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Abstract
Urban wetlands are increasingly threatened by microplastic pollution, yet their role as sinks and conduits for microplastics in sub-Saharan Africa remains poorly characterised. This study assessed the spatial and vertical distribution, morphological characteristics, polymer composition, and source pathways of microplastics in Lubigi Wetland, Kampala, Uganda. Surface water and sediment samples were collected from nine sites spanning upstream, midstream, and downstream zones, with vertical stratification into surface, middle, bottom, and sediment layers. Microplastics were extracted using density separation and oxidative digestion, identified morphologically via stereomicroscopy, and chemically characterised by Fourier Transform Infrared Spectroscopy (FTIR). Six morphological categories were identified: fibres, filaments, films, fragments, microbeads, and pellets. Microbeads dominated (58.7%), particularly in sediments and bottom waters, while fibres and fragments were more prevalent in surface layers. Transparent particles were most common, and particles <300 μm accounted for 61% of all counts. Polyethylene terephthalate (PET) and polypropylene (PP) dominated water samples, whereas polyethylene (PE), polystyrene (PS), and polyvinyl chloride (PVC) were more abundant in sediments. Sediments retained significantly higher microplastic loads than water (p < 0.001), with midstream sites (Namungona, Nabweru) acting as depositional hotspots. Spatial patterns reflected urban runoff, wastewater, and wetland topography. The findings indicate moderate contamination, with microplastic distribution shaped by hydrological and anthropogenic factors. Recommendations include improved waste management, routine monitoring, and integration of microplastic control into wetland restoration and urban planning.
Introduction
Urban wetlands such as Lubigi Wetland in Kampala, Uganda, provide vital ecosystem services, including water purification, flood regulation, and biodiversity support. However, these ecosystems are increasingly imperilled by the proliferation of plastic waste, particularly microplastics—plastic particles less than five millimetres in size. Microplastics are persistent, mobile, and capable of interacting with other pollutants, thereby posing ecological risks to aquatic organisms and potential health risks to humans through contaminated water, fish, and crops. Despite growing global attention to microplastic pollution, there is a paucity of data on their occurrence, distribution, and sources in African wetlands, especially in rapidly urbanising contexts such as Kampala.
Lubigi Wetland, situated on the north-western fringe of Kampala, is a critical hydrological and ecological buffer, receiving drainage, wastewater, and stormwater from diverse urban catchments. The wetland’s role as both a sink and a conduit for microplastics is shaped by its topography, hydrodynamics, and the intensity of anthropogenic activities in its catchment. Yet, the extent, spatial distribution, and source pathways of microplastics in Lubigi remain largely undocumented. Understanding these patterns is essential for informing effective management, remediation, and policy interventions aimed at safeguarding wetland health and the services it provides to urban populations.
This study addresses these knowledge gaps by systematically assessing the abundance, morphological and polymeric characteristics, spatial and vertical distribution, and source pathways of microplastics in Lubigi Wetland. By integrating robust field sampling, laboratory analysis, and spatial mapping, the research provides a comprehensive baseline for microplastic pollution in a representative East African urban wetland. The findings are contextualised within regional and global literature, with implications for wetland management, public health, and policy development in Uganda and beyond.
Statement of the Problem
The rapid urbanisation of Kampala has led to increased plastic waste generation, much of which is inadequately managed and ultimately enters natural ecosystems. Lubigi Wetland, as a major urban wetland, receives substantial inputs of wastewater, stormwater, and solid waste, making it highly susceptible to microplastic contamination. However, there is limited empirical data on the occurrence, spatial distribution, and source pathways of microplastics in Lubigi Wetland. This knowledge gap hampers the development of targeted management and policy responses to mitigate microplastic pollution and its associated risks to ecosystem and human health.
