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Abstract

Abstract

Mangroves have been identified as one of the ecosystems most threatened by
microplastic pollution from both terrestrial and marine sources, while little is known
about the enrichment, influencing factors, associated ecological risks, and surface
biofilm characteristics of microplastics in mangroves. In this study, surface seawater
and sediments (rhizosphere and non-rhizosphere sediments) were collected from
mangrove forests in Sanyahe (SYH), Qingmeigang (QMG) and Tielugang (TLG) in
southern Hainan Island as the study area in the dry and wet seasons, respectively, to
analyze the variability of microplastic enrichment characteristics among different
seasons, areas, and environmental media, reveal the correlation between microplastics
and environmental parameters, and three the ecological risks caused by microplastics
in three mangrove areas were evaluated. Based on the above findings, we further
selected polypropylene (PP), polyethylene (PE), and polyethylene terephthalate (PET)
particles as the study objects and QMG and TLG mangrove as the study areas, and
conducted in situ exposure experiments of microplastics in dry and wet seasons,
respectively, to explore the variability of microplastic surface biofilm characteristics in
different spatial and temporal conditions, and conducted in situ exposure experiments
of different shapes and types of microplastics (PET particles and film, PS pellets and
foam) in QMG and TLG mangrove in the wet season to further investigate the
variability of surface biofilm characteristics of different microplastics. The main results
of the study are as follows:

(1) Microplastic pollution was prevalent in surface seawater and sediments of all
studied mangroves in both seasons, with the highest microplastic abundance in SYH
mangrove. The abundance of microplastics in surface seawater varied greatly with
season, and the abundance of microplastics in sediment was clearly influenced by inter-
root effects. The characteristics of microplastics also showed some significant
differences in different seasons, mangrove areas and environmental media, but the

detected microplastics were mainly fibers, transparent colors and smaller sizes (100-
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500 pm). The predominant polymer types were PP, PET and PE. the further analysis
revealed a positive correlation (P < 0.05) between microplastic abundance and nutrient
salt content in surface seawater, but a negative correlation (P < 0.05) between
microplastic abundance and physicochemical parameters (temperature, salinity, pH and
conductivity) of the water.

(2) The joint evaluation of the ecological risk of microplastics in mangrove areas
using three models: pollutant load index (PLI), polymer hazard index (PHI) and
potential ecological risk index (PERI) showed that microplastics posed different
degrees of ecological risk to all studied mangroves. Overall, the highest ecological risk
was found in the SYH area, followed by the TLG area and the QMG area, and the
highest ecological risk levels in the three areas reached V (extremely hazardous), II1
(heavily polluted) and III (heavily polluted), respectively.

(3) The biofilm characteristics of microplastic surfaces exposed to mangroves in
different spatial and temporal periods were investigated and significant variability was
found in terms of biofilm morphology, chemical structure, bacterial community
structure, heavy metal and organic pollutant enrichment. Scanning electron microscopy
results showed that in terms of seasons, microplastic surface biofilms were denser in
the wet season than in the dry season, and in terms of areas, biofilms formed on
microplastic surfaces in QMG mangrove was more complex. The intensity of
microplastic characteristic peaks in the Raman spectrograms of microplastics after
exposure to both QMG and TLG mangroves was significantly reduced, indicating that
microplastics were subjected to weathering, photo-aging, and biodegradation. High-
throughput sequencing results showed that the abundance and diversity of bacterial
communities on the microplastic surface biofilm differed significantly in spatial and
temporal aspects, and species analysis showed that the dominant groups were
Proteobacteria and Planctomycetota. The accumulation of heavy metals and organic
pollutants adsorbed on the surface of microplastics was measured, and the highest
accumulation of Mn and polycyclic aromatic hydrocarbons (X PAH) was found,
showing significant spatial and temporal variability.

(4) Different shapes and types of microplastics were used for exposure in
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mangroves to further explore the differences in surface biofilm characteristics. The
scanning electron microscopy results showed that the granular PET and PS surface
biofilms were more complex and dense compared to PET film and PS foam, with PS
foam surface damage being more severe. The intensity of the characteristic peaks of
microplastics in the Raman spectrograms of microplastics after exposure to both QMG
and TLG areas decreased, with the background noise of the PS foam Raman spectra
increasing and some characteristic peaks no longer evident, indicating that weathering,
aging and biodegradation of the microplastic surfaces occurred. The high-throughput
sequencing results showed that no significant differences were found in the abundance
and diversity of bacterial communities on the biofilms of different shapes and types of
microplastic surfaces, but significant differences were found between microplastic and
seawater samples. Species analysis showed that the dominant groups of surface-
attached microplastics in QMG mangroves was Proteobacteria, and the dominant
groups of surface-attached microplastics in TLG mangroves were Proteobacteria and
Planctomycetota, and microplastic samples had a richer composition of bacterial
communities compared to seawater samples. The highest accumulation of heavy metals
Mn and the highest accumulation of organic pollutants Y>> PAH were adsorbed on the
surface of different types and shapes of microplastics, where the organic pollutants
showed significant variability among different shapes and types of plastics.

This study can provide theoretical support for the in-depth understanding of the
effects and hazards of microplastic enrichment and surface biofilm characteristics on
mangrove ecosystem, and provide scientific basis for maintaining the environmental
health of coastal zone and the prevention and control of microplastic pollution.
Keywords: Microplastics Mangroves Ecological risk Biofilm Microorganisms

Heavy metals Organic pollutants
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Table 1.1 Distribution characteristics of microplastic pollution in seawater of mangroves
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Table 1.2 Distribution characteristics of microplastic pollution in sediment of mangroves
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ERIW, R, AR, Zettler 55 AT TT A Bl
REEEIE I e i 5 ) B K P I CE R I AR, PR R 51X
SERFE AV SRRy “ 2ERHE 7, BRI RAE VIR Ot 7 SRR I AR S A
O, IR " BAFER TROER A SR ES REAEENR R, FE4
FECLT UG — 2 A B A R T DU S > i F7 oKk R4 S e
G 32 B ANRER S ADGHEACAE I 2 T A W A Rk L TR 46 O TR e x
TSR BA LR RIsR ANy, gt 10 3 5w AN A LIS G BB g 1. =72
TR BB B ZE YD S By R R R B, IR T E eI
JEAEN R Z AN RR, R N AR S TE R U Y
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1.3.2 BRI R E S VIR R Z R B HF1E

TMERRLR AT T, AR BT AE PRV 1) B 35 R AR 5] A 22 3 R
RAEZ LB, Carpenter 58 N R IGBRIR T E 12K, /KIE
HAGH R 60, B, Zettler 55 N84 HE B AN Sl & 7 B AR 0 B I,
PE fl PP KA FIEFE M HZ MMM AR, I H A0k Bl g2
B — T AEY YR, De Tender % NIt 16S rDNA F ITS i &l /7
BRIy K I PE 2R 1H1 40 B A1 L B R A8 73 ) 2979 1500 FlRT 500 Ffe Jiang 4%
NIEIE 16S rRNA Fiill Sl Fr R M3 2R K L4 (PS). PP A1 PE R
Yoy Fh B oy il 588, 920, 876 AN, M R IIK EEAME AR ILEI]

(Proteobacteria) FIHLFF# ] (Bacteroidetes) 671, f}3 #i4 Nt 16S rDNA
EOEENFHASH T PE. PS. BE LM (PVCO). RIAM (PLA) KIH4HHE
B, FEQUREZLHE ] (Proteobacteria) AT ] (Bacteroidetes) 681,

TR} 2 T A A RS A P i TR B A R AE 52 31 22 07 T R 3R s e . — 2 3
BB, FEAEERA. pH. RS, Miao % NB 7T KA R 2= 00T
TR R TH AR VIR A TR R B 7 31%0. Li S AW I, AW
PR RKEFEZ S R (RS MR R, oo R B R S e 4
ZFEVEM T EFZE . De Tender S AR H W, HE. REMA S EERREE
KO F IR AR A — gm0, VezzulliZE NI, R ZHIKIEE
MERFEX T AV EA L H B E——INE 8 (Vibrio) H)53 At HA &2 520
U, Z IS5 TR0 . Zhang 58 N T-ANFIZET5 70 (B S =l 28 1
PP. PE. PLA RIS, KIUIEL b BT Va4 M AN 2H il 3 LR 2= Al i
AT ARAGT S A [ G 4 2 B R A BB 3R T 4B B AV o A I 45 R AR k0, B2
LEA AR T AR e e, A ERE R, WG, FRglw 2
(731, Oberbeckmann % A\ 7E = ANub A fl =A% PET 4T T B LK G, KU
TR U A A AL AR I S T T 22 R U R R R e, A
R B, Li S5 NABUH R XA R R SRR B A e, PVC. PP, PE.
PS MR (PUD EFEMMAEY &A AT, Wen 55N I 4H R X5 AS [ B
IR R B A #e e, W ERER B A VIR E B B E R R T
HOE DSt /EZY = LIRS
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1.3.3 SRR ERESRAIFN

WA, R RE R T & B AP AR 2 1 A RE 0 2 4 IR PR
Guan 55 NJdd FEACH AW IEAI oA VB SRR R 4 B R e vE e, IR S5 IR
76 Langmuir WY, R B A MR I A7 AE AT LSS s Rl 0 R B4 8 1
BEE U7, Qi SENHHAT TR AEVIEF T AYIERMIERINT P (1D B SL5,
W o i 4 (1) 25 R R B AR WD I I A AE 3G 0 1 R P (ID IR BN RE 77, I
HAHREFEH#AT Po AD 56/ CAEVEMBEE SRR, 45 R84
YIlESELL T Pb (ID SH0ERIIECEREPETS. Richard 5 BT X KL (PLA)
A PE #AT T 28 RHBREEER)E, BT ESRESTESEMEENERI LR,
RIVEDAEHE T R 4w ) AR,

1.3.4 £YIRXNHEERN E &£/

1E =8B 4EAR, Reisser 28 AFE PS 21 [F] ARG H 41 1 A0 22 SRR
(PCB), KW T AN GIRFNE W5 34 2 [0 B RBRPESSY, Jin &8 A
RRILT B EDEAHOERIXT 2355 (PAHs) Fl PCBs {1 B2 F & 5054 704.5
+201.9 ng g A1 85.1 £21.0 ng g', MEAHMERINL T HEBRVEWIIE S BTG R
FHORME, BB T A 5 M2 T 07 A R B, ik — 2 RIS A LTS
L) BB AAR RN T B T A AR IR SR LTS G 2 (Rl A EAE
T3 A AH BLAR FH 35 AR A G Rt 9617, Steinman %5 A4 PP. PE
MIZERE (PES) =M BHEBHE KA g AT KR B P R B, RILEERE 11 H
TR ) PAHS WRIER)m T IR RL, AFREWRM & BT PAH
tea AR E AL, AN ERE 1N H G PE L) PCBs iR B E 0 17 10 #5631,

1.4 REMRHBEBEX . IRARRBREE

1.4.1 HHEENX

TS G —— Pl RS e O R TE R B RO A BRI IR 0 B, g R X
AR RS G AR . R MAE NI E R i R S AE S R4, 1B
I R ERIERF B . HEAh, TEREHMR 2R 2 CAMAEYD . B4 B AE PG )
sk fds, A ST AR, AREE: (1) WFRMEBRE 2R 1
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BRAFRHE, DARCEATEARRIRE A BT (R JZ KN ER/AER BRI A ik
TARACHURE: (2) WRTFEER I 5K MR AL S B MR R (3)
X CERE ZL AR B 75 Gt DUREAT AL S MBS VPO s (4) SR TTLLRIARIAE f) S Y
TR RIS LRI & YD . g R AN WS A AR I 2 0 T AR A R A
(5) WEFE R T T AWM AA R RER I AV BEY . EeBAA LG
QI Z TN RN RERL S G LR AR AE 2 R G 1 0G5 A4k 371 72 77
(R f BESR (E BEAR LA, DARCERL TS Jebi Efe R A KT

