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ABSTRACT 

Microplastic pollution has become a pressing global environmental challenge, 

threatening aquatic ecosystems. In Mbarara District, growing industrial 

development, agricultural and urban activities, and poor waste management 

practices, contribute to the release of microplastics into River Rwizi. These plastic 

particles, typically less than 5 mm in size, largely originate from degradation of 

discarded plastics and can enter the food web through ingestion, biomagnification, 

and bioaccumulation. This research aimed to study the concentration, characteristics 

(colour, size, shape and polymer type), and distribution of microplastics in River 

Rwizi, with emphasis on the role of surrounding land use activities. Samples of water 

and sediments were obtained from nine purposively selected sites based on 

predominant land-use types, representing agricultural (upstream), urban/built up 

(midstream), and forested (downstream) land use types. Sample preparation 

involved sieving, drying, density separation, and filtration. Microplastics were then 

identified using stereomicroscopy and analyzed for polymer composition using 

FTIR spectroscopy. Land use mapping was conducted using Sentinel-2 satellite and 

supervised classification in ArcGIS, followed by ground truthing with a handheld 

GPS. Data analysis used IBM SPSS Version 29.0, while Pearson correlation and 

regression modeling were used to assess the influence of land use on microplastic 

concentrations. Results revealed that all samples collected contained microplastics. 

Concentrations in water samples ranged from 0.117 to 0.883 particles per liter, while 

sediments contained 0.012 to 0.132 particles/Kg. Built up and agricultural areas 

recorded higher concentrations of microplastics than forested areas. Fibers were the 

most common shape, most prevalent in built up land use, while blue particles were 

the most frequent colour. Most particles fell within 0.5–1.0 mm size range, 

suggesting they originated from larger plastic debris. Polyethylene and 

Polypropylene emerged as the dominant polymers identified across all land use 

categories. These findings demonstrate that land use patterns strongly influence 

microplastic pollution in River Rwizi. The study recommends improved waste 

management practices, promotion of alternatives to single-use plastic packaging 

materials, strengthening community awareness and policy interventions to reduce 

plastic pollution, and strengthening plastic recycling initiatives.  
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CHAPTER ONE 

INTRODUCTION 

 Background of the study 

Plastic pollution has emerged as one of the most pressing environmental challenges 

of our time, recently acknowledged as a severe ecological burden. Every year, 

numerous volumes of plastic waste enter into oceans and freshwater bodies, posing 

a significant risk for both humans and aquatic life (Galgani et al., 2019). 

Recognizing the urgency of this growing crisis, the United Nations declared “Beat 

Plastic Pollution” as the theme for World Environment Day 2023, emphasizing the 

global action against plastic pollution. Plastic products remain integral to modern 

society because they are affordable, durable, light weight, and have excellent 

oxygen/moisture barrier characteristics (Andrady & Neal, 2009). Consequently, 

production of plastics and usage have significantly increased globally, particularly 

for packaging (Andrady, 2011). However, poor plastic waste management and 

disposal methods, especially in Africa, have resulted in widespread environment 

contamination (Okeke et al., 2022).  

Once discarded, in the environment, plastics slowly breakdown into fragments 

smaller than 5mm, commonly referred to as microplastics. These particles are 

particularly concerning because of their capability to be consumed by fish and other 

aquatic organisms, which allows them to accumulate in the food web, and ultimately 

pose risks to human health (Cole et al., 2013). Their small size also enables their 

long-distance transport to remote ecosystems (McMullen et al., 2024; Parolini et al., 

2023). Microplastics are categorized as primary microplastics, which are 

intentionally manufactured (e.g., microbeads in cosmetics, plastic pellets, 
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microfibers), and secondary microplastics, which originate from degradation of 

larger plastic debris through physical, chemical, and biological degradation 

processes (Muniv & Supanekar, 2024; Song et al., 2024). Improper plastic waste 

disposal accelerates the formation of secondary microplastics in environments like 

dumpsites, riverbanks, and beaches. Both types are not easily removed from water 

systems because of their tiny size and capability to adsorb toxic pollutants like heavy 

metals, pesticides, and industrial chemicals (Pan et al., 2023; Ziani et al., 2023). 

Ingestion of these pollutants can result in harmful effects like endocrine disruption 

and tissue damage in aquatic organisms. Beyond their biological impacts, 

microplastics can also alter water quality, thereby destabilizing river ecosystems and 

biodiversity (Witczak et al., 2024). Furthermore, as rivers transport these pollutants 

into lakes and oceans, they contribute to the broader marine plastic pollution crisis, 

with implications for marine organisms and ecosystems. 

Globally, plastic manufacturing has been driven by the material’s affordability, 

durability, light weight, and excellent barrier properties, making plastics 

indispensable in sectors such as packaging, construction, automotive, agriculture, 

and healthcare (Pilapitiya & Ratnayake, 2024). This versatility has fueled rapid 

production growth, with over 390million metric tonnes manufactured each year 

(Geyer et al., 2017). However, this widespread use of single-use plastics and 

inadequate waste management systems has resulted in the accumulation of 

considerable volumes of discarded plastic materials. Once disposed off, these 

plastics frequently enter rivers, wetlands, and lakes, which act as natural pathways 

transporting these materials from terrestrial sources to marine ecosystems (Azevedo-

Santos et al., 2021; Bexeitova et al., 2024). Rivers, in particular, collect inputs from 

urban runoff, wastewater discharges, agricultural activities, industrial effluents, and 
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illegal dumping (Frei et al., 2019; Pakhomova et al., 2024). With increasing 

urbanization and industrialization, and without corresponding improvements in 

waste management infrastructure, the leakage of plastics into water bodies is 

accelerating. Once introduced into freshwater systems, these plastics undergo 

physical and chemical degradation, fragmenting into microplastic particles that can 

be transported across vast distances (Bexeitova et al., 2024).  

The African continent, and particularly Sub-Saharan Africa, is increasingly 

vulnerable to microplastic pollution because of rapid urbanization, inadequate 

plastic waste management infrastructure, and poor enforcement of environmental 

laws (Moto et al., 2024; Yeboaa et al., 2025). 

Land is a bridge between humans and natural ecosystems, and changes in land use 

influence their structure and function (Luan & Liu, 2022). Since human activities 

are the main source of microplastic production, land use changes inevitably have an 

impact on microplastic pollution (Wei et al., 2022). Recent research has started to 

investigate the relationship between land use and microplastic pollution (Klein et 

al., 2015) and (Barrows et al., 2018). For instance, Hao Y.L et al. (2022) studied 

how land use patterns affected and microplastic abundance in China’s Loess Plateau. 

In Uganda, approximately 600 tons of plastic wastes are generated daily, but only 

40% is collected, leaving the remaining 60% discarded in the environment 

(Muganga Eve, 2022). Poor plastic waste disposal practices, open dumping, and lack 

of effective recycling systems have worsened plastic pollution in both urban and 

rural settings. Studies conducted in Uganda, have highlighted the potential 

contamination of freshwater systems like River Mpanga (Nyakoojo et al., 2024), and 

Lake Victoria (Egessa et al., 2020), citing microplastics due to urban waste 
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discharges, agricultural runoff, and industrial effluents. These findings emphasize 

the growing concern over freshwater systems as critical recipients and transporters 

of microplastics within Uganda’s catchment areas. 

In southwestern Uganda, River Rwizi serves as a lifeline for over five million people 

across 12 districts, providing water for domestic, agricultural and commercial use. 

The river also supplies water to 264,425 residents of Mbarara City (UBOS, 2024). 

However, the river faces significant anthropogenic pressures, including urban 

runoff, wastewater discharge from households and industries, improper solid waste 

disposal, agricultural activities, sand mining, and wetland degradation. These land 

use activities make the river particularly susceptible to microplastic contamination, 

making the river a potential hotspot for pollution. Given its critical role in regional 

sustainability, protecting River Rwizi from pollution is essential for both 

environmental conservation and community wellbeing. However, there is no 

existing information about the level of microplastic pollution of River Rwizi. This 

research aimed at bridging this crucial knowledge gap, by assessing microplastic 

pollution in River Rwizi. Specifically, it provided data on the concentration, 

characteristics and distribution of microplastics in the river, while also analyzing 

how land use patterns influence their occurrence. The results are expected to provide 

valuable insights that can guide future mitigation and management efforts.   
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 Statement of the Problem 

River Rwizi is a vital freshwater source in Western Uganda, sustaining livelihoods, 

agriculture, and domestic water needs for communities in Mbarara and surrounding 

districts. Despite its importance, the river increasingly exposed to multiple threats 

pollution pressures, largely influenced by land use activities within its catchment 

such as expanding urban settlements, effluent discharge from industries, agricultural 

runoff, and poor solid waste management practices. Recent media reports (Daily 

Monitor, 2023; New Vision, 2021) have highlighted severe contamination of the 

river, with visible plastic litter accumulation in some stretches, indicating a growing 

pollution load that may accelerate the entry of microplastics into the river. 

Microplastics are a growing global concern due to their persistence in the 

environment and capacity to adsorb toxic and bio-accumulative compounds such as 

heavy metals and organic pollutants (Ashton et al., 2010; Koelmans et al., 2013a). 