Research Questions and Hypotheses
Research Questions:
1. What are the abundance, morphological characteristics, and polymer types of microplastics in water and sediments of Lubigi Wetland?
2. How are microplastics spatially and vertically distributed across different zones and depths of the wetland?
3. What are the dominant source pathways contributing to microplastic contamination in Lubigi Wetland?
4. How do the observed patterns in Lubigi compare with regional and global trends in wetland microplastic pollution?
Hypotheses:
· H1: Microplastic abundance is significantly higher in sediment than in water samples across Lubigi Wetland.
· H2: Microbeads and pellets are the dominant morphological types, reflecting primary sources such as personal care products and industrial pellets.
· H3: Spatial distribution of microplastics is influenced by proximity to urban runoff, wastewater inputs, and wetland topography, with midstream sites acting as depositional hotspots.
· H4: Polymer composition varies between water and sediment, with PET and PP dominating water, and PE, PS, and PVC more prevalent in sediments.
Literature Review
Global Perspectives on Microplastic Pollution
Microplastics have emerged as ubiquitous contaminants in marine, freshwater, and terrestrial environments, with global production of plastics exceeding 400 million tonnes annually and projected to rise further. Primary microplastics originate from industrial processes and consumer products (e.g., microbeads in cosmetics), while secondary microplastics result from the fragmentation of larger plastic debris. Their persistence, small size, and ability to adsorb pollutants make them particularly concerning for ecosystem and human health1.
Microplastics in Freshwater and Wetland Systems
While much research has focused on marine environments, recent studies highlight the significance of freshwater and wetland systems as both sinks and pathways for microplastics. Wetlands, due to their hydrological complexity and high organic content, can accumulate substantial microplastic loads, particularly in sediments1. Factors influencing microplastic distribution include hydrodynamics, sediment characteristics, and proximity to pollution sources2.
African and Ugandan Context
In Africa, research on microplastics is nascent but growing, with studies reporting high concentrations in lakes, rivers, and urban wetlands3. In Uganda, urban centres such as Kampala generate significant plastic waste, with only 40–50% collected and the remainder entering landfills, drains, and natural habitats4. Recent studies in Lake Victoria and the Kiteezi dumpsite have documented diverse microplastic morphologies and polymers, with ecological risks to aquatic organisms and potential human exposure through water and food35.
Source Pathways and Drivers
Microplastics enter wetlands via multiple pathways: urban runoff, wastewater effluent, landfill leachate, atmospheric deposition, and direct littering63. Hydrological and sedimentary drivers, such as flow velocity, organic carbon content, and grain size, modulate their transport and retention1. In urban contexts, stormwater and poorly managed solid waste are major contributors4.
Gaps in Knowledge
Despite advances, key gaps remain in understanding microplastic dynamics in African wetlands: limited spatially explicit data, insufficient characterisation of polymer types, and inadequate integration of source apportionment and risk assessment frameworks3. There is also a need for harmonised methodologies and routine monitoring to inform management and policy78.
Methodology
Study Area
Lubigi Wetland is a complex urban wetland system on the north-western periphery of Kampala, Uganda, spanning both Kampala and Wakiso districts. It receives drainage from densely populated urban catchments, including Busega, Bulenga, Masanafu, Namungona, Nansana, Nabweru, NWSC Treatment Plant, Kawala, and Bwaise. The wetland functions as a hydrological buffer, filtering runoff, stormwater, and wastewater before discharge into downstream water bodies9.
Research Design