142 IRAR

(1) e & rE L0 ARG AR R AR 72 . T ANEI R . X3
IREE A5 (8] 2 AR R R R AFHREAE, BLFEEEE . TR, Bita. R, 2884,
M I W DL 2T AR X A B S 8 CGRK AU YD, R 5555
K (A OR IR

(2) R & e AL ARG 5 XU PPAf . 383 PLI. PLI A1 PERI =4
AR 2 S PR A B 255 VAN A 28 i 0 £ P DXt Ak e ol ) A 25 XU o

(3) g TA & B AN [F] B 22 20 AR R B 3R T AR W) R AR 7. R T A
IR T £L AR 2 AT DX OB R A RRAE , oo e SRS SRS SR R () I
ST R DX IBEEAT AN [F) 2205 1 A 22 0 SE %, 20 BT S [ IR 22 i R R R T AR P R
e A= TR S MRHIE . SR A NS S = SR

(4) e & B 0 L0 ARAS [F) IO L 3R TR A MDA AR 78 AN RSN
I INIOE RS A AN i N - s Vo N 1 A 7 NN N [ 4 ) N N i i
FFLIROB R R AR (b 450 . RUEMIRR SSHAFIE . EEB K
CERIREE SN E SRR

1.43 BHAREELZ
R FE AR S 2R 1.1 .
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2.1 5315

LR, AENFEHBIAE R B AR WIS R, LW AR R 5 Gk
OLHas e EPY, T AR IR R, BERIKBI AT, WOERHR A 5B
I B R, L O R AR PR R B W TCR I, A SR
MISAFAE— B FR B OB RS e, AHOCHE FAARE IR 2 . [AfFEEE,
FERLLRARIX SR Z 18], BRI AE 1 DU AE € I ZE 5

it 5 2L AR DG R ST IRIZ P TR N, F RTHIE FE8 20 T 6 R B R
VORI IRAFRFAE I SE M R 3R o B, 2B AR ORR ) o l R}  = BE F AR AIE 52
FIRAREN S35 RERAN AT BTS2 ma 2, tedt, AW TR B R R
FESHE B RLEE Z T8 SRR IER . 55— T Fe L, TSR 42 R 5 2D AR
PO I HURR S BB UIAR DS, IF 52 2P T A0 7K 7 IR 5E 19N ZR3E 3
B0, SR, T HHEAR, RTLRMAERFZT . XI5
TR A7 AL A0 S0 X 2R AT A B

TR FEIEHL T r L R I A P i v T P = A B LD R DR T T X 3K
S TR AR I E DR X IR s, ORI A, RO &
T2 R OB R KRR, (HIZ4A Jy1k, IR BE 2T AR X 42 i S RS LR B AR
SRRIRIE. ABFEAAE (1D WM AR IEEA R XL 35
B ot AR IR (2) B SRR S K AU B 2 2 )
IR, IRR R TR A AR R 3R

22 MR5EREE

2.2.1 #RXEHR

9 I o e P S = AR ME LR MR X = ] (SYHD . T i
(QMG) Akl (TLG). HEILBE T 9 MRMES, BN =4
KAER (B 2.0, XERAE 2P AR R BRI SO0, Qi 2. il
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eI, VAN DB T O (R 2.1).

35°N

an Data View

18.26°%

18.23°N|
u.zﬁ‘wl

|
QMG1 ¥ ﬂ
s e
MG3 v |
|
|

18.22°N,

u.zml 1y bl  TLGITLG3

18.24°N

18.2°N
I

vu.zz‘wl

|
|
l%va.uw‘ »

— e J— Lig 1y it — ey
I O E  10545°E  109.0°E 10052°E 100.54'F 109.56°E 109.58°E 109.6°F 109.62°F 109.65°E 109.7°E 109.75°E

P 2.1 ¥ 5 e S LR AR X Sl 37 B RSRAE 2 (SYH = =03 ; QMG = gt
TLG = b i)
Figure 2.1 Geographical location and sampling sites of mangrove areas in southern Hainan
Island, China (SYH= Sanyahe; QMG= Qingmeigang; TLG= Tielugang)

R 2.1 RFE ARG

Table 2.1 Basic information of sampling points

3 18.19°N
[

N AR YN . . AR W NTTIIYT 2L /BN \
S RE 5 A VR S
PREIEN 42 F A B AR Bihm?) L BRI 1
SYH1 =  18.2589 N, 109.5061 E A NI E- 2 X0 i)
SYH2  =Wiji  18.2467 N, 109.5072 E 475.80 P A, R
SYH3 =W  18.2417 <N, 109.5083 E e b
QMG1  FHifFi#s  18.2216 N, 109.6091 E e o
s . W, R
QMG2  FHifF#:  18.2198 N, 109.6077 E 155.67 e i WL s
QMG3 it 18.2164 N, 109.6094 E IR B
TLGL  #¥is 18.2597 N, 109.6826 E W .
TLG2  #¥is 18.2878 N,109.6996 E 292.00 TS H, e
N ' e ' T O, R
TLG3 Bl 18.2605 N, 109.7079 E e
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222 HEREREMLED

FE 2021 £ 12 F () M20224E 6 A (W), M9 MREESILRET
162 MEEA, BFELEREK (n=54). JEHRER (n=54) FIRFRIIAY (n=54),
BARAEAIET 3 NEEREA. EREF M, MHFRHRESHORTNE
{5 (SX736 B, =A5, PED AKEMLSE GRE. HE. pH. BREME
T #AT T ZREENE HdEmER 2.2).

2.2 FHRMH AR RRK IS

Table 2.2 Physicochemical data of surface seawater collected from each sampling site.

SYH1 SYH2 SYH3 OQOMG1 QMG2 QMG3 TLG1 TLG2 TLG3

EE=
HE-
. t 258 260 270 261+ 262+ 249+ 259 250 256
em(f;eé‘;‘ Ure 401 +01 =+02 0.1 0.5 00 +00 0.1 =+0.1
ENE 86+ 147 160 185+ 217+ 243+ 274 311 279

Salinity (%0) 0.0 +02 +£05 0.5 0.5 0.3 +02 +£01 +£0.1

742 777 786 751+ 755+ 767+ 824 815 8.16
+0.10 =0.01 =+0.06  0.09 0.02 0.04 +0.01 =+0.02 =+0.01

WEE-DO  6.83 797 817 740+ 7.5+ 699+ 803 7.78 8.06
(mg L) +0.00 +0.00 =+0.10  0.00 0.00 0.10 £0.10 +0.20 =0.10

pH

C%f%it 1510 2673 28.75 3573 39.13 41.73 4657 51.65 4737
On(;:;)my £0.40 +020 +0.10 +£050 040 +030 =+0.60 =0.10 £0.20

292 288 299 302+ 306+ 318+ 327 306 31.1
+0.6 +£0.1 =£0.1 0.1 0.0 0.1 +02 =00 +£0.1

- 12.1 189 204 292+ 300+ 30.0+ 277 283 303
Salinity (%) +0.1 +£02 +£0.3 0.2 0.1 0.6 +0.1 0.1 =£0.1
778 784 784 798+ 806+ 815+ 823 815 825
+0.03 +0.05 =+0.01  0.02 0.03 0.01  +0.01 =0.02 =+0.01

WA -DO 423 487 622 634+ 758+ 853+ 10.94 829 929
(mg L) +0.04 +0.02 +0.06 0.06 0.09 0.09 +0.01 +0.08 =+0.14

IRJE-T (°C)

pH

C%dgf%it 2540 36.10 3620 49.50 5120 5190 47.80 49.0 518
On(::;)“”y +0.70  +£0.30 +0.60 +0.70 +£0.40 +0.40 =+0.30 =020 +0.20

13
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YT RIZHEK, ERAABNRKKEENRZEK (~20 L) ##1T7RE, W5
NGRS, Hod—f85 H T 0 R AR AR, 59— 8620 F T e 7K
JRZH, AFEMEZE a (Chla), A (NH:-N), WHSEREE (NO»-N). fHiRE:
(NOs-N) FIiEPERERREE (PO4-P) (kWK 2.3, Bl £ 2.4).
% 2.3 KEZHIE

Table 2.3 Determination of water quality parameters.

ZH WA 27
Chla GB 17378.7-2007 gy MR IIMEYE 565 7 343 TS Y E S TR A AN A= M
NHs-N, NO2-N, POs-P GB 17378.4-2007 WEE IR 26 4358 WK o b
NO3-N GB/T 12763.4-2007 PR ARG 25 4 3580 oK E R A

2.4 FRAENERNKTE S

Table 2.4 Water quality parameters of surface seawater collected from each sampling site.

SYH1 SYH2 SYH3 QMGl1 OQMG2 QMG3 TLG1 TLG2 TLGS3

CE2

Chla 2.96 3.79 4.67 10.15 8.92 3.04 2.63 1.07 4.66
(mgLh) 2051 +0.11 +0.58 +0.62  +0.47 +0.17 +0.46  +0.21 +0.81
NH;-N  0.1136  0.1116  0.1323  0.1535  0.1561  0.1637  0.0332  0.0412  0.1110
(mgL?')  +0.0006 +0.0012 +0.0017 +0.0004 +0.0003 +0.0001 +0.0006 =+0.0007 =+0.0006
NO,»-N  0.0941  0.0962  0.0758  0.0294  0.0230  0.0190  0.0048  0.0072  0.0643
(mgL?')  +0.0001 +0.0004 +0.0002 +0.0001 +0.0001 +0.000 +0.0001 +0.0003 =+0.0001
NOs-N  0.4607 0.4486  0.4675 0.4533  0.4530  0.4684  0.0382 04361  0.0482
(mgL?')  +0.0008 +0.0004 +0.0004 +0.0000 +0.0009 +0.0004 +0.0039 +0.0088 =+0.0012

PO,-P  0.0961  0.1239  0.0958  0.0675 0.0544  0.0501  0.0067 0.0178  0.0559
(mgL") +0.0008 0.0011 +0.0003 +0.0007 £0.0005 =+0.0003 +0.0006 +0.0003 +0.0009

Chla a 6.51 11.57 12.73 1.51 1.48 1.38 17.08 3.82 1.20
(mgLh)  +0.07 +0.11 +1.24 +0.17  +0.04 +0.07 +1.27 +0.98 +0.29
NH-N  0.1978  0.2264  0.1682  0.0104 0.0516  0.0052  0.0198  0.0396  0.0180
(mgL") 20.0032 +0.0031 +0.0040 +0.0009 +0.0008 +0.0001 +0.0011 +0.0044 +0.0022
NO,»-N  0.0784  0.0414  0.0352  0.0051  0.0040  0.0020  0.0001  0.0060  0.0005
(mgL?')  £0.0003 +£0.0002 +0.0006 +0.0000 +0.0001 +0.0002 +0.0000 =0.0002 =+0.0001
NO;-N 04669 02114 0.1731  0.0759  0.0721  0.0367  0.0405  0.3225  0.0391
(mgL") 200198 +0.0039 +0.0119 £0.0012 +0.0041 +0.0017 +0.0007 +0.0105 =+0.0165
PO,P  0.1312 0.0772 0.0567 0.0168 0.0136  0.0070  0.0089  0.0025  0.0035
(mgL?')  £0.0009 +0.0009 +0.0003 +0.0002 +0.0002 +0.0004 +0.0010 +0.0009 =+0.0005
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SEFUUR, A TGiE el ARG 2 AR BR A AERR Bryi ARy (B
MR ~3kg) (0 ~5em ) HEATREE, BERMAGRESESY . FANTIRMAE
NPy, — 8 F T A R R AERR R, 55— 0 T E DU ) 3
k8, WRE/KE (MC) (GB17378.5-2007 HEFENEMIITE 25 5 #4r: VI
I3HT) AR HLEE (POC) B (IL3& 2.5).