Their minute size also makes them easily ingested by aquatic organisms, enabling 

them to move through the food chain, and creating potential health risks such as 

endocrine disruption, carcinogenicity, and immunotoxicity (Abbas et al., 2025). 

While research on a global scale has extensively documented microplastic pollution 

in freshwater ecosystems, only a limited number of studies have studied this issue 

in Uganda, such as Lake Victoria (Egessa et al., 2020), Nakivubo catchment in 

Kampala (Ocakacon et al., 2025), and River Mpanga in Fort portal (Nyakoojo et al., 

2024). These studies confirm that microplastic contamination exists in Uganda’s 

aquatic systems. However, microplastic pollution in River Rwizi remains 

undocumented. Given the river’s ecological and socio-economic importance, this 

knowledge gap hinders effective mitigation and policy interventions. This research 

therefore aimed to assess the occurrence, concentration and distribution of 
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microplastics in the Mbarara district section of River Rwizi, with particular attention 

to how land use activities influence their occurrence. By filling this gap, the research 

contributes not only to the natural body of knowledge on microplastic pollution in 

Uganda, but also provides critical evidence for policymakers, local communities, 

and conservation efforts dedicated to protecting River Rwizi and similar freshwater 

ecosystems.   

 Objectives of the study  

1.3.1 General objective of the study 

To assess the effects of land use patterns on microplastic concentration and 

distribution in River Rwizi, Mbarara District.  

1.3.2 Specific objectives of the study 

1. To determine the concentration of microplastics in water and sediment 

samples collected from selected points along the river Rwizi. 

2. To analyze the characteristics (colour, shape, size, and Polymer type) of 

microplastics present in water and sediment samples collected from the 

selected locations along the river Rwizi. 

3. To examine the influence of land use types such as agricultural, urban/built 

up, and forested on the distribution of microplastics in River Rwizi. 

 Null Hypotheses 

1. There is no significant difference in microplastic concentrations among the 

various sampling points along the river Rwizi. 
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2. There is no significant difference in the characteristics (colour, shape, size, 

and polymer type) of microplastics found in water and sediment samples 

collected from different locations along River Rwizi. 

3. There is no significant relationship between land use type and the 

concentration distribution of microplastics in river Rwizi. 

 Scope of the study  

The scope of the study was as follows: 

1.5.1 Geographical scope 

The geographical scope of this study encompassed the river Rwizi in Western 

Uganda. The upper part situated in Mbarara District was the central focus of 

investigation, and the study area included the river itself, with any tributaries from 

surrounding land areas that contribute to the river's water flow and contamination 

potential. The study covered multiple points along the river's course in this area, to 

capture variations in microplastic pollution levels and characteristics. The study also 

considered the broader context of the influence of land use of microplastic pollution. 

It involved sampling at strategic locations that reflect various land use activities. 

1.5.2 Content scope 

The study examined microplastic concentrations, physical characteristics (size, 

colour, shape) and polymer composition, and distribution in river Rwizi, with 

emphasis on the role of surrounding land use patterns. 

1.5.3 Time scope 

This research was done from August, 2024 to December, 2024. This period covered 

sampling, laboratory analysis, and data analysis. Field sample collection was carried 
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out in August, 2024 (9th to 11th), which was a dry month in Mbarara, with conditions 

to assess microplastic abundance during periods of low river discharge. Studying 

microplastics during low discharge conditions provides insights into how they 

accumulate under minimal hydrological disturbances.  

 Significance of the Study 

The River Rwizi serves as a source of water for agricultural, domestic, and industrial 

uses, directly affecting the well-being of local communities. The fact that 

microplastics can carry harmful chemicals and other pollutants raises concern that 

they can be transferred to humans through drinking water and food intake.  

Findings from this research will: 

Provide baseline data on the presence and characteristics of microplastics in River 

Rwizi. 

Help regulatory bodies such as the National Environment Management Authority 

(NEMA) and the Ministry of Water and Environment to design strategies for 

pollution control. 

Contribute to public awareness about the dangers of plastic pollution and promote 

improved waste management practices. 

Serve as a reference point for future academic studies on microplastic contamination 

in Ugandan freshwater systems.   
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CHAPTER TWO 

2 LITERATURE REVIEW 

 Plastics production and disposal    

The Uganda National Environment Act, 2019, describes Plastic as “a synthetic 

material made from a wide range of organic polymers such as polythene, that are 

molded into shape while soft and then set into a rigid or slightly elastic form”. Since 

the 1950s, global plastic production has grown from a few million tonnes to about 

380 million tonnes by 2015 (Geyer et al., 2017). About 460 million metric tonnes 

were generated worldwide in 2019, while estimates suggest global plastics exceeded 

500 million metric tons annually between 2023 and 2024, continuing an upward 

trajectory (OECD, 2022). A UNEP report (Intergovernmental negotiating 

committee, 2022) estimates that plastic production will triple by 2060. Increase in 

plastic production is as a result of population growth, affordability and convenience 

of plastics (Okunola A et al., 2019). This growth is also driven by the versatility of 

plastics, which comes from the synthetic polymers and chemical additives like 

plasticizers, stabilizers, fillers, colorants and flame retardants, which impart 

properties like flexibility and fire resistance (Intergovernmental Negotiating 

Committee, 2022). Plastics comprise a broad variety of synthetic polymeric 

materials that produce many different end products, as shown in the Table 2.1 below 

(Hanvey et al., 2017). Polyethylene, polystyrene, and polypropylene are the 

common forms of polymers detected within the environment (Leal et al., 2019). 
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Table 2.1: Common types of plastics and their main uses 

Plastic (polymer) Applications  

PET/PETE Food packaging, single-use drink containers, textile 

(synthetic fibers), tape, thermal insulation 

HDPE Bottle caps, milk crates, fuel tanks, plastic lumber 

PVC Inflatable products, plumbing pipes, watering hoses, 

protective coatings for electrical wires 

LDPE Shopping bags, beverage multipack holders, flexible clip-on 

covers  

PP (expanded or 

nonexpanded)  

Bottle covers, floor carpets, ropes  

PS (expanded or 

nonexpanded)  

Disposal cutlery, disposable food containers, dinnerware, 

and chilled storage crates. 

Source: (Hanvey et al., 2017) 

Despite their utility, the chemical additives in plastics contribute to their toxicity, 

while the polymers make them non-biodegradable, resulting in long-term 

environmental persistence. When discarded into the environment, plastics fragment 

into tinier fragments known as microplastics (Belmaker et al., 2024; Vincoff et al., 

2024). With an estimated lifespan of 100 to 1,000 years (Barnes et al., 2009), plastics 

can persist in aquatic environments, thus adsorbing chemicals such as organic 

compounds, metals, and biofilms. In Uganda, common plastic waste disposal 

methods include open incineration, landfilling, and indiscriminate dumping along 

roadsides, drainage systems, and in the sewers (Okunola et al., 2019). These 

practices exacerbate the environmental burden of plastic waste.  

 Microplastics definition and sources 

Microplastics, referred to as plastic particles under 5mm in size, have attracted 

global attention given their widespread distribution, persistence and potential 
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environmental effects (Eerkes-Medrano et al., 2015; Koelmans et al., 2013b). Their 

persistence in the environment raises concern regarding the consequences on aquatic 

systems, and public health (Rochman et al., 2013). The inability of plastic particles 

to biodegrade makes them persist in various ecosystems, and gradually breaks down, 

creating a secondary source of microplastics, in addition to primary sources such as 

raw materials like pellets, beads, granules, and powders used in manufacturing 

personal care products (Andrady, 2011; Fendall & Sewell, 2009). Unlike typical 

environmental contaminants, microplastic exhibit a wide array of physical and 

chemical properties, like diversity in colour, chemical composition, shape, density 

and size, complicating their classification (Duis & Coors, 2016). Different authors 

have therefore given microplastics different definitions based on these properties. 

To address this complexity, Frias & Nash (2019) describe microplastics as “any 

water-insoluble, synthetic polymer-based structure or solid fragment, with regular 

or irregular shape, and size range (1𝜇m-5mm), either of primary or secondary 

manufacturing origin”. 

 Microplastic abundance in aquatic environments 

Studies worldwide have confirmed microplastic pollution in fresh water bodies, 

including rivers, reservoirs and lakes. For instance, Horton et al. (2017) found 

microplastic particles in both sediments and water samples collected from of the 

tributaries of the River Thames in the United Kingdom, emphasizing the ubiquity of 

contamination. Similarly, Mani et al. (2015) demonstrated that rivers act as 

pathways, transporting microplastics from land sources to oceans and highlighting 

the interconnectedness of aquatic systems. Research done in Asia by Osorio et al. 

(2021) also confirmed microplastic particles in water and sediments at the mouths 

of five rivers flowing into Manila Bay. Beyond detection, several studies have 
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quantified microplastics concentrations in aquatic environments, offering an 

understanding of their abundance, composition and distribution. For instance,  X. 

