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Abstract- Microplastic pollution is an emerging threat to freshwater ecosystems,
yet its occurrence and behavior in wetland environments remain underexplored. This
study investigates the concentration, geochemical composition, and spatial
distribution of microplastics in selected freshwater wetlands. Water and sediment
samples were collected across multiple sites representing varied hydrological and
land-use settings. Microplastic particles were identified and characterized using
Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), and energy-dispersive X-ray spectroscopy (EDS). Geographic Information
System (GIS) mapping was employed to visualize spatial patterns and identify
potential pollution hotspots. The results reveal significant spatial heterogeneity in
microplastic abundance, with higher concentrations near agricultural runoff zones and
urban peripheries. Geochemical analysis indicates a dominance of polyethylene,
polypropylene, and polystyrene, suggesting multiple anthropogenic sources. This
study underscores the role of wetlands as both sinks and transport pathways for
microplastics and highlights the need for integrated management strategies to mitigate
plastic pollution in freshwater environments.
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I. INTRODUCTION

Freshwater wetlands occupy a critical position in the global hydrological cycle, yet
until recently they received far less attention than marine systems in studies of
microplastic pollution. Early investigations largely focused on coastal and oceanic
environments, where large-scale accumulation of plastics was readily observable.
However, Horton et al. document that rivers, lakes, and wetlands are equally
susceptible to microplastic contamination, acting both as repositories and conduits
that transfer particles across landscapes (Horton et al. 127). Eerkes-Medrano and
colleagues further emphasize that microplastics in freshwater systems pose emerging
ecological and human-health threats, underscoring the urgent need for comprehensive
appraisal beyond marine settings (Eerkes-Medrano et al. 63).

Freshwater wetlands are especially vulnerable to microplastic deposition. Their low
flow velocities, high organic content, and dynamic hydrology facilitate the trapping of
suspended particles, while periodic flooding and connectivity with upland catchments
can redistribute accumulated plastics. As a result, wetlands may serve as both sinks—
trapping microplastics in sediments—and intermediate reservoirs that release plastics
during high-water events. Despite this dual role, large gaps remain in our
understanding of the spatial extent, polymer composition, and geochemical
interactions of microplastics in wetland sediments.
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To bridge these gaps, this study adopts a geochemical and spatial lens, integrating
polymer-chemistry characterization with advanced GIS-based mapping. Geochemical
methods (e.g., FTIR, Raman spectroscopy, pyrolysis-GC/MS) enable precise
identification of polymer types and associated additives—information critical for
tracing pollution sources and assessing potential toxicity. Meanwhile, spatial analysis
tools such as kernel density estimation and hotspot mapping can reveal distribution
patterns at multiple scales, highlighting areas of elevated contamination and
elucidating relationships with sediment properties, land use, and hydrological
connectivity.

Accordingly, this research pursues three primary objectives. First, it will quantify the
abundance and diversity of polymer types and geochemical markers in wetland
sediment samples. Second, it will map both horizontal gradients and vertical profiles
of microplastic concentrations, employing GIS techniques to visualize spatial
heterogeneity. Third, it will explore statistical correlations between identified
microplastic hotspots and key sediment characteristics—such as grain size, organic
carbon content, and co-occurring metal contaminants—to infer controlling processes
and potential ecological risks.

The paper is structured as follows: Section Il reviews global and regional literature on
freshwater microplastics, with emphasis on geochemical approaches and spatial
mapping studies. Section 11l details the materials and methods, including sampling
design, laboratory protocols, and GIS analysis workflows. Section 1V presents results
on polymer composition, spatial distribution, and sediment correlations. Section V
discusses these findings in light of existing studies, reflecting on methodological
strengths and limitations. Finally, Section VI concludes with key insights, policy
implications for wetland management, and recommendations for future research.

Il. LITERATURE REVIEW

2.1 Global Overview of Freshwater Microplastics

Recent global syntheses reveal that microplastic pollution in freshwater environments
is both widespread and highly variable in magnitude. Horton et al. (2017) document
occurrences in rivers, lakes, wetlands, and soils, with concentrations ranging from
tens of particles per cubic meter in oligotrophic lakes to thousands in urbanized rivers.
Major sources include treated and untreated wastewater effluent, stormwater runoff
carrying tire wear and textile fibers, agricultural mulch films, and atmospheric
deposition of airborne plastics . Eerkes-Medrano et al. (2015) report sediment burdens
of 100-10 000 particles’kg but flag significant methodological inconsistencies—
different mesh sizes, density solutions, and digestion protocols—hamp er cross-study
comparisons . Both reviews highlight a geographic bias towards North America,
Europe, and East Asia, with critical data gaps in Africa, South America, and much of
South Asia. They call for harmonized sampling units, standardized analytical
workflows, and expanded monitoring in under-represented regions to support robust
global risk assessments .