R 2.5 BRAEH R TR B 2 4L

Table 2.5 Physicochemical parameters of sediments collected from each sampling site.

SYH1 SYH2 §SYH3 OQMG1 QMG2 QMG3 TLGl1 TLG2 TLG3

I=|
=

MC-NRS 3449 3727 4071 2322 2891 27.01 11.11 23.08 30.72
(%) +480 +1.06 +1.93 +1.52 +2.89 +0.38 +0.05 +0.83 £1.25
POC-NRS 0.28 0.18 0.25 0.17 024  0.15 0.09 0.04 0.30
(gCem™)  £0.01 +0.00 +0.04 +0.01 +0.01 +0.07 +0.04 +0.02 +0.02
MC-RS  31.31 2721 39.08 29.03 31.1 2929 1070 17.68  24.20
(%) +6.76  +0.55 +3.98 4225 +341 +0.00 +0.52 +4.72 +2.46

POC-RS 0.19 0.21 0.48 0.36 0.26 0.12 0.11 0.09 0.41

(gCem™) +0.01 +0.03 +0.03 +0.04 +0.05 +0.02 +0.00 +0.01 +0.03
MC-NRS 33.86 39.77 41.48 26.62 30.76 30.02 17.80 20.74 33.25
(%) +1.48  +2.69 +1.60 £1.06 +0.96 +0.51 +2.55 +£2.87 +4.30
POC-NRS 030 037 036 0.14 032 014 009 003 0.19
(gCem™)  +0.02 +0.04 +0.01 +0.01 +0.01 +0.03 +0.01 +0.02  +0.00
MC-RS  28.17 4348 56.12 2235 3427 3006 391 2445 29.90
(%) +356 +0.80 +12.40 +3.56 +1.74 +2.45 4034 +1.44 +0.75
POC-RS 040 044 043 0.16 034  0.18 0.13 0.13 0.31
(gCem™)  +0.04 +0.01 +0.02 +0.03 +0.01 +0.01 +0.02 +0.02 +0.02

*NRS: JEMRFRIIR; RS: RERIURYT .

2.2.3 WHZBRIAVIRENFNRAE

xR E KRS, B ES R, FALEMAMEIRESHE, WRER
IKEES P IREUE R . $2BUEERAE Lin 28 AP AOIEERE ER NG . fMisz,
FHETER 5 L REW/KFENBELKRBSA4EIEE (FL42: 2 pm) 7L
JE. 7E 80 r/min 1 65 °CHIFEIR T, FH 80 mL ) 30% HoO. VY FEJENE 1) H1EW
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JiT 24 he VWERIG, FEaAER S BAXER R AREE 5 min, FEHETEI B 4K G Y IE
3 Ko BEJG, REAETE I R VO B K RIB S A 4EIE AT I 8. S,
W MRS BB RE IR LR, FEABAFTE 4 °CHATEAE 1N

BERHTCARPIRE i, I 0 B SR T A B e A D R AU L
Z7 Fdm H Lin S NBUER I L. f5 2, K 100 g T AL TR
FREB|I—/NFIEIEH, BT F A 400 mL 3FEER (HF1 NaCl: A
ZnCh=1:1, v/iv, EE: 1.5gmLD. "ORG )G, LEREEIOE 24 he WEE
PR R EIE RIS K RIB A YRR AT il e . HARAHE .
FEPEACTE | B ISR AR i ORAF AP PR 8 5 3R 2 Mg KRR i B3R AR [

WOBRLR IS 4 A s (Olympus BX53) R0 L A B 2%
%1 (DXR2, Thermo Fisher Scientific, € [E ) 47T . f# FiZ A 83 il & 1)
OMNIC %A (8.0 fix, Thermo Fisher Scientific, Z£E) #HiT7#AE. M3ttt 7
162 NMJENE (54 DNRIZHEKFES, 108 NUTARMIFE M, Horb B SEAL SRR
HHAT T REWRHAE AT i A BRI IE R e B T, KA “2”
FICHATINEE, LA BT A X I3 AT 20 i o R B8 A OMNIC 1Ak
EEMOBRKE . RIESFIIR (4. WA Pk, MRBEAEE) . B
o (Af. K, 6. &, B0, B, gt MR (KE: <
50 um+ 50 ~ 100 um+ 100 ~ 500 um~ 500 ~ 1000 um F1 1000 ~ 5000 um) XTI AT f
MEL RN ) MP HEAT 40 BT AXERHOGIK N 532 nm, BOGREE R E N 5 mW,
P2 IS HEVE N 200 ~ 3500 cm'. {4 OMINIC #f4 (8.0 i) S 2 ik
Wi (Aldrich $72 B S hr Gk T A3 AR o

224 REFRIE/REEH (QA/QC)

B KA T2 AN 7R 2830 e AR 8 R A R i Bl o S0 28 LR 8 B AT A 25 & 7K
YRR 3R, MHERHEEED. TR TR, 5 o s
AR TR — M TS FE. 2 ES 1] IR 2 BEORE 5 A 72 (1) k) 25 Bk AT
2 AR i P A R B A R
2.2.5 BIESH

TMEERLERE DL items L (RJEHIK) B items kg! DW (FPIRY) FIR,
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FrEHHE S CUEME £ FRifEZE (SD) Rom (n=3). Gil a4 SPSS 26
AT . FERAT AR ATHT, AT T Shapiro-Wilk £:38H1 Levene 036, L
B ERIESMWA T 255, T LRER, 25°RH two-way ANOVA 4T
(AT FX NN ERD) A three-way ANOVA 2087 (AT, XA AITTAR
MRBCN=ARER) Ko R ZE KRR R R FEE %+ . LSD 5
BRI AE LD AR X 38 TR B I G L. SR ¢ RS04 A LR 7 25 Z=
APURRP R B OB R . 0 TR RMFAE, KA Kruskal-Wallis 556 HLER
RAR X 3 2 18] ) 2 57 . Wilcoxon signed rank 656 F T LU AN R 25235 FIAS [R) 246
B B2 A OB RVRHIER Z 5. P AEART 0.05 #AUVEA Gt 78 . [F,

BT 7 B A (PCAD SRR SO RVRHIE TS (E I 2 A fi A . thoh, K
H Spearman AH IG5 B K4 A 2R FE AN BAL S 80 2 TR AR G ME . TR P A
<0.05, NRANMHRMERE . MHREE S NE (R>0.70). H (0.30<R<0.69)

g (R<0.29) B,

2.3 RSV

2.3.1 ZIRPRARERRI B0 E E AR =S I L HHIE

CIR AR AR ZS R GUAE o it b R 2 ) PR R 8K o Bt DL R b R AR 300 S F2 M T Y
VLIRSS, W5 52 B R ORIEOE R R . BEFUERY], EARFTR TS
RAE R R AR 2R E W KA ) AR BB U B A R A7 A (B 2.2), KRR
Ky P ) = AN LD AR IR AEAS [FIRE 2 R R G

BEELRERE KPR N 5.1+2.6items L' (TLG2) % 18.9+2.9 items
L' (SYH3), MZEN1.9+09items L' (TLG1) % 7.5+2.8items L' (TLG2)
(B 224D, ERETTIH, FZHEAKP IR AR X IR [ 35 3%
MHEZERNZER (P<0.05. 5 QMG X1 (5.0 2.4 items L") A1 TLG X1
(5.6 +3.1items L") #HLL, SYH XIMMEERIFE (10.3+7.1items L) BH &
B (P<0.05). SYH XHIRA BReR R hO) . IR A s,
HB RN RTE B 5 1 R e () BERE . BT T, LR ER E K
TR AR B M ZE R (P < 0.05). HARKREE, SYH XMk
EERZE (15.7+55items L) B TWZE (4.9+33items L) (P<0.01),
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A, QMG XIBERZEKP BRI FEAERZE (6.5 £2.2 items L) B
FWZE (3.5+1.4items L) (P<0.01). WEMEERFEEEAL, FTREZ R NE
(1) 7K I8 3k B R B R o 1 Ak B RHE MK R R, BUX ST R At i e 3
IR HRAh, MUK BRI REVE FH B2 SR R A I R AR, T
A 3 BUX LL LT ARG = B2 B 2= AR AL

XTI, RO RERE N 90.0+£26.5 items kg DW (QMG3, FEIR
Br) % 2186.7+166.5 items kg DW (TLG2, #RFr), MZEHIERIFE N 120.0 £
105.8 items kg DW (QMG3, FEMRFR) % 1226.7 £ 180.4 items kg'' DW (SYH3,
FEMFR) o AW T 2 B PR Y o 2R = FE B A T B b SRy B S R gt
{5 6] i 0 HL B 2B PR ISOUFI B 55 6 18 I JTC e L0 e fp ) 281 (1) il S 81 o AR A
lo BRZFFTMERZAN, 28 [AIRIAR BR8N S TR 4 Hh ) B k) =F R 3476 B 5 2
(P<0.05), fEZMAIJTM, 5 QMG X5 (423.9 +333.0 items kg’ DW) #HLEL,
SYH XIRIMIBRIFEE (767.5 + 435.8 items kg' DW) Al TLG X1 (693.6 +
471.4items kg DW) BHEHE (P<0.05). B, HEMANRIESFE SYH X
R RS Yk P B30, AR, SYH XA TLG X388 55 7K 36 71 614
AT BE IR 2 DX I ) Rk a2,

WAL, R R AEA R R RGTRY 2 BRI W B 2 57 (P < 0.05).
AR BRI S, W REE N 90.0 = 26.5 (QMG3) £ 1226.7 + 180.4
(SYH3) items kg' DW, fEMRFRIURYIH NN 226.7 +140.5 (TLG1) 2% 2186.7
+ 166.5 items kg! DW (TLG2) (K 22B). fERZ, HAERBRUTARY (4374 =
325.0 items kg DW) AL, REFTUARD R RHEBRIFE (744.1 + 671.8 items kg’
DW) B{EHE (P <0.05). [FFE, QMG XIRIIHIRIEAR FRITAR Y i =
(545.0 +£371.9 items kg DW) BB = T AEMRRUIRY) (302.8 +242.8 items kg™
DW) (p < 0.05). XKIMRFRB NG T BRI T, 2F— 3 B T 20 Ak
TR AR AR 0T T R P2 A R 2
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[ Sampling site 1

(] [ sampling site 1]
A = - l I i::g:l:g :Ii § B * * (] Zamp:!ng s!:eg
: I ampling site
30 " \ 3500 I : 11 : ][I sempling
* | * ! g

! 1 I 1 I
~_ 3000+ Dry season;Wet season | Dry season;Wet season 1 Dry season;Wet season

NRS RS |NRS RS | NRS RS |NRS RS | NRS RS {NRS RS
2500 | ' ' ' '

