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Community Structure and. Micrebial Function Responses, of Biofilms Colonizing on
Microplastics with Vertical Dlstribution in Urban Water F
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Abstracts Microplastics have received increasing attention worldwide due to their carrier effects. In the aquatic environment, microplastics always show a vertical distribution,
which therehy may change the structure and function of the attached microbial communities. However, few studies have focused on this alteration. In this study, the structural
changes and functional expression responses of the attached bacterial communities to microplastics under vertical distribution were investigated in the field combined with high-
throughput sequencing technology. Polyethylene terephthalate (PET) and polyvinyl chloride (PVC) were selected as the target microplastics, which were frequently detected
in the aqueous environment. The results showed that the a-diversity of bacterial communities attached to PET microplastics was much higher than that of those attached to PVC
microplastics. The abundance and diversity of the bacterial communities attached to PET and PVC both increased with the increase in water depth. The a-diversity index of
bacteria attached to the two typical microplastics was significantly higher in deep water (90 cm) than that in water 30 em and 60 em deep. The Cyanobacteria, Proteobacteria,
Planctomycetes, and Verrucomicrobia were the dominant phyla in the attached bacterial communities. In addition, the deep water distinctly altered the bacteria community
attached to different microplastics. The results of functional prediction showed that the functional expression of pyrimidine metabolism, amino sugar and nucleotide sugar
metabolism, starch and sucrose metaholism, and aminoacyl-tRNA biosynthesis were positively correlated with water depth. In addition, the functional responses of the bacterial
communities attached to microplastics were also increased, especially in deep water. Further, the bacterial functions of those attached to PET were significantly higher than that
of those attached to PVC. This suggests that both the microplastic polymer and the water depth could affect the structure and function of the attached bacterial communities and
that the water depth was more important, which may be related to the difference in the vertical distribution of light and turbidity. The results of this study provide a new insight
into the microbial response to and environmental risk of microplastic pollution.

Key words: microplastic; biofilm; vertical distribution; community structure ; function
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““PET- 30, 6:88 +0. 12 0. 909 £0. 008 2644.51 £90.32 © 2578.43 +91.80 99.09 +0. 10
. PET-60 771 £0.80 * 0.953%0. 010 * A 3BL11£114.70° 3298.07 +134.50* 99. 16 +0. 09
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Indicator analysis of bacterial communities attached to two typical plastics at the phylum level



3092 EZ

B 3%

LPE. PVC R A B 22 5 B 1 8 KRR T
(Chlamydiae) , fff % T PET S8 HRAE 3 R 4T
B 1) ( Bacteroidetes ) . ) 7 [ ['] ( Euryarchaeota ) |
Rokubacteria FIZLICERIE ] ( Latescibacteria ) . tEAh,
R RD BA — 7 AU 0] A1 22 5. 78 30 em ZKIR
Ab | HEERE - T ( Deinococcus-Thermus ) 42 PET
FIPVC {UAT AFAERT]. 7E 60 em ZKIRAL AT
J& PVC HEARME—RYF5 7R W) F; PET JC i E M2 7Y
il LK 90 em b B1E T PVC Al PET 922 5 )l
I3 10 F1 145X 5 Bk o SRR BN E—
B9 em ALMEE T PVC EEMEREHIT N
Omnitrophicaeota fit 1t 12 Ji€ B4 [ ] ( Nitrospirae ) . fif ft
BB ] ( Nitrospinae ) | Kiritimatiellaeota F1#2 g {4 ]
(Spirochaetes) ; PET 7E 90 cm 4b 3= 2L (1) 22 S 4 Fh 4
Omnitrophicaeota , Patescibacteria . % i BRJE B ] | 12
JREA IR T .

XA A YIREA LT unweighted unifrac s
BRI TRELE SBT3 1 NMDS 4387 3 A T 4
R R 22 55k, anE 3 FiR stress {HA 0. 042 V=
I NMDS 7341 B A7 AT §E 1. 4 ﬁﬁmAmei%

%¢qummmT@ﬁ%%ﬁL%%%%E@=

ﬁ%&ﬁmu ﬁPmnoﬁPm30ﬂP 6@%
n@%%fﬁmFLPmm%%@ﬁ%ﬁiT

%E%&WXﬂwmﬁm3ﬁﬁmeﬁ%%ﬁ

ugwcmﬁﬁﬁ%%m% LT AR AR ¢

.-d--

stress = 0.042

0.1 -

> '-ll.
0 = — = S—

o
w
o
= 01
e
® PVC-30
) PET-30
-0.2 | @® PVC-60
® PET-60
s ©® PVC-90
-03 |- ® @® PET-90
| 1
-0.2 0 0.2

NMDS 1
B3 OTU KFTETFARMLMEREE NMDS HEF
Fig. 3 Bacterial community NMDS sequence based

on unweighted UniFrac at OTU level

2.3 MGG T MERER G DI RE BT
R T A B SS T RN K G B Ko A ) A V5 3y
BEZRETERYTZ T, DN 16S 3R A5 09 K 7 51 1 B 21
KHﬁﬁﬁE*ﬁ%EMEWﬁ%ﬁm&ﬁL%

i1 Tax4Fun X B & T4 W00 1 ) 40 & D BEE 17 7
WA BT AR, MRS BN (R
AR ANREFEAE . PR AA HL R G 6 K — TRk
JEAE ARG E B L R 8 B A X S B AR
AN 2N TR R A A T AT, R B
A 34 AFIIRELLAL. WA 4 (a) Fiw, “IREFRE
M KA A AR BB TR R AR
i, ZERAE DA A YR AL ZE R
PR AR
=Y T RE R ) 4 AR 9% T R A i kAR