Zhang et al. (2020) studied China’s Yongjiang River, and reported levels ranging 

from 500 to 7,700 Particles/m3 for water and 90 to 550 Particles/Kg in sediments, 

with polymers such as polypropylene, polythene and polystyrene dominating in 

various shapes and sizes. In Africa, microplastics have been discovered in surface 

water (257 to 1215 particles/m3) and sediments (ranging from 688 to 3308 items/m2) 

along the South African coast and in Lake Victoria (Biginagwa et al., 2016; Nel & 

Froneman, 2015). In Kenya, (Kosore et al., 2018) reported the presence of 

microplastics in coastal surface waters, with concentrations reaching 110 

particles/m3 These concentrations were linked to factors such as urban proximity, 

ecosystem size, population density, and waste management systems (Zhang et al., 

2023). Similarly, Horton et al. (2017) documented averagely 703 particles/Kg in 

Thames River estuary sediments. Recent research on microplastics has highlighted 

their presence and distribution in various freshwater environments. Studies have 

documented microplastic particles in coastal and lakebed deposits from the northern 

part of Lake Victoria in Uganda and in fish within the Tanzanian portion of the lake 

Egessa et al., (2020); Biginagwa et al., (2016). Additional insights into microplastic 

contamination in Africa’s freshwater environments have been provided by studies 

on tap water, rivers, and groundwater in Southern Africa (Verster et al., 2017), as 

well as investigations of river systems of Nigeria, as reported by (Akindele et al., 

2019) and (Ebere et al., 2019). Collectively, these studies demonstrate the 

widespread prevalence of microplastic particles in aquatic environments across 

Africa, reinforcing the necessity for mitigation efforts.   
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 Microplastic composition in aquatic environment 

The composition of plastics, determined by the polymers used during their 

production, influences their performance and environmental behaviour (Andrady & 

Neal, 2009). According to Dris et al., (2018), polymers such as polyethylene (PE), 

polypropylene (PP), polyethylene terephthalate (PET), and polystyrene (PS) 

influence microplastic buoyancy and durability. These polymers are also the most 

commonly reported in studies on aquatic microplastic contamination (Ballent et al., 

2016; Song et al., 2014a). In African ecosystems, microplastics have been 

documented in coastal waters of Southern and East Africa, inland aquatic habitats 

like the African Great Lakes, and estuaries. For instance, Biginagwa et al. (2016) 

found polypropylene, polyethylene, polyurethane and silicone rubber polymers in 

20% of Tilapia and Nile perch from Lake Victoria. These pollutants likely enter the 

aquatic systems through urban drainage channels and other pathways.  Microplastics 

vary in size, colour and shape, depending on their origins. While pellets are 

commonly found around plastic production factories, scrubbers and microbeads are 

mostly found in factories and household wastewater. Domestic wastewater and 

industrial discharges are significant contributors to secondary microplastics in 

aquatic systems (Fendall & Sewell, 2009). Laundry of synthetic textiles also 

contributes to secondary microplastics, with polyester, acrylic, and polyamide being 

the primary polymers released. Studies have detected microplastics in freshwater 

ecosystems such as Lake Hovsgol in Mongolia and Lake Garda in Italy, as reported 

by (Free et al., 2014) and (Imhof et al., 2013). 

 Microplastic distribution in aquatic environments 

Distribution of microplastic particles in aquatic environments depends on both of 

particle characteristics (size, density, and shape), and environmental conditions such 
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as water currents, sedimentation and human activities (Ballent et al., 2012). The 

weight of microplastic particles significantly influences their vertical positioning 

within the water column, determining whether they are in benthic or pelagic 

transport systems (C. Li et al., 2025). Low density polymers like polypropylene and 

polyethylene float in surface layers, while high density polymers like polyvinyl 

chloride more likely sink and accumulate in bottom sediments (Ash et al., 2024). In 

addition, processes like biofouling, biomass accumulation, sedimentation and 

flocculation can increase particle density, causing microplastics to settle in 

sediments (Andrady, 2011).  

Across aquatic environments, distribution of microplastics varies. In marine 

ecosystems, microplastics are found from coastal zones to deep-sea sediments, 

transported by ocean currents, tides, and wind-driven surface drift (Jolaosho et al., 

2025). Freshwater systems such as rivers and lakes, act as major pathways for 

microplastic transportation from land sources to oceans, where hydrodynamics and 

land use patterns dictate their spatial accumulation (Mennekes & Nowack, 2023). 

Wetland ecosystems, including estuaries and marshes, serve as transitional zones 

where microplastics can become trapped within vegetation and sediment layers due 

to lower water velocities and filtering capacities of wetland plants (Camargo et al., 

2022). 

Spatially, human activities including wastewater/effluent discharges, storm water 

drains, agricultural runoff and urbanization, significantly impact microplastic 

distribution. Horton et al. (2017) revealed the interplay of land use activities and 

water flow patterns in shaping microplastic accumulation in urban river systems.  
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 Land use activities and microplastic pollution 

Land use practices such as agriculture and urbanisation, can transfer microplastics 

into aquatic ecosystem (Ye & Pei, 2023). In urban areas, activities such as improper 

solid waste disposal, industrial discharges, car tire wear, synthetic textile washing, 

construction activities, and runoff from impervious surfaces (e.g., roads, pavements, 

parking lots) are major contributors to microplastic pollution (Jahandari, 2023). X. 

Zhang et al. (2020) demonstrated that highly populated urban areas and industrial 

activities tend to release more microplastics into nearby rivers, primarily through 

stormwater drains, sewer overflows, and direct effluent discharges. Runoff from 

urban surfaces, which are largely impermeable, rapidly channels microplastic-laden 

debris into nearby water bodies, bypassing natural filtration mechanisms like soil 

infiltration. 

In agricultural landscapes, microplastics are introduced through plastic mulch films, 

greenhouse covers, drip irrigation pipes, and controlled-release fertilizer coatings, 

which degrade over time, fragmenting into microplastics (Quilliam et al., 2023). 

Furthermore, biosolids from effluent treatment activities are often utilized as manure 

in agricultural areas, introducing microplastics into soils, that can reenter surface 

water during runoff events (Edo et al., 2020). Agricultural runoff can also be a source 

of microplastics, as highlighted by Olubusoye et al. (2024).  

Research has further established links between microplastic pollution and 

anthropogenic activities. For example, Zbyszewski & Corcoran (2011) identified 

industrial activities as contributors to microplastic levels in Lake Huron, while 

Estahbanati & Fahrenfeld (2016) reported higher concentrations of microplastic 

particles downstream of effluent treatment facilities. Population density and 
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impermeable surfaces within watersheds are also directly related to microplastic 

pollution (Baldwin et al., 2016; Huang et al., 2021). These factors often interact and 

amplify the effects of each other. For example, changes in land use can alter flow 

patterns and affect accumulation of microplastics in certain areas. Land use changes 

also influence hydrological dynamics; for example, urban expansion reduces 

infiltration, leading to higher runoff volumes that enhance microplastic transport, 

while agricultural land conversion may disrupt sediment retention capacity of 

riverbanks (Welde & Gebremariam, 2017). 

The interplay between land use activities and hydrological processes was observed 

by Horton et al. (2017) during their study of microplastic distribution in urban river 

systems, who documented how urban river systems accumulate microplastics in 

areas with altered flow patterns caused by infrastructure development and land use 

modifications. The examination of land use activities is therefore essential to 

understanding the distribution of microplastics in Rivers. Previous research, as 

highlighted in this literature review, underscores the significance of these factors in 

shaping microplastic contamination in freshwater environments. 

 Impacts of Microplastic pollution on Human Health and Ecosystems  

Microplastic pollution affects aquatic organisms and ecosystems through ingestion 

and contamination transport within the food web (Wright et al., 2013). Once ingested 

by aquatic organisms, these particles can obstruct the digestive tract, lower feeding 

efficiency, inflame intestinal tissues, and interfere with nutrient absorption. In 

addition, Rochman et al. (2013) demonstrated that microplastic particles can act as 

carriers for harmful substances including Persistent Organic Pollutants (POPs), 

heavy metals, and endocrine-disrupting chemicals (EDCs). Such pollutants, once 
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attached to microplastic particles, may accumulate within the aquatic food chain and 

subsequently reach humans through bioaccumulation and biomagnification 

processes.  

The tendency of microplastics to adsorb other contaminants onto their surfaces is 

affected by variables such as exposure time, pollutant concentration, and polymer 

type (Gomiero et al., 2018). When aquatic organisms ingest contaminated 

microplastics, they are exposed to harmful substances that can lead to oxidative 

stress, genotoxicity, endocrine disruption, immunotoxicity, and carcinogenic 

effects, as documented in studies on ragworms, mussels, and fish (Gomiero et al., 

2018; Rochman et al., 2013b).  

Furthermore, human consumption of seafood contaminated with microplastics can 

result in exposure to POPs, heavy metals (e.g., mercury, lead, cadmium), bisphenol 

A (BPA), phthalates, and other toxic additives, potentially leading to hormonal 

imbalances, neurotoxicity, immune system suppression, infertility, developmental 

disorders, and increased cancer risks (GESAMP, 2015).  

