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Abstract

This study investigated the occurrence characteristics, spatial differentiation, and driving mech-
anisms of microplastics in sediments from different vegetation zones in the typical Futian and
Qi’ao mangrove reserves in the Guangdong-Hong Kong-Macao Greater Bay Area through system-
atic sampling and analysis. The results showed that microplastic pollution was prevalent in both
areas, with similar overall abundance. However, their physicochemical characteristics differ sig-
nificantly: In the Futian Nature Reserve, microplastics are mainly polyethylene (PE) (19.0%) and
polypropylene (PP) (17.8%), primarily in the form of particles (40.9%) and fibers (29.8%), indi-
cating that the pollution mainly originates from packaging and daily consumer goods in a highly
urbanized environment. In the Qi’ao Nature Reserve, microplastics are mainly polyamide (PA)
(16.7%) and polyethylene terephthalate (PET) (16.3%), with fibers dominating (>65%), closely
related to emissions from local fisheries and textile activities. Spatially, microplastic abundance
follows the pattern of “native mangroves > sewage outlets ~ invasive mangroves > unvegetated
mudflats,” confirming the significant interception effect of mangrove vegetation on microplastics,
and this effect interacts with the characteristics of the input sources. Redundancy and correlation
analyses show that the basic physicochemical properties of the soil have no significant impact on
microplastic distribution. The intensity of human activities showed a significant positive correla-
tion with the compositional characteristics of microplastics (e.g., the proportion of fragments, PE,
and PP), but no significant correlation with their absolute abundance. This indicates that the final
state of microplastics is the result of the combined effects of “source characteristics” (determined
by the type of human activity) and “sink processes” (e.g., vegetation interception and hydrody-
namic migration). This study reveals the local differentiation of microplastic pollution character-
istics in mangroves, emphasizing that pollution control needs to be combined with the dominant
human activity type in the region, and provides a scientific basis for assessing the “pollution re-
duction” function of mangrove ecosystems.
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Bz DLk A (Kandelia candel) . Hi 1£ 44 (Aegiceras corniculatum) 1 (& 3% (Avicennia marina) k%L, i rhiH s
BRI\ T4 TG i 3% (Sonneratia apetala) ff ZLB AR THI AR 22 600 hm?2, 48 FH I £/ B4 {31 51 &K 3t (K. obovata)
KB E| HER[10]. WFFCGEE YR S A AR iR . 1) /B ARRE: SRR RO (TR KC). X
—BEVEREE T RN ARRE, R ERESKE T LIRSV EXRNEES . LT
() A SR A P B VR TT RE R L 05 e 1) — e T A2 MR 38 J1. 2) NARZ AR FARAE B o TE R
3R (FIFR SA). HT RIERMNGE, X—XIBRWAESRALS WA DR ek A BEL, Aot
SR TS L R AR A VBV R I PR AL T BB . FLRUE MR VR R AE VT B 5 R AR 2RO BT AN [
BT TR Z . 3) TEBMERFEH (R MF): X — Xt EE s, TIRERRET
WEE 2o AR A 38T R AR A5 Tk ST WT AR B AR W AR AR O R, A B T AR T R A
AR 4) WRAATHNG DAL (FETFR OL): 1% — X 48052 B I AR I 5 K (1075 Y ) BB HE U i,

DOI: 10.12677/aep.2026.165092 927 LR AT U


https://doi.org/10.12677/aep.2026.165092

R A

W FEN TS5 G 38 S A AR W v G50 5 D BE S WAL (R OGS I, DT e SR O 1 A i R BT T IR
PRt AR (] 1)

4

Pacific
Ocean

Philippines
3

L.
A

Legend
Q Qi'ao Sampling Site

\:‘ Futian Sampling Site|

22°26'30"L:

22°25'30" ]k

ol

VR ZEEET B AR TR SR bR i b 1 AR 2% ik TR R B S GS(2019)1669 5 AR dE R EIHIE, RIS

Figure 1. Geographical location of the study area and spatial distribution of sampling sites. Map of southeastern China showing
the locations of the two mangrove nature reserves (Qi’ao and Futian) in the Pearl River Estuary. Enlarged satellite images of
the Qi’ao (a) and Futian (b) reserves, detailing the spatial arrangement of the four habitat-specific sampling sites within each
reserve. QAKC and FTKC: native Kandelia candel mangrove forest; QASA and FTSA: non-native Sonneratia apetala mangrove
forest; QAMF and FTMF: unvegetated mudflat; QAOL and FTOL.: riverine runoff outlet
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IR RGN, R INGE 5 AR T B e DU BC FE 22 /1 31 80% K 1 1 2 R A 2 AL .