[vi) 35 5t 1= B 25 A P T e L — m%%%ﬁﬂ@4
(b) 7R, ABC ¥zt | HaEme , 22218 M52 R
AR, IRBRRI ISR 2 A | K 202 I 2R A 35 )
eIk SKIRTRE MG, HAER —RET,
W& T PVC AN DI RE Rk 38 T PET. JRAT, mne
AR, IR A R A ﬁ%ﬂﬁﬁﬁﬁﬂ
GABEREAY) B A DB %L%mﬁﬁﬁzmm
5, HAE 90 em JETY LG %ﬁ$ﬁﬁ%ﬁ?mmn
ﬁaMm&m#iﬁyMﬁm~%ﬁ$%ﬁﬁﬁ%
HAT— m%ﬁﬁﬂﬁhﬂC%Lw H%& U,
MR MR | IR At 2 AR K5 A
a&ﬁ%ﬁﬁ%&ﬁﬁ&ﬁf&nmﬂanmmm;
i 42 35 % $m,ﬂ@ﬁf 5 RGP
b, AR %%ﬁ% a%ﬁﬂﬁﬁ&ﬁ
i, VER AR . F B A e A Ak

ST G ARG Rk,

3 iFig

IKARSHS AL T 1 Sy B A W R 2 ) 2. AR5
W PRI B E AR A v R AT T 1) 2 8 )5 R, T8
L TR 114 40 DR i 22 1 I 2 7K R P4 185 v B
TR, PET 2% 1m0 B 5 40 R B VG Z RE MR B8 1
PVC, HA&FEAR T REHA — 2 193 [ 4347 BLAE.
301 GRS TN A G R Vi 25K B R T

T T VR 25 40 5 SO A R R DD AR G, R TR
SR TR R p T L P SRS [ 1 5 e ke A 4 )
FEE 5. OB RURE RE P | SRk | R
R 2 1 3 [ S s R A A B RE AL AR
WFsEH, R—E T PET W& ANEREVE I o ZFEE
TR T PVC WOBRL, X AT REJE K o PVC AR R
— AT BRI T A0 B A A .
DA WFSE & B, PVC 24 nirS 3 D5 32 888 F1 s Ay
TR BCRE )  E R R A SR k. eAh, SR
TR ) S b Ak TR R g BE R BELA SR AR
FEFNEE ) BRI 23 X6F B 35 Bl 2k 9 7 A 3 M o 2
I, FET TP A . B TRl 22 T m il



6 1 BT 954 K RO 651 W25 AR 4 1) R 3093
-I: ojsa. 024 W*?ﬂﬁ:%ﬁm Ta} 1,06 0,54 ABCEEZ K o 2.01
065 ot W0 o1 o7 - 5 PR 4 2 ¢ AR I FHER 22 SRR AR IR I
1o [l 002 I 002 A -
oar o foo«foso . st i.. F AR SRt .
ooe[ose S EUERR R ZRERRI R AR '
0.10 |6 88} 0.55 i R A R R T £ 3
og8 012 fa1e - kA i AR
0.1 h '''' oat ozl EEEFRRIC I ﬁ@ HERM
Loz0fosn it o.1s ose}. sua - ik g
030] 011 - i A AR WHIMES RS
037|027} 020 i AR
38)-048} 027|033 iz T A R
0.14 o4 SR 2 AR {0 A A s ik A P 1 TR R
oot 037|034 L LR A R
o 1 o4 JRL- A1 HEIE 2D TE R
050 038 g Rt
0.09 25| 0:33 K A AR i L4
034 Lo.17}0.15 il A I A R U R
0azf0a7 AR {8 Fok SR A £l
054 {047 [ i M JCRIFETS SN A R
22 g 888 728 8RR
SESEsE CESELE
B OB ROB A B B B oo B o B |
413 4
f i <a> “ghis ) =goie [0 | - Tk ¢
p [ ,. y :;?:m% EERE | 0 *, "'j; ‘T '
] . ! " & ~ B
..r II' / ;.. III ; p Flgr 4.-‘ ."- g e heat map of bacterial comnvlunlty i s ;:f
%’*iﬂzwﬂ@ﬂ Q_%Emﬁ e SR T” ,ﬁﬂ?ﬁﬁ P w Eﬁﬁ.ﬁﬁf BRSO A Ry C e

ek i _lileﬁiﬂfwhﬂﬁﬁnﬂhé’miﬁz

2, ;zTE‘%%I;@ BYC 5 5 BRI A, %

ﬁﬁéﬂﬁ# L. @éﬁ'ﬁ E—ﬂﬂﬂé?ﬁﬂﬁﬂfﬁ&ﬁﬂ%ﬁﬁ o D A AT A M PR ) e

'W%:E’Jﬁaéﬁ%ﬁmla =, T ﬁﬁﬁﬁ)%‘:& ﬁ/ —MrEE

Eﬁﬁﬁ
3.2 7J< TR EE XTI A Wy 0 548 1 52 e

TRURTR A 2 5% W 240 BT 1 B V% 2544, JC IR 2 7
ISR b ORI AR — e R B R T
P AERAR. ZETTKF B W8T T7E PET 88}
e B A K R R R 1 B i S R AR, 1T PVC
MFEATCAZAE 3 90 em At PVC BRI & B PR )
FJE 5 HAE 30 cm AAHVT, PET $8R1 E (1B 5 4 B
EROM. FEW K b, ANRIKEE PVC B 194 0%
YT AN AR 2 A — 30, N B 7E PET %8} 1Y
AFDRE = B2 it 5 7 TR A 18 T i . 3 s /N %o He ] — TR
FETRRIEY) b 0y 40 vd = B2 AR Ak, R IR K AL &
F£ PVC F1 PET %D} I 0 A SOG40 F AR AL, B
KAk W AR = B 2 SRR, U BH A 3 T i Rk 2
Y IR GRUR FE X A0 R A 7 25 b s TR X — 25 R
EA s —5C .

