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Ching 2. Key Laboratory of _Poyang Lake Wetland and Wptelshed Besedrch Ministry lof Education, Jldngm Normal University, Nanchang 330022, China; 3. School of
Geogrqﬂh\ and Environment| Jiangsi-Normal University, Nanéhang 330022 Chlna)

Abstract As anew. type of pollutant, microplastics have/atiracted moreasmg,_atté’nhon Microplastics in aquatic ecosystems are accumulating at an unprecedented scale
causirlg significant environifiental and economic impacts. In this study, sediments and different types of microplastic samples were collected from the Grus leucogeranus Reserve
of Wuxing/Reclamation Farm of Poyang Lake, which is the largest freshwater lake in China. The main types of microplastics were film (PE), debris (PP1), fiber (PP2),
and foam (PS), and the polymers were identified as polyethylene, polypropylene, and polystyrene in the study area. The structures of microbial communities (fungi and
bacteria) were identified using 16S high-throughput sequencing. The results showed that there was no significant difference in the Ace and Chao of bacteria between the surface
of PE and PP1 and that of the surrounding sediments (P >0.05) , whereas PP2 and PS were significantly lower than those in surrounding sediments (P <0.03). Ace and
Chao of fungi showed that PE and PS had no significant differences with the sediment (P >0.05), and PPl and PP2 were significantly lower than those in surrounding
sediments (P <0.05). The species diversity Shannon and Simpson index of bacteria and fungi on different types of microplastic surfaces were lower than that of sediment. The
bacterial communities on the sediment and microplastic surface mainly included Proteobacteria and Bacteroidetes. In the fungal community, Basidiomycota, Ascomycota, and
Chytridiomycota were the dominant bacteria. Through KEGG functional prediction, it was found that most of the metabolic pathways with a significant difference between
bacteria and sediments on the surface of microplastics and with an abundance ratio higher than 1% were related to metabolism. Compared with that of sediment, the metabolic
pathways of PE and PP2 on microplastic surfaces were down-regulated mainly in cell motility, signal transduction, and carbohydrate metabolism, whereas the energy
metabolism, general and global metabolism pathways, and cofactor metabolism were up-regulated. Compared with that of sediment, the bacterial metabolic pathways of PS and
PP1 on microplastic surfaces were down-regulated, mainly including general and global metabolic pathways, translation, and exogenous biodegradation, and cell motility and
signal transduction were up-regulated. However, the abundance of other functional genes in sediments and microplastic samples showed little difference. The results indicated
that microplastics can change the structure of microbial communities, and the microbial community on the surface of microplastics could catalyze metabolic reactions and
promote the decomposition of microplastics. The study of microplastic surface microbial structure in Poyang Lake can support management decisions to protect the ecological
integrity of the lake.

Key words: Poyang Lake ; microplastics; sediment; microbial community; richness; diversity
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‘ foPPLOE 13801155 | 1 411.09£8/03b | 1428.1211.9h T 8.35:0.4lc 0.98 +0.01hc
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g A E B R 18 90% LA [ B 2 (a) ].
ARG EL AT S 7 AT, 20 4149, 43
H.79 8 112 M@ 116 Fh. 721 1K B 4
R it [R5 0 i %) =5 B2 W S AN [R]. PE T DR it R T
VT ( Basidiomycota ) 5 46 XL, PP1 |
PP2 fil SL AR E TR [T HFFE R[] ( Ascomycota ) |
o W Tl oA worl
( Chytridiomycota) , i [t 80% LA L. 1fii PS 2 i HL &
PIF 22 18 ] ( Ascomycota) 5 4 %F £ #, o5 Ho ik 2|

(' Basidiomycota )



1450 H

i

B 43 &

85% e[ Kl 2(b) . BN others. MEEAIXT FJE > 1% B ILAE 14 1,
3 AR R 2R R TR YA W )& 7K Hrp 7 A8 FARDZEE, VA uncultured 1E HHRIC. X
o2, HURoRAXT B > 1% R, 5 AR 144 FEER KB A 13408 fEPE  PP1 MISL |

(b) FLR

e
([ =&
\‘\
PP2
up g - - e
| BENERERARARN Ven @ [ s F
Fig. 1 Venn diagrams of microplastic surfaces and sediments I | ] .
] j \
100 100
(a) 41 B (b) ST
80 m other 80 m unclassified
m Firmicutes B Olpidiomycota -~
m Gemmatimonadetes B Zoopagomycota ﬁr‘)
= 60 W Actinobacteria s 60 B Rozellomycota
= B Verrucomicrobia = | Mortierellomycota
= 3 =] S
) B Chloroflexi # ® Chytridiomycota
= B Nitrospirae 4 B Basidiomycota
g 40 B Acidobacteria = 40 B Ascomycota
B Bacteroidetes
B Cyanobacteria
B Proteobacteria
20 20
0 0
PE PP1  PP2 PS SL PE PPl PP2 PS SL
Fih Fedh

B2 WMERMTRYBEDIKESE

Fig. 2 Histogram of species distribution of microbial in microplastics and sediment at the phylum level

100 100

(a) 407 (b) B
w others
B uncultured _bacterium_c_4-29-1 B unclassified
80 u Ellin6067 80 B others
m uncultured _bacterium_f Steroidobacteraceae m [stilaginoidea
B Adurb Bin063-1 B Mortierella
=60 [ ] Anaemm,\r_mha:;.'rzr_ . < 60 B Aliernaria
'?5‘ m uncultured _bacterivm_f Anaerolineaceae i;t ® Fusarium
b B uncultured bacterinm_o_MBNT15 oy m Stagonospora
= B uncultured _bacterium_c_Thermodesulfovibrionia &2 m Sporobolomyces
= 50 B Janthinobacterium F 40 ] Ac’rcumniu.a;;
m uncultured bacterium_o_Chloroplast | Schizothecium
B Aulacoseira_granulata_var._angustissima B Paraphacosphaeria
5 ® uncultured _bacterium_f Burkholderiaceae 20 B Cladosporium
B Vaucheria_litotre
® Massilia
0
PE PPl PP2 PS SL PE PPl PPZ PS SL
i G