Beyond individual organisms, microplastic pollution disrupts broader aquatic 

ecosystems. Microplastics alter sediment composition and water quality, affecting 

light penetration, oxygen diffusion, and nutrient cycling (Ali et al., 2024). Their 

accumulation in sediments can smother benthic habitats, diminishing the diversity 

and abundance of key species like macroinvertebrates, mollusks, and crustaceans, 

which play critical roles in ecosystem functioning (Zheng et al., 2025). Research by 

(Bryant et al., 2016), and  (Zettler et al., 2013) further suggest that plastics in aquatic 

habitats act as surfaces that support microbial attachment and growth, including 

harmful pathogens, and invasive species, which could impact broader ecological 
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populations. Recognizing the complex link between microplastics, pollutants, and 

aquatic life is key to understanding the broader ecological and public health hazards 

linked to plastic pollution. This underscores the need for concerted efforts to tackle 

microplastic contamination.  

 Synthesis of the literature review  

Global research findings have shown the widespread occurrence of microplastics in 

rivers worldwide. Rivers act as conduits for microplastic transport, resulting in their 

accumulation in downstream areas, estuaries, and ultimately, the oceans. Studies as 

reviewed above, have found that microplastic concentrations vary depending on 

geographical location, with higher levels often observed in urbanized and 

industrialized regions. Common types of microplastics detected in rivers are 

fragments and fibers, originating from diverse origins like packaging products, 

textiles, and fishing equipment. Studies from around the world (UK, China, 

Philippines) and specifically within Africa (South Africa, Lake Victoria, Kenya, 

Nigeria) confirm that microplastics are ubiquitous contaminants. High 

concentrations have been detected in water columns, sediments and coastal zones. 

Their abundance is strongly associated with anthropogenic activities, population 

density, including urbanization, industrialization, and poor waste disposal. This 

literature review demonstrates the global prevalence of microplastic pollution in 

rivers and highlights the limited research conducted in Uganda. Existing research 

has largely concentrated on Lake Victoria, with some studies also documenting 

microplastics in River Mpanga and the Nakivubo catchment. The identified research 

gaps provide a basis for this study, which aimed to add to the knowledge of 

microplastic contamination in Ugandan river systems and its possible impact on both 

ecosystems and public health. 
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CHAPTER THREE 

3 MATERIALS AND METHODS 

 Study area  

Originating from the hills of Buhweju in western Uganda, River Rwizi is a 160Km 

long river, that traverses more than ten districts, including Sheema, Bushenyi, 

Buhweju, Mbarara, Ntungamo, Isingiro, Kibingo, Kiruhura, Lyantonde, and Rakai. 

The river ultimately drains into Lake Victoria through the interconnected Kooki lake 

system, which includes Lakes Mburo, Kachera, Nakivale, and Kijanebarola. While 

the River Rwizi catchment encompasses a vast area of over ten districts, this study 

focused specifically on its passage through Mbarara District. This focus was 

strategically chosen due to Mbarara City's status as the largest urban center in the 

catchment, where the largest population depends on the river for domestic supply, 

but also presents a major anthropogenic pressure point with concentrated 

anthropogenic pressure from high population density, industrial activity, poor waste 

management and extensive impervious surfaces. Choosing the district allowed for 

an investigation into the urban impact on microplastic pollution by comparing 

upstream (pre-urban), urban, and downstream (post-urban) sampling sites, while 

remaining logistically feasible within the scope of this research. Figure 3.1 below 

shows the map of the study area. 
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Figure 3.1: A Map showing the study area in Mbarara District 

(Source: Researcher, 2024) 

 Research design 

The study used a quantitative research design, employing field surveys, laboratory 

analyses, and GIS analysis. River Rwizi was purposively selected due to its 

vulnerability to plastic pollution from human activities in Mbarara District. To 

assess microplastic pollution, nine (9) sample collection points were strategically 

selected based on types of land use; that is urban, agricultural, and forested areas 

along the river from its entry into Mbarara district up to the exit of the district. This 

approach ensured diverse environmental contexts were represented. 

 Materials and equipment used 

The materials and equipment that were used during this study include; Glass bottles, 

which were used to to securely keep water samples for transportation to the 
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laboratory, Zipper bags for storage of sediment samples and transportation to the 

laboratory, Stainless steel bucket; used for collection of water samples from the 

river, Stainless steel spade; used for collection of sediment samples from the river, 

Stainless steel sieves (mesh size: 5mm for sediments and 63µm for water) for sieving 

the samples, ensuring that only the desired fractions were retained for analysis, Glass 

beakers; as containers for handling and processing samples in the laboratory, 

Vacuum filtration setup for filtering samples to concentrate microplastics onto filter 

papers for further analysis, Filter papers (0.45µm pore size, and 47 mm diameter); 

used to capture microplastics during filtration, Hydrogen peroxide (30% solution); 

used for digesting organic matter in samples, leaving microplastic particles for 

analysis, Sodium chloride (NaCl); used to create a high density solution for 

separating microplastic particles from sediments based on difference in densities, 

Glass stirring rods; used for mixing solutions and samples during sample preparation 

and processing, Tweezers were used to pick out microplastic particles for close 

examination, Petri dishes; used to hold and protect filter papers containing 

microplastics during sorting and analysis, Distilled water; for rinsing equipment, and 

preparing solutions, Gloves; work to avoid sample contamination and to protect the 

researcher during handling of chemicals, Aluminum foil for covering samples and 

worktops to prevent contamination during processing and storage, Microscope; used 

to visually inspect and identify microplastic particles by examining their physical 

features, and an FTIR equipment, which was used for identification and 

confirmation of the types of polymer of the microplastic particles through Fourier 

Transform Infrared Spectroscopy.  
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 Selection of sampling sites  

Nine sampling locations were selected to analyze microplastic concentrations, with 

site selection based on predominant land-use activities. Three locations were 

positioned upstream part of the river, representing agricultural farmlands. Three 

were situated midstream, covering urban built-up areas, with a mixture of 

commercial, residential, and industrial activities, while the remaining three sites 

were downstream, representing forested areas. Microplastic contamination was 

assessed through two environmental matrices (water and sediments) sampled at each 

of the nine sites. At each site, both water and sediments samples were collected on 

the same day, with water sampling carried out first to avoid disturbing and 

resuspending sediments. The sampling locations were strategically distributed to 

capture the dominant land-use types along the river's flow (upstream, midstream, 

and downstream). Site selection was further informed by preliminary field studies, 

secondary data sources such as topographic maps, and relevant literature from 

previous research. The final sampling points are shown in Table 3.1 below: 
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Table 3.1: Location and description of the sampling points  

Catchment 

segment 

Land use description 

(activities) 

Assigned 

sampling 

ID 

Location 

(Village) 

GPS coordinates 

Latitude  Longitude  

Upstream Agricultural  

- Crop gardens 

- Sparse residences 

- Cattle grazing 

and watering at 

the river 

- Animal farms 

- Sand mining  

- Domestic water 

sourcing at the 

river 

- Private tree 

plantations 

A1 Kyamatete -0.61972  30.470833 

A2 Karama II -0.61467 30.539217 

A3 Bukindo -0.6087 30.59885 

Midstream Urban area 

- Built up area 

- Commercial 

buildings 

- Industries 

- Residences  

- Institutions 

- Roads  

- Domestic water 

collection  

- Solid waste 

disposal  

B1 Nyamitanga -0.6187 30.647817 

B2 Kateete -0.61683 30.668383 

B3 Kakooba 

-0.61035 30.68875 

Downstream Forested  

- Tree cover 

(eucalyptus) 

- Timber cutting 

- Cattle grazing 

and watering at 

the river 

F1 Kabaare IV -0.6211 30.7131 

F2 Chani 

Forest 

Reserve -0.60912 30.75395 

F3 Kyahi 

Forest 

Reserve -0.60333 30.783617 

(Source: Researcher, 2024) 
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3.4.1 Water sampling  

A total of nine sampling sites were selected along the river, covering upstream, 

midstream, and downstream sections. From each section, three sites were chosen, 

and at every site, three replicates were collected to ensure statistical accuracy. This 

approach produced 27 samples in total (3 replicates × 3 sections × 3 sites). For each 

replicate, 20 liters of water were drawn using a 10-liter stainless steel bucket, 

amounting to 60 liters per sampling site. This method, adopted from Su et al. (2016) 

as a substitute for manta net, was chosen due to the nature of the water body, which 

made manta net sampling impractical. Manta nets require attachment to a moving 

boat, which was not feasible in this study. The collected water was filtered through 

a 63μm sieve, with particles larger than 5mm discarded. Residues retained on the 

sieve, presumed to contain microplastics between 63μm and 5mm size, were rinsed 

to obtain concentrates into pre-rinsed, labelled 250ml glass bottles using distilled 

water. Samples were kept in a cool box, shielded from light, and then transported to 

NaFIRRI - Jinja Laboratory for further analysis. The photographs in Figure 3.2 

below show the water sample collection and sieving.  

 
Sieving through the 63μm sieve 

 
Rinsing for concentrates  

Figure 3.2: Photographs showing water sample collection 
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3.4.2 Sediment sampling 

Sediment collection was carried out using a stainless-steel spade. Onsite, the 

samples were sieved through a 5mm stainless steel mesh to remove coarse particles 

and stones. From each sampling location, approximately 400 grams of sediment 

were obtained. The sediment samples were transferred to pre-cleaned Zipper bags, 

sealed to prevent any loss or contamination, and labeled. Samples were kept in a 

cool box, protected from light, and transported to the NaFIRRI Laboratory in Jinja 

for further analysis. To ensure statistical reliability, three replicate samples were 

collected from every site, resulting in an overall total of 27 samples for this study. 