A OB R — AR R REEA T A SRR
BB, Ho7E PET-30 Ab KA i, m7e Ak Ab i T
FROGRR D TCk AT A VEH], PET-90 AbA: FOGAN TR

BRI T R IR PR EL B i 220 TE S
FEEAFLRE A R EGRE = e Y oA
90 cm Kb A= BE 2 HE I, T B AR K MBS A AT
HAE KA 54, Helgason %5 (RBIFE & BRYE R
EOTERK BT AEAE . y B EN B ETT T
M4, HAE 90 em bR FBEAHAS THRKI . T, %
Wy BIE NG A TEGOK P AAE. T oA b biE
IR BXE I S5 Fh & A B S oA | (0 2 REPE KT
Bifi 5 7K RS I B2 /57, 33X 1T B8 R K A BE R 25 iR
YT, B SR TR AT B SR W R A
TR A 5

TSR} A R RN AR TR TR JEE AN AN 23 5% W) 49) ot 22 4
PE | IR 0T AR 75 440 7 A — 1) 25 Sk Sl ok Xof
IR B 22 S W R g AT B9, e BRI G T GO R
PP R TR 0] 2R 5 N A W 22 Rk IR T
PVC Hl PET f57 7 BRI - B 12K R 30 em 4k
B8R PIRh  HAE 30 om ALRY Y RPE Y B T
60 cm 190 cm , 33X A B8 F15 7K A5 i S FI7K AR X
BT LA TR S A Ui 5 TR ROK IR B A
X PFFHEI T BREMEB A BRI A T



3094 EZ

B 3%

SESHAE BRI HAE PVC-90 AR EERTE 3K
WG IS SEA R T AT B T PVC g BRI A2
FBHH. A RE T T RS A TR BT [ 2 — 2 Ml 7R

AR, BB AE U AL 72 Hh 11 7 R oL
MR EAGIR ), Chen %557 BRI 58 & UM A}

EYEEA ﬁﬁ]ﬁﬁé@ﬁ%ﬁ%%éﬂ’ﬁﬁﬁ Ly N
TG, KBS A s A A Y e PVe-
90 F1 PET-90 &b K i ZE5H , X n] G F13& 2 UT AR W) 1
BIEAT G AT IR K I D AR X A e LR A TR
VI TERK IR O B E IR |, 5 FEOURE L
KBTH. O A BF5E 2 B OB AT R A i S i g e
HHR A
3.3 TSR R E YR R T R

I GRTRIE AR B A2 ﬂfgl_l_ﬁ;unéﬂﬂ AR

B TR M 40 B A T R AR TR] A K TR , — 2 )

B2 B AR —0, H EE I RE AR A % (5 B
Ak B E Rt A £ S A T 440 T B e R
T T IR . TER MG R, B REA
REZEEAFIEES. 75K 30 cm F1 60 cm 5L PET
1 PVC 40T Ihf i%ﬁjigﬁiﬂjﬂﬁ?ka%A%ﬁlﬁf

%Eﬂl?%ﬂ%i%ﬁtﬁi FIEmALH |, I i /}.-3

hﬁﬁﬂaﬁlﬁi AHE %i%ﬁﬂﬁ@*ﬂﬁnﬁyﬂaﬁﬁ
lﬁfﬂﬁﬁﬂ&ﬁﬂﬁh_ 8 Fh A2 ﬁtfz‘ KNG
ﬁlﬁﬁﬂﬂl*ﬂﬂi%ﬂ nféi%%{tlﬁf 30 cm Hl 60/cm #Jjj

$f“ *Hﬁ"—&m XA fE I EE

Ekkﬂﬁm%%aﬁﬁﬁ?%mj AR (T
DAV (e 7 0 2 e 2 1) MR AT, JHE X 00 T 1) A A A
BRFEN ZINRELEKIE 30 em F1 60 cm AbFEik
A5 B BOK IR — e R E A 1%
REM 3K, Bhagwat 6 (5T K BAE Ay I AT 4 2
B SRS S B W) i 2 A0 T, BLEE T RO R
T 1) 200 B AR T A GO R 1 A3 ) 3T g

SR E YR R AR D BE Y k. TRKBRBE
b PR SCRL A WU RE T DI RE Z AR E BT S, 90
em Kb PET Fff & 4H 58 i) D B8 = BE N 2 ARV B 3 s T
PVC, it —E U] PVC S0 2 4 T 5 A 41 1] %
JVE. 90 em Ak (% 4 B A VR D) BB S LA Ry B | AR
W, EEIFER . Mz, [FEiT. ZHEY
A BARIEAE 12 A )5 . Horb, 4 iz sh ffs 5 1%
AR A OR R RS SRR TS g
) ABC iz fAn] 2 5 5 288 006 B A= 9 4C 0
FHICFE R LLyJAbi@%ﬁE%ﬂﬁﬁﬁﬁiﬁﬂﬁifﬁ‘Tﬁ
S AV NI R RV = FEFNIR K P58 41 1 K it A=
R ETEA K. Eﬁﬁﬁﬁﬁ?ﬁ -L R A 40T R TR
& TR S BRI R 5 R T & | OOk

{%%Qﬂilﬁf*&’ﬂ(%%ﬁﬂ(g )
ﬁ‘ﬁ‘%’ﬁﬂﬂﬁa@ ﬁﬁ@%k{t/*%ﬁtﬁﬁ}/ﬁ\% L

S5 T AR BE RN D AR ) S R 2 A 4
Mz, 5ol M AYa RO S5 DI 6E R
JEFEIA. WAL, K TRAH [ Ak i) 20 1 3% B s AR 1 2
AE , E— D UL T L 2 2 | 7K TR B ) 4 R
VR LA FI D BE RS2 MR BE N f 2