3 MERMRROMENEKESRERE

Fig. 3 Histogram of species distribution of microbial in microplastics and sediment at the genus level



34 BN A+ 980 FE 80 P48 O 3 X ol R R T (R A W v S A R 1451

AEEAY, B HUAE 38% ~57% . 1 PP2 1 PS &1
ANEEN) T2 D3RR (Massilia, 63% ~66% ) K
g 2 s IR ( uncultured _ bacterium _ f _
3.9% ~ 6.8% ) Hl % 4 FF & )&
( Janthinobacterium , 1.3% ~12% ) 41, LT H &
Jg PP2 H1 PS RIFFAHANE B 3(a) ].

FLRAXEEE > 19% W R AT 10 A4S, Hw 36 &
{EREBE AL, 1 A0 B AR 2 28 900 7 AR
i, FEGE T LA Unclassified #3iC. 76 PE . PP1 F1 SL
I+ Unclassified 5 AR K, SL A AH X 3= B o vy 19 2
S45ETR & ( Schizothecium ) . T 38 AL 2 1] BCIH =F 4
K W B £ # 8 ( Cladosporium ) F
Paraphaeosphaeria [ & 3(b) ].
2.3 GUCEREXS SR Y T R ik DR e ST

KEGG HiHfa 72 AAZ Lo oA A= AR5 38 3% 53 B 54
J£ (KEGG pathway database,

Burkholderiaceae ,

http://www. genome.
OSUREKE

jp/kegg/pathway. html) , ‘ERHACIHHE R R 6 K2,

AR | PARAE AL | L5 R Ab B A
Fepdi , AR AR RS, B 4 2008 R 4
WSO Z B A W5 22 5 H R HOE T 1%
A PCHE % (P < 0. 05) . 7RI A A 235 22 55 i ALY
TR AN R C I i B B 25 S, e — B
4 JRyiE i ot b e, B - A O,
SRR, PE A PP2 SULAIAR LL , Gl 2R 35 1 20
PRI B N IR iR 1R R B QRS Sk | 9
oK E P, RE R AU, — AR
T P S B R A IR AR PS R PPL 55
FRWAH L, (R 3% T 40 1 A8 B T I8 i A
SR AE— RN 42 e A % K B, SR B AR
Yok . Az sh e R o5 5 o Bk, ik
ﬁiﬁﬁ'éﬁ%l_lfm?ﬂ%ﬂlﬂﬂﬂﬁ i 43451#_%#

\.'"

BN . ﬂ,,ﬂ /
9*“oi“|‘f;1|>(ltﬂ
AR 04 R A R A D |0 <IE-15
iz | | o<IE-15
MAaREA-H ks | =2 PPl B3 SL 0 <IE-15
fEdtfRis B 0 | <IE-15
e, HERGEAL 8 °! ::F:::
—ife Ry B o ; L
T A & ORI ] |0 D
mokfeaHRy B . qrj_l%ch o
e itigt B ;e gl
iy ETE B 0 I e
Jefh kR 1 0! sy
Bitragitis 8 0! Nz i:
Ay B ‘o <1E-15
fH55S B : ® Jip-is
@i B e, <IE-13
ligtiz 8 (b) o, “1E-15
RAEmAH E T I N B e|  <IE-15
0 42708 -04 0 04
95% 7 (X 1)
Y TR 5 A4 PR A B o ! <IE-15
Hfizzhik & =3 PS BRI SL o i <IE-15
NEEE- IR 8 o <1E-15
fEhtfis 2 e <IE-15
e, Hrfiiie § ) <1E-15
-BRE R hE N T ! o <IE-15
FhE R R o <IE-15 g
He2eftist B o <IE-15 &
Rtz B ° <1E-15
winh s 8 | ® <IE-15
Jeftn kw8 0 <IE-15
PRI BRI o <IE-15
Bt 8 ° <IE-15
ShAsE B | [ <1E-15
Rk B (o] g <|E-15
fllix 8 , @ <IE-15
sokkamRm B g o <IE-15
GOERACH = L, % |, EIEIS
0 393 -1 0 1 2 3
tikb/% o B2 R %

B4 KEGG i i Ih sEH
Fig. 4 KEGG functional gene prediction

SRR IR e <IE-15

#MEz) | B PE BB SL , e<IE-15

M-I ] | @ <1E-15

fERACEH B 8 | <1E-15

Pk, HEFAURAE 8 ol <IE-15

iR e o | <1E-15
RRES SRR 1 20 <IE-15
rdsriist 8 , @ <lE-15 T

iz 8 LT <1E-15

iy A 8 o | <1E-15

M sOEm s 1 o <1E-15

HiflfnfesE B 1o <1E-15

s 8 ! e <IE-I5

sokikamity B , 8 <]E-15

goEmi 2 HE] <1E-15
Brmitiy 8 °, 7.29E-12

e O eI (a) P 1.79E-5

i p I Ll 11 q | 4 | T.34E-3

0 422-020-0.10 0 0.10
95% e X 11l

&HHLEMWH’% m&m@ b o ! <1E-15

Zhi: b= pp2 Em SL @ | <1E-15

*ﬂlﬂﬁﬂﬁﬁ bs-&fuh i 9 <lE-15

fEfititist 8 L] <IE-15

i, HEEfGR{E 8 e <1E-15

- Rty VYt | 0 <|E-15
RECEH SRS ] 'o <1E-15 i
(eS| o <1E-15 &

itz B ° <IE-15

sl AR 8 | @ <lE-15

Hofth BRI B L <IE-15

EEAREA AR 1 e <IE-15

HAragtist 8 o <IE-15

Hiflfies 8 o <1E-15

{r?'%‘*t”% B L] 7 <]1E-15

Wir g L <lE-15

sk B ° <IE-15

LR B Lo Y, <IE-IS

0 39 -1 0 1 2 3
tikk% W R%
3 iTfig

3.1 OB R W I R AR
AT 2 W SO k2 1 40 1 R0 EL 1 22 KR 5 R
FIUURY AN TE] , b PPL AT PE 26 10 20 1 (1) 4 Fb 3

EESZHEES TR HER AL ZE (P >
0.05) , 1 PP2 1 PS T 41 B ) 4 Fb = 5 5 0 2 4
MR ZFXTRBULRY (P <0.05). McCormick
SRR R M R KT E R £
FEPERNE ST PE K T AR Y, 5 AR WF 545 v