2000+

=
o
S
S
1

o
1
o
=]
S
n

MPs abundance in surface seawater (items L™)
MPs abundance in sediment (items kg

I

o

o

o
|

123123123123 123123123123 123123123123
SYH QMG TLG

Kl 2.2 BN EGARAE AMRZEK (A FyBRY (B) KIMEERFE. *&x
ANRIZEATE X R F B EZR (P<0.05) (NRS=IEMRBRITARY); RS=HRPRIT
B
Figure 2.2 MPs abundance in surface seawater (A) and sediments (B) at each sampling site
during dry and wet seasons. Asterisks indicate significant differences of microplastics
abundance between seasons or areas (p < 0.05) (NRS= non-rhizosphere sediment; RS=

rhizosphere sediment)

2.3.2 IR hZBRI RO TS4FME

2.3 R T AR RIZE T HOB RS RHE . 45 R BoR, B
T LL IR R JZ g AR N PUR I R AE TR A RITRAR, B FELF4E. .
VI, ORLAEUR, HrhAT4E (48.1 £ 18.6%) S E KM BN, HIEH
A (19.5 £ 11.5%) AR (18.2 £ 10.5%) (K 2.3A), BRI ATER I 5 ELE /DN,
N 7.2 £ 6.5%F 7.0 £ 8.1%. TEFTA RFEAL, T B RHTAR 3 22 40 4k,
HrA SYH X355 55.0 + 18.0%, QMG X1 5 48.5 £ 19.6%, TLG X1 7 40.7 =
16.3%, XECLLRIMR 2 B AR 4E G EATEE R 22 57 . 45 RS D [
T 7149 SOLZT R AR R AT 8 25 SRARAL . AR EAE ZDEAR IV R oA Hh AT e S5 AR W AH S 1Y
5 K HEBORM P i LR F A DGR, thAbh, TLG XIS (21.6 + 8.1%)
IR T SYH X4 (13.1 £ 7.5%), TLG XIRAEIEKELE] (10.6 £ 8.1%) B3
BT QMG X1 (5.0+8.8%) (P<0.05), FIJIXLLLLMMAPRIIERNG YA N
KA o R TR AE 2 E K TR b o R [ 20 A 1 . A
Feit, AR EEKTRLE (571 + 15.6%) B8 & T IRy (435 +
18.6%), THF v MR S22 IUAH S ke %y, BVE AT TAE DUAR A o 1) B A W S v T 36
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JZHEIK (P < 0.05), XK EHTEDRL % BN OB AT A B R, RIMR B
(B AR U A A ) T U5 AR R 2K R, T % B B OB R e e 25 B DTN
DURBRPHESY, gh Ak, GOBRDEAR B LR B 2= AR e ARk, &5 R EOR,
YELLBIEMRZE (533 £ 18.4%) MRm T F3 (42.8 £ 17.7%), T Fv FURTRE
LI R T 22 (P <0.001). Be4h, Fra AR HLGIE A FUTR 2
B2 AP R B R AR

CERPAMRRE OB RLR L AN R B, B, A, K, g6, 8
. B, it (K 23B). BRI R SR TENEE, P
LEA 52.2 £ 16.9%, fEH B LR HE O, Hoew WRREERE G
AAE R (15.5+9.3%). FAfh (12.0+£9.8%) FIZEM (9.9+13.1%). FEAH
(1032 BA R B R v] Be ok SRR AR I . Ah, TEKHIIR S B %A T,
OB R B2 TR E A SRR MR W AR, T BOAEE % B RO R b 1
s 861 FL R € R B R T R SR AR R IR IX (1 B R R AR e, DL Rl
HE (—Magtmmat) B, ERamamsid, R e thef M
BZESR, H TLG Xk (162 = 9.2%) WHHHERT QMG X1 (5.9 +
47%) (P < 0.001). B4k, 7£3R)Z g KH5E 30 1) 37E W Bk LB (61.9 +
16.8%) MR E TUARY (473 £15.0%) (P < 0.001). XAAERM, JFAEME
5y T R JZ M 7K A TR A B R AR TSR ZN AR €, R S AE BH G B ZU A B
[F] RS R Py X7 SR L, BEa O R0R R R, K OHEE R
I ELBI BR8N (P < 0.05). B4, TEIEMRPRAMR BRI 2 0], FOEEHET
o ER A R R 22 5

Kl 2.3C R TR BB RAT 0 AT R-E o ZE T FE I 2R AR
KOG I B R R R ~FIE LA 100 ~ 500 pm, 35 EE A 56.1 £10.8%. F
U 50 ~ 100 pm (14.9 £9.9%) 1500 ~ 1000 pm (14.8 + 8.7%). & YK
F2 BRI Bl /N T o ] 20 v 1) LA B 7 45 SR #9500, T R T Ry B g v
56 1 1) P A AR I 't R S s Bl (0 850 v A P A AR 881, FEFRATTE B ey, /NI
WEEEL (100 ~500 pm) 5 o bR BEZA 20 PRAEZS JR G0 Hh (0 2R Ay SR 3 1
R, RN E/AN RS BB B ARMR 25 25 15 £ 06 B Hp 11 £ 218 R0 20 i 25 26 4 Bl 5%
HR U089, #E 23] b, TLG X1 100 ~ 500 pm X ~FYEEIAELB] (61.8+10.2%) B
BT SYH X3 (52.2 +8.6%) (P<0.05). MtZETHME, 50 ~ 100 pm R~
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EHELEIERZE (18.9+10.3%) RS TWZE (109+7.7%) (P<0.01). %A
M, RIZHEKAMPARD I8, LR AR BRAR R TR 2 [6], - 8 Ff ROST Y6 £
LeA A B 2 5

A Dry season Wet season B 100 Dry season Wet season
100 1 ] -
Fom .t R
[ Pellet
. 80 [CJFilm 80+
5 [ Fragment &
& I Fiber &
S = L
5 60 %5 601
8 8 H
2 2
S 404 g4
5 5
g 5 L L
= =] H
% 20 © 20 H o =
O I5E HEL BES EEE BEE EEE
SEEL REL REL REL  RPL RHE
R GNG (AN AR GAR N
c;;;&%* \i@d& ’\)(6”\” 0;23@%* @\&od& /\\(&/\v
Different environmental matrices of mangroves
C Dry season Wet season

H [ 1000-5000um|
[_1500-1000um
1 100-500um
[ 50-100um
Hl <50um

Size distribution of MPs (%)

S OPE HHH HH®E HD®

< ST O oL S
TR TG RXRR TG T

A R S I O

Different environmental matrices of mangroves

K 2.3 BN LA FFEA B REERTEAR (AL Bt (B) MRS (O
AT (SS=RJZME/K; NRS=ARMRFRTIR; RS=IRFrTIARD)
Figure 2.3 Shape (A), color (B) and size (C) distribution of microplastics in different
environmental matrices of mangroves during dry and wet seasons (SS=surface seawater;

NRS= non-rhizosphere sediment; RS= rhizosphere sediment)

RIEHILR AR . BIEMR ST, FIH PCA #—5 HMHER T DUl

R Z WK PR 2 AT RRE (B 2.4). XFRZWEAK, WA FE R B

T AZEZ BB AR 63.4% (B 2.4A). PCATESYEER, PIANZETH

RZWKFEREEAR EATIEE S — 3y (PCL HHTIX4r, X R EE A

e, WEF. SEW. 50~100 pm A1 100 ~ 500 pm N~} 75 Bl 2528 B 1 5Tk (48.2%)

FroREl, #E—PUEst 7 R Z K R IR SRR = AR . B T
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(PC2) /R T REMMAE. B, 4. EEA 500 ~ 1000 wm X1 E F 0 oTEk
(15.2%). BEAL, KB A [FIL AR T ARE A (1) 58 288 34 S R 5 A6 W 21 (1 Rl 8
BHRFEAEAE — E B AL . SUOTRRIIT S, A T e 1 2= 1A 8
RHFIE B A 69.5% (B 2.4B). PCl (453%) HIAFERE. B, A,
IKEFN 100 ~500 pm RAF{EE AR £ S, M PC2 (24.2%) A4, 40t &
tf. 500 ~ 1000 wm A1 1000 ~ 5000 pm FYE 3. PC2 75 1) _E AN ZETT 13T
IS EE A B, RUTTARY I RS QYR e AR =T AR AL

@ dryseas
.l P (R 10005000um
959% Confidence Ellipse for dry season lackff 00-1900pum
95% Confidence Ellipse for wet season i
— = Loadings
24
24
< <
o < i
20 < m =/ ;
S S 01 QMGo 163 Tanspar
a =8 QMGSQQ’;GSZ 2 White
TLG!
24 Py 30-100pm
2 Fragment
-4 4
4 .
4 2 0 2 4 -6 -4 -2 0 2 4 6
PC1 (48.2%) PC1 (45.3%)

K 2.4 REFEMWELMARMEZEK (A RPRY (B) BRI R PCA K
Figure 2.4 PCA diagram of microplastics characteristics observed in surface seawater (A) and

sediments (B) from mangroves during dry and wet seasons.

233 AWM PRZENINESIER

KA BOGIEL R A B AR 80U IO TR R R G M AT R AR, S5 RARW,
TE P AE 50 B 200 AR b I 21 ) OB B R S ¥4 PP PE. PET. PS. B
(PA). PVC. EHENIGERFE (PMMA). BWEEHEE (PC) MLH-BER 2
Milie (EVAD. B 2.5A SR 1T DA B i O R R 206, A3 PP,
PET. PE M PS, HP¥ & EL 58 32.7 £ 9.8%. 30.6 £ 12.5%. 19.7 + 11.2%F0
10.1 + 6.3%., XEEREVAZHLEaMP A HRA, mH 2R
ErrEs R, Hd, PP AT RERER. KEMM. EEMIA,
PET I H T9i 4R a3kl BRDmEE . BRIk, Al 2] 1) K& PP A PET 7]
RE S ML R R IX iR ) N J9id 3l VIR OGP0 7S [R] R A FEOR
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P FE I L AR 2 (8], TR R R A R B LU A IR R 2 1% (Bl 2.5B)
B, 5 QMG X (6.2 £9.7%) ALk, SYH (10.3 + 8.4%) F1 TLG (13.8
+9.5%) XA R PS BB B R (P <0.05), M5 TLG Xk (263 =
14.7%) #Lt, SYH X% (16.3+14.6%) #illF PE LL@plH 2K (P <0.05),
WAk, SREWRTLI L) B 2 2= B AR A AR I L I AR Ak . Gt AT 3,
0 2 (R R R SR AIE 222 0L PP A1 PE ¥ (P < 0.05), 7EFZLL PET
M PS HE (P<0.0D). 2RM, EAFKIES B &A KT MR RS
MIRBLLLHI 2 5

Dry Wet
season ! season | SYH 1 QMG , TLG Total

1°°'Eﬁ|:| =A EEDIEEEI ==

A

o8}

—— PP(96.54%)
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EVA
PC
PMMA
PVC
PA

PS
PET

80
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——— PS(98.58%) 20 1
)K-\___JL-A o LA LWL PN T TP LI
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Raman shift (cm™) Different environmental matrices of mangroves

Intensity

PE
PP

604 [T}

HOOUE0B0U

204 MK

Intensity
Type distribution of MPs (%)

Intensity

K25 (A) FELLARAR AN B 3 Z AR R 2061, (B) ZLMAARASRIFA SR/ ot
BRI R 73 A (SS=3RJZ7K: NRS=HEMEPRUTARY): RS=ARFRITAYD

Figure 2.5 (A) Raman spectra of main MPs detected in mangroves; (B) Type distribution of