24. G FE

ARG AT H7E R IR AR 52 . SKRA Kruskal-Wallis H #2536 & Dunn 3 Ji5 k656 Eb 4R R4
BE IR Rl = R 1 22 57 o 80 32 103 70 T (PC A M B 4 22 7077 22 93 B (PERMANOV A) AT Tl R 2H R 45 1)
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Figure 2. Comparison of microplastic abundance in sediments among different plot types in Futian and Qi’ao Mangrove

Reserves, Guangdong
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(26.4%) N, P EAEIERL S Y 9.82% + 3.45%, 2 E(KT4% H (P < 0.05) (& 3(b)).
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Figure 3. Spatial heterogeneity of microplastic characteristics in different mangrove forest reserves in Guangdong: comparison of
morphological composition, sediment content and polymer types. (a) Cross-regional comparison of microplastic morphology in differ-
ent plots of Guangdong Mangrove Reserves. (b) Distribution of microplastic proportions in sediments from different plots of Guang-
dong Mangrove Reserves. (c) Proportions of microplastic polymer types in different plot types of Futian Reserve (top) and Qi’ao
Reserve (bottom)
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Figure 4. Microplastic particle size distribution characteristics and scale law: cumulative frequency curve, graded proportion and power
law fitting analysis. (a) Cumulative frequency curve of microplastic particle size. (b) Proportions of microplastic particle size fractions
in Futian Nature Reserve (left) and Qi’ao Nature Reserve (right). (c) Logarithmic-scale particle size spectrum of microplastics and
power-law fitting

4. WEBRRIRESHEHERERENR: RRMEHE, SRELERBEUSIN. (2) BEERNERIIRML; (b) 8
HERFRIFX(Z)SHRERFRIFX @A) MEBRNESRAEE; (©) MEERMBLIFREZIERBEUAGER

Kruskal-Wallis H #5658 B, Az 58 R0 8ok 3= B () s BT e 2% 22 % (H = 31.0185, p < 0.001).
Dunn S5 k4025 R R, FEPIMRIF XN, 2 AR BERE AR R RO — B JRARZCREAR (4R - 1.14 items/g
+0.12 items/g; . 1.06 items/g +0.20 items/g) = T-HEVS CI(#& . 0.63 items/g £ 0.18 items/g; H##: 0.64
items/g + 0.11 items/g) M AAZZL R AR (FEH . 0.46 items/g +0.10 items/g; . 0.59 items/g + 0.13 items/g),
Jea# T A MR (FE . 0.38 items/g +0.11 items/g; HR: 0.42 items/g + 0.08 items/g). Hrf, JF/E
CERAR IR B 5 v T A MR (ML P=0.0122; 4 H: P =0.0031) X R AR(HE H: P =0.0246).

XTEG A — A 5528, A F ORGP DX R L = 2 I ARt 3l iy T VHRAOR P X . R SR AR LD AE B rh, AR
HH R 2B R R A B 5 3 2 (443 litems, 1.14 items/g) /5 T-31%(360 items, 1.06 items/g). {HIEANRLLA IR, To
REARME LR ARG AR ST, HRORS X R IRAE & (53 01 235, 177, 288 items) 33y T4 H [RI SR AYRE H (5>
A9 175, 96, 211 items). FEARURHIE b, PIORI IXAAAEZE R A FEORAP X IR T RE R 25 35 IR AN 21
Yk, BIRGRY X R RHE T A AR B P LA E N (L EE > 65%, 5 04 100%): REWaim b,
A H LR X LA PE (19.01%) A1 PP (17.81%) 4, HIRLRIIX LA PA (16.67%)F1 PET(16.32%) 4 E; Fifti
T, A HE R DR /N T 100 pm (5 RF35 &7 EE ol 43.0%, & TIRER S IX, i ARy XORAR KT
500 pm FIFERLF 35 & ol 56.5%, 7EFHETS 1A 70.8%.

