27.0%)
estuary Tantou
Mangrove
Nature Reserve
BRI S 2T PP-PE <0.5mm Black (47.6%) 316 items/kg
MRE SRR X (56.4%) 50.6%  Green (21.1%)
Qi’ao Island
Mangrove
Nature Reserve
WL R A T Sediment PP, PE and White and Sheet fiber 928 items/kg/ [25]
WR S Main stream (dw) PP-PE transparent fragment Spring 0.37 &
The main /Water Summer 0.35 &
stream and Winter 1.96
the items/L
tributaries of JL¥1. 132 items/kg/
Pearl River Beijiang River Spring 0.14 &
Summer 0.14 &
Winter 0.36
items/L
ARIL 604 items/kg/
Dongjiang River Spring 0.25 &
Summer 0.24 &
Winter 0.64
items/L
PaYL 586 items/kg/
Xijiang River Spring 0.22 &
Summer 0.27 &
Winter 0.43
items/L
(Fh)

http://journals.im.ac.cn/actamicrocn
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i3k 2)
Region Site Sample Main Main size Main color Shape Average Reference
polymer abundance
Yangtze River
Kyt Kl Water  Polyesters, <Imm  Blue Fiber (76%)  3.4-25.8 items/L [26]
WKR Taihu Lake semipolymers (68.0%)
Middle and Sediment and PP <1 mm Transparent, Fragment 11.0-234.6
lower (dw) (80%) white and black (34%) items/kg
Yangtze (over 70%)
River KITOREER 2 Water <lmm  Blue and Fiber 0.7-2.2 items/L
T BH transparent (over 70%)
Yangtze estuary (over 50%)
to Poyang Lake Sediment <l mm  Transparent, Fiber 22.8-83.8
(dw) (over 80%) white and black (over 80%) items/kg
(over 60%)
AN Surface PEand PP <1 mm Fiber 157.2 items/m®>  [27]
Yangtze water (75%) (77.8-91.6%)
River Sediment Rayon <l mm Transparent Fiber (93%)  20-340 items/kg [28]
estuary (dw) (63.1%) (58%) (42%)
Polyester
(18.5%)
KITH T M. K. Surface PP (67.21%) <Imm  Blue (41.10%)  Fiber (93.81%) 780 items/m®>  [29]
e 18 A~ Y@, e, water (52.16%)
Zn [E555) . Hi5. Sediment PP (62.68%) <l mm  Blue Fiber (94.77%) 219 items/kg
18 lakes H& . 27 (dw) (65.95%) (69.11%)
along the . JEJEH . %P
middle and PRI, KM, AR
lower WL RERT
reaches of 2. F%
the Yangtze #. HE#1. Tz
River RN iR
Dianshan, Taihu,
Ge, Huashen,
Gucheng, Chao,
Baidang , Caizi,
Longgan,
Poyang, Ce,
Dong, Nantaizi,
Liangzi, Futou,
Hong, Dongting
and Datong
Yellow River
WA R Surface PE,PPand <0.2 mm Fiber (93.12%) Dry season: [30]
AT water  PS (87.94%) 930 items/L
The lower Wet season:
Yellow 497 items/L
River near
estuary
P57 B3 . Upper reaches Surface PE (63.7%) <2mm  Colorful Fiber (68.18%— [31]
T T water 78.64%)
T Jk Middle reaches <0.5 mm Fiber (50.1 %) 3.67-10.7 [19]
The upper, (68.1 %) items/L
middle and Lower reaches PE,PPand 50-200 um Fiber 595.27 items/L  [32]
lower Estuary PS 50-200 um Fiber Dry season:
reaches of 930.2 items/L
the Yellow Wet season:
River 654 items/L
Upper reaches ~ Sediment PE, PPand 1-4 mm  Transparent Fragment 43.57 items/kg  [33]
Middle reaches (dw) PS (64.8%)  (43.28%) (43.35%) 54.29 items/kg
Lower reaches White . Foam . 273.75 items/kg
Estuary (34.55%) (34.08%) 615 items/kg

EPS: Expanded polystyrene; dw: Drained weight; PP-PE: Polypropylene-polyethylene copolymer.

<l actamicro@im.ac.cn, & 010-64807516
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KEERIEE AT A2 XA B 2541 07 R 2= A
B3 3PN N TR E 2R S NN TR
SR AT BE 25 5y il 1 15 K AL BT U SR
Ab B 35 AR AR H O SR B
KEF, XATREZ RN i 5 m ., B
N TR R, S T AR R ) SR
dn T O EE FP RO R i 2R 3K
/NIRRT g B B Y FE R THAR, 3HE S
LR R At TS e R RE T, Qe APEAR AL e
(persistent organic pollutants, POPs)Fl P43+
¥ (endocrine disrupting chemicals, EDCs), M
A A2 R GRS, BeAh, BN
L2 R R T e o T e 7/ R A = e 2 B S R X 5 8
B A DB A YR, NmER S HEAEY
BEL SO INRAR S 2 RE BB IR T 1
SR A A SR, 1 FF AT — 2P DG
HEM.
1.3 WENFEENTETN