4 ZHig

(1) FEFEM 4340~ , Ml T PVC A1 PET f¥8k}
P20 AT A = T X A R TR TR B ) 3 i 34 n
(30 em <60 ¢cm <90 cm). [Al—/K AL, Bt % T PET
TOBRH AN TR W) Fh 1 5 B A 2R 4 T PVC
B, B 5 A 20 A

(2) THORL BRI K TR TR B 34 25 52 e 40 T )
TR A5G AT I RE 0T, 7K R R B X A B P s 2454
FOm SR, 3 FhEREE T M PSR 1] B T
AZIE B 1] ( Proteobacteria)”, {%@ ]
I"J( Planctmoyéetes ) | PERLER ] ( Venucom—r&robla) F
FURF ] ( Bactéroidetes ) |

(ﬁﬁﬁ%?ﬁﬁﬁﬁﬂﬂﬁéﬂilﬂiﬂﬁﬁ ﬁ EE'J
e i) A A Wi T PETHI PVC Eﬁﬂiﬂ’)ﬁm e
30 cm F160em Mﬁﬂﬁ@lﬁ BAFSIT (L HC A 0070 b

’JIjJﬁEHEEi“iJH Tﬁ@*ﬂéﬁlﬁﬁgﬁﬁﬁﬂiﬂﬂ}*ﬁ;,
%, H PET/ L}:’Jéﬂﬂrﬁwﬁ‘%%ﬁm% PVC,

sxuxm| ¢ y
[ 1] Van Cauwenbérghe L, Vanreusel A, Mees J, et al. Microplastic

( Cyanobacteria) |

pollution in deep-sea sediments [ J]. Environmental Pollution,
2013, 182 495-499.

[ 2] Waldschliger K, Lechthaler S, Stauch G, et al. The way of
microplastic through the environment-application of the source-
pathway-receptor model ( review ) [ J]. Science of the Total
Environment, 2020, 713, doi: 10. 1016/j. scitotenv. 2020.
136584.

[3] Bk, iifeZs, R, 5. B PR R o ik e 5 e
[J]. Bl#idR, 2021, 66(13) : 1544-1562.

Luo Y M, Shi H H, Tu C, et al. Research progresses and
prospects of microplastics in the environment [ J ].
Science Bulletin, 2021, 66(13) : 1544-1562.

[ 4] Dris R, Imhof H, Sanchez W, et al. Beyond the ocean:
contamination of freshwater ecosystems with ( micro-) plastic
particles[ J |. Environmental Chemistry, 2015, 12 (5): 539-
550.

[5] Huang D L, Tao J X, Cheng M, et al. Microplastics and

nanoplastics in the environment:

Chinese

macroscopic transport and
effects on creatures| J |. Journal of Hazardous Materials, 2021,
407, doi: 10. 1016/]j. jhazmat. 2020. 124399.

[6] YanZH, Chen Y F, Bao X H, et al. Microplastic pollution in
an urbanized river affected by water diversion; combining with
active biomonitoring[ J]. Journal of Hazardous Materials, 2021,
417, doi: 10. 1016/j. jhazmat. 2021. 126058.

[ 7] Huang W, Song B, Liang J, et al. Microplastics and associated
contaminants in the aquatic environment: a review on their
ecotoxicological effects, trophic transfer, and potential impacts to
human health[ J]. Journal of Hazardous Materials, 2021, 405,