2.2 Geochemical Characterization Methods
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Quantitative and qualitative polymer identification in complex wetland matrices relies
on advanced geochemical tools. Fourier-transform infrared spectroscopy (FTIR) and
Raman spectroscopy are standard techniques for particle-level polymer fingerprinting,
distinguishing polymers—PE, PP, PS, PVC, etc.—by their characteristic vibrational
spectra down to ~10 pm resolution . Pyrolysis—gas chromatography—mass
spectrometry (pyrolysis-GC-MS) provides complementary mass-based identification
by thermally cracking polymers into diagnostic fragments, enabling quantification of
polymer classes and detection of organic additives such as phthalate plasticizers, UV
stabilizers, and brominated flame retardants . Pre-treatment workflows—including
density separation using ZnCl., oxidative removal of organic matter with H.O-, and
multi-sieving—are critical to isolate microplastics while preserving surface-bound
contaminants. Emerging methods like focal plane array FTIR imaging and two-
dimensional correlation spectroscopy enhance spatial resolution and throughput,
permitting detailed mapping of microplastics within intact sediment cores .

2.3 Spatial Distribution in Lakes and Rivers

Spatially explicit mapping using GIS and spatial statistics has clarified distribution
patterns in lentic and lotic systems. Zhang et al. (2023) sampled surface and bottom
sediments at 15 sites in Taihu Lake (China), reporting mean loads of 2355
particles/kg and identifying hotspots near river inflows, urban shorelines, and
aquaculture zones. Kernel density estimation pinpointed clusters in the northwest
basin, corresponding to dense urban and industrial activity . Corcoran et al. (2020)
conducted a georeferenced benthic survey along the Thames River (Canada),
detecting 100-500 particles/m2. Getis-Ord Gi* hotspot analysis revealed statistically
significant clusters downstream of wastewater treatment plant effluents and
commercial shipping corridors, underscoring the influence of point-source discharges
on microplastic loading . These studies demonstrate how spatial analytics guide
targeted monitoring and inform remediation strategies at watershed scales.

2.4 Wetland-Specific Investigations

Wetlands—especially Ramsar-designated sites—are emerging focal points for
microplastic research due to their dual role as sinks and conduits. Jessieleena and
Nambi (2023) assessed the Pallikaranai marshland (Chennai, India), finding 1500—
3000 particles/kg in inlet and open-marsh sediments, predominantly fibers (60%) and
films (25%) derived from textile, packaging, and urban runoff sources. Geochemical
assays revealed leachable additives, indicating secondary fragmentation processes .
Nisari and Sujatha (2024) surveyed Vembanad-Kol wetlands (Kerala, India),
documenting 500-1200 particles/kg across surface and subsurface sediments.
Polymer composition was dominated by PE and PP, with spatial clustering near
tourist zones and fishing harbors. Seasonal monsoon flooding appeared to remobilize
microplastics across floodplains, suggesting dynamic exchange between rivers and
wetlands . Together, these studies highlight the need for tailored management
practices and continuous monitoring in ecologically sensitive wetland habitats.

2.5 Vertical vs. Horizontal Partitioning

Integrating vertical core profiling with horizontal mapping elucidates both historical
inputs and current source dynamics. Zhang et al. (2022) extracted 30 cm sediment
cores from Lake Taihu, finding >3000 particles/kg in the top 1 cm—a reflection of
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post-1980s plastic proliferation—decreasing to <500 particles/kg at depth . Liu et al.
(2021) implemented a 5 x 5 km grid survey in Gehu Lake, recording ~2500
particles/kg at the surface versus 400-800 particles/kg in 5-15 cm layers. Lateral
gradients diminished with distance from urbanized shorelines, implicating shoreline
erosion and resuspension as key controls . Variations in grain size distribution,
organic carbon content, and hydrodynamic forces further modulate microplastic fate,
underscoring the necessity of multi-scale sampling designs to capture complex
depositional and transport processes in wetland sediments.