1452 ®

B 43 %

PP2 il PS AY&E R —20. thA AR 5T 32 BB R (4 4
FH MRS T R B A PREERE T A
FELER T PPL I PE 145 3R — S [R] Il 808} 36 1
20 A R L AN ) 1 B R TR ), S0 e 3 i A7 e A
X8 B URR A kA 1 A0 R LR . ik e R
IR IR T — &R (AN i 41 . X Se ik
Y1/ M AT REAZ 36 T4 SRk sk = D E AT IR
AR R VR T AR (ER R AS T A 0 e 40
2 2 TR B T A R g M R T R 1Y i S
OB R A2 R . PS 5 PP FI PE (20
PRSI RBLE TR ZER. Frere 57 05T
FW1, PS B4R #E v HA W AW T PE A1 PP 1Y
AR Z5 A REE. AR VG N AT PR HEA T R T 5
W PS AN LIS S PE Al PP AN 5 ARHF
FELETARRL. AN RSO R S 70 2 (] 1) 22 53 ] B 2 Hh
TS/ KM A RREDAR . B R L
BT 2B X SR AR LR B AT, AN TR] 26 TR
[ 28 T P ST 40 T Gl B S, 0 6 2R 3
i et ke 40 T O 2 9 T s i R

AT 2SS RS O R (PP ) RIZF 4 K S A

s SO (PP JB6 T4 7 35 4 5 i
el £ R 2SR K, T i 2 e R
P . BB R 1 A 50 e ) i
7R 5] DA ) 40 8 0 S AL AL PR g T 41

TR e OB R PSR 5o 6 £ A g RN

PR GHCHBAPPE P85 o 2 i3 5B e ] el
e R R S A S R B S R R A E
S TR RO R 3R A A A R T B K T
FLP AL BT A R Ok B A i Y,
{2 FL R A A AR ] . — S EC R R B R
i BEAS U T IR A

AT FE R RO i 2 T80 20 TR 0 T ] R 72
JET ] ( Proteobacteria ) FI4EIFT 5 [ ] ( Bacteroidetes ) .
S50 5 Z B VLI )y ARl R T A= W ) A
VR AERTEE — 3 AR IR R TR AR A
SR 2 A W i B s A T, LR IR SE AL T, T
FUFFER T ( Bacteroidetes ) . $UFF BRI 17T, 5 1A P14 i
KL R B, AT LASE N A fife SR M IR T
WREREX NP EIE e S IS Se 7/ Nk =R (R uR i
Fh AR A R R ) 7 SR T R R SR T Y H
e BT AR R KO b AW ST v i R 3 T
ANTE 2 D3R R (Massilia) FA 50 ZE 1A 72 [
W (uncultured _bacterium _f_Burkholderia ) 20 1. DA
W58 K BB RE E o VLI A= W) bR 750 Litoreibacter
FISR i (Vibrio ) FEARF 5T A& & B 4Rk
AR W R Sy A 1, JE 2 A HE A

SO B AR IR S IR AR o Ve B
PR A2 BB S #0260 76 LATE ARG I
Zo ol R IS YRR A L0 IR 43 P
W0 T OIS, 2 G 8 R S 5 7 1 A B0 M
T MR B — 25 T At M S bk BT 75
R 2953 % A O B A Lk P v i )
A SR TR 445 AR O o L 91 25 3 249 17 T, OF R
ST W98 B 45 SR AR — 2, Oberbeckmann seli4l 4
Bryant 411 (1) B 5 35 A5 W4 51 9 140 8 76 SO 1
FIETAE AR F AL A 5 1 i — 45
3.2 PRI ORI BT

A5 2 TSR RHEORL L (00 B0k WU REVS 5 ) L3R
B R R AE TG T3 | PRI AR A Pyl Bk AL
RETEPEL) MO AN PR R (DL AR e M 1 T
IR TR S (2 35 7 LR SR e
BT T — AVl 1) o 0 o 9 R R, e
AR LA SR A T O R g A
BFGE KEGEG ByAE PRI 25 5 5.5 AL A S50t
A 532 R 0 PO I | 3 20l s
A e ARV [ O R S B R T 45 iy A
PP2 i AT T Al M B | 175 5 4 5 Rtk )
LA ISR, TR i K4 B R Qs
PS i1 PRI 20 40T P T 410 R Wl
Y HIIZ S PER 3 55 . Jiang 250 A B0 2 AL
YA ARSI L, SO RGN B 41 4 % 900 5
R A 0 7 S 4 AU A0 L% ) R 5
Bl A AR AL, TR AT T 0 R 9 T L
TP I, B8 10 T SRR S A 400 9 W
43, 8 I AR 1 43 42 i L B o
I P A 30 B TR 0 4 A 3 7 5 L, SO ) 2 1 14
AR ISR A 2 S BOH 5 AR R R A
A0 55 A 0 W LSS B 5 5 S L3 T
2 A 1S S S 35 505 2 0 ) A
FEVIK TR 10 B WX O 1 A 0 e i
S AR A BRI R A R S R 45 T S A
1, 3R 32 T A S RGO R, LRI
R 1 2 116 BR RN K V5 e ) 0 75 B I
Zewler 517 TS & BUYERL BORE I 9 ML 90 REVE
F 43 L 5 L O 0 K R AR [, 3 6 9 A
BUE I RERS IR RS, B B A I 9, 0
SPRHIHEYE P A B O TR B AR IR LA AR
FREE AR UL, Al 2 S0 B /K R o 1) i
. T FL EL AT 2 8 A L R ) RE ). A
U IR A BT JURD R A S5 B0 40 8, 3085 T 1
H WA A ML T R A FET B T