MPs in different environmental matrices of mangroves (SS=surface seawater; NRS= non-

rhizosphere sediment; RS= rhizosphere sediment)

2.34 MESH IR FE AT

R TR R, BT WA AR MR Z K OB RL 58 5%
S ESEIEMI, B NO>-N (R=0473, P<0.01). NOs;-N (R =0.402, P
<0.01) F1POsP (R=0.313, P<0.05) (K 2.6). XEWEFHFENFRZEHEKF
WOERL ) F A RERR . IR NR Tl ORI 7 AH G Bl A
KT B B TR AR TR B RS IR 2R IR B AR S M T e R B E AT T A
AN AT AE RIS Yl o BRAN, /K AR 325 (8 FR 4 5 T DA 95 5 R A
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552 R B R AR MR R A R T T

AR R T () PR e FE D), (R, PR AN S FR A 5 2 [B) A ELAE FH o] R
XTLLRE AR AR 2 2R Gt B AR A B A U o A, TR A S A K BT Y B
WSH 2 [AAFLE P SRR I e, BFFHES% (R =-0443, P<0.01). iR
E (R=-0.426, P<0.01). #hE (R=-0422, P<0.01) flpH (R=-0.319, P
<0.05) (K 2.6), X5PAFTHAS R85 R — 882 994, XK i 240 K
JREREAZSE, LU GROL, EAN1SMEERE RS B A O k R K
R X 6 R 15 2 50 RT S0 £ B AR AR R AT 1

0.309

* pe=0.05 ** p<=0.01

Kl 2.6 REHEKPRERFE S S BN (MPs-SS: R ZE KPR+
D)
Figure 2.6 Correlation between microplastics abundance and physicochemical parameters in
surface seawater (MPs-SS: MPs abundance in surface seawater)

XTUURYD, B SR BIRE R R S B S s TR 2 )k (1 2.7)
PEdhoE, VIRRNS, BFAN SR, SR JIRBRA K, 520K
TURP b B SERE = AT A SR A0 80 931, gy, JrOAR M v (R BB &5 B R 7K 23
B e BEA IR RIS AR, ORI T S5 AT HLADRIORE fih & R 56
R, IFERRER KN IR rp 3L RTAR DS, SR, 1K 55 DURT 20 AR B 7T v

24



I AR S R PR T L 21 X

ZERAN 0> 5091, RUERHMT AR T SRR R4, e 5 HAME 2%
Rl ClpaR . =RO ARG AR RARE T POC /K- PEAR TR FE
A, HEEIIMREN, RS A RPN ZE. &EEATIE— DR,

CAESIE TR 1 5 OB R AT 2 R G &R, KAl AE s S A I IR+ .

MPs-NRS
MPs-RS
MC-NRS 0. 144
POC-NRS 0.038
MC-RS -0. 035
POC-RS [l EESSRI)

JGCEIUTGCE 0,151 0.066 | 0.050 0.004  0.094 0.136

Salinity [SUSREEEI

[z @ 0.003 0.006

IDJON 0. 146 0. 240
Conductivity [FIEEH

ﬁqflﬁiﬁcféf & & QL@
& ¥ ¥ Y EE

* pe=0.05 ** p<=0.01

&1 2.7 YR R T 5K TR B S B A RIAH G (MPs-NRS: JEHRFR
VORI R MPs-RS: ARERUTARYITH TR MC-NRS:  JEMRFRITR
EIKFE; MC-RS: MBI HIE/KZE; POC-NRS: JARARERUTA) - HRTRL A Bl
f%: POC-RS: MRERUTE b IR A HLER)
Figure 2.7 Correlation between microplastics abundance in sediments and physicochemical
parameters of water and sediments (MPS-NRS: MPs in non-rhizosphere sediment; MPs-RS:
MPs in rhizosphere sediment; MC-NRS: MC in non-rhizosphere sediment; MC-RS: MC in
rhizosphere sediment; POC-NRS: POC in non-rhizosphere sediment; POC-RS: POC in
rhizosphere sediment)

2.4 INGE

ASHIE T B 1 T R S LR AR A [R5 o P A S A AR AL (1 25 A
AR BTICAERRY], ERFMWZ, Jra it ik X8R 2 i
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ARG B A7 R, Hoh = W LD AR R e . K2
KPP R R R T AR O, I HUUAR M) il 2R = W X2 52 SRR B 2k
RLFIEEI o FEAFIRIZLR AR, ZE M 5T, WO RS R AR R B —
SE R AR, R F ) R AR FE B AN RS (100 ~ 500 pm)
MRERL, &FEENRAEWIEE PP PET M PE. #—P0i kI, WOk
FRERZMRKPNEFRESERZ MR, HEEREESRKNEESHE
TSR, BARRAE. . pHEME SR (P <0.05). RHFNAMMHES R
LGB R IR AN RS VAL SR AL 7 VR SRR, IR Bl ARORR
WERRHT N AL SRR I T 7T
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£ 3E B DE AR MR ZB R TS XU VR

3.1 51§

W& ORI AR R 2. X8R, SRBEA mP f, Bokhs e
JSL R TR T T I RO PR 1) R, 26 T 20 ARG R e 1) A A KU P4 T
fEITEJEHIE. HAT, CAHANDBFN &N ROE RN 4T TAS
AR PPA, T A S NE 5 ) e 50 (PLD XK 55 A 08 k175 42 1E
WLBEAT T AES KPP, Mai %5 N385 PLI. BAWIEERE (PHD AEAE
AR KB AEE (PERD =R RS0 BRI 11 22 2 /K HEAT 7 4TI £0 A 245 XU 1
#1971, Al Nahian S%H PLI. PHI. PERI =R ;35 T T 8 3% 2 g K AN AR
RO G AT T A (1 R A R VPR D8], Ranjani %5 APPVRI Keerthika
S N OO0V A 5 [ R SR FH DA B =i A 25 KU PR A B30 4T 7 9P 20 b . AT AL,
PLI. PHI F1 PERI X =Ff AR RSN 472 H TR A S KRS oA, 7]
DA 214 A 4 T RT M P A 25 AR VR 45 SR

TE LT AR XIS F A b A 25 KU VAN B4Rl /b, I HL 3 B [ SRt
FAW 5 T HEAT OB ARE S RS PRAY, KO0 A $RIEE0, Rk, fEARWFRH,
A8 DL b = A 2 IR VP A A58 R SR AT 03X A 21 bR 5 Ak B s e SRR LE
AR, AT T A R S R = AN LA A 3 2 M K RS A R O R
R BEAR A ZS KU, Dol R B 0 AR BRI e tRave B £ TR AL () B4 =
P, DL IIR T 20 MR A 25 R G PRI R B kb e B 4

3.2 BEBRE SRR A SRR

PLI & — N3 TRk 3 FE AN S8 2 18] bUAE AR AR 25 UG PR B AR 0N
Ci

Coi
PLI = /CF, :(3.2)
PLl,one = \/PLLPLI, -+ PLI, X(3.3)
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Hrr, CF RRAKREESIHEEENRE (C) 51 R HIBERRE (C,) MRE
EARFFEH, AR AR R A E AN Z Cpie PLlgne 2%
[X 35 ) 1l B A 5 G A7 A $8 5

PHI /2 — 3 T 38R} 52 -E W 28 R RN 15 55 340 B A2 725 XU R A AR 11021

PHI = P, % S 3.4
Zi:l X 1X(3.4)

PHl o = “(PHI,PHI, - PHI, #.(3.5)

Hrb, Py RAEREA KA I B R R SR At S &%
FhEE S WI2ET ) MP (/&35 . PP. PE. PET. PS. PA. PVC. PMMA. PC
A EVA 1) S; /% 5 1. 11. 4. 30. 50, 10551, 1021. 1177 A1 ouoz,
PHIone RN XM R AV S E Fa 40

PERI /& — N3 1% G0 AR 25 KRG H 2501 eleast s gL o3,

Ei = CFL X Ti :Et(36)
n
PERI = Z E; X (3.7)
i=1
PERI,one = \/PERI,PERI, -+ PERI, *(3.8)

Hr,  E AR RS YRBAEAS KRG T 2 R0 R R
EVESHEERL, B2 RN ERESYR A 2 G FHED 1R
PERI oo 7 BEAN X B HITE AL AL S R FE 2L

RS Qe XS 25 Z b e IR 3.1

R 3.1 RS G RS S b v
Table 3.1 The criteria for the risk evaluation of MPs pollution

ARKEEL  TORE)  H(RE)  HI(EE) IV JEK) V (I AERE)

PLI <10 10-20 20-30 >30
PHI 0-1 1-10 10-100 100-1000 > 1000
PERI <150 150-300 300-600 600-1200 >1200
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3.3 BR51E

3.3.1 ig4ptatrigd (PLD

PLI AR PPAN 1 AR5 e XU = B 5 Rl A OG5k 3.2 Fow, BT
A W TC R LR MR RS Y 1 AR S RS AN R 5 4 (1 1), Horf
SYH XIHE4 55—, HKZ TLG Al QMG X8, 1% 5 [E 5 77 e 2R bR X 45
(IR 50 45 SREAR ALY, I S [ A 25 AR S AR P9 TR (< 10D, {EAR HZ0H
MRS, BREDRSSEg R (04, 10200, E 3.1A B/R THAZTEXR
FE SR JZ KA R B R PLIAE, &k b PLI EBE AR BN, KA
OB R e 57t Bl 251 AR B A R AR AL T S A AN A (EA3E R &2, PLI A
TURTREARAS T LR ARG I RHS Yo i AR S ARG, TROAE 28 T &R S B R & 1
FVETTER. Bk, R PLI BORLTH RO RN KPR, (H BT T 204
PR S RS 1 AR A ) AN A, (EAR B A .

* 3.2 BB A LA RFE AR PLIHE

Table 3.2 PLI values at each sampling site in various mangroves during dry and wet seasons

e SRRE PLI PL Lzone
RIZHEK
SYH1 2.29(1)
SYH2 3.14(1) 2.84(1 %)
SYH3 3.18(1)
QMG1 1.86(1)
QMG2 1.83(1) 1.86(1)
QMG3 1.90(1)
TLG1 2.24(1)
TLG2 1.65(1) 1.83(1)
e TLG3 1.67(1)
R DU
SYH1 2.56(1)
SYH?2 1.51(1) 1.83(1)
SYH3 1.59(1)
QMG1 2.07(1)
QMG2 1.21(1) 1.36(1)
QMG3 1.00(1)
TLG1 1.13(1)
TLG2 3.01(1) 1.82(1)
TLG3 1.77(1)
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B SRFE PLI PL Lo
P
SYH1 1.46(1)
SYH2 1.56(1) 1.61(1)
SYH3 1.81(1)
QMG1 1.46(1)
QMG?2 1.13(1) 1.34(1)
QMG3 1.46(1)
TLG1 1.00(1)
TLG2 2.00(1) 1.47(1)
e TLG3 1.60(1)
Lk Y
SYH1 2.34(1)
SYH2 1.98(1) 2.28(1)
SYH3 2.57(1)
QMG1 2.15(1)
QMG2 1.41(1) 1.59(1)
QMG3 1.32(1)
TLG1 2.10(1)
TLG2 2.10(1) 2.07(1)
TLG3 2.03(1)

s fE (1, 11 I V. V) Fon RS 255

332 BEMeERE (PHD

IR R G E VP AR G 2R AY, H PHI ALY — BP0 TR R &
VIFEVER R AR RS . 45 R R, TEIXLELLLRMR A, 3R 2 ACRITRY) ik
RS L) PHHEREZE TR R, JCHRERER KT (K 3.1B). fERE,
PHI > 100 (IV 2% [PIRAEmBENEE Z, KRS 7E SYH Xik. REE
PHIL one FIZUE, SYH XIGHEERNS G AR e (1 2 1V 40, TLG (I
2120 QMG X3 (T & M 4 FERH 5 (K 3.3). SYH X5 PHI {H
Z 3] — 2 e B & G ELF I PS. PA. PMMA 1 PVC E&4 (43514 30
50~ 1021 F1 10551) §ZMa. tbak, fERZEMEE] TLG2 KAf B A =i PHI
fH (1454.2), XFEZJE TR G UAAFREWARSE, 1 PS. PA Il PVC,
HomfaHm PVC bt (13.68%) EFTA R s . REIE) PVC AR
5 ZHIEAE T SRR A 0%, RN PVC fEES A R P &) 2 I
H, . Hiflk. BRI,
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#* 3.3 BIEMINZ 4 LM MR FE R PHIE