A SO IR ] = KK R IO RS G O S
iR, ORI A () 53T B AR LA,
N 20 %% 42 i DXl w5 o i i R R
B, A BAR AN 1735 B2 1 DXl 7 HLAA IR
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Ol S B (53 N IR R S i e IR AR S A7 3
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VR PR BEA% 380 1) R ERAR IO BRI T T K
AT IIRHS Qe DU ST I 2k K R P ik
B = BE e At i AT BE 2352 BT 3t /K SCRFIE
URZIR , AET R R G, O s s O Tk
L R T 0 LA R 11 32 i A R 114 i
JIEE AT N L Al I b R U DR, O R
A T RES TR UURY TURRY) UKL — 3B TR I i
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N _E 2T Wi R W, B 2 RO E
S TR eI AR AES /iy 98
1.4 WERFEMEITEL
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A EIEEEHE R TR SRR R RIZAR KDL
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BRI, WERNE LR DA T AT e 2
AR A2

BRI, KL B R BRTIK R TR
15 YL LA AN AR o AH EE BT HBIX, VT S BRIT
W AT AR, KNSR, A5
H RS ek A, RV IRVTIH XA &
PR Rl T s, Tk L e R S5 D it P
Je KA BN R S 7K 22 v 21 AR A8 R ) SR ok
P wEITHL X RO SR 2, AT B4R |
A R Y 25 FE 5 2 K &R RS e i
IR Z —,

2 ZAKZBEHRZE M E B
A W B T S A

2.1 WMERREMEYEENRE

TEARAE IR, B A W 3R G 3R TR R
L8 B SR B A SRR R T B A P 55 Tk
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S, ZRIAT AT BRE A R LA, DRI AT S Sl 2k g
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AR B, BRI (biofilm), FFAEH AP
B> SRR L B IR S RS 2 i 24
PRI R VE D2 T et A 2 ol B 4 T ol —
BRI o3 Ry 4 AR ARTEREE | R A 2
¥y (extracellular polymeric substances, EPS). 4
PRI TR A (B 1)
22 = RKEBRERRZREAOMEDIM
4B Ak

A VF 258 R 3 -0 Fp 808 B R 21
SERTTIE  RGE T K BRI TR RO A A
VIRV, FEUIIEH I 1(Proteobacteria)
AT |1 (Bacteroidetes) N JEEBE T | ] (Firmicutes)
JF . U Yang ZEPURG RS T BRYL = A MR b
TR AE PR A AL, S5 R R/, TB TR
[ TEY AR 2 B dRe iy, JEERE TR [R5 R
1o Jiang SECSVob 7K YT F1 0 a7 SRR
PRI 2, F LR RIE R ] A ET ] .
PIFFIE T PR A 155 o i S 25 L 5 IR OC T
PEABIFFE AU, 30T B X e B e 2
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B, TE SRR THIE A= W ) A 1 R o
Sk, AR T B S AUAT 2 /K FREE i L iR Y
BB R P
23 WENREESREREE

VI BN, TR O R ] A y— A
MAER A S0, IF AT 7R H R T W AR 2 B TE
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JE AT LA A B EE, RS BN W 1 B SR )
KV XFTRESX AR RGE . SR
e B 7= A AR A5 057 Yang SFPHER AR
b TFERALN K C s A al i, 9%t S
HOR B AR R 5 (Pseudomonas) . A BT
I J& (Acinetobacter) . V0785 QI & (Serratia) FINL
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Bl 1 SARKRPHERNREE PRI R F2 >

Figure 1

¥ (Acinetobacter baumannii)'® K5 v 85
(Serratia marcescens)"" % A % F1 1 (Clostridium
botulinum)'""EIE AR , 7T 5 R RFEIRG |
kgt | WP RMESEREAR , 2 AT SEBET . 7E Jiang
LRI R, I 8 (Vibro) Mo & A B BRI
(Pseudomonas anguilliseptica) i) % 2 i 7 J& L 76
BRSPS o X SR PSR A X £
R DTSR K AR S HAA Bow R, IR AT LA dE
W A % N S R 1 AN R 52 (0472

24 WENREMEYETHEBRESR

i E
AR, #5 b A &R Pt KL A (antibiotics
resistance genes, ARGs) 11T 24 4 [ 52 21| #4556

TE o BRI R, K FRET RO R Tl A=
Prxt ARGs HA & A7, Guo 4IRS

Succession of biofilm on the surface of MPs in the rivers

[52-53]

TEH LN RO RER AR YR ARGs 1R,
gEIRZLI, AW ARGs -4 X 32 B ik
1.97x10° copies/g, % & T IV Y Y
ARGs FJ#(4.60x107 copies/g). X L6A: 4 b
ARGs R A] g LASORL Ry 244 DT 7E 25 Fl K 26
B AR TR AR TR 1] A LB A5 B K A
RS, WK A AE VIR AR RS, O
e BN N A B s AN W R i 370

25 WERKREGFEZENERE

AR, APk 5 b B3 o T A Y Re

SRR, RIS ik pE R IR
Yan ZE7SHE A T ERVL 1T 4 AN20 AR S TR 1 B
SRS Y S OB R I A DRI 1R L, 45 R 3R
B, SZURARUTRR Y b A 40 TR R 25 R EL , Tkt
5 TH 1) A4 DRV 00T HL A o P o e 4 P R I
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N SRR RE T , e AT TR A A 7 v T 7 1)
AR Niu 2B HRSE T Z2 i DU ) i
F2E T DRI B AR B (WAL DL o S5 SR B U RR ) b
1) 200 TR RV A L, B et e T LA B 2 I SR
F TR, ELM 0o 22 (SR K R, X s/ A S 8
AR B IR 2 IR B — e G B 2%