PO Sl — R 9 1) B2 00 96 B, S AT



34 BN A+ 980 FE 80 P48 O 3 X ol R R T (R A W v S A R

1453

AU MR ETS 4548 38 v] LU R AR B T RE A
?**Tﬂﬂ%ﬂﬂ7k$$@§\%tl%”&$%ﬁiz%E’Jiuiﬁ
B PR, T O R R A A AT
FEI PR I5E 22 (] A RH EL A AT 22 A9 IA R, LA B 4 i
BRI €2k e B R S DSpE e =k S /N D o € T i
P ARERIEES Y ARTFIR A B Ok
FRER A= W05 M) 4 Dk 2 75 R s 1 1 2

4 it

(1) TR 3R T 240 TR RN L TRV - B R 24
PE5 JE FITUARY) th AN [R) A [R] 28 R O ) 22 Sl As
FHTE], SO Ak 3 T A7 AE AT J8 FELUC AR 9 A 1) 4
T AL

(2) AHFE R WIRIERHE: il 2 T 40 R 7 7R 3222
al F5 . B [ ( Proteobacteria ) . 5 ¥ []
( Cyanobacteria) . JUFF ] ( Bacteroidetes ) | FRFT I
I"J( Acidobacteria) . fILIZHER ] ( Nitrospirae ) ﬂléi
5 ] ( Chloroflexi ) | }%7K$Lfﬁyﬂ*4%§ﬁéﬂiﬁﬂig
Hi b 38 1 )8 ( Massilia ) 1 & 53 25 W9 AA5E K
(unculiured _ bacter'i'um | /. Burkholderia ) éﬂ }Jjﬁ %ﬁ[}
j’?‘%l]jﬂ %%,E&llj(Aseomycotd) iFEl l%l’l]
( Bamdlomycotg) fﬂ'_gl]zlil ¢ Chytnd-lomycota EJKEE

1= vt %qj*ﬁijzﬁﬂimﬁﬁ%%ﬁjlﬁﬁ
(Schlzotheczum) [k 28 e i lil$f§§§j(l§lﬂ§@
Tﬁ&f@‘ J& ( Cladosponum)-%ﬂ Paraphaeosphaen’gd |

(3)) KECG Iy Bl 3 R T 45 9 0 1
VLRI 3 2 5 1R B T, K B 15 A8
WA G (HJE A RO R I AN R g 45 5. 1]
WU T IR WA % 7T AR A SO, £
TR 3.

%%j{rﬁk:

[ 1] Akhbarizadeh R, Moore F, Keshavarzi B, et al.
and potentially toxic elements in coastal sediments of Iran’s main
oil terminal ( Khark Island ) [ J].

2017, 220, 720-731.

(2] Amelia TS M, Khalik W M A W M, Ong M C, et al. Marine

microplastics as vectors of major ocean pollutants and its hazards

Microplastics

Environmental Pollution,

to the marine ecosystem and humans[ J]. Progress in Earth and
Planetary Science, 2021, 8, doi: 10. 1186/s40645-020-00405-
4.

[ 3] Yoshida S, Hiraga K, Takehana T, et al.
degrades and assimilates poly ( ethylene terephthalate ) [ J].
Science, 2016, 351(6278) : 1196-1199.

[ 4] Thompson R C, Olsen Y, Mitchell R P, et al.
Where is all the plastic? [J]. 2004, 304 (5672):
838.

[ 5] Lyons BP, Cowie W J, Maes T, et al.
the ROPME Sea Area: Current knowledge and recommendations
[J]. Ecotoxicology and Environmental Safety, 2020, 187, doi:
10.1016/j. ecoenv. 2019. 109839.

[ 6] Mmmy, ki, SR, % M8k PES 52,4-DCP B4

A bacterium that

Lost at sea:

Science,

Marine plastic litter in

[7]

[10]

[11]

[12]

[17]

[18]

[19]

P RAT VMR AW S AT A2 )],

ﬂ;‘é 2021, 42(4) : 1946-1955.
Lin XY, SuCY, WuSM, et al. Effects of PES and 2,4-DCP
on the extracellular polymeric substances and microbial

community of anaerobic granular sludge [ J ]. Environmental
Science, 2021, 42(4) : 1946-1955.
JafiE, RO, FIRA, A T E g P RO 3 v K
HARMBOAFAEL)]. BL2EE4R, 2016, 61(14) ; 1604-1611.
Zhou Q, Zhang H B, Zhou Y, et al. Separation of microplastics
from a coastal soil and their surface microscopic features [ J].
Chinese Science Bulletin, 2016, 61(14) . 1604-1611.
Heindler F M, Alajmi F, Huerlimann R, et al. Toxic effects of
polyethylene terephthalate microparticles and Di ( 2-ethylhexyl )
phthalate on the calanoid copepod, Parvocalanus crassirostris
[J]. Ecotoxicology and Environmental Safety, 2017, 141 298-
305.
Harrison J P, Sapp M, Schratzberger M, et al. Interactions
between microorganisms and marine microplastics: A call for
research[ J |. Marine Technology Society Journal 2011 ,A45(2):
12-20. ~ " )
Virsek M Ke- Loviin IM'N, Koren S, er hl. Miq;oﬁ'[a‘stics as a
vector for the transport of the bacterial fish 'pat}}d.gen “Species
Aeromonas sal;;mﬁicida [J ]. Marine Pollution Bﬁlﬂeti 2017,
125(1-2) : 01-309.) | ' A
BT L, T4, N SO R LT B i 2
Ve R ) ] R ﬂ%, 2019, 40(5) +2234-2239.
Huang F Y, Yang K, Lhang Z'X, et al. Effects of mlcroplastlcs
on anlﬂ)mhc resistangé gEnes in estuarine pedlmems [#T.
Env1r0n1nental Sciehce ,.2019, 40(5) : 2234- 2239 =
Harrigon JUB, Schratzberger M, Sapp M, et al. Rapid bactérial
colonization of low-density polyethylene microplastics in/ &‘-;astal
sediment microcosms [J]. BMC Microbiology, 2014, 14, doi:
10. 1186/512866-014-0232-4.
McCormick A, Hoellein T J, Mason S A, et al. Microplastic is
an abundant and distinct microbial habitat in an urban river[ J].
Environmental Science & Technology, 2014, 48 (20) . 11863-
11871.
Oberbeckmann S, Loeder M G J, Labrenz M. Marine
microplastic-associated biofilms-a review [ J ].
Chemistry, 2015, 12(5) ; 551-562.
Baptista Neto J A, Gaylarde C, Beech I, et al. Microplastics and