Table 3.3 PHI values at each sampling site in various mangroves during dry and wet seasons

=y KHE PHI PHIz0ne
RIFHK
SYH1 329.06(1V)
SYH2 515.18(1V) 373.36(1V 2)
SYH3 307.01(1V)
QMG1 274.63(1V)
QMG2 9.22(11) 24.09(111)
QMG3 5.52(11)
TLG1 6.47(11)
TLG2 228.04(1V) 22.90(111)
. TLG3 8.13(11)
i TR
SYH1 33.94(111)
SYH2 126.56(1V) 32.12(111)
SYH3 7.71(1)
QMG1 7.78(11)
QMG2 4.84(11) 21.30(111)
QMG3 256.47(1V)
TLG1 12.02(111)
TLG2 8.63(11) 9.34(11)
TLG3 7.86(11)
FEHK
SYH1 11.04(111)
SYH2 6.92(11) 15.00(111)
SYH3 44.20(111)
QMG1 7.05(11)
QMG2 5.67(11) 8.01(11)
QMG3 12.86(111)
TLG1 3.78(11)
TLG2 1454.18(V) 36.08(111)
g TLG3 8.55(11)
Lk Ty
SYH1 12.92(1)
SYH2 82.82(111) 58.38(111)
SYH3 185.98(1V)
QMG1 21.42(111)
QMG2 13.14(1) 14.11(111)
QMG3 9.99(11)
TLG1 9.90(11)
TLG2 94.79(111) 22.68(111)
TLG3 12.43(11)

Bl (I 1. 1. IV. V) R K925,
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333 BEESXEER (PERD

PERI #5270 3] i e B i R ) 06 35 PE 0 AR R, I I A A2
BT IR o BEIF 7T 20 AR IX 38 PERT AR ) S AR 3 5 PHI A AL 45 3] () 45 3
FEEL (B 3.1C) . ARFEEAR PERLone (B (3K 3.4), SYH X3RN H & = 0 k)
WEASKE: (TE V), 1 QMG M TLG [X 382 I H 5 i R RHE E KU

(I . ERBTH, IR PERLone fH (31.0 ~ 304.4) AT E e 77 754
LIRARITAR Y IR TE 25 B (42.0 ~ 2405.6) PO, (HEEERR, £ LR REN,
THEH IR ZHKE) PERLone HIZT = T YRR, M T 8506 35 5 g0k B H 6
B (V80. GRER, REBEKFTIRDE PERLoe B2 MAAEERESR (F
PIE SYH fl TLG2), XK NERIZHE/KFIFE PVC BE5Y, HEMmARHLH
MR IR AV AN BE S, ST, X LR A VIR Z K A7 ] RE
SR AN K IR A = ek PS, HEERK, RS imiSiFERE
MK 1,

A

1

Bljoo

Wet season Dry scason
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SO0~

PLI
o
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300 4

T

1

1

1

1

1

1

1

400 [
1

1

1

I

200 !
[

1

100 = |
30 4 |
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12 311 2 3|1 2 3|1 2 3
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T T
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1.2 3
SYH
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Sampling sites

SYH

QMG

K 3.1 R HEER A S X PFGr: PLI (A), PHI (B), PERI (C)
Figure 3.1 Ecological risk assessment of MPs in mangroves during dry and wet seasons: PLI
(A), PHI (B), PLI (C).
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* 3.4 REMWEESLLMMRAE S PERTE

Table 3.4 PERI values at each sampling site in various mangroves during dry and wet seasons

ZT KAF PERI PERI0ne
RIZWFIK
SYH1 1727.56(V)
SYH?2 5078.21(V) 3008.22(V 2)
SYH3 3103.04(V)
QMG1 951.38(111)
QMG?2 30.97(1) 83.70(1)
QMG3 19.90(1)
TLG1 32.36(1)
TLG2 618.97(111) 76.84(1)
. TLG3 22.65(1)
R TR
SYH1 222.14(11)
SYH2 289.459(11) 107.78(1)
SYH3 19.47(1)
QMG1 33.27(1)
QMG2 7.14(1) 39.35(1)
QMG3 256.47(11)
TLG1 15.48(1)
TLG2 78.05(1) 31.01(1)
TLG3 24.68(1)
FKIZHFK
SYH1 23.66(1)
SYH2 16.80(1) 38.65(1)
SYH3 145.21(11)
QMG1 15.11(1)
QMG2 7.29(1) 14.48(1)
QMG3 27.56(1)
TLG1 3.78(1)
TLG2 5816.72(V) 78.47(1)
e TLG3 21.99(1)
wE SR
SYH1 70.60(1)
SYH?2 324.73(111) 304.39(111)
SYH3 1230.07(V)
QMG1 99.25(1)
QMG2 26.02(1) 35.56(1)
QMG3 17.40(1)
TLG1 43.50(1)
TLG2 416.68(111) 97.55(1)
TLG3 51.21(1)

s/ (1, 1L L. IV, V) B2k,
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3.4 ING

83T PLI. PHI A1 PERI = ANMES KBS PEM R ECA M , R R
AR ZE AT BT 98 1) = AN L0 AR R Z K AU TR 3538 1 T AR B I AR S
SRS o PLI AR B S Bl 1 A SRAE RO R 3 B2 iy SR (75 Gk, =AML
PRGBS G i) A 25 R 30 VRO BETS g (140, Hoh SYH XIgi#HE4 28
—, HJE TLG M1 QMG X1, PHI BR[| & KA RO SRR & 200
MRIXIG GOIRVLEI DTk, 2B 45 KB, SYH. QMG 1 TLG XIS/ kL)
REMESHEE L BIEE T IV 9. T 2. 11 %%, PERI 57 [H] I 3
TR fE F AR, R IR RN, SYH XSGR I H o5 v A L
AN (TE VR, 1 QMG Al TLG X ISE I H R M B Rl £ XU
(T, SRkUl SYH X IAER RSB ™ H . SRS G4AR 7] BEXA S 7
T ST R PR ) A e M R R AR A P AR R . (EARE R, AW
WAER RS, IR Z AR I ROR R RS KBS PP AL, Rk, FREH—
T AR5 AR 7S R 8 R O RS G I B A i ) R PPAR B, n DA BN 2
FRAS R FE AT PR, Bl NP3 BE . ARSI 2 EFRBEY
BEPE. ANERSE.
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£ 4T B DERRA EIRT LI ZE Rl R T A AR
s

4.1 518

TR NIRKIA B 5, BEAE (R K 2 BRI TRl g0, Hakm & e JHF
AR, AR AR A 2 (kB < SR AN LTS AR O], ¢
TSR R T 2 WA ik e R i D 2 O I R BRI T . AT I TEARE
TR R I A A AR VA AL I 22 5 T (22 e, R SRl R
TR T2, B, 50T LR AR DX SR 2 1 A M ) ol 2 W e v 485 e
fik, PR EE & JR A WS e ) 8 SRR A I 2 T T ) 22 5 PE B A 30

ML P E WAL, LORAR X B TN R L RS e,
R R R A28 808 PPy PE A PET, (RIS R I T MBI A7 R AE 75 I
SR ZES, SRR R SO SR A7 — 5 ARG . (A,
AT B FCAEAN RN 2 R R T AR V)R, 5 S R R T AR R
WIS a5 AR BEVR S AFIE . SRR LIS S & SRR e kAT
oM, 2R AR TN 2 TR O Tl s R i A R ik AR R

42 MRS HEZE
42.1 EERHREARELW

W SRR 3 54 (QMG3) Mgkl 2 545 (TLG2) 1ENJR
PLEEFEXI, 2HiE N QMG Al TLG, FH T 58 35 0 bR A SR A7 45 1E
WOEEE RIS SRS (R R BRI AR HE B, B35 PPL PE. PET, R~FuFEAN
3 ~5 mm. BFFIEEIH 75%CRETIE L EBR T ANILER, A5 HLEE
K PEBREIR, 413 10 g EHEFR /N eSS (0.3 mm, R~ 15 x 10 em)
H, AELEEROILE, IR EFIKERSE, DAX 0 3RLRAL, 3 AN/ e g
E—iEAEN 1 HEMN, ZEAENNE (HE 24 cm, &% 24 cm, L2 1 mm)
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HRCE 3 A, JRERERCE RS I SN &, R4 8 e 45 4R
T XIBHEAKE Im i, ERZF (2021 12 H) FAIWZE (2022F 6 H) 41
AT — AR R A e B S, AERF 5 e B0 — 0 AR o TR I AN
R

422 HEIEKIBUSHRE

JGAT BT SLIGTTUR R, M HIEE 15 K. 30 Ky 60 R MASEEEN RS ih B H —
HAFERBENTH R T, MBAAEEA B ORRA N, RS =8 E TES
WIEAT 4335 . 37 R S 3 F 1 S Al O 4 3 T A A B TR 3 PR i R A 3
JILR AR BOGIEA LUEEEEHML Z EEMFE S, T 4°CHABIIRTE. H T DNA
P BT A VD RE VR 2 1 S Z R RE SN 5 mL IRA7E H,  T-80 ‘CUKAHAIK
BT, H T oW R & 4 00 E & B A LTS B FE SN S mL %47
ET-20 CAURRAE

BB FE S g5 DL “ =T+ XS R R B+ 3 B R A 1 AT A il
ZHAREEFMNZ, 2H0ch DM W, XIS SRS mmk, 2
HHEN QMG F1 TLG; BRI FE PP. PE 1 PET; #8E REETE 15, 30
H160.