3 BEARERENHEEN
B % B &

K RIS, OB BRI DR 3 A
bR THEZ U A2 8K ST, 20 OB SR mAh,
W27 F| H B S RS R, AniE R A B
Sk JE AT
3.1 REERRIEMMER

DAFERF ST R, ol Wy 1) o 5 52 S O R
B YRR, A ERHK M | RS . 4
IR N AR e [ A [N a7 IR TN
A BERONEREEHPLA . PP K PS)FE 1A JF %1
A=W Z R RIS AL BB Ak, B 2R
ST AR R, BER R, AN R UKL ) 2R 1 )
WA AT 2H A 2 S T R, Ok i b 2]
I T JHL 2 THT 7 1 A A ) 2 L s Y
HPFEE . Guo SR TEBHTI A IRIE T 3 Fh
SR SH(PE . PP & PET) AR W A TE BT 0,
KB PE 1 PET JE L A Y L PP A BRI
AW, 76 PP R, ABTRETTHF IS 81.9%,
E 5T PE (53.06%) /&% PET (37.06%), MMifE PE
S PET FiEZH IR B & T PP, 45 R
A5 PE M PET RIATHBIEHRAA C.

3.2 IMEXRH

ZHRCEEF D, ORI RUE P 4
7 B L PR IS S A A ) Yang 25BY
KM T IU4 i (redundancy analysis, RDA)
RERIE T 15 AFRBEAR X SR Rk 2 1T Sk
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RN R o 45 SRR, JCHLRK & 1 (inorganic
carbon content, 1C). ## & . A HLHK & & (total
organic carbon, TOC) . 1] ¥ fif [ {4 & & (total
amount of dissolved solids, TDS), CI", NO; . NO,~
S pH (B 5 R ER A P AR 450 S ARG

4 ReEE5R%E

TOBRHE Sy — R B ey, H5 gk |
WA RS B KA RS REMEFE TSR Z
Kl o ASCH I FEK R AL, w0 KR
(R TARHTS YK A IR D B it 23 3 A1 55 A T
TR T K R ORI RS 1 ) T s
AR AT, WO AHE K 28 B = 2 KA 32 B K ST
FAE L ANGRTE SR, I 2 B 2= PR A
oo P RUBEPES S5 B2k, HE N
INKIAR TR, SR ORI (A5 TR B2 5 A
PIEE A HEA I, T 2 A R F v 7l
o TEAKIRITE AR, SlCOBRERT S A B (R 14
HEZSAL, AR E R EORE L2 R, X ATRES
e FEBG B 1 KA i B, 5 22 A G
MIBFTE A Tt — IV 5 — T T, WOBRLR A
WL IR W R R R, BT HA B
R K Sigp IR L , X S SRR e T B DR A2 e 1
T—EEEE SRR O T A T AR DK R
TR Y JXURS: S RRAE , 75 2%t LT J T A T
FE5 I -

(1) PR i 2K o3 R T e 15 B0 i F 5245
ATFAh IS H R IR K R R L 4t
T8 D0 BT T AR AR AT 1 ] 13y DX
AT 5% PR il i 2 K BRI 5 0 Rk, X — A L FRE
il 1 XTI K 2R R RO AR T A MU Y PR
XA A Hb SEA B T B T LR ST K &R L
BRI Koz far 4 i, F S 1 K &R P ik
BRI 5 ek S Ei s e X, AT AT 1 X3t
HATIR B



T | MR, 2023, 63(6)

2271

(2) TR B B0 TR B T 24 1 A AL A
frit—L ] HORRRE E RN EGE . 29
iéfrﬁm%ilﬂﬁ%ﬂmﬁi%ﬁg H SRS
IRE, BT REHE T 00 TR Y & A i 25 1R Y
H B o X B PR GEAT B T ik — R R AR
SRS A= AL A IR, FE IR OB G4
LR ) PR
(3) HiE S 5 (IR 3 IR 2R W) 35 TR 52 fk
R SR Rl A MU 2K o TSOREAT 1 7 Bl P ol 2
R RIKERE R 5L R SR R A i, AT B4
PP AR R T ARGs & 48 M A& 3% FTais ki
i R IXUIE

S 30K

[1] %?ﬂﬁ FUFBE, ROCHE, PRIGHE. MBI IRBE O R
A 255 W B A ) A E S R ). o R 2

é?FIJJEH, 2020, 38(11): 122-124.
DONG XY, SHAN ZH, YUAN WIJ, CHEN QM.

Research progress on ecological impact and
biodegradation = of  microplastics in  marine
environment[J]. China Resources Comprehensive

Utilization, 2020, 38(11): 122-124 (in Chinese).

[2] AHMAD M, L1JL, WANG PD, HOZZEIN WN, LI W1J.

Environmental perspectives of microplastic pollution
in the aquatic environment: a review[J]. Marine Life
Science & Technology, 2020, 2(4): 414-430.