Environmental

attached microorganisms in sediments of the Vitéria bay estuarine
system in SE Brazil[ ] ].
169 : 247-253.

Bryant ] A, Clemente T M, Viviani D A, et al. Diversity and

Ocean & Coastal Management, 2019,

activity of communities inhabiting plastic debris in the North
Pacific Gyre [ J]. 2016, 1(3), doi: 10. 1128/
mSystems. 00024-16.

Zettler E R, Mincer T J, Amaral-Zettler L. A. Life in the
“plastisphere”
[J]. Environmental Science & Technology, 2013, 47 (13).
7137-7146.

Kirstein T V, Kirmizi S, Wichels A
hitchhikers? Evidence for potentially pathogenic Vibrio spp. on

Msystems,

: Microbial communities on plastic marine debris

et al. Dangerous

>

microplastic particles [ J ]. Marine Environmental Research,
2016, 120 1-8.

Keswani A, Oliver D M, Gutierrez T,
hitchhikers on marine plastic debris:
bathing waters and beach
Environmental Research, 2016, 118 10-19.

FARME , S0, XAk, S5 R WA A S R A

Microbial

Human exposure risks at

et al.

environments | J ].  Marine



1454 7NN A - 43 &
Bk xt g ma i g [ ], KILH B R 53058, 2010, 1101-1107.
19(6) : 597-605. [33] Z=pnsk, X, Bi4h, S5 BOKRG 4 PR Y
Hu Z P, Ge G, Liu C L, et al. Structure of Poyang Lake wetland AR K DOC 72153 i [ 1], HEERL %, 2021, 42(8):
plants ecosystem and influence of lake water level for the structure 3829-3836.

[22]

[24]

[J].
19(6) : 597-605.

SIGel , BRARIN, SO, 4. R PH I ve b i 4w v g
WRIF (], HEERL2E, 2006, 27(4) ; 732-736.

Gong X F, Chen C L, Zhou W B, et al. Assessment on heavy
metal pollution in the Poyang Lake [ J ].
Environmental Science, 2006, 27(4) : 732-736.

XU, RIGCIE, FIREJRL, 4. 6 BH 0 b Ak 1 4 S s 13 2
BHEUUEAE[T]. FEERLE, 2019, 40(6) : 2639-2646.

Liu S L, Jian M F, Zhou L Y, et al. Pollution characteristics of
microplastics in migratory bird habitats located within Poyang
Lake Wetlands [ J ]. 2019, 40 (6) .
2639-2646.

Yuan W K, Liu X N, Wang W F,

abundance,

Resources and Environment in the Yangize Basin, 2010,

sediment  of

Environmental Science,
et al. Microplastic

distribution and composition in water, sediments,

and wild fish from Poyang Lake, China[]J]. Ecotoxicology and
Environmental Safety, 2019, 170 180-187.
IO, B, BRI P R S T RS R R

[J]. 33, 2007, 44(2) : 318-326. (&
Zhao Q G, Huang G Q, Qian H Y. Ecological env1r0nment and
sustainable development of Poyang Lake []].
Sinica, 2007, 44(2) 318-326.

SRR, I’\EE, AT, 4 HH (ﬂﬁzﬂtﬁkﬁi Jf‘ﬁ%%‘

Actd’ Eedologlca

B 5 Efumm- iﬁﬁ.ﬁﬁ

L

2015, 24(1}" .96 105

| Jian M F{Li L Y, YuHP, et al Heavy Metals pollutlon on' the

_water and sediments and its influerice bn ihe sd‘mmerged

[27]

[30]

[31]

[32]

macrophyte ‘commtinity in the wetland of JPoyang Lake [ J]. J
"; Eco'logy and'JEnvironmenta'l Sciences, 2015 ,24(1) ;ﬁ6— 105 "fl e
1261 &

DeSantis 7, Hugenholtz P, Larsen N, e al.
chixﬁliera—checked“‘ 16S rRNA gene database and workbench
c&npalible with  ARB [ J ]. Applied
Microbiology, 2006, 72(7) : 5069-5072.
McCormick A R, Hoellein T J, London M G, et al. Microplastic

in surface waters of urban rivers:

Greeng«_s_qes}-“

and Environmental

concentration , and

Ecosphere, 2016, 7(11),

sources ,
associated bacterial assemblages[J].
doi; 10.1002/ecs2. 1556.

Frere L, Maignien L, Chalopin M,
communities in the Bay of Brest:
size[ J]. Environmental Pollution, 2018, 242 . 614-625.
Kirstein I V, Wichels A, Gullans E,
“ specific
2019, 14 (4), doi: 10. 1371/journal. pone.

et al. Microplastic bacterial
Influence of polymer type and

et al. The Plastisphere-

”

Uncovering tightly attached plastic microorganisms
[J]. Plos One,
0215859.
Amaral-Zettler L. A, Zettler E R, Slikas B,
biogeography of the Plastisphere:
Frontiers in Ecology and the Environment, 2015, 13(10) ; 541-
546.