A cross-sectional field survey was conducted, employing stratified random sampling across nine sites (S1–S9) representing upstream, midstream, and downstream zones. At each site, samples were collected from four vertical strata: surface water, middle water, bottom water, and sediment. This design enabled assessment of both spatial (across sites) and vertical (across depths) distribution patterns9.
Population and Sampling
The target population comprised microplastic particles present in water and sediment matrices of Lubigi Wetland. Sampling units included 1 L water samples and 500 g sediment samples, collected in triplicate at each depth and site. Sites were selected based on hydrological connectivity, proximity to pollution sources, and accessibility, with GPS coordinates recorded for spatial analysis9.
Field Sampling Procedures
· Water Sampling: Surface, middle, and bottom water samples were collected using pre-cleaned stainless steel samplers, avoiding disturbance of sediments. Samples were stored in glass bottles, transported on ice, and processed within 24 hours.
· Sediment Sampling: Sediment cores (top 5 cm) were collected using stainless steel corers, following standard protocols to minimise contamination and loss of fine particles1011.
Laboratory Methods
Extraction and Isolation
· Density Separation: Samples underwent density separation using saturated zinc chloride (ZnCl₂, density 1.5–1.6 g/cm³) to float microplastics, following established protocols11.
· Organic Matter Digestion: Hydrogen peroxide (30%) and Fenton’s reagent (FeSO₄) were used to digest organic material, with temperature controlled to avoid microplastic degradation11.
· Filtration: The supernatant was filtered through 20 μm nylon mesh or glass fibre filters, and residues were stored in glass petri dishes for analysis.
Morphological Characterisation
· Stereomicroscopy: Particles were examined under a stereomicroscope (40–100×), classified by shape (fibres, filaments, films, fragments, microbeads, pellets), colour (transparent, blue, black, red, purple, yellow, white), and size (measured using ImageJ software).
· Size Classification: Particles were categorised into six size classes: ultrafine (<9 μm), fine (9–21.4 μm), moderate (22.5–50.6 μm), coarse (53.6–120.4 μm), very coarse (121.2–285.2 μm), and macro (≥285.2 μm)12.
Polymer Identification
· FTIR Spectroscopy: Representative particles (n=100) were analysed using Fourier Transform Infrared Spectroscopy (FTIR), with spectra matched to reference libraries (≥75% match threshold) for polymer identification (PE, PP, PET, PS, PVC, Nylon-6)13.
Quality Assurance and Validation
· Contamination Control: All equipment was pre-cleaned with filtered deionised water; glass and metal materials were used where possible. Field and laboratory blanks were processed alongside samples to assess background contamination, with procedural blanks confirming negligible contamination710.
· Recovery Tests: Spiked samples with known microplastic standards were used to assess extraction efficiency, achieving recovery rates of 70–100% depending on polymer type and size11.
Data Analysis
· Abundance Metrics: Microplastic abundance was expressed as particles per litre (water) and particles per kilogram dry weight (sediment).
· Statistical Analysis: Data were analysed using SPSS and R. Analysis of variance (ANOVA), Kruskal–Wallis, Chi-square, and binomial tests assessed differences in abundance, composition, and categorical dominance. Three-way ANOVA tested for interactions between polymer type, site, and depth14.
· Spatial Analysis: Geographic Information System (GIS) tools (ArcGIS, QGIS) were used for spatial interpolation (kriging), hotspot analysis, and mapping of abundance and composition patterns1516.
· Source Apportionment: Source pathways were inferred from polymer profiles, spatial patterns, and proximity to known pollution sources (wastewater, stormwater, landfill, road runoff, atmospheric deposition)63.
Results
Morphological Characterisation
Shape Distribution
Microscopic analysis confirmed six morphological categories across Lubigi Wetland: fibres, filaments, films, fragments, microbeads, and pellets. Their distribution varied both spatially and vertically.
Table 1. Abundance and Relative Proportion (%) of Microplastic Shapes in Sediment and Surface Water Samples
	Shape
	Sediment n (%)
	Water n (%)
	Total n (%)