TERFREUFERT, (FHFRRZSH0KRMEN (SX736 B, —={F, HED
525 0 e SE A K IR . 2R . pH. WA SR, M HELNE=
R (R 41D,

4.1 AFEZFEF QMG Al TLG X I AEA [F] 5 85 R B /K I EAL S 4L
Table 4.1 Physicochemical parameters of QMG and TLG areas in seawater at different
exposure days in different seasons

2 k) - HE- S T -
?i [X 35 %?@;&ﬂglﬁﬂ Tempe%tature Sali}%ity pH ﬁﬁ:‘ﬁ:go Condjctzivity
(T) (%o0) (1L5)

15 245 +0.1 28.1+0.3 7.67+x0.03 4.90+0.08 47.23+0.21

QMG 30 23.2 0.2 29.3+0.3 7.75%x0.02 4.70+0.05 47.30+1.18

2 60 25.3 0.3 30903 7.76 x£0.03 5.46 £0.09 50.67 %£0.15
Z 15 25.3 £0.3 289+06 7.76 £0.06 8.39+0.08 48.80=*0.26
TLG 30 25.9 0.2 29.6 £0.1 7.83x0.02 6.64+0.04 48.83+0.38

60 23.1 0.5 30405 7.93+0.03 8.03+0.08 50.97+0.51
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o JE RF_ Eh . et 2%

i [X 45, %f?iﬂ;@ Terrllﬂp]le%ature Sali%ty pH Yﬁ(%ft-_go Coﬁﬁcﬁvity
(C) (%0) (59)

15 30.7 £0.2 255+0.3 8.15+0.02 7.60+0.06 46.10+0.53
QMG 30 30.6 0.4 30.8 0.6 8.25+0.02 8.74x0.07 51.20=%0.26
551 60 30.6 0.2 13.3x03 7.50+0.01 4.22+0.01 20.43=x0.31
ZF 15 31.9+0.2 26.0 0.7 8.02+0.04 7.44+x0.03 45.40=x0.70
TLG 30 31.6 £0.2 27.8x0.3 811+0.01 8.13+0.01 44.23+x1.16
60 30.6 0.3 22.6 £0.3 7.79£0.02 8.28£0.03 38.13%0.12

423 WMEERIREEYIRAIF R

T B RL 2R T A= WD IR S0 o A (RO ot 2 B T v . M I e . B KORA )
HATHI . B, GRS T IRBGEERL, KBRS =K, LR
WRLR AT, B, FMEERIANSEE 2.5% K R EOE T, £=ET
i %€ 3 h, #35H 0.01 mol/L /) PBS Z2K (0.01 mol/L, pH=7.2) F¥E 3 Ik,
IR 10%- 30% 50%- 70%H1 90%[1] £, B FR BEAT 46 B i 7K 10 min,  FEALA
100% ZFEH K 2 I, BFR 15 min, B Ja ¥ IKE IRCE RN SN T 15 85 1t
1T

FH 3 FRUB T B 5 5 R RS EE R A B b, B IR AX
(JEC-3000FC, JEOL, HA%) {ERUERIERMBIE 100 so BEERAEM GIEANT
HHEBEETEN, IEEEN 10 kV. RS EME T 258 (JSM-
7610FPlus, JEOL, HZA) WEHIBR LAV TS . J5 1A S5 1) ik 28 k1
B Jynt B4

424 WMEERIREEYIRNLEEMELEERIE

KBRS AR AUK B YR 3 I, RS AIEDE 2 Ik, 8K 30 min, LA
ZBRITE RN . SRR S O RHME o0 I . TR RS, (T
WOk R E B 2618 { (DXR2, Thermo Fisher Scientific, [E) {X28iHE4T
IR RBME A S5 1 B EBGRAE . OGRS 532 nm, Frf MIEREOLRE B E
N 6mW, FTA HIH 26 G #SIL SR AE 200 ~ 3500 cm! (ISR, X AR ER AT
J& B HEBRLE R B ORI AR
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4.2.5 EBRIEREEYIFERY DNA £2H)

ff N pidk = SRR (CTAB) VEIREUASFRE 5 DNA. 5 DNA 7F
50 pL ezl AT BE L, FFEFEAE-80 °C N, HZEHAT PCR Y.

FIVIRNERENR 4.2 PR, AR R PERRSE (barcods) S 5" K i,
HI B 519 . €257 25 pL () PCR ¥ 1 e Bk £ 25 ng Bl DNA. 12.5 uL
PCR TRl SAN514 2.5 uL, PCR KRR, PCR ¥ #2614 H: 98 °CHJ
GHAR M 30 s, BEJEHEAT 32 MEHE (98 °CRAEME 10s, 54°CF 30s, 72 °CR 45
s), fJETE 72 °C FikGI¥%E{H 10 min. PCR F2¥I4: 2% E Wit i FL Pk %2 o

* 42 SIYIRER

Table 4.2 Selection of primers

[X 42k 514
341F (5-CCTACGGGNGGCWGCAG-3')

V3-va 805R(5'-GACTACHVGGGTATCTAATCC-3)
Archae F(5-GYGCASCAGKCGMGAAW-3')
R(5-GGACTACHVGGGTWTCTAAT-3)
va 515F(5-GTGYCAGCMGCCGCGGTAA-3)
806R (5'- GGACTACHVGGGTWTCTAAT-3)
VANS F(5-GTGCCAGCMGCCGCGG-3)

R(5-CCGTCAATTCMTTTRAGTTT-3')

JH1E AMPure XT 4%k (Beckman Coulter Genomics, Danvers, MA, USA)
afifk, PCR 7%, i Qubit (Invitrogen, USA) EH. #4417t F T
Iy, FF45r mlfE Agilent 2100 453 #14X (Agilent, USA) A Illumina 3 € & ik
7ll# (Kapa Biosciences, Woburn, MA, USA) _biFfilif 1 C i) KN FIEL
i, {E NovaSeq PE250 V& bx SCESEAT T -

42.6 WMEBRFREEVENESRBIINE

WA VR IS TS R ORI PR B JS TRCE B — ST 10 mL B0, BEJS
TINEARARIR AW (10 pgmL™) 40 pL, FEJEIA 2 mL ) 20%F /K (HCI:HNO;
=3:1, VIV, f%?ﬂ?%%'bmﬁ?‘fﬁ?&%%%ﬁV\]TE?ZE24h (3. 100 mp),
FH B W DO A =y i 28 N, il B st JE#s (0.45 pm, PTFE JEME) )8
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JE WK R BB OB N, BA/KERE SmL 5T 4 °CHRRMF, /e
HHEGHE & 25 5 K- F % (ICP-MS) (iCAP RQ, Thermo Fisher Scientific,
EED XS F M Cre Mn. Co. Niv Cu. Cd 1 Pb B0 E 48 o K #EAT5E
3T

427 WEERIREE VIR BHLIS IHI00N E

VAR VR B B R i RORL AR LS I EAE — TR 10 mL EO0EH, A
12 uL PAHs. PCBs. OCPs HAREA (10 pgmL ™D, LK SmL IECkE: —
AHGE (7: 3, viv) DRRAW, A BRI 15 min F£ 2.0 10 min (1500 x g)
JE R HCE R Z 10 mL FEREF, EEMA S mL Edk: & FKE (3: 7,
viv) IREWEEATHEE 15 min FIESC 10 min (1500 x g), A IFFEHRE 10 mL B
REF, IS, FHEWA (40 °C) (MD200, EigHrit{gsaRAF, +
ED #t—PW4E R4 1 mL. B2 S mL IECkE: —&HKE (1: 1, vv)
15 mL IE CL5EiE 1L Florisil SPE ZNE, B f I WS N 24T 1~ A i3: 47 [ AH AR HI,
e [ AH A S R 5 B PR VR, TN, Wk 8 mL IR T . S Hbe
(1: 1, v/v) BElLE VA, ARk E A 8 mL 1F Cobe FHT b it T 3k
B BBEREEVGE TS, MANARES® 12uL (10pugmL™), HIECkE
KA 200 puL, TRAEEABRBIRE IR o e (3 FH A0 i AT I 1) B RS TG
4% (GC-TOFMS) (Pegasus BT, LECO, [E) X} 16 PAHs. 18 Ff PCBs fll
11 # OCPs ZEATMIE 734 . Bt H Ea 1848 Rxi-5MS (30 m x 0.25 mm x 0.25 um,
Restek, USA), #FFEN 1 uL, Ao, #EFEEE N 280 °C. #HANA
<, WIE 1 mL/min. FERFFHEZAMLE Van 28 N 7 v 38 ml_En s ek
JoR A i £ R B IR 495l 280 °C A 250 °C, EIfERAN 70 eV

4.2.8 REMFRIE/REFEF] (QA/QC)

TESLEGH, R RE R IRIEA AN EE, BT RAY b R S e
TAEGHATEAE, 1E5A DNATRRGIREF, {3 F B 4l KARE A S V1R N BA 1
XTI, DAHERR R PHPE PCR 45 SR AT etk . 554 )8 S i B F /M BE & L5 Cr.
Mn. Co. Ni. Cu. Cd Ml Pb LA CERMIEIF (IR T, BWT30129-100-
1000 [ (EHAT B4 @A AR EAT EHLINGE 2 8/7, EFESHIIANT Y. In F1 Bi
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BAEEHNAE (GBTC, GNW-M040037-2013), BAARAI RS> 518 92.6 + 7.7%
(Y). 94.6+8.0 (In). 106.7+6.7% (Bi), BN EEEEEM EHLIEZ /T,
TNT WAR (Rh) #4777 E .

ALY PS50 B R B R AN s g, i I ANRAE A2 16 Fh
PAHs HIVE& 4 (fAKik, 10008CCD-1), 18 fl PCBs VRS 4R (Hikit &,
BWQ8448-2016) F1 11 F OCPs HIR&4Ms (fhlkit&E, BWN5438-2016), 4t
PR AR 73 WK 4.3, 1EHATANS JRE A B2 /T, ERER T T &R
#r (PAH BAUFS: X =Hk7K-d14; PCB #4Uh5: PCB114-2°,3",5",6'-d4; OCP #
Kbr: 2, 4, 5, 6-DUSE ZHZ BEMAARHECE D A8 71.0 £ 12.0% O
ZEZE-d14). 73.2411.6% (PCB114-2",3,5',6'-d4) F178.1 + 18.0% (2, 4, 5,
6-VUE R = H 2, BANEHUE Pk & AL E 2 /7, I T WAR (PAH
Fr: JE-D10, J-D12, 14- & #-D4, 25-D8, Jt-DI12 AIFE-d10; PCB W hx:
PCB77-d6 A1 PCB156-d3; OCP Why: HEMMEZR) #HTEE.

R 43 YGRS ITEAN A o)

Table 4.3 Detailed components of organic pollutant external standards

. 16 ' PAHSs 18 ' PCBs 11 7 OCPs
_la‘
4 JE 44 4 WK A JL 44

24,4 - =4 NN

% Naphthalene VA PCB28 .. Hexachlorocyclohe
JiF /S A xane

=y 292’:555’_ E] B' /—L\‘ /—‘\‘ B-

ER Acenaphthalene . PCB 52 " Hexachlorobenzene

N 2,2°.4,5,5- NN -

e Acenaphthene FIENEF S PCB101 N Hexachlorobenzene

e 3,4,4°5- Y 8- /NN 8-

7 Fluorene SR PCB81 7N Hexachlorobenzene
3,3°,44-J4 —

e[S Phenanthrene Jaavi PCB77 L& heptachlor

A AR % P
2°.3,4.4°,5-

,/; ,‘ —':4 —H- l H

B Anthracene e PCB123 (K7  aldrin

e 2,3°.4.4° 5- . .