(3] T &I, sKININ, 484, Ka, AR, AR L

SORHEIRAT R IR AR A5 R BN B ST R (0], A5
EE2EHE, 2017, 26(9): 1619-1626.
DING JN, ZHANG SS, ZOU H, ZHANG Y, ZHU R.
Occurrence, source and ecotoxicological effect of
microplastics in freshwater environment[J]. Ecology
and Environmental Sciences, 2017, 26(9): 1619-1626
(in Chinese).

(4] BRgh, A&, W, PO, BRI, (L,
FAETE. WRAK PRI vh GO R T Gt N wE M RO AT 5
JE[1]. P8 TR AR, 2022, 12(4): 1096-1104.
QIAN YR, SHI LL, SHEN Q, HE YN, JIA YQ, WU
HW, WANG FF. Research progress on pollution and

effects
environment[J]. Journal of Environmental Engineering
Technology, 2022, 12(4): 1096-1104 (in Chinese).

[5] THOMPSON RC, OLSEN Y, MITCHELL RP, DAVIS
A, ROWLAND SJ, JOHN AWG, McGONIGLE D,

toxic of microplastics in freshwater

[91 X

[10]

[12]

[13]

[14]

RUSSELL AE. Lost at sea: where is all the plastic?[J].
Science, 2004, 304(5672): 838.

SANTANA MFM, ASCER LG, CUSTODIO MR,
MOREIRA FT, TURRA A.
contamination in natural mussel beds from a Brazilian

Microplastic
urbanized coastal region: rapid evaluation through
bioassessment[J]. Marine Pollution Bulletin, 2016,
106(1/2): 183-189.

ROCHA-SANTOS T, DUARTE AC. A
of the
occurrence, the fate and the behavior of microplastics
in the environment[J]. TrAC Trends in Analytical
Chemistry, 2015, 65: 47-53.

BHATT P, PATHAK VM, BAGHERI AR, BILAL M.
Microplastic contaminants in the aqueous environment,

critical

overview analytical approaches to the

fate, toxicity consequences, and remediation strategies[J].
Environmental Research, 2021, 200: 111762.

Xk, JEF RS-CPE-p-FTIR FYERIT) M ] B i 39
RS G KU PEAG BEFE (D] T T AR 2R RS0 1
BT, 2021.

LIU WT. Study on risk assessment of microplastics
pollution in Guangzhou section of Pearl River based on
extraction  via

rapid cloud

micro-Fourier-transform

synergistic point

infrared spectroscopy
detection[D]. Guangzhou: Master’s Thesis of Guangdong

Pharmaceutical University, 2021 (in Chinese).

WRLRE, FEIRAE, Bt IEPACH R G G
BUIR B A ST SE[I]. K BT IR, 2019, 35(6):
115-123.

BAO XH, YAN ZH, LU GH. Study on pollution status
and biological effect of microplastics in fresh water of
China[J]. Water Resources Protection, 2019, 35(6):
115-123 (in Chinese).

FYARZR, sRBE, JEIEAL, ABVRIR, EPEIE, sZiik.
THOK ZIRR 24 X ] (R R R RP AR (0], [ BRI ko

2019, 39(11): 4769-4775.

FU DD, ZHANG QJ, FAN ZQ, QI HY, WANG ZZ,
PENG LC. Adsorption characteristics of copper ions
on polystyrene microplastics[J]. China Environmental
Science, 2019, 39(11): 4769-4775 (in Chinese).
BARBOZA LGA, DICK VETHAAK A, LAVORANTE
BRBO, LUNDEBYE AK, GUILHERMINO L. Marine
microplastic debris: an emerging issue for food security,
food safety and human health[J].
Bulletin, 2018, 133: 336-348.
OBERBECKMANN S, LODER MGJ, LABRENZ M.
Marine microplastic-associated biofilms-a review[J].
Environmental Chemistry, 2015, 12(5): 551.
AMARAL-ZETTLER LA, ZETTLER ER, MINCER
TJ. Ecology of the plastisphere[J]. Nature Reviews

Marine Pollution

http://journals.im.ac.cn/actamicrocn



2272

PENG Ziqi et al. | Acta Microbiologica Sinica, 2023, 63(6)

[15]

[16]

[18]

[19]

(21]

[22]

(23]

[24]

Microbiology, 2020, 18(3): 139-151.

WU X, PAN J, LIM, L1 Y, BARTLAM M, WANG Y.
Selective enrichment of bacterial pathogens by
microplastic biofilm[J]. Water Research, 2019, 165:
114979.

de TENDER C, DEVRIESE LI, HAEGEMAN A,
MAES S, VANGEYTE J, CATTRIJSSE A,
DAWYNDT P, RUTTINK T. Temporal dynamics of
bacterial and fungal colonization on plastic debris in
the north sea[J]. Environmental Science & Technology,
2017, 51(13): 7350-7360.

McCORMICK A, HOELLEIN TJ, MASON SA,
SCHLUEP J, KELLY JJ. Microplastic is an abundant
and distinct microbial habitat in an urban river[J].
Environmental Science & Technology, 2014, 48(20):
11863-11871.