	Fibres
	29 (7.6%)
	86 (11.7%)
	115 (10.3%)

	Filaments
	1 (0.3%)
	11 (1.5%)
	12 (1.1%)

	Films
	1 (0.3%)
	28 (3.8%)
	29 (2.6%)

	Fragments
	24 (6.3%)
	104 (14.1%)
	128 (11.4%)

	Microbeads
	306 (80.1%)
	350 (47.6%)
	656 (58.7%)

	Pellets
	21 (5.5%)
	157 (21.3%)
	178 (15.9%)

	Total
	382 (100%)
	736 (100%)
	1,118 (100%)


Microbeads were the most frequent shape (58.7%), especially in sediments and bottom waters, followed by pellets (15.9%) and fragments (11.4%). Fibres (10.3%) and films (2.6%) were more common in surface and middle waters, reflecting their buoyancy and transport potential. Filaments were rare overall (1.1%).
Colour Distribution
Seven colour categories were identified: black, blue, green, purple, transparent, yellow, and white. Transparent particles dominated, particularly among microbeads (n = 479), and were present across all sites and depths.
Table 2. Distribution of Microplastic Colours by Shape
	Shape
	Dominant Colours (n)
	Notable Observations

	Fibres
	Transparent (44), Blue (24)
	Yellow fibres (n = 3) at S5 and S6

	Filaments
	Blue (7), Transparent (3)
	Rare overall

	Films
	Red (8), White (8), Green (7)
	Red films concentrated at S4

	Fragments
	Blue (53), Red (26), Transparent (20)
	Purple fragments (22) at S9

	Microbeads
	Transparent (479), Purple (82), Red (58)
	High purple counts at S7

	Pellets
	Red (60), White (34), Blue (28)
	Yellow pellets (21) at S4


Transparent and blue particles were most common overall, with red and purple microbeads concentrated in sediments at specific sites.
Size Classes
Microplastics were classified into six size classes, with the majority being <300 μm.
Table 3. Size Class Boundaries and Observed Size Ranges
	Order
	Class Name
	Minimum Size (μm)
	Maximum Size (μm)

	1
	Ultrafine
	3.78
	<9.0

	2
	Fine
	9.09
	<21.4

	3
	Moderate
	22.46
	<50.6

	4
	Coarse
	53.57
	<120.4

	5
	Very Coarse
	121.21
	<285.2

	6
	Macro
	304.99
	≥285.2


Particles smaller than 300 μm accounted for 61% of all counts, particularly in the water column. Median and mean particle sizes varied by shape and colour, with fibres generally larger than microbeads and fragments.
Polymer Composition
FTIR analysis identified five major polymer types: polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET), polystyrene (PS), and Nylon-6. Polymer profiles varied by site and depth.
Table 4. Polymer Types Identified in Water and Sediment Samples
	Site
	Water (Polymers)
	Sediment (Polymers)

	S1
	PET, PP
	PE, PS

	S2
	PET, PP
	PE, PS, PVC

	S3
	PET, PP
	PE, PS

	S4
	PET
	PVC, PE

	S5
	PET, PP
	PVC

	S6
	PET, PP
	PE, PS

	S7
	PET, PP, Nylon
	PE, PVC

	S8
	PET, PP
	PE, PS

	S9
	PET, Nylon
	PE, PS, PVC


PE and PP were ubiquitous across depths and sites. PET was more prevalent in sediments, and Nylon-6 was concentrated at sites adjacent to textile or wastewater inputs (S1, S2, S5). Three-way ANOVA showed a significant Polymer × Site interaction (F = 4.56, df = 16, p < 0.001, partial η² = 0.072), indicating site-specific polymer profiles.
Abundance Metrics
Overall Abundance
A total of 1,118 microplastic particles were counted across all samples. Descriptive statistics are summarised below.
Table 5. Descriptive Statistics for Microplastic Abundance and Particle Dimensions
	Variable
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Number of particles
	55,530
	1
	65
	8.87
	12.17

	Area (μm²)
	55,530
	10.98
	13,749.7
	438.9
	1,478.7

	Perimeter (μm)
	55,530
	10.4
	1,775.3
	94.1
	188.2

	Length/Diameter (μm)
	55,530
	3.78
	687.5
	32.9
	73.5


Abundance by Shape, Colour, and Size
Microbeads (58.7%) significantly exceeded the expected 50% threshold (p < 0.001). Pellets (15.9%) and fragments (11.4%) also occurred at proportions above random expectation (p < 0.05), while fibres (10.3%), films (2.6%), and filaments (1.1%) were significantly under-represented (p < 0.01). Transparent/white particles (42%) were significantly more frequent than expected (p < 0.001), while red (13%) and purple (12.7%) were also over-represented (p < 0.05). Black (18%) and blue (27%) did not deviate significantly.
Vertical and Site Variation
Table 6. Mean Microplastic Abundance by Depth Layer
	Depth Layer
	Mean abundance
	SD