6 WR D555« ST /K AR OO T 1] 73 A1 TS RS 20 BT R 7 2954 R D)) B I i 3095
doi; 10.1016/j. jhazmat. 2020. 124187. [22] Bhagwat G, Zhu Q Y, OConnor W, et al. Exploring the
[ 8] BN, Diie, 5% WOWERE . FEERUBRX HUED Y composition and functions of plastic microbiome using whole-
BARMER[T]. PREERY", 2020, 48(23) : 19-27. genome sequencing [ J ]. Environmental Science & Technology,
JiM R, Ma Y N, Ji R. Plastisphere; the vector effects of 2021, 55(8) ; 4899-4913.
microplastics on microbial communities [ J ]. Environmental [23] ABhauer K P, Wemheuer B, Daniel R, et al. Tax4Fun:
Protection, 2020, 48(23) . 19-27. predicting functional profiles from metagenomic 16S rRNA data
[9] Miao L Z, Wang P F, Hou J, et al. Distinct community structure [J]. Bioinformatics, 2015, 31(17) ; 2882-2884.
and microbial functions of biofilms colonizing microplastics|[ J]. [24] Hossain M R, Jiang M, Wei Q H, et al. Microplastic surface
Science of the Total Environment, 2019, 650 . 2395-2402. properties affect bacterial colonization in freshwater[ J]. Journal
[10] Wright R J, Emi-Cassola G, Zadjelovic V, et al. Marine plastic of Basic Microbiology, 2019, 59(1) : 54-61.
debris;: a new surface for microbial colonization [ J ]. [25] Pinto M, Langer T M, Hiiffer T, et al. The composition of
Environmental Science & Technology, 2020, 54 (19) . 11657- bacterial communities associated with plastic biofilms differs
11672. between different polymers and stages of biofilm succession[ J].
[11] Miao LZ, YuY, Adyel T M, et al. Distinct microbial metabolic PLoS One, 2019, 14 (6 ), doi: 10. 1371/journal. pone.
activities of biofilms colonizing microplastics in three freshwater 0217165.
ecosystems| J |. Journal of Hazardous Materials, 2021, 403, [26] Xie H F, Chen J J, Feng L. M, et al. Chemotaxis-selective
doi: 10. 1016/j. jhazmat. 2020. 123577. colonization of mangrove rhizosphere microbes on nine different
[12] Chen X C, Xiong X, Jiang X M, et al. Sinking of floating plastic microplastics[ J |. Science of the Total Environment, 2021, 752,
debris caused by biofilm development in a freshwater lake[ J]. doi: 10. 1016/]j. scitotenv. 2020. 142223.
Chemosphere, 2019, 222 . 856-864. [27] Wang Q J, Wangjin X X, Zhang Y, et al. The toxicity of virgin
[13] %Pﬁ‘, WR, KRHE, AR IR b P v B el 2 T SR and UV-aged PVC ml(‘I‘O]’)la@tl(‘i on the grnwth of frﬁqhwater algae
&Tﬁ%ﬁ'&“ﬂﬁ[ﬂ ﬂ»?ﬁﬁi, 2021, 66(13) ;. 1580-1591. Chlamydomonas reinhardtii [ ] ]. g(’an(’E‘ 9_f, 1419 Total
Zhou Q, Tu C, Zhang C J, et al. Surface properties and-ehanges Environment, 2020, 749, doi: 10. 1016/ smtl_menv.‘ZOZO.
in morphology of microplastics exposed in-situ to Chine@e,doastal 141603. i ‘.—. 3 ...-'”ll —
wetlands[ J]. Chinese Science Bulletin, 2021, 66 ( 13) 1580- [28] Seeley M/ E}' Song B, i?assie R, et al M‘f(‘rogld:tl(‘i affect
1591. f J bediment"ary microh'ial' communities and nitrogen""ﬂcycl_%ng':[,_I],‘.-T.
[14] Rummel C D, Js.lh‘nke A, Gorokhova E, ét al, Impacts Q_f biofilm- Nature| Commumcauons 2020 11(1), doi: 10:'1038/.5414.167-
_dormation on the fate! and potential E‘ffE‘(‘{@ of micropllasti(}.r'in‘ j}i’é‘i 020- 16235 3 = & i - )
f aquatic env‘l'&mmenl[] Environmental Smenoe ﬁlzl,,ire(.bn(;logy [29] Dai H f—l Gao JF, 'Wang'"z Q, et al. Behavlor of mtrogen .
= Letters, 2017' 4(7) 258-267. e - Fi ’ - phosphqms and annbmnc resistance genes [ under polyvmy'f
[15] |Yuan ] H Ma J; Sun Y R, et al. erroblal'de'gradanon ind chlomide rﬁ{;roplasnm Pressures in an aerobic granular @lngP

_+ other env1r0nmemal aspects of microplastics/ })Iastlcs[ J] J Science

[16];

[17]

[18]

[19]

[20]

[21]

¥ scitbtenv) 2020. 1369687 ;
| 4 A
Li GG, Gan Y D, Dong JY, etal Impact of mlcropla.sucs.eﬂf’

of the Total Environment, 2020, 7]5, d01:

mlgmbla] community in sediments of the Huangjinxia Reservoir—
water source of a water diversion project in western China[ J].
Chemosphere, 2020, 253, doi: 10. 1016/j. chemosphere. 2020.
126740.

Wu N, Zhang Y, Zhao Z,

bacterial communities on microplastics compared with ambient

et al. Colonization characteristics of

environments ( water and sediment ) in Haihe Estuary [ J].
Science of the Total Environment, 2020, 708, doi: 10.1016/j.
scitotenv. 2019. 134876.

HuH, Jn DF, Yang Y Y,

community and antibiotic resistance genes on microplastics in

et al. Distinct profile of bacterial

Ganjiang River at the watershed level [ J ]. Environmental
Research, 2021, 200, doi: 10. 1016/]j. envres. 2021. 111363.

Miao L Z, Gao Y X, Adyel T M, Effects of biofilm
colonization on the sinking of microplastics in three freshwater

2021, 413,

et al.

environments[ J ]. Journal of Hazardous Materials
doi; 10. 1016/j. jhazmat. 2021. 125370.

Kowalski N, Reichardt A M, Waniek J J. Sinking rates of
microplastics and potential implications of their alteration by
physical, biological, and chemical factors[ J]. Marine Pollution
Bulletin, 2016, 109(1) ; 310-319.
Wang L F, Tong J X, Li Y, et al

assemblages and functions associated with biofilms differ between

Bacterial and fungal

diverse types of plastic debris in a freshwater system [ J].
196, doi; 10. 1016/]. envres.

Environmental Research, 2021,

2020.110371.

10. 1016/j. |

[30]

[31]

[32]

[33]

[34]

[35]

system[ J]. Journal of Cléaner|Production, 2020, 256 , do! 10.
1016/j4 jclepro: 2020. 120402.

Tk, e, 2235, PS FIPVC SR /INER 8 9 AR A
ML e He g e [ ], BRBE R4, 2021, 41(4) .
1538-1544.

Wang L, Ma Y N, Ji R. Effects of PS and PVC microplastics on
the growth of Chlorella sp. [J].
2021, 41(4) . 1538-1544.
EFEER, ZABUT, ThITE, S BEEREE pH DR 9K 3 B AT
SEMPER A ] T [ T]. A4 Al, 2021, 61(6) :
1728-1742.

Wang Z M, LiCH, Ma Q L,
co-driving spatial heterogeneity of Verrucomicrobial populations in

Acta Microbiologica Sinica, 2021, 61

Acta Scientiae Circumstantiae,

et al. Moisture, salinity and pH
Xilin River landscape[ J].
(6): 1728-1742.

Helgason B L, Konschuh H J, Bedard-Haughn A, et al.
Microbial distribution in an eroded landscape: buried A horizons
support abundant and unique communities [ J ]. Agriculture,

196 94-102.