The photographs in Figure 3.3 below show the water sample collection and sieving. 

 
Sediment sample collection 

 
Sediment sieving 

Figure 3.3: Photographs showing sediment sample collection 

3.4.3 Land use mapping and classification 

The sentinel 2 images of 10m resolution were obtained from ESA 

(https://scihub.copernicus.eu/.) preprocessed and classified using the supervised 

classification method, applying the maximum likelihood algorithm in ArcGIS 10.8.2 

software. The image classification accuracy of the land use was analyzed by use of 

the ground truth data combined with the digitized geographic coordinates from base 



26 

 

maps (google earth, Environmental System Research Institute /ESRI and Bing) 

which were later exported to ArcGIS software to generate vector point layer.  The 

Vector point layer was converted to raster, combined with corresponding land 

use/cover layers to make confused matrix. To calculate the accuracy of the producer, 

user and overall map, ground data was used for the columns; while the classified 

data was used for the rows using the formula indicted below. 

Overall accuracy (proportional of correctly classified samples) 

      = (total correct pixels) 100 

             Total pixels 

Producer’s accuracy (Accuracy at the producer’s perspective i.e., how well does 

the used model recognize the class types 

   = (correct pixels from the reference class)100 

                         Total reference pixels 

User’s accuracy (accuracy at the perspective of the map user i.e. the probability that 

the pixel predicted as e.g. water is actually water) 

   = (correct pixels identified in the class field class map)100 (Nasiri et al., 2022) 

                                         Total map pixels 

The overall classification accuracy attained for the land use/cover for this study was 

greater than 89% which is sufficient to proceed to the next analysis.  

Figure 3.4 below presents the flow chart outlining the steps followed in generating 

the land use map for the study area.  
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Figure 3.4: Flow chart of the process used to generate land use map of the study area 

Land use classification  

A handheld GPS receiver was utilized for ground verification to assess the three 

land-use/cover categories. During supervised classification of the study area, each 

category was quantified based on pixel counts in relation to the total site area. Land-

use classifications were determined by area coverage and presented in both hectares 

and percentage. The three primary categories identified were Agricultural, Forested, 

and Built-up areas. The classification details are shown in Table 3.2 below. 
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Table 3.2: Land use type classification for the study area 

Land use type Description  Area (ha) Area (%) 

Agriculture 

Regions primarily used for 

farming, including crop 

cultivation and livestock 

grazing. It also has sparse 

settlements. 93854 75.5 

Urban/built up areas 

Regions characterized by high 

population density, 

infrastructure, and human 

activity, including residential, 

industrial, and commercial 

areas.  16943 13.6 

Forested  

Natural or semi-natural 

landscapes dominated by trees 

and vegetation, with minimal 

human disturbance. 13478 10.8 

 Total  
 

124276 100.0 

(Source: Researcher, 2024) 
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Figure 3.5 below shows the land use map of the study area and the selected sampling 

sites. 

 

Figure 3.5: Land use map of the study area in Mbarara District 

Source: Researcher, 2024 
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 Sample preparation and Microplastics extraction  

3.5.1 Water samples  

Water samples were transferred into 500ml beakers and treated with 30% H₂O₂, 

with 0.05M of Fe (II) solution as a catalyst, to facilitate the breakdown of organic 

content (Masura, 2015). The treated mixture was then passed through a Whatman 

filter paper with pore size of 0.45 µm, and diameter of 47 mm. to prevent sample 

loss, the filtration device walls were rinsed several times using pre-filtered deionized 

water. The filter papers were then transferred into clean petri dishes, covered, air-

dried, and stored in a contamination-free environment until microscopic analysis. 

3.5.2 Sediment samples 

In the laboratory, 400g of wet sediment samples were transferred to clean beakers 

and dried in the oven, heated to 90°C for at least 24 hours or until completely 

moisture-free. Working under a fume hood, 200g of the dried samples underwent 

wet peroxide oxidation using 20ml aliquots of 30% hydrogen peroxide (H2O2) and 

20ml of 0.05M acidified iron (II) sulfate heptahydrate (FeSO4·7H2O) as a catalyst. 

The catalyst was made by mixing 15g of FeSO4·7H2O in one liter of water, and 

adding 6ml of concentrated sulfuric acid (H2SO4) to enhance organic matter 

digestion (Masura, 2015). Additional 20ml aliquots of 30% hydrogen peroxide were 

introduced until no visible organic material remained. 

Once digestion was complete, 6g of sodium chloride (NaCl) were added for every 

20ml of the solution. This mixture was then stirred until NaCl fully dissolved, and 

then left in a density separator overnight to facilitate density-based separation 

(Masura, 2015). Sodium chloride solution with a density of 1.2 kg/L was preferred 

because of its non-toxic properties and affordability (Li et al., 2018). This process 
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allowed microplastic particles to float while denser sediment particles settled. 

During separation, the suspension was shaken vigorously, and incubated until two 

distinct layers formed: the top layer containing particles of low density such as 

microplastics, and the bottom layer containing denser particles like clay. 

Microplastics particles were recovered from the top liquid layer and filtered using 

Whatman membrane filters of 0.45 µm pore size, and 47 mm diameter, cellulose 

nitrate, using glass Büchner funnels of Millipore brand, 250ml capacity, model 

xx1004704). The filters with the retained particles were carefully placed in petri 

dishes, covered, labeled, and air-dried in preparation for microscopic analysis. 

 Identification and quantification of Microplastics 

Microplastics retained on the dry filters were analyzed using a Zeiss Stemi 508 

stereomicroscope (manufactured by Carl Zeiss Microscopy GmBH, Germany), set 

at 50x magnification to assess their shape, color, and size. An AxioCam ERc5s Rev2 

camera attached to the microscope was used for imaging. Every filter was 

meticulously examined, including the petri dish surface beneath it to ensure that all 

particles were accounted for. Microplastic concentrations were expressed as particle 

counts per liter for water and number of particles per kilogram for sediment samples. 

To distinguish plastics from non-plastic materials, the 'hot needle test' and 'break 

test' were applied, following methods described by Campbell et al. (2017) and 

Hendrickson et al. (2018). Microplastics were identified and measured based on 

specific criteria: 1) resistance to tearing with tweezers, 2) distinct coloration, and 3) 

absence of organic structures such as knots. Particles were then categorized by color, 

size, and shape, based on classification methods adapted from research by Free et 

al., (2014); Hidalgo-Ruz et al., (2012), as outlined in Table 3.3 below.  
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Table 3.3: Categorisation used for the studied microplastics  

Characteristic Categories  

Shape  • Fibre/line (long, threadlike, straight) 

• Film (thin, flexible, transparent) 

• Fragment (rigid, uneven, sharp-edged) 

• Foam (light, porous, spongelike) 

• Pellet (solid, spherical, oval-shaped) 

• Sheet (flat, irregular, flexible) 

Size  • Less than 0.5mm 

• 0.5mm to 1.0mm 

• 1.0mm to 5.0mm  

Colour  • Blue 

• Black 

• Green 

• White/Transparent 

• Red  

• Yellow 

• Orange  

• Pink  

• Brown   

(Source: Researcher, 2024) 

 FT-IR analysis for polymer type 

The recovered microplastic particles were analyzed to determine their polymer 

composition using a Micro Fourier Transform Infrared (FT-IR) Spectrometer, 

following established methods (Hidalgo-Ruz et al., 2012). FT-IR is a widely applied 

technique that identifies polymers by detecting the unique vibrational frequencies of 

chemical bonds within a sample. These frequencies correspond to distinct polymer 

types and produce a spectrum with peaks indicative of specific bond vibrations. The 

generated spectrum is cross-referenced with a library containing spectra of known 
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polymers for accurate identification (e.g., polyethylene, polypropylene, polystyrene, 

HDPE, LDPE, PVC). The analyses were conducted using the Attenuated Total 

Reflection (ATR) component on a diamond crystal of the AIM 9000 Automatic 

Infrared Microscope 9000, operated with LabSolutions IR software (Shimadzu 

Corporation, Japan). Every particle underwent 20 scans, at a resolution of 4/cm 

across a spectral range of 4000 to 400/cm. Before every analysis, a background scan 

was carried out. Polymers were identified by matching the raw sample's spectra 

against the software’s reference library, using a similarity threshold of ≥80% for 

confirmation (Y. K. Song et al., 2014b). 

 Quality control measures 

To prevent plastic contamination during sample collection, only non-plastic tools 

such as steel sieves, stainless steel shovels, steel buckets, and glass sampling bottles 

were used, all of which were carefully rinsed with distilled water before being used. 

All laboratory equipment used were meticulously cleaned, and the researcher used 

latex gloves and a cotton lab coat to minimize contamination. Samples were covered 

with aluminium foil during static processes to maintain their integrity. 

To ensure no contamination was present, a filter membrane exposed in the laboratory 

for 24 hours showed no detectable microplastics. Additionally, after filtering 30-

liters of distilled water under vacuum filtration, no plastic particles were observed. 