LEBRETON LCM, van der ZWET J, DAMSTEEG JW,
SLAT B, ANDRADY A, REISSER J. River plastic
emissions to the world’s
Communications, 2017, 8: 15611.
DING L, MAO RF, GUO XT, YANG XM, ZHANG Q,
YANG C. Microplastics in surface waters and sediments
of the Wei River, in the northwest of China[J]. Science
of the Total Environment, 2019, 667: 427-434.

FEFE. A9 AL & YA OB R b 23 A e S
TE SR B I B R ELD]. TN B R R L
LI, 2020.

CHENG Y. Distribution characteristics of perfluoroalkyl
substances on estuarine microplastics and gas distribution

oceans[J]. Nature

coefficients on plastics[D]. Guangzhou: Master’s Thesis
of Jinan University, 2020 (in Chinese).

LR, BRVT MR I Sk GO R 1 23 Al e AR S 5 2
W5 WM . AT ISR (D] T TR R
A3, 2021.

BAO ZZ. Distribution characteristics of microplastics
and its adsorption and desorption behaviors with
polycyclic aromatic hydrocarbons (PAHs) in typical
Basin[D].
Dissertation of Guangdong University of Technology,
2021 (in Chinese).

YAN MT, NIE HY, XU KH, HE YH, HU YT,
HUANG YM, WANG J. Microplastic abundance,
distribution and composition in the Pearl River along

Pearl  River Guangzhou:  Doctoral

Guangzhou City and Pearl River estuary, China[J].
Chemosphere, 2019, 217: 879-886.

FOK L, CHEUNG PK. Hong Kong at the Pearl River
estuary: a hotspot of microplastic pollution[J]. Marine
Pollution Bulletin, 2015, 99(1/2): 112-118.
ZUOL,SUNY,LIH,HUY, LIN L, PENG J, XU X.
Microplastics in mangrove sediments of the Pearl

<l actamicro@im.ac.cn, & 010-64807516

[29]

[30]

[32]

south China: correlation with
halogenated flame retardants’ levels[J]. Science of the
Total Environment, 2020, 725: 138344.

FAN YJ, ZHENG K, ZHU ZW, CHEN GS, PENG XZ.

Distribution, sedimentary record, and persistence of

River estuary,

microplastics in the Pearl River catchment, China[J].
Environmental Pollution, 2019, 251: 862-870.

I, TRORURLAE DI BE 20T T Z2 IR B A 5 R T e
fE KR A [D]. b AR IS K 2 1126
3L, 2020

SU L. Distribution and migration of microplastics in
multiple environmental media from inland to estuarine
areas[D]. Shanghai: Doctoral Dissertation of East
China Normal University, 2020 (in Chinese).

ZHAO SY, WANG T, ZHU LX, XU P, WANG XH,
GAO L, LI DJ. Analysis of suspended microplastics in
the Changjiang estuary: implications for riverine
plastic load to the ocean[J]. Water Research, 2019, 161:
560-569.

PENG GY, ZHU BS, YANG DQ, SU L, SHI HH, LI
DJ. Microplastics in sediments of the Changjiang
estuary, China[J]. Environmental Pollution (Barking,
Essex: 1987), 2017, 225: 283-290.

I . RV TR i M T RO RS Y KR
B IRACMSCHENEFE D] B8 LR FU 0 1%
R, 2020.

GENG SX. Study on the
microplastic pollution and eutrophication in typical

correlation between

lakes in the middle and lower reaches of the Yangtze
River[D]. Hefei: Master’s Thesis of Anhui Jianzhu
University, 2020 (in Chinese).

HAN M, NIU XR, TANG M, ZHANG BT, WANG GQ,
YUE WEF, KONG XL, ZHU JQ. Distribution of
microplastics in surface water of the lower Yellow
River near estuary[J]. Science of the Total
Environment, 2020, 707: 135601.

Z— g 1 ZUE OB RS e RRAE S XU A [D].
f13k: SRR 20 A 18 3L, 2020.

QIN YM. Pollution characteristics and risk assessment
lake Ulansuhai[D].
Master’s Thesis of Inner Mongolia University of
Science & Technology, 2020 (in Chinese).

A B R 2K ORI A FFE A ST [D]. 5
R LRI R A A2 183, 2020.

NIU XR. Study on the occurrence characteristics of

of microplastics in Baotou:

microplastics in the surface water of the Yellow River
estuary[D]. Ji’nan: Master’s Thesis of Shandong
Normal University, 2020 (in Chinese).

BE e, KIS, s, BRI RO RS Y
FIE]. TREXAF5E, 2020, 37(3): 790-798.



T | MR, 2023, 63(6)

2273

[34]

[35]

[37]

[39]

[41]

[43]

GONG XL, ZHANG DY, PAN XL. Pollution and
characterization of microplastics in the sediments of
the Yellow River[J]. Arid Zone Research, 2020, 37(3):
790-798 (in Chinese).

GEYER R, JAMBECK JR, LAW KL. Production, use,
and fate of all plastics ever made[J]. Science Advances,
2017, 3(7): e1700782.

CAI MG, HE HX, LIU MY, LI SW, TANG GW,
WANG WM, HUANG P, WEI G, LIN Y, CHEN B,
HU JH, CEN ZN. Lost but can’t be neglected: huge
quantities of small microplastics hide in the South
China Sea[J]. Science of the Total Environment, 2018,
633: 12006-1216.