2.6 Knowledge Gaps & Research Priorities

Despite rapid methodological advances, there remains a dearth of studies that fully
integrate geochemical polymer analytics with high-resolution spatial modeling in
freshwater wetlands. Horton et al. (2017) explicitly call for multidisciplinary
frameworks combining advanced chemical fingerprinting and geospatial analysis to
unravel microplastic transport and transformation pathways . The U.S. EPA’s 2021
Trash Free Waters report further recommends standardized sampling protocols,
rigorous QA/QC workflows, and longitudinal studies in understudied wetland
ecosystems—including tropical floodplains and peat marshes—to capture seasonal
and hydrological variability . Future research should also incorporate in situ sensor
technologies for real-time mapping, assess the bioavailability and ecotoxicological
impacts of microplastic-bound contaminants in wetland food webs, and develop
predictive models that inform policy and adaptive management under changing
climatic and land-use scenarios.

1. MATERIALS & METHODS

3.1 Study Area

This study was conducted in the Pallikaranai Marshland (13°04'N, 80°18'E), a ~80
km2 Ramsar-designated freshwater wetland on the outskirts of Chennai, India. The
marsh comprises reed beds, open-water lagoons, and mudflats, with hydrology driven
by monsoonal rainfall, urban stormwater canals (e.g., Buckingham Canal), and
limited tidal exchange. Surrounding land use includes residential zones to the north,
industrial estates to the west, and agricultural fields to the south and east—creating
multiple microplastic inputs from wastewater, runoff, and diffuse sources .

3.2 Sampling Design

A systematic grid-transect framework was employed. Six N-S and six E-W transects,
spaced at 1 km intervals, yielded 36 intersecting nodes. At each node, surface (0-2
cm) and sediment core (0—30 cm) samples were collected using a stainless-steel corer.
Core samples were sectioned in 5 cm increments to capture vertical gradients. GPS
coordinates were recorded for GIS mapping and subsequent spatial analyses .

3.3 Sample Processing & Microplastic Extraction

Samples were air-dried at 40 °C, gently disaggregated, and sieved through 5 mm and
0.5 mm stainless-steel meshes. Microplastics were isolated via density separation in
ZnCl: solution (p = 1.6 g cm™) following Eerkes-Medrano et al. (2015). Supernatants
were vacuum-filtered onto 0.45 pm cellulose nitrate filters. Organic matter was
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oxidized with 30% H20: at 60 °C for 24 h, and samples were rinsed repeatedly with
deionized water to remove residual reagents .

3.4 Geochemical Analysis

Polymer identification employed micro-FTIR (Thermo Fisher Nicolet iN10) in
transmission mode (4 000-600 cm™, 8 cm™ resolution) and Raman spectroscopy
(Renishaw inVia, 785 nm laser). Spectra were matched against spectral libraries to
classify polymers (PE, PP, PS, PVC, PET). Additive analysis—targeting phthalates,
bisphenols, and brominated flame retardants—used pyrolysis-GC-MS (Frontier Lab
PY-3030D coupled to Agilent 7890B GC and 5977B MS) with a DB-5MS capillary
column (30 m x 0.25 mm, 0.25 um) .

3.5 Spatial Analysis

Filtered counts (particles kg! dry sediment) were georeferenced and imported into
ArcGIS Pro v2.9. Kernel density estimation (search radius = 500 m) visualized
concentration gradients, and Getis—Ord Gi* hotspot analysis identified statistically
significant clusters (p < 0.05) of elevated microplastic loading. Spatial layers for land
use, flow paths, and canal networks were overlaid to interpret controlling factors .

3.6 Quality Control & Data Treatment

Procedural blanks (n = 5 per batch) and filter blanks (n = 10) were processed
alongside samples to assess contamination. Recovery experiments with spiked
polystyrene beads (100-500 pum) yielded mean recoveries of 92 + 4%. All samples
were analyzed in triplicate; relative standard deviations < 10%. Data normality was
tested via Shapiro—Wilk; spatial correlations used Pearson’s r and Spearman’s p, with
significance at a. = 0.05.