	Sediment Layer
	17.68
	18.9

	Bottom Water
	12.61
	12.4

	Middle Water
	5.02
	3.7

	Surface Water
	3.10
	2.4


Sediment layers contained the highest counts, dominated by microbeads and pellets, while bottom waters also retained substantial numbers. The surface layer was characterised by lighter shapes such as fibres and fragments.
Table 7. Mean Microplastic Abundance by Site and Vertical Gradient
	Site
	Bottom (Mean±SD)
	Middle (Mean±SD)
	Sediment (Mean±SD)
	Surface (Mean±SD)
	Overall Mean±SD

	Busega (S1)
	5.00±3.16
	6.18±4.13
	6.87±4.76
	2.63±1.66
	5.44±4.04

	Bulenga (S2)
	9.54±6.63
	5.75±2.12
	11.04±7.37
	2.71±2.45
	8.14±6.58

	Masanafu (S3)
	2.93±1.36
	7.09±2.95
	7.44±6.02
	1.50±0.72
	4.89±4.62

	Namungona (S4)
	17.97±14.57
	6.78±4.23
	41.08±29.88
	3.45±2.31
	13.04±18.87

	Nansana (S5)
	10.72±7.61
	5.09±1.94
	27.96±18.55
	3.51±1.79
	10.00±12.60

	Nabweru (S6)
	21.71±12.93
	6.18±3.18
	20.70±15.37
	6.05±2.70
	12.97±12.20

	NWSC TMP (S7)
	20.84±17.94
	7.89±4.82
	30.81±22.73
	2.16±2.45
	12.53±16.39

	Kawala (S8)
	15.01±8.80
	2.55±1.66
	25.05±17.47
	2.55±1.63
	7.25±11.06

	Bwaise (S9)
	7.11±5.92
	2.16±1.53
	6.93±3.87
	2.23±1.05
	4.06±4.09


Midstream sites (Namungona, Nabweru, NWSC TMP) exhibited the highest mean abundances, acting as depositional hotspots.
Discussion
Spatial and Vertical Distribution
The study revealed a pronounced spatial heterogeneity in microplastic abundance across Lubigi Wetland. Midstream sites, particularly Namungona and Nabweru, exhibited the highest concentrations, consistent with their roles as depositional zones receiving runoff and wastewater from densely populated catchments. Upstream sites recorded the highest overall counts, with microbeads dominating sediments and bottom layers, while downstream sites showed lower overall abundance but persistent presence of microbeads and pellets.
Vertically, sediments retained the highest microplastic loads, followed by bottom waters, middle waters, and surface waters. This pattern reflects the settling of denser particles and the retention capacity of wetland sediments, as observed in other wetland and mangrove systems globally2. The predominance of microbeads and pellets in sediments suggests inputs from personal care products, industrial pellets, and fragmented larger plastics.
Morphological and Polymer Characteristics
The dominance of microbeads (58.7%) and pellets (15.9%) aligns with findings from landfill leachate and urban wetland studies in Africa and Asia, where primary microplastics are prevalent due to inadequate waste management and direct discharge of untreated wastewater3. The high proportion of transparent particles, particularly among microbeads, may indicate recent inputs and limited weathering, while the diversity of colours reflects multiple sources, including textiles, packaging, and consumer products.
Polymer analysis confirmed the ubiquity of PE and PP, consistent with their widespread use in packaging and consumer goods. PET and Nylon-6 were more prevalent in water samples, likely reflecting inputs from synthetic textiles and beverage bottles, while PS and PVC were more common in sediments, possibly due to their higher densities and propensity to settle13. The significant Polymer × Site interaction underscores the influence of local sources and hydrodynamics on polymer distribution.
Source Pathways and Drivers
Multiple source pathways contribute to microplastic contamination in Lubigi Wetland:
· Urban Runoff: Stormwater drains and surface runoff transport plastic debris from streets, markets, and informal settlements into the wetland, particularly during rainfall events4.
· Wastewater Inputs: Untreated or partially treated wastewater from residential, commercial, and industrial sources introduces microbeads, fibres, and fragments, especially at sites adjacent to sewage outfalls and treatment plants3.
· Landfill Leachate: Proximity to landfill sites and informal dumping areas increases the risk of microplastic entry via leachate and overland flow, as documented at the Kiteezi dumpsite3.
· Atmospheric Deposition: Fine fibres and fragments may be deposited from the atmosphere, particularly in areas with high textile and vehicular activity6.
· Road Runoff: Tyre wear, road dust, and vehicular emissions contribute synthetic polymers, including styrene-butadiene rubber and other additives6.