Biofilm formation and its

Ecosystems & Environment, 2014,
Tu C, Chen T, Zhou Q, et al.
influences on the properties of microplastics as affected by
exposure time and depth in the seawater[ J]. Science of the Total
Environment, 2020, 734, doi: 10. 1016/j. scitotenv. 2020.
139237.

Zhang M J, Zhao Y R, Qin X,
mulching film is a distinct habitat for bacteria in farmland soil
[J]. Science of the Total Environment, 2019, 688 . 470-478.
Xu X Y, Wang S, Gao F L,

associated bacterial

et al. Microplastics from

et al. Marine microplastic-

communily succession in response to

geography, exposure time, and plastic type in China’s coastal



3096

T

i

& 43 ¥

[36]

[37]

[38]

[39]

[40]

seawaters| J ]. Marine Pollution Bulletin, 2019, 145 278-286.
Wang J, Qin X, Guo ] B,
enrichment of bacterial assemblages and antibiotic resistant genes
by microplastics in urban rivers [ J]. Water Research, 2020,
183, doi: 10.1016/j. watres. 2020. 116113.

Chen X C, Chen X F, Zhao Y H,
biofilms on nutrient cycling in simulated freshwater systems[ J ].
Science of the Total Environment, 2020, 719, doi: 10.1016/j.
scitotenv. 2020. 137276.

EZ, IR, ’EEE, 45, Uiz T H BB P I
TEMIREVE SRRSO [ D], FRBERLSE, 2022, 43(2):
803-812.

GuwZ Z, SuZ H, Di Y M,
plankton microbial community
section of the North Canal River[ J].
2022, 43(2) . 803-812.

Mwanamoki P M, Devarajan N, Thevenon F, et al.

et al. Evidence of selective

et al. Effects of microplastic

et al. Analysis on diversity of
in the Beijing-Tianjin-Hebei

Environmental Science,

Assessment
of pathogenic bacteria in water and sediment from a water
reservoir under tropical conditions ( Lake Ma Vallée) , Kinshasa
democratic republic of Congo[ J]. Environmental Monitoring and
2014, 186(10) : 6821-6830.

[ SIS HF&,# LB 52 %o TR 255 25 AR o - 38
AR S S IV RERIE A [ 1], SRBERME, 2021,42(1)
433-442. oy —
Zhang R H, Song Z, Fu W D,

restoration on the structure and function 6f the rhizosphere soil

Assessment ,

e
et al. Effects of vegetation

bacterial communify=of Solanum rostratum [{J ].

Envirgnmental~
} 'y, it

[41]

[42]

[43]

[44]

[45]

[46]

Science, 2021, 42(1); 433-442.
XA, BEEZE, AT, AE B TLIE R A R R 4 R
FRIRT LIEM T REIE Z R R [T]. R AE, 2022,
43(3), doi: 10.13227/j. hjkx. 202106174.

Liu K H, Xue Y Q, Zhu L P, et al. Effect of different land use
types on the diversity of soil bacterial community in the coastal
zone of Jialing River[ J]. Environmental Science, 2022, 43(3) ,
doi: 10.13227/j. hjkx.202106174.
Bhagwat G, Tran T K A, Lamb D,

adsorption of toxic contaminants on plastic microfibers under

et al. Biofilms enhance the

environmentally relevant conditions [ J ]. Environmental Science
& Technology, 2021, 55(13) . 8877-8887.

Zhu L X, Zhao S Y, Bittar T B, et al. Photochemical dissolution
of buoyant microplastics to dissolved organic carbon:
microbial impacts [ J]. Journal of Hazardous Materials,
383, doi: 10.1016/]. jhazmat. 2019. 121065.

Wu X J, Pan J, Li M, et al. Selective enrichment of bacterial
pathogens by microplastic biofilm[ J]. Water Research, 2019,
165, doi: 10.1016/j. watres. 2019. 114979.

Han J, Gao Q X, Zhang Y G, et al. Transcriptomic and ectoine

rates and

2020,

analysis of halotolerant Nocardiopsis gilva YIM 900_8’7‘r under salt
stress[ J|. Krontiers in Microbiology, 2018 9, Ligi-r 10 3389/
fmich. 2018. 00618. i =

Lyons B P Chww W I, Mae@ T, et al. Mﬂrll’lP plaﬁtlc fitter in
the ROPME t'Be-a Area (‘urrent knowledge and” rerg‘xﬁmendatmn%
[J]. Ecotoxlcology' and Environmental Safety, 2020 187 ddf

10. 1016/J ecoenv. 2019. 109839, = [
f | F



HUANJING KEXUE Vol.43  No.6

Environmental Science (monthly) Jun. 15, 2022

CONTENTS

Impacts of Changes in Meteorological Conditions During COVID-19 Lockdown on PM, 5 Concentrations over the Jing-Jin-Ji Region »++:+seeseeeeeeeeees QIU Yu-lu, CHEN Lei, ZHU Jia, et al. (2831)
Influence of COVID-19 Prevention and Control Measures on PM, 5 Concentration, Particle Size Distribution, Chemical Composition, and Source in Zhengzhou, China ++s+stseeereresseeenseee
-+ HUANG Bing-yi, WANG Shen-ho, HE Bing, et al. ( )

MIAO Qing, YANG Qian, WU Ye-zheng, et al. ( )
XIE Tian, CAO Fang, ZHANG Yan-lin, et al. ( )
-+ PENG Chao, LI Zhen-liang, CAO Yun-qing, et al. (2867)
I (2878)

. (2888)

I (2895)

Concentration Variation and Source Analysis of Metal Elements in PM, 5 During COVID-19 Control in Suzhou
Changes in Carhonaceous Aerosol in the Northern Suburbs of Nanjing from 2015 to 2019