 Data Analysis  

The data collected was entered and processed using IBM SPSS Software Version 

29.0, which enabled systematic coding, organization, and input of variables for 

statistical analysis. Descriptive statistics were applied to generate frequencies and 

percentages of categorical variables, such as microplastic concentration, shapes, 
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colours, sizes, and polymer types. To test for differences in microplastic 

concentrations across the sampling sites, Analysis of Variance (ANOVA) was used. 

In addition, Chi-square tests were used to examine associations between categorical 

variables, such as microplastic characteristics and specific land use categories. 

Pearson correlation analysis was performed to assess the strength and direction of 

associations between land use types (agricultural, urban/built up, forested) and 

microplastic concentration. Furthermore, regression analysis was performed to 

develop predictive models that estimate microplastic concentrations based on land 

use variables. A 5% significance threshold (p < 0.05) was applied to ensure statistical 

reliability meaningful interpretation of results. 

The findings from the study were presented using a combination of maps, graphs, 

and tables for clarity. Spatial distribution maps were used to illustrate the 

concentration and spread of microplastics across various sampling points along 

River Rwizi, highlighting pollution hotspots and areas of significant microplastic 

accumulation. Bar graphs depicted the proportions of microplastics by size, shape, 

colour, and polymer category, while frequency tables were used to summarize 

categorical distributions across different land use types. The results of the regression 

analysis, including model equations, coefficients, and R-squared values, were 

presented in tabular form to demonstrate the predictive influence of land use 

variables on microplastic pollution levels. All figures and tables were clearly labeled 

and to ensure accurate interpretation. 

 Ethical considerations 

The study was conducted in compliance with ethical guidelines governing 

environmental research, ensuring accuracy, transparency, and impartiality 
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throughout the process. All data were collected, analyzed, and reported without 

manipulation or bias to ensure the integrity of the results. The study complied with 

established methodologies for microplastic identification and quantification to 

maintain scientific credibility. Efforts were made to minimize environmental 

disturbance during sample collection. All sampling activities followed best practices 

to avoid contamination and ensure the integrity of collected samples. Any waste 

generated during the research was managed and disposed of responsibly.  This study 

made use of published literature and, where applicable, publicly available datasets. 

All secondary data sources used were properly cited to uphold academic integrity. 

Since no human participants or personal data were involved, formal ethical clearance 

from an institutional review board was not required. 
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CHAPTER FOUR 

4 PRESENTATION OF RESULTS 

 Concentration of microplastics in water and sediment samples 

4.1.1 Water samples  

Microplastic particles were recovered in all the water samples collected for this 

study, in varying concentrations across the land use types (Figure 4.1 below). 

In agricultural areas, water samples exhibited relatively lower concentrations, 

ranging between 0.117 and 0.28 Particles/liter, averaging 0.194 ± 0.068 

particles/liter. In contrast, urban areas showed significantly higher microplastic 

levels in water, with concentrations from 0.267 to 0.883 Particles/liter and an 

average of 0.528 ± 0.260 particles/liter. Forested areas displayed intermediate 

microplastic concentrations in water, ranging between 0.250 and 0.533 

Particles/liter, and a mean of 0.428 ± 0.126 Particles/liter.  

 

Figure 4.1: Microplastic concentrations in water samples 
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p < 0.001). The high F-value shows that variation between the groups is much 

greater than variation within the groups, suggesting that land use type strongly 

influences microplastic concentrations. 

Table 4.1: ANOVA for concentration of microplastics in water samples 

  ANOVA     

  Sum of 

Squares 

df Mean 

Square 

F Sig. 

Abundance 

(P/L)   

Between 

Groups 

854.494 2 427.247 620.894 0.000 

Within Groups 140.376 204 .688   

 Total 994.870 206   

4.1.2 Sediment samples  

Microplastic concentrations in sediments followed a similar trend but were generally 

lower than in water samples. In agricultural areas, sediment microplastic levels 

varied between from 0.012 and 0.03 Particles/kg dry weight, averaging 0.020 ± 

0.007 Particles/kg dry weight. Sediments in urban areas exhibited higher 

concentrations, ranging from 0.050 to 0.132 Particles/kg dry weight, with a mean 

of 0.078 ± 0.038 Particles/kg dry weight. In forested areas, sediment microplastic 

levels were low, ranging from 0.025 to 0.042 Particles/kg dry weight. The bar graph 

in Figure 4.2 below shows the concentration of microplastics in sediment samples 

across all sampling points. 
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Figure 4.2: Concentration of microplastics in sediment samples  

The ANOVA results (Table 4.2) reveal a statistically significant difference in mean 

abundance of microplastic particles per kilogram of dry weight among the groups 

compared (F = 689.347, p < 0.001). The large F-value indicates that variation 

between groups is substantially greater than variation within groups, suggesting that 

the grouping factor, such as sampling land use type, has a strong influence on 

microplastic abundance. 

Table 4.2: ANOVA for concentration of microplastics in sediment samples 

 ANOVA 

  Sum of 

Squares 

df Mean 

Square 

F Sig. 

Abundance 

(Particles/kg 

dry wt)   

Between 

Groups 

949.452 2 474.726 689.347 0.000* 

Within 

Groups 

157.703 229 .689   

Total 1107.155 231    
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 River Rwizi microplastic concentration comparison with other water 

bodies  

A comparative analysis (Table 4.3) shows that River Rwizi records relatively low 

microplastic concentrations in both water (0.117–0.883 particles/liter) and 

sediments (0.012–0.132 particles/kg) compared to several other water bodies in 

Uganda and internationally. For example, Lake Victoria, despite being a large 

freshwater lake, has extremely low microplastic concentrations in water (0.00002–

0.00219 particles/liter), but sediment concentrations are considerably higher (75–

1,397 particles/kg), highlighting the tendency for microplastics to accumulate in 

sediments over time. 

In contrast, the Nakivubo catchment in Uganda, which drains Kampala city, shows 

higher concentrations in water (1.569 ± 1.474 particles/liter during the dry season 

and 2.140 ± 3.670 particles/liter in the wet season), reflecting the impact of urban 

runoff and untreated wastewater discharges. Similarly, River Mpanga in Fort portal 

reports a high concentration in water (11.5 particles/liter), likely due to 

anthropogenic inputs. 

Internationally, rivers such as the Yangtze River and Yongjiang River in China both 

exhibit elevated microplastic levels in water (8.407 and 0.5–7.7 particles/L, 

respectively) and sediments (84.9 and 90–550 particles/kg, respectively), largely 

driven by urban and industrial pollution pressures. The mouths of rivers draining 

into Manila Bay in the Philippines show an even higher values in water (1.58–57.67 

particles/L) and sediment (386–1,357 particles/kg), reflecting intense coastal and 

urban pollution. 
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In comparison, River Rwizi’s relatively low microplastic concentrations suggest that 

pollution sources are moderate and may be influenced by localized urbanization, 

agricultural activities, plastic littering and limited industrial discharges. While its 

microplastic levels are higher than those reported for Lake Victoria, they remain 

lower than those in heavily urbanized catchments such as Nakivubo and major Asian 

river systems. The minimal sediment concentrations observed in River Rwizi may 

be influenced by the river’s hydrodynamics or sediment properties, which limit 

accumulation. 

Overall, the comparative analysis demonstrates how land use, urbanization, and 

industrial activity strongly influence microplastic pollution. At present, River Rwizi 

shows moderate contamination, but continued monitoring is essential to prevent 

future increases. 

Table 4.3: Comparison of microplastics concentration in River Rwizi with other studies  

Study Area (Country) Water (particles/L) Sediments 

(particles/kg) 

Reference 

River Rwizi (Uganda) 0.117 – 0.883 0.012 – 0.132 This study, 2025 

Lake Victoria (Uganda) 0.00002 – 0.00219 75 – 1,397 (Egessa et al., 

2020) 

Nakivubo Catchment 

(Uganda) 

1.569±1.474(dry 

season) and 2.140 ± 

3.670 (wet season) 

- (Ocakacon et al., 

2025) 

River Mpanga 

(Uganda) 

11.5 - (Nyakoojo et al., 

2024) 

Yangtze River (China) 8.407 84.9 (Ye & Pei, 2023) 

Karnaphuli River 

Estuary (Bangladesh) 

- 22.29 to 59.5 (Rakib et al., 

2022) 

Namibian River 

(Namibia) 

 13.2 (Faulstich et al., 

2022) 

Thames River (UK) – 660 (Horton et al., 

2017) 

Yongjiang River 

(China) 

0.5–7.7 90 to 550 (Zhang et al., 

2020) 

River mouths to Manila 

Bay (Philippines) 

1.58 – 57.67 386 to 1,357 (Osorio et al., 

2021) 
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 Characteristics of microplastics present in water and sediment samples 

4.3.1 Shape characteristics of microplastics present in water and sediments 

samples 

4.3.1.1 Water samples 

Microplastics identified were classified into three shapes, that is Fibre, Film and 

Fragment. Figure 4.3 shown below shows the percentage of microplastics by shape, 

in water samples across the three land use categories (Agricultural, Urban, and 

Forested).  Fibers were the most prevalent shape of microplastics across all land use 

types, making up 92.8% of the total microplastics detected. They were especially 

highest prevalent in urban areas (95.8%), followed by forested (94.8%) sites, and 

slightly lower in agricultural areas (80.0%). Fragments accounted for (5.3%) from 

all the samples, and were more common in agricultural areas (14.3%) compared to 

urban (3.2%) and forest (3.9%). Films were the least common shape overall (1.9%), 

with slightly higher proportions in agricultural areas (5.7%).  