Hydrological and sedimentary drivers, such as flow velocity, organic carbon content, and grain size, modulate the transport, retention, and resuspension of microplastics within the wetland1.
Comparison with Regional and Global Studies
The abundance and composition of microplastics in Lubigi Wetland are comparable to those reported in other African urban wetlands and landfill-impacted sites, though lower than heavily industrialised regions in Asia and Europe3. The predominance of primary microplastics (microbeads, pellets) and the diversity of polymers reflect the influence of local waste management practices, consumer behaviour, and urban infrastructure.
Globally, wetlands are recognised as important sinks for microplastics, with sediments acting as long-term reservoirs and potential sources for downstream transport during high-flow events2. The findings from Lubigi underscore the need for integrated management approaches that address both point and non-point sources of microplastic pollution.
Human and Ecological Health Implications
Microplastics pose risks to aquatic organisms through ingestion, physical blockage, and exposure to adsorbed pollutants such as persistent organic pollutants and heavy metals15. In Uganda, microplastics have been detected in drinking water, fish, and crops, raising concerns about human exposure and potential health effects, including endocrine disruption and carcinogenicity5. The presence of microplastics in wetland sediments may also affect carbon cycling, microbial communities, and greenhouse gas emissions1.
Policy and Management Context
Uganda has enacted policies and strategies to address plastic pollution, including the National Environment Act (2019), plastic bag bans, and the National Strategy for Promoting Plastics Circularity (2023–2028)4. However, enforcement remains weak, and public awareness is limited. Institutions such as the National Environment Management Authority (NEMA), Kampala Capital City Authority (KCCA), and local governments play key roles in regulation, monitoring, and public education17. Collaboration with academic institutions (Makerere University, Kampala International University) enhances laboratory capacity and research on microplastics.
Conclusions
Lubigi Wetland is moderately contaminated with microplastics, with pronounced spatial and vertical heterogeneity shaped by urban runoff, wastewater inputs, and wetland topography. Microbeads and pellets dominate, reflecting primary sources and inadequate waste management. Sediments act as major sinks, with midstream sites serving as depositional hotspots. Polymer profiles indicate diverse sources, including packaging, textiles, and industrial products. The findings highlight the need for integrated management, routine monitoring, and targeted interventions to mitigate microplastic pollution in urban wetlands.
Recommendations
1. Improve Waste Collection and Management: Enhance solid waste collection, recycling, and disposal in upstream communities to reduce plastic inputs into the wetland.
2. Regulate Compost and Wastewater Quality: Implement standards for compost and wastewater effluent to limit microplastic contamination from agricultural and domestic sources.
3. Establish Routine Monitoring: Develop and implement standardised monitoring protocols for microplastics in wetlands, leveraging laboratory capacity at Makerere University and Kampala International University.
4. Conduct Ecological and Health Risk Assessments: Assess the ecological impacts of microplastics on wetland biota and evaluate potential human health risks through exposure pathways.
5. Integrate Microplastic Control into Urban Planning: Incorporate microplastic mitigation measures into wetland restoration, urban drainage, and land use planning frameworks.
6. Strengthen Policy Enforcement and Public Awareness: Enforce existing regulations, promote public education campaigns, and incentivise the adoption of biodegradable alternatives and circular economy approaches.
7. Foster Stakeholder Collaboration: Engage local communities, government agencies, industry, and academia in collaborative efforts to address microplastic pollution.
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