Miao L Z, Yu'Y, Adyel T M, et al. Distinct microbial metabolic
activities of biofilms colonizing microplastics in three freshwater

2021, 403,

The
implications for policy [ J ].

et al.

ecosystems[ J ]. Journal of Hazardous Materials,
doi; 10.1016/j. jhazmat. 2020. 123577.
Cai L, Wu D, Xia J H,

surface properties on the adhesion of bacteria onto four types of
plastics[ J 1. 2019, 671:.

et al. Influence of physicochemical

Science of the Total Environment,

[35]

[36]

[38]

[41]

[42]

[43]

[44]

[45]

[46]

LiWY, LiuZ L, Miao L. Z, et al.
analysis of four different types of plastic particles in freshwater

2021, 42 (8). 3829-

Aging process and DOC
systems [ J ]. Environmental Science,
3836.

Ali Shah A, Hasan F, Hameed A, et al. Biological degradation
of plastics; a
Advances, 2008, 26(3) ; 246-265.
Jiang P L, Zhao S'Y, Zhu L X,
bacterial assemblages in the intertidal zone of the Yangtze Estuary
[J]. Science of the Total Environment, 2018, 624 . 48-54.
Lee J W, Nam J H, Kim Y H,
the initial stage of marine biofilm formation on artificial surfaces
[J]. The Journal of Microbiology, 2008, 46(2) ; 174-182.
Kesy K, Oberbeckmann S, Miieller F, Polystyrene

influences bacterial assemblages in Arenicola marina-populated

comprehensive review [ J ]. Biotechnology

et al. Microplastic-associated

et al. Bacterial communities in

et al.

Envi.ronr.neu.tdr. Pollution
P e I
=

Migroplastics in

aquatic environments _in vitro [J].
2016, 219 +219-227!
Naik R K, Naik, M M, D’Costa P M,

ballast water ‘as an | emerging source and Vectq’;r fo

et al’
harmful
chemlcals, antibiotics, I:letals bacterial paihogepﬁ' and HAB
species ;/ ‘A potenua‘l risk to the marine environment and” humgn
health[ J]. Mérlne Pollutlon Bulletin, 2019 ;<149 dpl, 10.
1016/j. IAaI:po].bul 2019. 110525 /
Liw]J, Zhang Y, WulN, et al. CO]OandllOn ,chdrdctensllcs’of
debris'
envirohm_éif;ll factors dnd polymer types in the Haihe Esti}aryuof
Bohai Ba‘il, China[ J].
2019, 53(18)": 10763-10773.

Silva M M, Maldonado G C,..Castro R O,
potentially pathogenic bacteria by plastic debris in Guanabara
Bay, RJ, Brazl[]]. 2019, 141.
561-568.

Carson H S, Nerheim M S, Carroll K A,
associated microorganisms of the North Pacific Gyre[J].
Pollution Bulletin, 2013, 75(1-2) : 126-132.

Zhu 1. X, Zhao S'Y, Bittar T B, et al. Photochemical dissolution
of buoyant microplastics to dissolved organic carbon: Rates and

2020,

bavterlgl communities; on' plastic 1nﬂuenced l’fy

! . o
Environmental Science & Technology,

et al. Dispersal of

Marine Pollution Bulletin,
et al.

The plastic-

Marine

microbial impacts [ J]. Journal of Hazardous Materials,
383, doi: 10.1016/]. jhazmat. 2019. 121065.

Miao L. Z, Wang P F, Hou J, et al. Distinct community structure
and microbial functions of biofilms colonizing microplastics[ J].
Science of the Total Environment, 2019, 650 2395-2402.
Raddadi N, Fava F. Biodegradation of oil-based plastics in the
Existing knowledge and needs of research and

2019, 679,

environment ;
innovation[ J]. Science of the Total Environment,
148-158.
Syranidou E, Karkanorachaki K,
Biodegradation of weathered polystyrene films in

2017, 7, doi:

Amorotti  F, et al.
seawater
microcosms| J . 10. 1038/
s41598-017-18366-y.

Tarafdar A, Lee J U, Jeong J E, et al. Biofilm development of

Bacillus siamensis ATKU1 on pristine short chain low-density

Scientific Reports,

polyethylene ;

[J].
1016/j. jhazmat. 2020. 124516.

A case study on microbe-microplastics interaction

2021, 409, doi: 10.

Journal of Hazardous Materials,



HUANJING KEXUE Vol.43  No.3

Environmental Science (monthly) Mar. 15, 2022

CONTENTS

Analysis of Change and Driving Factors of PM, 5 Mass Concentration in Tianjin from 2000 to 2020
Characteristics and Sources of PM, 5-05 Compound Pollution in Tianjin

CAI Zi-ying, HAO Jian, HAN Su-qin, et al. (1129)
XIAO Zhi-mei, XU Hong, GAO Jing-yun, et al. (1140)