 

Figure 4.3: Percentage of microplastic shapes in water across the three land use 

types 
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4.3.1.2 Sediments 

In sediment samples, fibers were the most common microplastic form, comprising 

61.6% of all particles identified. They were particularly dominant in forested areas 

(87.5%), compared to agricultural (63.9%) and urban (50.7%) sites. Fragments were 

the second most prevalent form (20.3%), with a notably higher presence in urban 

sediments (26.4%) and agriculture (22.2%), while being minimal in forested 

sediments (3.6%). Films accounted for 18.1% of all sediment particles, more 

frequently observed in urban sites (22.9%) than in agricultural (13.9%) and forested 

(8.9%) areas. Figure 4.4 below presents the percentage distribution of microplastic 

shapes in sediment samples across the three land use types. 

 

Figure 4.4: Percentage of microplastic shapes in sediments across the three land 

use types 
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Table 4.4: Relationship between microplastic shape and the land use types in sediments and water 

  Land use type   

  Agricultural         Urban       Forest        Total           χ2     P – value  

  n (%) n (%) n (%) n (%)   

Sediments  Film 5 (13.9) 32 (22.9) 5 (8.9) 42 (18.1) 23.918 0.000* 

 Fiber 23 (63.9) 71 (50.7) 49 (87.5) 143 (61.6)   

 Fragment 8 (22.2) 37 (26.4) 2 (3.6) 47 (20.3)   

  36 140 56 232   

Water  Film 2 (5.7) 1 (1.1) 1 (1.3) 4 (1.9) 10.298 0.036* 

 Fiber 28 (80.0) 91 (95.8) 73 (94.8) 192 (92.8)   

 Fragment 5 (14.3) 3 (3.2) 3 (3.9) 11 (5.3)   

  35 95 77 207   
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4.3.2 Colour characteristics of microplastics present in sediments and water 

samples 

4.3.2.1 Water 

The Figure 4.5 below presents the percentage distribution of microplastic colors 

(White/Transparent, Blue, Yellow, Red, Green, pink, black, and Brown) across the 

three land use categories in water samples. Blue microplastics dominated overall, 

accounting for 49.8% of the total particles. It was most prevalent in forest waters 

(61.0%), compared to urban (42.1%) and agricultural (45.7%) sites. Red and green 

particles followed in frequency, accounting for 24.2% and 17.4% respectively. 

White/transparent particles were fewer in water (7.2%), particularly low in forest 

sites (2.6%) compared to agriculture (14.3%). Other colors such as yellow, brown, 

and black appeared rarely. 

 

Figure 4.5: Percentage of microplastics in water by color across the three land use 

types 
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4.3.2.2 Sediments 

As with the water samples, blue emerged as the most common colour in the sediment 

samples, which accounted for 47.0% of all sediment particles, with the highest 

occurrence in forested areas (53.6%), followed by urban (46.4%) and agricultural 

(38.9%) sites. White/transparent (W/T) particles made up 28.9% of the total, and 

were most common in urban sediments (30.7%), followed by agricultural (27.8%) 

and forest (25.0%). Other colors like red (14.7%), yellow (2.2%), green (3.4%), pink 

(1.7%), black (0.4%), and multicolor (1.7%) occurred in lower proportions. Notably, 

pink microplastics were only found in agricultural sediments, and multicolor 

particles were more prominent in forest sites (Figure 4.6).   

 

Figure 4.6: Percentage of microplastics in sediments by color across the three land 

use types 
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Table 4.5: Relationship between microplastic color and the land use types in sediments and water 
  Land use type   

  Agricultural       Urban       Forest          Total  χ2 P – value  

  n (%) n (%) n (%) n (%)   

Sediments  W/T 10 (27.8) 43 (30.7) 14 (25.0) 67 (28.9) 33.191 0.003* 

 Blue 14 (38.9) 65 (46.4) 30 (53.6) 109 (47.0)   

 Yellow 1 (2.8) 3 (2.1) 1 (1.8) 5 (2.2)   

 Red 7 (19.4) 20 (14.3) 7 (12.5) 34 (14.7)   

 Green 0 (0.0) 7 (5.0) 1 (1.8) 8 (3.4)   

 Black 0 (0.0) 1 (0.7) 0 (0.0) 1 (0.4)   

 Pink 4 (11.1) 0 (0.0) 0 (0.0) 4 (1.7)   

 Multicolor 0 (0.0) 1 (0.7) 3 (5.4) 4 (1.7)   

  36 140 56 232   

Water  W/T 5 (14.3) 8 (8.4) 2 (2.6) 15 (7.2) 15.001 0.132 

 Blue 16 (45.7) 40 (42.1) 47 (61.0) 103 (49.8)   

 Yellow 1 (2.9) 0 (0.0) 1 (1.3) 2 (1.0)   

 Red 6 (17.1) 26 (27.4) 18 (23.4) 50 (24.2)   

 Green 7 (20.0) 20 (21.1) 9 (11.7) 36 (17.4)   

 Brown 0 (0.0) 1 (1.1) 0 (0.0) 1 (0.5)   

  35 95 77 207   
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4.3.3 Size characteristics of microplastics present in water and sediments 

samples 

4.3.3.1 Water samples 

Figure 4.7 below shows the distribution of microplastic sizes in water samples across 

the three land use categories, with distinct patterns observed for each size range: less 

than 0.5 mm, 0.5 to 1.0mm, and 1.0 to 5.0mm. Overall, particles in the 0.5–1.0 mm 

range were the most prevalent, which constituted 43.0% of the total particles, 

followed by <0.5 mm particles at 41.1%, and 1.0–5.0 mm particles at 15.9%. Across 

land uses, agricultural waters had the highest proportion of <0.5 mm particles 

(54.3%), whereas forest and urban waters showed relatively similar distributions of 

small and medium-sized microplastics. 

 

Figure 4.7: Percentage of microplastics in water by size across the three land use 

types 
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accounting for 33.2% of total particles. This was followed closely by particles 

smaller than 0.5 mm at 39.2%, and particles between 1.0–5.0 mm at 27.6%. Some 

variation was noted across land use types such as a slightly higher percentage of 

<0.5 mm particles in urban sediments (41.4%) compared to agricultural (33.3%) and 

forest (37.5%) sites (Figure 4.8). 

 

Figure 4.8: Percentage of microplastics in sediments by size across the three land 

use types 
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Table 4.6: Relationship between microplastic size and the land use types in sediments and water 

  Land use type   

  Agricultural         Urban       Forest       Total     χ2 P – value  

  n (%) n (%) n (%) n (%)   

Sediments  < 0.5 12 (33.3) 58 (41.4) 21 (37.5) 91 (39.2) 2.295 0.693 

 0.5 - 1.0 13 (36.1) 42 (30.0) 22 (39.3) 77 (33.2)   

 1.0 - 5.0 11 (30.6) 40 (28.6) 13 (23.2) 64 (27.6)   

  36 140 56 232   

Water  < 0.5 19 (54.3) 36 (37.9) 30 (39.0) 85 (41.1) 4.661 0.324 

 0.5 - 1.0 13 (37.1) 40 (42.1) 36 (46.8) 89 (43.0)   

 1.0 - 5.0 3 (8.6) 19 (20.0) 11 (14.3) 33 (15.9)   

  35 95 77 207   

 



50 

 

4.3.4 Polymer type characteristics of microplastics in water and sediment 

samples 

4.3.4.1 Water samples 

Identifying polymer composition helps trace the likely sources of plastics that have 

degraded or fragmented into microplastics. The recovered particles were analyzed 

using Fourier Transform Infrared (FT-IR) spectroscopy, and the resulting spectra 

(Appendix 1) were matched against a reference library of known polymers. The 

analysis identified three types of polymers: polyethylene (PE), polypropylene (PP), 

and high-density polyethylene (HDPE). 