R e r ’ |

s Fluoranthene T PCB118 ZkIK#  dieldrin
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Jn

16 7 PAHs

HCA

FLH

18 #f PCBs

A

WL A

11 #f OCPs
HL A

10

11

12

13

14

15

16

17

18

&

3 (a)

G

At (b)
s

I (KO
K

Pyrene

Benzo(a)anthrac
ene

Chrysene

Benzo(b)fluoran
thene

Benzo(k)fluoran
thene

Benzo(a)pyrene

Indeno(123-
cd)pyrene

Dibenzo(ah)pyr
ene

Benzo(ghi)peryl
ene

2,344 5-
EIE NS

2,2°,3.44,
57- N Bk

N

2,3,3,4.4-
FiE NS

2,27,44°,5,
5% N &K

FS

3,3°4.4,5-
TR
2,3 445,
57- 78 K

e

N

23,3744,
5% 78 K

N

2,3,37.44,
5% 78 K

N

222344,
5,5- 1 &
PN

3,37,44°,5,
57 N Bk

e

N
2,3,3°,44°,
55- 1 &
iF /S

PCB114

PCB138

PCB105

PCB153

PCB126

PCB167

PCB156

PCB157

PCB180

PCB169

PCB189

p’pl_
DDT

pvpl_
Dichlorodiphenyldi
chloroethylene

pvpl_
Dichlorodiphenyldi
chloroethane

0,p'-
Dichlorodiphenyltri
chloroethane

p.p-
Dichlorodiphenyltri
chloroethane

429 BIEDH
7E Tllumina NovaSeq F & %R 5 HEA7 R DL AT 1504 420 F T 6 5 WA
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K reads FRAEHAHFFH barcode 73 HLLAFEA, FF#kZE barcode MG WIFHI, fif
H FLASH & IFRANFEAR TR G reads, 3 2IPFETFH, BUNELGEHE (Raw
Tags). FEFFE I JESM X IR T 20t U8, R fqtrim (v0.94) 345
= L E 1 Clean tags. f¥iH Vsearch #ff (v2.3.4) €& F%]. H DADA2 2
HERRAYT TR (ASV) FHIERMERFEFF5, BELIE — S04 [F
HITHE o ZFEVERD B ZREME, SRJEHRYE SILVA (release 138) 7r2K#s, &A™
FE i B AR XS = B XA AR PE AT IH— 4k . o Z A48 Chaol A1 Shannon F8%1 %>
P YRR M Z R, PR QIME2 5 [ REARIX M M4, [
FEA QUME2 B4 B 241, FH R EAFZ &, H Blast BATE47 R 21 ELXT,
F SILVA Hi¥s 2255 B AR 7 23 B /77 41, A BRI A R AR
(v3.5.2) &ifll. FEARSHMTEAE B 4.4,

HEBIA NGRS B RAL L ng g Ml ng ¢! FoRn . A RIS LA
P + FafEZE (SD) Fon (n = 3). Giit Ml SPSS 26 ¥kikiT. fEik
ITHAS BT 2 |, HE4T 7 Shapiro-Wilk #:56GF1 Levene #56, DU 2 804 1 1E
AT EFE. BT PG R, EERME NGRS EAAFZ=TIX
A ) EL R T Wilcoxon signed rank £536, 78 AR 2% 55 R BRI BB R 2
8] ) LEAZ Kruskal-Wallis #6256 P{EAR T 0.05 BN BA Giih 22 3o

RAAERTHBEE

Table 4.4 Information of sample grouping
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Wet-TLG T15
4 (FIZE TLG X45) (TLG X3 %5 15 K)
T30
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5 T60
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B F[60, 61, 68]

0d QMG-154d QMG-30d QMG-60d TLG-154d TLG-30d TLG-60d

Dry season

PP

Wet season

Dry scason

PE

Wet season

Dry season

n -

Wet season

4.1 REZEF. Xk, 85 KE PP, PE Al PET KA
Figure 4.1 Biofilm morphology of PP, PE and PET surfaces in different seasons, areas and

exposure days
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DRI 0 ER BT 12 5 B s AT

SASKRE, EFETIIH, WEREFEMES, WP AEMREARE, £X
BT, QMG X4 TLG XIS R i A VIR IR BE A 2% 72 BB RR IN [A]
Jiii, BEAE BRI R, AV AR, (AR MR .

4.3.2 TEERIREE IR F S L BHFIE

WO B AR B 206 IR ACINE 1 AN ZET B R A0S MR hr =0
W (K 4.2), @il R EE 60 KRG ISR I F 2 s iE i, ATBUR I,
PP Wik 6% J5 52 ATAHLEL, B8Rk R r e sm i i B RS, H st A hn .
ERZMWE, QMG X% 7 )5 1) PP okihr 2% i E7E 3500 ~ 2750 cm™ 22 [i]
B g, (HAAVERMZ, £RF QMG X IR 5 I PP Eikif 8 6k K
750 ~ 500 cm™ Z B HIL T B0 (B 4.2A). W PE WO 2 & 5 5 10 H 20k 3%
K, 851 PE fy 20k FRHIE I G B2 W25 PRI, 522 QMG X 2R 5
PE $7 8 615 EAE 3500 ~ 2750 em™ 2 [6], [RIFEH LD (B 4.2B), @) 2
Fe Ul S5 PET MURLAH 20615 E], HAHMEWEREZZY PP. PE BUKIR I H [FIFE
LS. R TLG X%, G PET Bikidy 8 6% K7 3500 ~ 2750 cm’!
Z [A]F1 2500 ~ 1000 em™ Z [A]$5 H L 06, FF HAE 2967 em™ #bHH C-H (-CH2)
RN 5] g CECHES (Bl 4.20),

g bR, R R RS e R A T AN R R, XA R
TR JEREAFI Y EME R TIE R . AR, HOBRHER
TR EZA, 1820 ~ 1680 e i B AL (KR C = O ##) TEVERIHIL, FIEER
TR P B S B R R s I 4EU B I A AE RS N T ik A8 2R I R 105, 1000,
LA IR R} 25 5 M 65 GePn R B e, Mao 558 N R ILEAL 5 I f 2 et
%of B 4 AR PR B RE A7 S 3E G 007, Lapointe %5 A K IUXAL G 1 PE SR HL T -
OH. -COOH F1-CH = CH, % E fE[4], -OH F1-COOH J5 T &1k, -CH = CH»
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Figure 4.2 Changes in Raman spectra of PP, PE and PET before and after exposure

4.3.3 WEERIREE VRN AERESHFFE

4.3.3.1 FR SRR} I AR A P 200 R A O =

WIS ST R OB R SR R ZE T AR AR X ASV 2 H, WA
4.3 PATHIEE QMG X8, 72 TLG Xi. WZE QMG XMW= TLG X
IR E) ASV BUH 20518 24081, 26809, 41575 Fil 25462, fEIXPUN4r4H2
LB ASV 0 H N 2113, 7E%4 ASV B S 2508 8.8% 7.9%-
5.1%M1 8.3%, HFA I ASV £ H 43718 16528+ 16322, 29695 A1 15012, 433k
LEA 68.6% 60.9% 71.4%M1 59.0%, X3 B 214 PR} 1 41 B A 78 - 1
FEIN 73 R R 7 AR AE 2 5

45



55 4 TR I AN R I S LD R CRRL R T AR ERHAE AT AT

Wel_QMG Wel_TLG

Dy QMG

16528

K 4.3 ANFEIZEFTFIX LK) ASV Venn B (Dry-QMG = £Z= QMG X18; Wet-QMG = i
Z QMG [X1#; Dry-TLG = 2= TLG [X8; Wet-TLG = Wi Z= TLG [X 8
Fig 4.3 ASV Venn diagram of the different seasons and areas
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o8 5 B R BB ot B G O R B VR ) R SR A AR . BN, AEIN ST I
2= QMG X EEIR T Chaol 84U =T 52 QMG X, W2 TLG X
B2 TLG X8 (P<0.01) (& 4.4A). Shannon 1E%[5:#3 %5 Chaol faHAH
A )45 B Ah, I8 KBAE S 2 TLG [X 18 Shannon f8 5 E % & T 52 QMG X1, (P
<0.01) (& 4.4B). HULHAA, OERLERTH 4R A 5 E M2 2 2k E
MR . HAEER S, B QMG XA R I H 5 = 40 W % 2
FEME, WIREZA QMG XA T N, WK IE0E, Si RS
LA R, BRI SN 1 A0 B VA R M 2 R

PR, DN R0 DX 8T R A 77 T T A (7] 2 i R 350 FR) it S 3 T P 4 B T
o ZAEMEHEAT T 0. SRR, EFETITH, SWEREEE 15 KM 60 KA,
FZEH TR 30 KM Chaol FRELRZEE(L (P <0.01) (& 4.4C); {fEXIEITH,
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4.4D). Shannon FEH(ZE RER1GE| LIRS, fEFV G —B KM, FF
7% 60 K1 Shannon FREUE = T 85 15 K (P<0.05) (K 44E), WEHEE
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ZE E T DUE Y, 200 PR R R I R o ) 40 R RV 22 M AN S 230 R X
HEA XK, E5RENFFE—EHIKR.

W B A TR TR IS O AH R R I A 2 e, FEER
F 7 3F Bray-Curtis ¥ 25 {0 £ A0 FR 4T (PCoA) FIAHLIE T (ANOSIM) )
Jii%. PCoA A& RER, QMG XI5 75 2 2R ZE 0 N 2= 15 B A I
WX 55, TAE TLG XIBE&A KR RIX 7, REARNZE QMG XA TLG X
BRRE I X AR BT (& 4.5A); ANOSIM #E— 35 704 & B0 DY 4L o 8] £
MEREEAAEEZER M (R=0.70, P<0.01), £ T PCoA FEfh 4L 5
Yo “HEAKRE, IR A A AR 2] T RS R R, R
DL B 2 et e, AR A PR AN I TR A [ 5 e R 5 Ak 28 e
R VA BBV 22 AT 7 A BN UTTH, 8 PCoA A HTRILAE H,
ERFMW AR E RN A B E e ES, HEWE
X 73, Ut HIAE AN [ 2 58 N 1] i 4 B B I thAE AE — E I ZE /e (& 4.5B),
ANOSIM 7 #r AR BB T 7SR 2 A BRI E 2 7Pk (R = 029, P <
0.01); FEXIRAHMINNAIAT T PCoA 8T, S5HREM, £ QMG XAl
TLG XA B ZERBFES, BEE 30 RIS 15 RA—EMES, HE
e 60 RIUFEM S & B X 15 REFEMAAL, JLTFexeX a7, Wi
FFE 60 RIFER S 15 RIOFEMZ R EE (K 4.5C), ANOSIM it — %
BN/ o0 2 (R A i R TR 1 2% 22 e (R=10.58, P<0.01).

iAo ZFEMEFN B ZREME, TEARFEZET . XEURNER R KRB R 2% %
SR, SR A R R T R B R R T A A R R 1 2 R, X5 eI R
Sl T R4 B R VR 2 AR VAR I 2y AR AL 22 S e B Fe s SR — 30 740,
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Figure 4.4 Alpha diversity of bacterial communities attached to microplastic samples in different

season-area, different season-exposure days, and different area-exposure days groups (A) and (B)

indicate the Chao 1 and Shannon indices of microplastic bacterial communities in different area-
seasonal, respectively; (C) and (E) indicate the Chao 1 and Shannon indices of microplastic bacterial

communities in different seasonal-exposure days, respectively; (D) and (F) indicate the Chao 1 and

Shannon indices of microplastic bacterial communities
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Figure 4.5 PCoA analysis of bacterial communities attached to microplastic samples in
different season - area (A), different season - exposure days (B), and different area - exposure
days(C)
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Figure 5.4 Alpha diversity of bacterial communities attached to microplastic samples. (A) and (B)
indicate the Chaol and Shannon indices of different shape-type microplastic bacterial communities in
the QMG area, respectively; (C) and (D) indicate Chaol and Shannon indices of different shape-type
microplastic bacterial communities in the TLG area, respectively;(E) and (F) indicate the Chaol and

Shannon indices of microplastic bacterial communities in different area-exposure days, respectively.
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Figure 5.5 PCoA analysis of bacterial communities attached to microplastic samples of
different shape-type in the QMG area(A), different season - exposure days in the TLG area
(B), and different area - exposure days(C)
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