Source Analysis of Ambient PM, 5 in Wuhan City Based on Random Forest Model ««+x+eseseereresesernsicnnsiiniiin ZHANG Zhi-hao, CHEN Nan, ZHU Bo, et al. (1151)
Chemical Characteristics and Sources of Atmospheric Aerosols in the Surrounding District of a Heavily Polluted City in the Southern Part of North China «+-«eseseeseereereesemenenseninicnennnnen
.................................................................................................................................................................. REN Xiu-long, HU Wei, WU Chun-miao, et al. ( 1159)
Characteristics of Water-soluble lons in an Autumn Haze Process in the Southern Sichuan Urban Agglomeration After the Implementation of China’s Air Pollution Prevention and Control
ACHON PLan  +ovseeeesressssers et WU An-nan, HUANG Xiao-juan, HE Ren-jiang, et al. (1170)
Concentration, Source, and Health Risk Assessment of PM; Heavy Metals in Typical Pollution Processes in Zhengzhou - +++ ZHAI Shi-ting, WANG Shen-bo, ZHANG Dong, et al. (1180)
Geographical Detection of Spatial Heterogeneity and Drivers of PM, 5 in the Yangtze River Economic Belt = «+veveeeeererseemensniesnicicniinicnienns WANG Li-li, LIU Xiao-jie, LI Ding, et al. (1190)
Spatial Heterogeneity of PM, 5 Concentration in Response to Land Use/Cover Conversion in the Yangtze River Delta Region ~ +++reveeereeeer ZHOU Li-xia, WU Tao, JIANG Guo-jun, et al. (1201)
Analysis of Pollution Characteristics, Meteorological Impact, and Forecast Retrospective During the Spring Festival and the Lantern Festival in “2 426" Cities «+v+reeereesererrenssssenennenens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHU Yuan-yuan, WANG Xiao-fei, WANG Wei, et al. (1212)
Pollution Characteristics and Influencing Factors of PM, 5 in Shanxi Province Based on Wavelet Transform =~ «+eoeeserverereresnesineeeens ZHANG Ke-ke, HU Dong-mei, YAN Yu-long, et al. (1226)
Estimation of Surface Ozone Concentration and Health Impact Assessment in China «+«seseeseereerserssemenenninini e ZHAO Nan, LU Yi-min ( 1235)
Analysis of Ozone Pollution Spatio-temporal Evolution Characteristics and Identification of Its Long-term Variation Driving Factor over Hunan Provinge «++«+essessersenssmsenenenninncnenennes
............................................................................................................................................................ LIU Yan-yan, YANG Lei-feng, XIE Dan-ping, et al. ( 1246)
Temporal and Spatial Variation in 05 Concentration Near the Surface of Shandong Peninsula and Analysis of Potential Source Areas LI Le, LIU Min-xia, XIAO Shi-rui, et al. (1256)
Characteristics, Ozone Formation Potential, and Source Apportionment of VOCs During the COVID-19 Epidemic in Xiong'an -+ * LIU Xin-jun, WANG Shu-juan, LIU Cheng, et al. (1268)
Characteristics and Source Analysis of VOCs Pollution During the Period of Ozone Exceeding the Standard in Zibo City WANG Shuai, WANG Xiu-yan, YANG Wen, et al. (1277)
Comparison of VOCs Pollution Characteristics Between an Urban Site and a Background Site in Summer in Zibo QIN Tao, XU Bo, WANG Xin-wu, et al. (1286)
Emission Characteristics and Inventory of Volatile Organic Compounds from Cooking in Sichuan Province QIAN Jun, HAN Li, CHEN Jun-hui, et al. (1296)
Emission Characteristics of Gas-and Particle-Phase Polycyclic Aromatic Hydrocarbons from Cooking LI Yuan-ju, WU Ai-hua, TONG Meng-xue, et al. (1307)
Diversity and Community Structure of Airborne Fungi in Different Working Areas of Composting Plants YU Ao-yuan, XING Li-jun, SUN Xing-bin, et al. (1315)
Main Problems and Refined Solutions of Urban Fugitive Dust Pollution in China «+«+«sssssereersemsenenseneenes LI Ting-kun, FENG Yin-chang, BI Xiao-hui, et al. (1323)
Water Quality Assessment and Spatial-temporal Variation Analysis in Yellow River Basin «+ereereesesrerseresernineninnne LIU Yan-long, ZHENG Yi-an (1332)
Spatial Distribution and Influential Factors of Nutrients in Rivers of a Typical Mountainous City: A Case Study of the Qingshuixi River in Chongging
........................................................................................................................................................................ WANG Chao, YE Qiu, JIA Bo-yang, et al. (1346)
River-Lake States in the Tributary of the Three Gorges Reservoir Area and Their Effects on the Phosphorus Content of Different Forms in the Sediment «++x+seeeseeseersessereseneninsinennn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HUANG Wei, ZHANG Xing, LUO Xiao-jiao, et al. (1356)
Molecular Signatures of Dissolved Organic Matter in the Paihe River and Its Tributaries -+ B SRARILIILEN e ZHAN Ya, YIN Hao, FENG Jing-wei, et al. (1365)
Multiphase Spatial Distribution Characteristics of Cd Morphology in Typical Intertidal Zones in the Guangdong-Hong Kong-Macao Greater Bay Area and Its Influencing Factors = «++xeseeeveeeees
........................................................................................................................................................................... CUI Xin-yue, MO Wu-giu, LIAO Jian-bo ( 1375)
Occurrence Characteristics and Risk Assessment of Antibiotics in the Surface Water of Luoma Lake and Its Main Inflow Rivers +***+ GONG Run-giang, ZHAO Hua-jin, GAO Zhan-qi, et al. (1384 )
Contamination Characteristics and Ecological Risk Assessment of Antibiotics in the Third Drain of Ningxia —«eesesreressesresvenenienninineninnn LI Fu-juan, GAO Li, LI Ling-yun, et al. (139%4)
Historical Changes and Responses to Human Activities of Polycyclic Aromatic Hydrocarhons in Lake Sediments from Northern China During the Past 100 Years «o«eoeeeeesererserencnennenens
.............................................................................................................................................. GONG Xiong-hu, ZHAO Zhong-hua, DING Qi-qi, et al. (1404

Characteristics of Bacterioplankton Community Between River and Lake/Reservoir in the Yangtze River Basin HU Yu-xin, ZHANG Jing, HUANG Jie, et al. (1414
SHI Yujiao, LI Wen-bao, ZHANG Bo-yao, et al. (1424
SHU Wang, WANG Peng, DING Ming-jun, et al. (1434