IV.RESULTS

4.1 Polymer Types & Geochemical Markers

A total of 3 600 microplastic particles were identified across 72 samples. Polymer
analysis revealed polyethylene (PE) as the most abundant type (42 % of particles;
mean = 1 050 particles kg™'), followed by polypropylene (PP; 27 %, 675 particles
kg™), polystyrene (PS; 14 %, 350 particles kg™), polyethylene terephthalate (PET; 10
%, 250 particles kg™'), and polyvinyl chloride (PVC; 7 %, 175 particles kg™). These
proportions closely mirror those reported in Taihu Lake sediments (Zhang et al. 14 %
PS, 45 % PE; ) and Lake Ontario nearshore deposits (PE ~40 %, PP ~20 %; ).
Pyrolysis—-GC-MS detected several additive compounds: di(2-ethylhexyl) phthalate
(DEHP; mean 18 pg kg™), bisphenol A (BPA; 5 pg kg™), and the brominated flame
retardant BDE-47 (4 ug kg™). UV-stabilizer UV-328 was measured at 1 pug kg™,
while other additives (e.g., tris(2-butoxyethyl) phosphate) were below detection
limits. The presence of these additives signals secondary fragmentation and
weathering processes within wetland sediments.

4.2 Horizontal Distribution Patterns

Surface microplastic concentrations ranged from 1 200 to 2 800 particles kg™ (mean 1
840 + 450 particles kg™'). The highest values occurred at nodes adjacent to the
Buckingham Canal inlet (node N12: 2 800 particles kg™') and the urban margin near
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Perungudi (node N8: 2 650 particles kg™'), indicating pronounced inputs from
stormwater outfalls and sewage channels. Lower concentrations were recorded in the
agricultural-dominated southern transects (nodes S3-S5: 1 200-1 350 particles kg™),
consistent with Jessieleena & Nambi’s findings of wetland hotspots in urban
catchments (1 500-3 000 particles kg™; ). These gradients align with patterns
observed downstream of wastewater effluents in the Thames River (100-500 particles
m?Z).

4.3 Vertical Distribution

Sediment cores exhibited a clear decreasing trend with depth. The 0-5 cm layer
averaged 2 500 + 300 particles kg, declining to 1 200 & 150 particles kg at 10-15
cm and 500 + 80 particles kg™ at 20-25 cm. This profile suggests a surge in
microplastic deposition over the past three decades, paralleling the post-1980 plastic
boom documented in Lake Taihu cores (3 000 particles kg™ at 0—1 cm vs. < 500 at
depth; ) and Gehu Lake profiles (2 500 vs. 400-800 particles kg™; ).

4.4 Correlations with Sediment Properties

Statistical analysis revealed significant positive correlations between total
microplastic abundance and the proportion of fine silt fraction (r = 0.65, p < 0.01), as
well as organic carbon content (r = 0.58, p < 0.05). Co-occurring zinc concentrations
also correlated with microplastic loads (r = 0.62, p < 0.01), suggesting co-deposition
of plastic particles and metal contaminants, in agreement with floodplain soil studies
in Germany (Weber et al., 2022; ). No significant relationship was found with sand
fraction or bulk density.

4.5 Spatial Statistics

Getis—Ord Gi* hotspot analysis identified eight statistically significant clusters (z >
2.5, p < 0.01) of elevated microplastic concentration, primarily along the northern
canal corridor and eastern urban fringe. Moran’s I index for all 36 surface nodes was
0.48 (p < 0.01), indicating moderate positive spatial autocorrelation. Ripley’s K
function demonstrated significant clustering up to 700 m scales (L(d) > 0), reflecting
influence of point-source discharges and local hydrodynamic retention zones,
consistent with spatial patterns reported by He et al. (2024; ) and Corcoran et al.
(2020;).

Table 1. Polymer Composition and Additive Concentrations in Pallikaranai Wetland

Sediments
Pol % of Totall|Mean Concentration Additi Mean Concentration
OIYMET b articles (particles kg™) tive (ng kg™
PE |42 11 050 |IDEHP |18 |
PP [27 675 [BPA |5 |
PS |14 1350 |[BDE-47 ||4 |
[PET |10 [[250 luv-328 |[1 |
pvc |7 175 —  nD |
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ND: Not detected
Data for comparison: Zhang et al. (2023) ; Ballent et al. (2016) .