NAPPER IE, THOMPSON RC. Release of synthetic
microplastic plastic fibres from domestic washing
effects of fabric type
conditions[J]. Marine Bulletin,
112(1/2): 39-45.

DRIS R, GASPERI J, ROCHER V, SAAD M,
RENAULT N, TASSIN B. Microplastic contamination
in an urban area: a case study in Greater Paris[J].
Environmental Chemistry, 2015, 12(5): 592.

ZHANG X, LENG YF, LIU XN, HUANG K, WANG J.
Microplastics’ pollution and risk assessment in an

machines: and washing

Pollution 2016,

urban river: a case study in the Yongjiang River,
Nanning City, South China[J]. Exposure and Health,
2020, 12(2): 141-151.

NAPPER IE, BAKIR A, ROWLAND SJ, THOMPSON
RC. Characterisation, quantity and sorptive properties
of microplastics extracted from cosmetics[J]. Marine
Pollution Bulletin, 2015, 99(1/2): 178-185.
DEVRIESE LI, de WITTE B, VETHAAK AD,
HOSTENS K, LESLIE HA. Bioaccumulation of PCBs
from microplastics in Norway lobster (Nephrops
norvegicus): an experimental study[J]. Chemosphere,
2017, 186: 10-16.

ZHANG HB, ZHOU Q, XIE ZY, ZHOU Y, TU C, FU
CC, MI WY, EBINGHAUS R, CHRISTIE P, LUO YM.
Occurrences of organophosphorus esters and phthalates
in the microplastics from the coastal beaches in north
China[J]. Science of the Total Environment, 2018,
616/617: 1505-1512.

ZHENG X, ZHANG B, TENG Y. Distribution of
phthalate acid esters in lakes of Beijing and its
relationship with anthropogenic activities[J]. Science
of the Total Environment, 2014, 476/477: 107-113.
BROWNE MA, DISSANAYAKE A, GALLOWAY TS,
LOWE DM, THOMPSON RC. Ingested microscopic
plastic translocates to the circulatory system of the

[46]

[47]

[50]

mussel, Mytilus edulis (L)[J]. Environmental Science
& Technology, 2008, 42(13): 5026-5031.

ORY NC, SOBRAL P, FERREIRA JL, THIEL M.
Amberstripe scad Decapterus muroadsi (Carangidae)
fish ingest blue microplastics resembling their copepod
prey along the coast of Rapa Nui (Easter Island) in the
South Pacific subtropical gyre[J]. Science of the Total
Environment, 2017, 586: 430-437.

VIANELLO A, BOLDRIN A, GUERRIERO P,
MOSCHINO V, RELLA R, STURARO A, Da ROS L.
Microplastic particles in sediments of Lagoon of
Venice, Italy: first observations on occurrence, spatial
patterns and identification[J]. Estuarine, Coastal and
Shelf Science, 2013, 130: 54-61.

RECH S, MACAYA-CAQUILPAN V, PANTOJA JF,
RIVADENEIRA MM, JOFRE MADARIAGA D,
THIEL M. Rivers as a source of marine litter-a study
from the SE Pacific[J]. Marine Pollution Bulletin, 2014,
82(1/2): 66-75.

SADRI SS, THOMPSON RC. On the quantity and
composition of floating plastic debris entering and
leaving the Tamar estuary, southwest England[J].
Marine Pollution Bulletin, 2014, 81(1): 55-60.
HORTON AA, DIXON SJ.
introduction to environmental transport processes[J].
WIREs Water, 2018, 5(2): e1268.

CHEUNG PK, CHEUNG LTO, FOK L. Seasonal
variation in the abundance of marine plastic debris in

Microplastics:  an

the estuary of a subtropical macro-scale drainage basin
in south China[J]. Science of the Total Environment,
2016, 562: 658-665.

ZETTLER ER, MINCER TJ, AMARAL-ZETTLER
LA. Life in the “plastisphere”: microbial communities
on plastic marine debris[J]. Environmental Science &
Technology, 2013, 47(13): 7137-7146.

WU N, ZHANG Y, ZHAO Z, HEJ, LI W, L1 J, XU W,
MA Y, NIU Z. Colonization characteristics of bacterial
communities on microplastics compared with ambient
environments (water and sediment) in Haihe estuary[J].
Science of the Total Environment, 2020, 708: 134876.
PRI, BN, NP, S, B, TR,
XSHL, B RLAE. R IR B EE N AR W X GO R 1Y
PRAL P B AR AT O R e ST ()], AR AT R
#Z, 2022, 17(3): 339-353.

LI DZ, ZHANG YQ, FU QQ, FENG D, ZHAO YY,
YU HM, DENG H, GE CJ. A review on effects of
biofilm formation on physicochemical properties and
environmental behavior of microplastics in marine
environment[J]. Asian Journal of Ecotoxicology, 2022,

http://journals.im.ac.cn/actamicrocn



2274

PENG Ziqi et al. | Acta Microbiologica Sinica, 2023, 63(6)

[53]

[54]

[58]

[59]

[60]

[62]

17(3): 339-353 (in Chinese).