DOI: 10.12677/aep.2026.165092 934 LR AT U


https://doi.org/10.12677/aep.2026.165092

FRRg 55

PC2 (21.5%)

3.3. HEHBI RN B R

TEPARI X Y, NAR LA PRI R R AT 5 2 K T SR AR 2O bR o 1 3 48 B P R 3
FARAFAEZE S TEAR ARG X, NAZZLREARAEL B I OB R 24K 4% (201.8 pum + 419.5 pm) /N T J A2 201
(296.6 pm + 477.6 um); FEHBLEP X, NARLLHAREL R AR 2042 (719.0 pm + 482.1 pum) K
FRAZ P (470.2 um £462.8 um), HLF4E 5 LR 98.7%. A MERIE B, HEEHWRERS5FE
FEE (T E MR E P AN ORGP X 7 ] — S (JRAE LD AR > NARZIARERR) o SRTAT, NP 3500 A% 1) 5 0 5 ) A A
TEAR BRI IX, NAZLLRARE R OB B RAR T /s FEBLRORY X, N AR L0 ARk B 1 1 R R A2 B
Ko

3.4. BRIBUM FIRREERI D HAIRMD S AT

RIS N 7 SR RHRAPRFE I SR, AWFFO 3% pH. GHLE(SOC). MZE(TN).
(TP) SRR FRE . RiAR SR AW & LU AR AR EEAT T RO S AL TU AR 20 AT (RDA), ARV B,
BTl () 33 A0 IR 7 S 0R RN S e bn 2 B R 2B St F RSP > 0.05). Hr, S#E(TP)
HRRH5PS) b LU R R % r £°5-0.65, pH fH5 PS (FLUIAHIC REL r 4175 0.55, (HIRIAFH| B
Ko I HLER(SOC) FHLE ZU(TN) S5 k) 3= 2 (R AR R B R AR R R (K 5(a)). TUAR 71T (RDA)
sER RN, BRI P {E>N 0.2280 (> 0.05). RDA HiEF EI RIS —H(PCL)AIEE —Hi(PC2)ILfER T 83.1%
(A5 B9 22 (61.6% + 21.5%) . ASAIABEHIREA s (JRAELLH R, NZLIW AR, TR BEMELR . HEVS D) EHE?
Bl A — e A 18 4 25 (K 5(0)) -

— e Sil

A @ Bk
O Aaa
A TR
& #5s5m

FTS
14

’QA—HFﬁ

FT- 4

QA-TCHE

QA2

QA

e

1
PC1 (61.6%)

@)

DOI: 10.12677/aep.2026.165092 935 LR AT U


https://doi.org/10.12677/aep.2026.165092

R A

pH 1

SOC

TN A

TP

0.13 -0.07 -0.17 -0.03 0.16 -0.13 -0.17 -0.36 -0.05 -0.02 -0.1 100
(9=0.759) (p=0.878) (p=0.689) (p=0.936) (p=0.68) (p=0.757) (#=0.69) (p=0.381) (p=0.902) (p=0.96) ($=0.814)
|
‘ 0.75
0.50
-0.06 0.27 -0.01 0.22 -0.34. 0.14 -0.0 0.22 0.07 0.2 ';0.'44’9, 0.25
(p=0.881) (p=0.525) (p=0.987) (p=0.605) (p=0.417) (p=0.739) (p=0.996) (p=0.594) (p=0.866) (p=0.63) (p=0.216) (p=0.558) 0.25 £
.. (7]
S
£
o
8
— 0.00 Z
Lo
=
K
g
- ~ /o F-0.25 §
0.29. -0.02 0.36 -0.07 0.02 041 0.29 0.52 -0.21 052 -0.19 -0.05 o
(p=0.493) (p=0.955) (p=0.382) (p=0.867) (p=0.955) ((;:}313_0]) ) (p=0.493) (p=0.183) (p=0.61) (p=0.183) (p=0.651) =( (p=0.911)
- -0.50
-0.75
0.03 0.03 0.35 -0.02 -0.22 1043 0.25 0.4 051 -0.03 -0.04
(p=0.948) (p=0.95) (p=0.398) (p=0.972) (p=0.594) (p=0.29) (p=0.545) (p=0.823) (p=0.197) (p=0.944) = ) (p=0.931) 100
T T T T T T T T = T T T T
A S A S S A S R I S
& & Pl o £V & < & ¢ s & ¢ ¢
2

(b)

Figure 5. Multivariate association analysis of soil physicochemical factors and microplastic characteristics: correlation heatmap and
RDA ordination results. (a) Correlation heatmap between soil physicochemical factors and microplastic indicators. (b) RDA ordination
diagram of soil physicochemical factors and microplastic indicators (approximate)
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