Source Apportionment of PM, 5 Based on Hybrid Chemical Transport and Receptor Model in Chongging -
Analysis on the Characteristics of Oxidation Potential and Influence Sources of PM, s in Baoding City in Winter ~+eereeeresesesesesesenenes WU Ji-yan, YANG Chi, ZAHNG Chun-yan, et al. (2878
Pollution Characteristics and Sources of Water-soluble Organic Nitrogen in PM, 5 in Jiangbei New Area, Nanjing -«eveeeoeeeeeeseensessesenees GUAN Lu, DING Cheng, ZHANG Yu-xiu, et al. (2888

Organic Aerosols and Source Analysis of Fine Particles in the Background of Shiwanda Mountain, Guangxi —+«+sessesrerseesesenmssnssenenens XING Jia-li, CAO Fang, WANG Qian, et al.
Comparison of Regional Transportation and Transformation Models of Atmospheric Polycyclic Aromatic Hydrocarbons and Research on Key Influencing Factors; Take the Beijing-Tianjin-Hebei

Region as Example ++ ZHANG Xin-lu, LIU Shi-jie, HAN Mei-li, et al. (2906)
Exploring Formation of Ozone in Typical Cities in Beijing-Tianjin-Hebei Region Using Process Analysis TANG Ying-xiao, YAO Qing, CAI Zi-ying, et al. (2917)
Characteristics and Meteorological Factors of PM, 5-05 Compound Pollution in Tianjin XIAO Zhi-mei, LI Yuan, KONG Jun, et al. (2928)
Spatio-temporal Characteristics of Air Quality and Influencing Factors in Shandong Province from 2016 to 2020 ZHOU Meng-ge, YANG Yi, SUN Yuan, et al. (2937)
Trend Changes in Ozone Pollution and Sensitivity Analysis of Ozone in Henan Province YAN Yang-yang, YIN Sha-sha, HE Qin, et al. (2947)
Effects of Tropical Cyclones on Ozone Pollution in the Pearl River Delta in Autumn ZHAO Wei, LU Meng-yao, LU Qing, et al. (2957)
Real-time Composition and Sources of VOCs in Summer in Wuhan +:«ssesseseeseserenenmiensnenmini s SU Wei-feng, KONG Shao-fei, ZHENG Huang, et al. (2966 )
Pollution Characteristics and Source Apportionment of Atmospheric Volatile Organic Compounds in Summer in Yuncheng City -+ WEN Xiao-yu, ZHAO Wen-ting, LUO Shu-zhen, et al. (2979)
Neonicotinoid Insecticides Threaten Surface Waters at the National Scale in China «+«++ssssersersessenssisnenenniinintnn FAN Dan-dan, LIU Hong-ling, YANG Liu-yan ( 2987)
Spatiotemporal Distribution and Risk Assessment of Pharmaceuticals in Typical Drinking Water Sources in the Middle Reaches of the Yangtze River «+-vevereereseseressineneneininiinnen

.................................................................................................................................................................. W'L Jun-mei, W'EI LiH, PE]\G Jing-qiﬂn, et (ll. (2996)

Pollution Characteristics and Risks of Polycyclic Aromatic Hydrocarbons in Underground and Surface Drinking Water Sources in Northeast Inner Mongolia ~ ++++++evsereeressesesnensmnenneennnnene

ZHANG Kun-feng, CHANG Sheng, FU Qing, et al. (3005)
Impact of Land Use Types at Different Scales on Surface Water Environment Quality and Its Driving Mechanism SONG Jing-wen, ZHANG Xue-xia, JIANG Dong-yang, et al. (3016)
Shallow Groundwater Around Plateau Lakes: Spatiotemporal Distribution of Nitrogen and Its Driving Factors LI Gui-fang, YANG Heng, YE Yuan-hang, et al. (3027)
Distribution and Potential Ecological Risk Assessment of Heavy Metals in Sediments of Lake Qinghai ZHANG Ya-ran, CHE Fei-fei, FU Zheng-hui, et al. (3037)
Analysis of Heavy Metal Pollution Characteristics and Potential Ecological Risks of Surface Sediments in Dongjiang Lake ZHAO Xiao-liang, LI Xiang, LU Hong-bin, et al. (3048)
Kinetic Release Characteristics of Organic Phosphorus of Sediment-water and Water Quality Risks LIU Zhe-zhe, NI Zhao-kut, LIU Si-tu, et al. (3058)
Distribution Characteristics, Source Analysis, and Pollution Evaluation of Organic Matter in Surface Sediments of Qingpu District, Yangtze River Delta Integration Demonstration Area «+-++++
............................................................................................................................................................ ZHANG Zhi-bo, DUAN Yan-ping, TU Yao-jen, et al. (3066)

Distribution Characteristics of Microplastics and Their Migration Patterns in Xiangxi River Basin = veeseereersesvssesenienninenennenes CHEN Sheng-sheng, LI Wei-ming, ZHANG Kun, et al. ( 3077)
Community Structure and Microbial Function Responses of Biofilms Colonizing on Microplastics with Vertical Distribution in Urban Water - :
-+ CHEN Yu-fang, YAN Zhen-hua, ZHANG Yan, et al. (3088)
Community Structure of Phytoplankton and Environmental Impact Factors in Lake Hongze from 2015 to 2020 QU Ning, DENG Jian-ming, ZHANG Zhen, et al. (3097)
Structural Characteristics of Zooplankton and Phytoplankton Communities and Its Relationship with Environmental Factors in Different Regions of Nanhu Lake in Jiaxing City v+vsereereeeeseeee

CE Xlao -jun, HU»\]\C Bin, YUAN Zai-jian, et al. (3118)
lley Region of UppF‘l Yangtze River, China seeerveseeereememmsninnnnnnnn