V. DISCUSSION

Comparison with Global and Regional Studies

The high proportions of PE and PP in the Pallikaranai Marshland mirror patterns
observed in other freshwater systems. In Taihu Lake, Zhang et al. (2023) reported PE
constituting ~45 % and PP ~20 % of microplastics in sediments, with hotspots near
river inflows—similar to our findings adjacent to the Buckingham Canal . Likewise,
Ballent et al. (2016) documented PE (40 %) and PP (20 %) dominance along Lake
Ontario’s nearshore sediments, attributing accumulations to tributary inputs and
recreational beach use . In the Thames River survey, Corcoran et al. (2020) identified
significant clusters of fibers and fragments downstream of wastewater effluents,
paralleling our canal-margin hotspots and underscoring the role of point-source
discharges in shaping spatial patterns .

Geochemical Implications

The detection of additives such as DEHP and BDE-47 indicates ongoing weathering
and fragmentation of plastics within wetland sediments. Additive leaching poses
ecological risks, as phthalates and flame retardants exhibit endocrine-disrupting
properties and may bioaccumulate in aquatic food webs. Pyrolysis—GC-MS profiling
revealed comparable additive signatures to those reported in urban river sediments,
suggesting that secondary fragmentation and contaminant mobilization are pervasive
processes across diverse freshwater contexts .

Drivers of Spatial Patterns

Hydrology and land use emerged as primary drivers of microplastic distribution.
Low-velocity zones within reed beds and mudflats facilitate particle deposition, while
stormwater canals concentrate urban runoff inputs. Agricultural transects exhibited
lower loads, highlighting reduced inputs from rural landscapes. Seasonal monsoon
flooding likely remobilizes trapped particles, analogous to observations in the
Vembanad-Kol wetlands (Nisari & Sujatha, 2024), where flood pulses redistributed
microplastics across floodplains . Sediment dynamics—particularly fine-grained,
organic-rich zones—correlated strongly with microplastic hotspots, in agreement with
Weber et al. (2022), who linked fine soil fractions to elevated microplastic-metal co-
contamination .

Methodological Reflections

The combined geochemical-GIS approach proved effective in elucidating both the
composition and spatial context of microplastic pollution. High-resolution FTIR and
pyrolysis—-GC-MS enabled polymer and additive fingerprinting, while GIS tools
(kernel density, Getis—Ord Gi*) provided clear visualization of contamination
gradients. However, limitations include potential underestimation of nano- to small
microplastics (<100 pm) due to mesh size constraints, and the static nature of
sediment sampling, which may not capture transient transport during flood events.
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Future studies could integrate in situ optical sensors for real-time monitoring and
employ smaller mesh sizes to encompass a broader particle size range .

Recommendations for Monitoring & Management

To safeguard wetland ecosystems, routine monitoring protocols should combine
geochemical assays with spatial analysis. Installing automated samplers at key inflow
points and seasonal surveys can track temporal dynamics. Management actions should
prioritize stormwater treatment upgrades to reduce microplastic loads, and restoration
of hydrological connectivity to promote natural flushing of sediments. Policy
frameworks—guided by the U.S. EPA’s Trash Free Waters initiative—must establish
standardized sampling and reporting guidelines, ensuring comparability across
regions and informing adaptive management under changing land-use and climatic
pressures .

VI. CONCLUSION

This study demonstrates that freshwater wetlands can harbor substantial microplastic
burdens, with polyethylene (PE) and polypropylene (PP) comprising nearly 70 % of
particles and concentrations peaking at 2 800 particles kg™! near urban inflows (Zhang
et al. 14 % PS, 45 % PE; Corcoran et al. 100-500 particles m™2) . Vertical profiles
reveal a post-1980s surge in deposition, reflecting accelerated plastic use and poor
waste management over recent decades . Significant correlations with fine silt,
organic carbon, and zinc suggest co-deposition processes that may amplify
contaminant risks (Weber et al. 25) .

For wetland conservation, policy interventions must target primary sources:
upgrading stormwater and wastewater treatment to capture microplastics,
implementing buffer zones to reduce urban runoff, and enforcing bans on single-use
plastics in sensitive catchments. Routine inclusion of microplastic metrics within
wetland monitoring frameworks will guide adaptive management and track
remediation efficacy, in line with U.S. EPA recommendations for standardized
protocols .

Future research should prioritize temporal monitoring—deploying automated
samplers and seasonal surveys—to capture flood-driven mobilization and long-term
trends. Integrating ecotoxicological assays will elucidate the biological impacts of
microplastic-bound additives on wetland biota, informing risk assessments and
regulatory thresholds. By combining geochemical fingerprinting, spatial analytics,
and ecotoxicology, researchers can develop predictive models that underpin evidence-
based policies and safeguard wetland ecosystem health.
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