BN, RN, AR, S, SRR, ATk,
XBHL, B RLAE. K PR v R 3 T A0 1R A I8 AR
W IR R [I]. AT, 2022, 17(1): 116-128.
ZHANG YQ, LI DZ, FU QQ, FENG D, ZHAO YY,
YU HM, DENG H, GE CJ. Review on bacterial
community characteristics on microplastics surfaces in
aquatic environment[J]. Asian Journal of
Ecotoxicology, 2022, 17(1): 116-128 (in Chinese).
YANG G, GONG M, MAI L, ZHUANG L, ZENG EY.
Diversity and structure of microbial biofilms on
microplastics in riverine waters of the Pearl River
Delta, China[J]. Chemosphere, 2021, 272: 129870.
JIANG P, ZHAO S, ZHU L, LI D.
Microplastic-associated bacterial assemblages in the
intertidal zone of the Yangtze estuary[J]. Science of
the Total Environment, 2018, 624: 48-54.
AMARAL-ZETTLER LA, ZETTLER ER, SLIKAS B,
BOYD GD, MELVIN DW, MORRALL CE,
PROSKUROWSKI G, MINCER TIJ. The biogeography
of the plastisphere: implications for policy[J]. Frontiers
in Ecology and the Environment, 2015, 13(10): 541-546.
OBERBECKMANN S, OSBORN AM, DUHAIME
MB. Microbes on a bottle:
geography
microbes colonizing marine plastic debris[J]. PLoS
One, 2016, 11(8): €0159289.

OBERBECKMANN S, LOEDER MGJ, GERDTS G,
OSBORN AM. Spatial and seasonal variation in
diversity and structure of microbial biofilms on marine
FEMS

substrate, season and

influence community composition of

plastics in northern European waters[J].
Microbiology Ecology, 2014, 90(2): 478-492.
GONG M, YANG G, ZHUANG L, ZENG EY.
Microbial biofilm formation and community structure
on low-density polyethylene microparticles in lake
water microcosms[J]. Environmental Pollution, 2019,
252:94-102.

DANG H, LOVELL CR.
colonization and early succession on surfaces in marine
rRNA gene
restriction analysis and sequence analysis of 16S rRNA

Bacterial  primary

waters as determined by amplified
genes[J]. Applied and Environmental Microbiology,
2000, 66(2): 467-475.

GUO X, CHEN Y, SUN X, LI C, HOU L, LIU M,
YANG Y. Plastic properties affect the composition of
prokaryotic and eukaryotic communities and further
regulate the ARGs in their surface biofilms[J]. Science
of the Total Environment, 2022, 839: 156362.

LEE JW, NAM JH, KIM YH, LEE KH, LEE DH.

<l actamicro@im.ac.cn, & 010-64807516

[64]

[65]

[71]

Bacterial communities in the initial stage of marine
biofilm formation on artificial surfaces[J]. The Journal
of Microbiology, 2008, 46(2): 174-182.

SUN XM, CHEN BJ, XIA B, LI QF, ZHU L, ZHAO
XG, GAO YP, QU KM. Impact of mariculture-derived
microplastics on bacterial biofilm formation and their
potential threat to mariculture: a case in situ study on
the Sungo Bay, China[J].
2020, 262: 114336.

FENG LM, HE L, JIANG SQ, CHEN JJ, ZHOU CX,
QIAN ZJ, HONG PZ, SUN SL, LI CY. Investigating
the composition and distribution of microplastics

Environmental Pollution,

surface biofilms in coral areas[J]. Chemosphere, 2020,
252: 126565.

CLUZARD M, KAZMIRUK TN, KAZMIRUK VD,
BENDELL LI. Intertidal
and their

cycling as related to the shellfish industry[J]. Archives

concentrations  of
microplastics influence on ammonium
of Environmental Contamination and Toxicology, 2015,
69(3): 310-319.

KIRSTEIN 1V, KIRMIZI S, WICHELS A,
GARIN-FERNANDEZ A, ERLER R, LODER M,
GERDTS G. Dangerous hitchhikers? Evidence for
potentially pathogenic Vibrio spp. on microplastic
particles[J]. Marine Environmental Research, 2016,
120: 1-8.

MINCER TJ, ZETTLER ER, AMARAL-ZETTLER
LA. Biofilms on plastic debris and their influence on
marine nutrient cycling, productivity, and hazardous
mobility[M]//The Handbook of
Environmental Chemistry. Cham:
International Publishing, 2016: 221-233.
BODEY GP, BOLIVAR R, FAINSTEIN V, JADEJA L.
Infections caused by Pseudomonas aeruginosall].
Reviews of Infectious Diseases, 1983, 5(2): 279-313.
DOUGHARI HJ, NDAKIDEMI PA, HUMAN IS,
BENADE S. The ecology, biology and pathogenesis of

chemical
Springer

Acinetobacter spp.: an overview[J]. Microbes and
Environments, 2011, 26(2): 101-112.

KURZ CL, CHAUVET S, ANDRES E, AUROUZE M,
VALLET 1, MICHEL GPF, UH M, CELLI ],
FILLOUX A, de BENTZMANN S, STEINMETZ I,
HOFFMANN JA, FINLAY BB, GORVEL JP,
FERRANDON D, EWBANK JJ. Virulence factors of
the human opportunistic pathogen Serratia marcescens
identified by in vivo screening[J]. The EMBO Journal,
2003, 22(7): 1451-1460.