- TAN bhdo un, LIU Yang, ZHU Xiao-jie, et al. (3128)
Risk Assessment Method of Non-point Source Pollution Output for Watershed Using High Resolution Data GU Jing-jing, YE Yun-tao, DONG Jia-ping, et al. (3140)
Spectral Characteristics Change in Dissolved Organic Matter in Urban River Under the Influences of Different Intensities of Non-point Source Pollution ++++ CHEN Xu-dong, GAO Liang-min (3149 )
Combination of Ecological Ditch and Bioretention Pond to Control Rural Runoff Pollution -+ SHI Lei, YANG Xiao-li, WU Qing-yu, et al. (3160)
Influence of Different Hydraulic Disturbance Intensities on the Migration of Aged PSMPs Between Sediment and Water — «+eeseereesrevesseneeiesenennes WU Xiang-xiang, Al Ping, LI Da-peng ( 3168 )
Analysis of Pollution Characteristics and Sources of Rainfall Runoff from Roofs in the Central District of Beijing -+ - XI Yue, GUO Jing, TAO Lei, TIAN Ying, et al. (3177)
Inter-annual Changes in Runoff Quality from Green Roofs with Different Vegetation +-+-+++- + ZHANG Sun-xun, ZHANG Shou-hong, GE De, et al. (3187)
Effectivity of Multiphase Fenton-like System of Iron Reduction Induced by Bisphenol A Authigenic Photoelectron «+sessessereeressesnensenneenenenees CAO Si-yu, XU Lu, FU Quan-chao, et al. (3195)
Removal Characteristics of Four Typical Antibiotics in Denitrification System -+ TANG Jia, CHEN Xi, QIN Mu-chuan, et al. (3204)
Adsorption Capacity and Mechanism of Biochar Derived from Typical Agricultural Wastes for Cadmium in Aqueous Solutions * GONG Pei-yun, SUN Li-juan, SONG Ke, et al. (3211)
Effect of HumicAcid-Heavy Metals on the Nitrogen Removal Performance of ANAMMOX Bacteria and lts Kinetic Analysis - »+ LI Yun, CUI Nan, XIONG Xing-xing, et al. (3221)
Responding Mechanism of Vegetation Cover to Climate Change and Human Activities in Southwest China from 2000 to 2020 -+ XU Yong, HUANG Wen-ting, DOU Shi-qing, et al. (3230)

Spatial Distribution and Eco-stoichiometric Characteristics of Soil Nutrient Elements Under Different Vegetation Types in the Yellow River Delta Wetland
-+ SUN De-bin, LI Yun-zhao, YU Jun-hao, et al. (3241)

Distribution Characteristics and Source Apportionment of Perfluoroalkyl Substances in Surface Soils of the Northeast Tibetan Plateau
............................................................................................................................................................ WEN Xiang-jie, CHEN Zhao-hui, XU Wei-xin, et dl. (3253)
Effect of Land Use/Land Cover Change on the Concentration of Se and Heavy Metals in Soils from a “Return Cropland to Forest” Area, Southwest China :
+ LIU Yong-lin, LIU Shu-ling, WU Met, et al. (3262)
Speciation Characteristics and Risk Assessment of Soil Heavy Metals from Puding Karst Critical Zone, Guizhou Province - s -+ ZHANG Qian, HAH Gui-lin (3269 )
Distribution Characteristics and Influencing Factors of Germanium in Soil in the Eastern Mountainous Area of the Nanyang Basin +* DONG Qiu-yao, LAI Shu-ya, SONG Chao, et al. ( 3278)
Heavy Metal Pollution Characteristics and Risk Assessment of Golden Snub-nosed Monkey ( Rhinopithecus roxellana) Habitat in Shennongjia Mountains e
..................................................................................................................................................................... YAN Jiai, YU Ziding, YU Huiliang, et al. (3288)
Utilization and Remediation of Heavily Cadmium-Contaminated Agricultural Soils by Two Crop Rotation Patterns After Lime and Sepiolite Passivation «+vereeesesrerssssenenenenininennen

XU Lu, ZHOU Chun-hai, LIU Mei, et al. (3299)
Effects of Phosphorus Sufficiency and Deficiency on Cadmium Uptake and Transportation by Rice - : -+ TAN Wen-tao, HUO Yang, ZHOU Hang, et al. (3308)
Responses of Cd Accumulation in Rice and Spectral Characteristics of Soil Dissolved Organic Matter Regulated by Soil Amendments +*+ LUO Hui-long, CHEN Juan, ZHANG Yun-hui, et al. (3315)
Responses of Soil Fungal Communities to Subalpine Meadow Degradation in Mount Wutai — «+veseeseereeressesemenseemenenensinensiiinnenne LUO Zheng-ming, HE Lei, LIU Jin-xian, et al. (3328)
Response of Soil Fungal Communities in Diversified Rotations of Wheat and Different Crops —+++++++++++++ - JIN Hai-yang, YUE Jun-qin, YAN Ya-qian, et al. (3338)
Spatial Characterization of Stable Isotope Composition of Organic Carbon from Farmland Soils in Chongging -+ LIAO Yu-qin, LONG Juan, MU Zhi-jian, et al. (3348)
Characteristics of Soil NO Emissions in the Yangize River Delta Region for Year 2018 «+-«+vsoveeereereesesienenensinicnienniiniennnsnnenns LIAO Jia-qiang, XUE Jin, WANG Wen-jin, et al. (3357)
Thermal Environment Evolution and Response Mechanism of Urban Sprawl Based on Multi-source Data = * === =s=rere=e" LIANG Jian-she, BAT Yong-ping, YANG Xue-di, et al. (3365)