)
)
)
)
Microbial Community Structure on Microplastic Surface in the Grus leucogeranus Reserve of Poyang Lake -+ LIU Shu-li, JIAN Min-fei, ZOU Long, et al. (1447)
)
)
)
)

Characteristics of Bacterial Community Structure in Wuliangsu Lake During an Trrigation Interval in Hetao Plain

Effects of Landscape Structures on Bacterioplankton Communities at Multi-spatial Scales in the Yuanhe River

Influence of Microplastics on the Development of Proteus Biofilm +-«+:«+sesseseee- +++ TAO Hui, QI Yi-ting, YU Duo, et al. (1455

Deposition Law of Low-Density Microplastics Aggregation in Wuliangsu Lake LIU Yu, SHI Xiao-hong, ZHANG Sheng, et al. (1463

Adsorption of Fulvic Acid on Virgin and Aging Microplastics = ++««+sresressererrssssrssensnrss it SONG Ya-li, YU Ya, ZHENG Lei, et al. (1472
Diffusive Fluxes and Controls of N,0 from Coastal Rivers in Tianjin City »++ TANG Meng-yao, HU Xiao-kang, WANG Hong-wei, et al. (1481
Effects of Hematite and Biochar Addition on Wastewater Treatment Efficiency, Greenhouse Gas Emission, and Microbial Community in Subsurface Flow Constructed Wetland — «++sesveeveseeeess
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Xin-tong, HAO Qing-ju, XIONG Yan-fang, et al. (1492)
Identification and Optimization Method of Rainfall-Runoff Pollution Risk Level «ereeseeresererenesienienienniniineniinininininenns QI Xiao-tian, ZHANG Zhi-ming, ZHAO Xin, et al. (1500)
Factor Analysis of Disinfection Byproduct Formation in Drinking Water Distribution Systems Through the Bayesian Network +++++++++- JIANG Shan-shan, WANG Zhen-yu, GAO Quan, et al. (1512)
Selective Adsorption of Au( ll) by Activated Carhon Supported Polythioamides and Adsorption Mechanism =++x+sssssseseeseseseensesnens 7HAO Wen-jin, ZHANG Shun, AN Xiao-giang, et al. (1521)
Impacts of F/M Ratio on Microbial Networks in Activated Sludge —«+«+-reeseesresrersssssssnsimsniinisi s ZHANG Bing, SUN Chen-xiang, WEN Xiang-hua ( 1529)
Geochemical Characteristics and Source Apportionment of Soil Elements in an Urban-rural Integration Area: A Case Study in the Qinglong Area of Tianfu New District +:eseerseseereseessensenees

*+ LIU Shu-huai, WANG De-wei, SHI Ze-ming, et al. (1535)

Ecological and Health Risk Assessments Based on the Total Amount and Speciation of Heavy Metals in Soils Around Mining Areas «w+:eseeseeeeseereens WANG Rui, CHEN Nan, ZHANG Er-xi ( 1546 )
Characteristics of Antimony Migration and Transformation and Pollution Evaluation in a Soil-Crop System Around a Tin Mine in Hunan Province
............................................................................................................................................................ )
Effect of Controlling Heavy Metals in Soil of Rare Earth Mining Area by Biochar Supported Graphene Oxide )
Enhanced Remediation of Cd Contaminated Soil by Cotton with DOM MIN Tao, LUO Tong, CHEN Li-li, et al. (1577)
Novel Insight into the Adsorption Mechanism of Fe-Mn Oxide-Microbe Combined Biochar for Cd( II') and As( 1) LIAN Bin, WU Ji-zi, ZHAO Ke-li, et al. (1584)
Variations in Cadmium Accumulation and Transport and lonomic Traits Among Different Winter Wheat Varieties LIU Chang, XU Ying-ming, HUANG Qing-qing, et al. (1596)
Cadmium Accumulation Characteristics of Different Heat Varieties Under Cadmium Stress —«++«+sesseresseersersmsnmnmimmmiin, REN Chao, REN Yu-zhong, WANG Hao, et al. (1606)
Effect of Different Land Use Types on the Diversity of Soil Bacterial Community in the Coastal Zone of Jialing River «+-eeeseseereereeerene LIU Kun-he, XUE Yu-gin, ZHU Lan-ping, et al. (1620)
Effects of Earthworms/Biochar on Bacterial Diversity and Community in As-contaminated Red Soil = «+eeeeereeveeserenensinenennenns SU Qian-gian, LI Lian-fang, ZHU Chang-xiong, et al. (1630)
Effects of DA-6 and EDDS on Growth and Cd Uptake by Solanum nigrum L. and on the Soil Bacterial Community Structure —«+«+«esesessessesseseneenes LUO Yang, SUN Li, LIU Fang, et al. (1641)
Effects of Plastic Mulch Film on Soil Nutrients and Ecological Enzyme Stoichiometry in Farmland «-«+xeoveoeeseeeeenensssneneniiinne HU Zhi-e, XIAO Mou-liang, WANG Shuang, et al. (1649)
Effects of Warming and Increased Precipitation on Soil Respiration of Abandoned Grassland in the Loess-Hilly Regions - WANG Xing, ZHONG Ze-kun, ZHU Yu-fan, et al. (1657)
Effect of Film Mulching, Straw Retention, and Nitrogen Fertilization on the N,0 and N, Emission in a Winter Wheat Field «++e+reeoeeeee PENG Yi, LI Hui-tong, ZHANG Shao-wei, et al. (1668)
Effects of Straw Returning on Soil Ammonia Volatilization Under Different Production Conditions Based on Meta-analysis ++ ZHAO Zheng-xin, WANG Xiao-yun, TIAN Ya-jie, et al. (1678)
Impacts of Fertilization on Soil Antibiotic Resistance Genes Across Croplands; A Meta-Analysis ***®ccesesesrsreosrereceees RAN Ji-wet, XIAO Qiong, HUANG Min, et al. (1688)



	1.pdf
	封面
	中文目录