GIBBS PA. Pathogenic Clostridium species|[M]// Foodborne
Pathogens. Amsterdam: Elsevier, 2009: 820-843.



T | MR, 2023, 63(6)

2275

[72]

(73]

[74]

[75]

[76]

(771

SBE, Ft, TR, NEMAME RS A AT RS, 2007 5 7 A EAME
RF ARSI R, ERESORE 1R, KA 1048, SAHBER2A, %
53 Ao AR R B ARF A LS E 2 10 AR, Sk RIRIFE A

£m 1R,

LALUCAT J, BENNASAR A, BOSCH R,
GARCIA-VALDES E, PALLERONI NJ. Biology of
Pseudomonas stutzeri[J]. Microbiology and Molecular
Biology Reviews: MMBR, 2006, 70(2): 510-547.
WANG J, QIN X, GUO J, JIA W, WANG Q, ZHANG
M, HUANG Y. Evidence of selective enrichment of
bacterial assemblages and antibiotic resistant genes by
microplastics in urban rivers[J]. Water Research, 2020,
183: 116113.

ZHAO Y, GAO J, WANG Z, DAI H, WANG Y.
Responses of bacterial communities and resistance
genes on microplastics to antibiotics and heavy metals
in sewage environment[J]. Journal of Hazardous
Materials, 2021, 402: 123550.

FHILH, KL, REZE, FEE ORI BE
WIS HERE ] WUEPI~ R AR, 2022, 42(2): 81-87.
DONG XR, ZHU LX, XU JY, LI DJ. Advances in
microorganism attached to microplastics[J]. Journal of
Microbiology, 2022, 42(2): 81-87 (in Chinese).

YANG Y, LIU G, SONG W, YE C, LIN H, LI Z, LIU
W. Plastics in the marine environment are reservoirs
for antibiotic and metal resistance
Environment International, 2019, 123: 79-86.
WRE, RO, ZBREE. OB 2Tk
R R S KU [J]. SRR 5 R, 2022,
45(2): 134-141.

HUANG ZQ, XU SJ, QIN JH. Main methods,
influencing factors

genes|[J].

and environmental risks of
degradation of microplastics[J]. Environmental Science
& Technology, 2022, 45(2): 134-141 (in Chinese).

YAN MT, CHEN XF, CHU W, LI WX, LI MQ, CAI
ZM, GONG H. Microplastic pollution and enrichment
of distinct microbiota in sediment of mangrove in
ChinalJ].
Oceanology and Limnology, 2022: 1-14.
CHAI B, LI X, LIU H, LU G, DANG Z, YIN H.

Bacterial communities on soil microplastic at Guiyu,

Zhujiang River estuary, Journal of

an E-waste dismantling zone of China[J]. Ecotoxicology

B R,

[80]

[81]

[85]

[86]

and Environmental Safety, 2020, 195: 110521.

JANG S, JANG S, IM DK, KANG TJ, OH MK, JUNG
GY. Artificial caprolactam-specific riboswitch as an
intracellular metabolite sensor[J]. ACS Synthetic
Biology, 2019, 8(6): 1276-1283.

NIU LH, LI YY, LT Y, HU Q, DR CW, HU JX,
ZHANG WL, WANG LF, ZHANG C, ZHANG HIJ.
New insights into the vertical distribution and
microbial degradation of microplastics in urban river
sediments[J]. Water Research, 2021, 188: 116449.
POMPILIO A, PICCOLOMINI R, PICCIANI C,
D’ANTONIO D, SAVINI V, Di BONAVENTURA G.
Factors associated with adherence to and biofilm
formation on polystyrene
maltophilia: the role of cell surface hydrophobicity and
motility[J]. FEMS Microbiology Letters, 2008, 287(1):
41-47.

CHAMAS A, MOON H, ZHENG JJ, QIU Y,
TABASSUM T, JANG JH, ABU-OMAR M, SCOTT
SL, SUH S. Degradation rates of plastics in the
environment[J]. ACS Sustainable Chemistry &
Engineering, 2020, 8(9): 3494-3511.

TR A . b [ A% 5 PRI T O R A Y IR b AR )
TE TR I 2 8 Ak SRE AN AT B SE (D] 75 5% AR
BEURTR A — IR ST PR L 2 (183, 2020.

XU XY. Temporal and spatial changes of biological
communities and quorum-sensing bacteria in biofilm of
microplastics under the exposure environment of China
offshore[D]. Qingdao: Master’s Thesis of First
Institute of Oceanography, MNR, 2020 (in Chinese).
KESY K, OBERBECKMANN S, KREIKEMEYER B,
LABRENZ M. Spatial environmental heterogeneity
young  biofilm
microplastics in Baltic Sea mesocosms[J]. Frontiers in
Microbiology, 2019, 10: 1665.

di PIPPO F, VENEZIA C, SIGHICELLI M,
PIETRELLI L, di VITO S, NUGLIO S, ROSSETTI S.
Microplastic-associated biofilms in lentic Italian

ecosystems[J]. Water Research, 2020, 187: 116429.

by Stenotrophomonas

determines assemblages  on

http://journals.im.ac.cn/actamicrocn



