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Fig. 1 Cumulative spatial distribution map of high—value microplastic accumulation zones (2019 - 2025)
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Fig. 2 Microplastic concentrations during the dry and wet seasons in 2024
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Fig. 3 Trajectory of the centroid migration of microplastic concentrations (2019 - 2025)
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Tab. 1 Trajectory of the migration of the centroid of microplastic distribution and associated ellipse parameters (2019 -

2025)
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Fig. 4 Area of high—concentration microplastic aggregation and coefficient of variation (2019 - 2025).

2.3 iz EAR N B G A A R 3o A5 i
H A 2019—2025 4F H RUBE Ry ik B2 SR AR IX AL
s, IF 3T % B Al 1 (KDE) #) g4 1 4 iz 38
WA (E5) . 4558 W, BT O AR 2 1Y i
RH 2 T AR B 2 T A AT PR P,
I VG 1) V5 R 7 ) A, S IO AR5
T2 R T 5 BRI P 0 R KA S ) S A —
B, 38 18 T AR R, W12 SR AR
R AN R DIRE . MR AR 55 B S A
IR FHCR LA, UL IZ X IR 5
RS, ﬂﬁxﬁﬁ/ﬁk%mﬁﬁﬁmﬂ%m
SRy B I 1 i i 3 5 S B e Tk SR A X (]

{23 8] 56 2, PEHL 2019 ,2021,2023 F1 2025 4F By %
IV i A2 T PR 5 7S ) R 2 A R HE AT X L 43 A
(K6.7).

ANE B B i s e i S B R K E S B b
FEE 25 573X FHEE ) T 25 (R SR 450 1T 1k
e BT AR K B, Ay E ]
K6 H, H 22U 1 5y 1w i i, 52 S5 ] e B
S RIN LUE 10 iz ERYRRIE . 2022 4E L)
i R E R, A E R 2 R 3~540 i
B S I 5, (AR A TR 4% . AT 1 PR M
I I 22 T R ) M R A 2025@&1)‘12@

4 40 B 8 I 300, 3R B AR SRy iy B 3 0 R A



22.6

224

222

22.0

21.8

1132 113.4

113.6

113.8

E5 2019—2025F KDEHIZRERE

Fig. 5 Kernel density estimation (KDE) map of microplastic transport pathways (2019-2025).
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Fig. 6 Predicted transport pathways of microplastics in representative years
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Spatiotemporal Evolution Patterns of Microplastics in the Pearl River Estuary Based on
Transport Path Characteristics (2019—2025)

CHEN Zhihe, CHEN Kuanjia
(School of Civil Engineering, Sun Yat—sen University,Zhuhai 519082, China)

Abstract: Microplastic pollution has emerged as a pervasive environmental concern in marine ecosystems worldwide. However, the

long-term spatiotemporal evolution and transport dynamics of microplastics in estuarine environments remain inadequately

constrained. As a major conduit for terrestrial inputs to the ocean, the Pearl River Estuary experiences intense anthropogenic pressures

and highly complex hydrodynamic regimes, making it a critical natural laboratory for investigating the accumulation, migration, and

redistribution of microplastics. Elucidating the spatial configuration of high-concentration zones and their associated transport
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pathways is therefore essential for advancing process-level understanding and informing targeted pollution management. In this study,
monthly inversion-derived microplastic concentration data from 2019 to 2025 were analyzed to characterize the spatiotemporal
distribution and migration patterns of microplastics in the Pearl River Estuary. High-concentration aggregation zones were delineated
using the density-based spatial clustering of applications with noise (DBSCAN) algorithm. The annual displacement of microplastic
concentrations was quantified via concentration-weighted centroid analysis, while directional trends and spatial dispersion were further
evaluated using the standard deviation ellipse model. Additionally, kernel density estimation (KDE) was employed to identify
persistent transport pathways and to assess their structural evolution over time. The results reveal pronounced spatial heterogeneity and
distinct temporal variability in microplastic distributions. High-concentration zones predominantly formed a continuous belt along the
western channel of Lingdingyang, whereas the eastern region exhibited a more fragmented pattern characterized by dispersed patches.
Over the study period, the centroid of microplastic concentration exhibited a cumulative displacement of approximately 73 km,
indicating substantial migration of pollution hotspots. Concurrently, the coherence of transport pathways progressively weakened,
accompanied by enhanced local recirculation and the emergence of vortex-like structures, suggesting increasing complexity in
estuarine transport processes. Peak concentrations, represented by the 95th percentile (P95), were observed in 2024, exceeding 200
mg- L~ '—approximately 57% higher than levels recorded in 2020. Overall, this study provides a quantitative assessment of the long-
term spatiotemporal evolution of microplastic pollution in the Pearl River Estuary. By integrating concentration inversion, spatial
clustering, centroid tracking, and kernel density analysis, the results elucidate not only the distributional characteristics of microplastic
hotspots but also their migration trajectories and transport evolution under dynamic estuarine forcing. These findings advance the
mechanistic understanding of microplastic accumulation in estuarine systems and provide a robust scientific basis for future monitoring,
risk assessment, and the development of region-specific management strategies. Moreover, the methodological framework established
herein is readily transferable to other estuarine environments subject to similar land - sea interactions and anthropogenic influences.

Keywords: Microplastics; Spatiotemporal Evolution; Transport Paths; Spatial Clustering; Pearl River Estuary
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