Water samples showed a more uniform distribution of microplastic types across land 

uses. PE remained the most abundant type overall (58.5%), with the highest 

proportion detected in agricultural sites (74.3%) compared to urban (55.8%) and 

forested sites (54.5%). PP was also widespread (37.2%), with similar proportions in 

forested (40.3%) and urban (38.9%) waters, but lower in agricultural waters 

(25.7%). HDPE was minimally present in water samples across all land uses (4.3%), 

appearing slightly only in urban and forested sites (Figure 4.9). 
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Figure 4.9: Percentage distribution of microplastic polymer types in water across 

the three land use types 

4.3.4.2 Sediments 
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Figure 4.10: Percentage distribution of microplastic polymer types in sediments 

across the three land use types 

4.3.4.3 Relationship between microplastic polymer type and the land use types 

in sediments and water 

In sediment samples, the chi-square test showed a statistically significant variation 

in polymer type distribution across the three land use types (χ² = 13.590, P = 0.009), 
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in river sediments. In contrast, the chi-square test for water samples indicated no 
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5.162, P = 0.271) (Table 4.7). 
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Table 4.7: Relationship between microplastic polymer type and the land use types in sediments and water 

  Land use type   

  Agricultural Urban Forest Total  χ2 P – value  

  n (%) n (%) n (%) n (%)   

Sediments  PE 25 (69.4) 100 (71.4) 26 (46.4) 151 (65.1) 13.590 0.009* 

 PP 11 (30.6) 32 (22.9) 25 (44.6) 68 (29.3)   

 HDPE 0 (0.0) 8 (5.7) 5 (8.9) 13 (5.6)   

  36 140 56 232   

Water  PE 26 (74.3) 53 (55.8) 42 (54.5) 121 (58.5) 5.162 0.271 

 PP 9 (25.7) 37 (38.9) 31 (40.3) 77 (37.2)   

 HDPE 0 (0.0) 5 (5.3) 4 (5.2) 9 (4.3)   

  35 95 77 207   
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 Influence of land use activities on microplastic distribution and 

concentration 

4.4.1 Water samples 

In addition to measuring microplastic concentration and composition in aquatic 

ecosystems, understanding the environmental factors that may influence their 

distribution is also crucial. Pearson correlation analysis was used to evaluate the 

relationship between land use type and microplastic concentration in water samples, 

measured in particles per litre (P/L). Results demonstrated a very strong positive 

correlation, with a Pearson correlation coefficient (r) of 0.925. This implies that as 

land use intensity increases, from forest to agricultural to urban areas, microplastic 

concentrations increase correspondingly. The mean value for land use type was 2.20 

(standard deviation = 0.709), while the mean microplastic concentration was 5.43 

P/L with a standard deviation of 2.198. The correlation was statistically significant 

(p = 0.000), indicating that the relationship observed is highly unlikely to be due to 

chance. These findings suggest that land use practices are a major factor influencing 

microplastic pollution in aquatic environments, with more developed and human-

modified areas contributing most (Table 4.8). 

Table 4.8: Effect of land use activities on microplastic distribution and 

concentration s in water 

 Mean  Standard 

deviation 

 Land use 

type 

abundance 

(P/L) 

Land use 

type 

2.20 0.709 Pearson Correlation 1 0.925* 

  Sig. (2-tailed)  .000 

   N 207 207 

abundance 

(P/L) 

5.43 2.198 Pearson Correlation 0.925* 1 

  Sig. (2-tailed) 0.000  

  N 207 207 
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Table 4.9 below demonstrates the regression model results, showing that land use 

type had a significant effect on microplastic concentration in water. The model fit is 

highly robust, with an R Square value of 0.855, showing that 85.5% of the variance 

in microplastic concentration could be explained by type of land use. The correlation 

coefficient (R = 0.925) indicates a very strong positive relationship between type of 

land use and microplastic concentration, further emphasizing the effect of land use 

on microplastic distribution. 

Table 4.9: Regression model summary of land use influence on microplastic 

concentration in water 

Model Summary 

Model R R 

Square 

Adjusted 

R 

Square 

Std. 

Error of 

the 

Estimate 

Change Statistics 

R 

Square 

Change 

F 

Change 

df1 df2 Sig. F 

Change 

1 0.925a 0.855 0.855 0.838 0.855 1212.031 1 205 0.000 

a. Predictors: (Constant), Land use type 

 

The spatial distribution of microplastic (MP) concentrations along River Rwizi is 

presented in Figure 4.11 below. The results reveal clear variations in microplastic 

concentrations across the sampling points, corresponding closely with dominant 

land use types. Microplastic concentrations were highest in urbanized areas, 

particularly Kakoba and Nyamitanga. These areas are characterized by dense 

settlements, commercial activities, and inadequate solid waste management, which 

contribute significantly to the discharge of plastics into the river. Moderate 

concentrations were observed in transitional zones influenced by both agricultural 

and peri-urban land uses. In contrast, the lowest concentrations were recorded in 

upstream and downstream sections of the river, which are dominated by agricultural 

and forested landscapes with relatively low population pressure.  
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Figure 4.11: Map showing Spatial distribution of microplastics in water samples in 

different Land use types 

4.4.2 Sediments  

Pearson correlation analysis was used to examine the relationship between land use 

type and microplastic concentration in sediments (measured in particles per 

kilogram of dry weight). The results revealed a strong positive correlation between 

the two variables, with a Pearson correlation coefficient (r) of 0.923. This indicates 

that changes in land use type—such as transitions from forested areas to agricultural 

or urban settings—are strongly associated with increased microplastic abundance. 

The mean land use value was 2.09 with a standard deviation of 0.625, while the 

mean microplastic abundance was 5.06 particles/kg dry weight with a standard 

deviation of 2.189. The correlation was found to be statistically significant, with a 

p-value of 0.000 (p < 0.05), suggesting that the observed relationship is unlikely to 

have occurred by chance (Table 4.10). 
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Table 4.10: Effect of land use activities on microplastic distribution and 

concentration in sediments 

 Mean  Standard 

deviation 

 Land 

use 

type 

Abundance 

(Particles/kg 

dry wt) 

Land use 

type 

2.09 0.625 Pearson 

Correlation 

1 0.923* 

  Sig. (2-tailed)  .000 

  N 232 232 

Abundance 

(Particles/kg 

dry wt) 

5.06 2.189 Pearson 

Correlation 

0.923* 1 

  Sig. (2-tailed) .000  

  N 232 232 

 

Table 4.11 below presents the regression model results, demonstrating that the type 

of land use had a significant impact on the sediment microplastic concentrations. 

The model fit is also highly robust, with an R Square value of 0.852, showing that 

85.2% of the variance in microplastic concentration is attributable to type of land 

use. The correlation coefficient (R = 0.923) revealed a very strong positive 

relationship between type of land use and concentration of microplastics in 

sediments. 

Table 4.11: Regression model summary of land use influence on sediment microplastic 

concentrations   

Model Summary 

Model R R 

Square 

Adjusted 

R 

Square 

Std. 

Error of 

the 

Estimate 

Change Statistics 

R 

Square 

Change 

F 

Change 

df1 df2 Sig. F 

Change 

1 0.923a 0.852 0.851 0.844 0.852 1322.620 1 230 0.000 

a. Predictors: (Constant), Land use type 
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The distribution of microplastic (MP) concentrations in riverbed sediments along 

River Rwizi is illustrated in Figure 4.12. The concentrations exhibit marked spatial 

variation that corresponds to surrounding land use patterns and intensity of human 

activity. The highest MP concentrations were recorded in sediments collected from 

the urban sub counties of Kakoba and Nyamitanga. These areas are characterized by 

dense urban settlements, roadside trading, and high levels of solid waste generation, 

which contribute to the deposition of plastics into the riverbed. The lowest 

concentrations occurred in the upstream and downstream rural stretches of the river 

where agricultural and forested land cover dominate. Overall, the results indicate 

that urban centres act as major sources of sediment-associated microplastics, while 

areas with relatively intact natural vegetation and low population density exhibit 

reduced contamination. This spatial pattern highlights the strong influence of 

urbanization and land use intensity in the accumulation of microplastics in river 

sediments.  

 

Figure 4.12: Map showing Spatial distribution of microplastics in sediment samples 

across different Land use types  
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CHAPTER FIVE 

5 DISCUSSION OF RESULTS 

 Concentration of microplastics in water and sediment samples 

The study revealed distinct variations in concentrations of microplastics across the 

different land-use categories. Urban areas recorded the highest level of 

concentration in both water and sediment samples, a trend linked to the intensity of 

human activities in these areas, associated with higher population density in urban 

areas, such as improper waste disposal practices, industrial activities and increased 

plastic usage and disposal. Macroplastic litter was seen in the riverbanks and 

comprised mainly of empty soft-drink plastic bottles, plastic (polythene) bags, 

plastic packaging materials, and PP bags among others. Storm water runoff from 

roads, sidewalks and open drains in these urban areas also transports plastics into 

the river. Agricultural areas had the lowest microplastic concentrations in both water 

and sediments, likely due to minimal plastic use and waste generation. Microplastics 

may also be retained in agricultural soils, reducing their transportation to the river.  

Forested areas displayed intermediate levels of microplastics in water, which may 

be due to the influence of upstream sources and atmospheric deposition. However, 

the relatively low sediment concentrations indicate minimal direct anthropogenic 

input, as forested areas generally have no significant industrial or domestic pollution 

sources.  

The findings of this study are consistent with results reported in earlier research 

conducted by Stovall & Bratton (2022), who identified urban areas as hotspots for 

microplastic pollution in urban watersheds in Texas USA, due to poor waste 

management and industrialization. A study in Beijing China also observed a similar 
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trend, where urban water bodies exhibited significantly higher microplastic 

concentrations than rural or natural areas (Niu et al., 2024).  Ross et al. (2023) also 

reported that agricultural runoff contributes less to microplastic contamination 

compared to urban regions in a study conducted in Canada. These studies support 

the observed trends in microplastic concentration levels in River Rwizi across land-

use types.  However, some studies presented differing results. For example, in a 

study in China, B. Long et al. (2023) reported that agricultural areas could exhibit 

higher sediment microplastic levels because of extensive use of plastic in mulching, 

and irrigation pipes that degrade into microplastics. In another study done in 

Portugal, Leitão et al. (2023) found forestry areas with higher microplastic levels 

than urban zones due to deposition from atmospheric sources, particularly near 

industrial regions. In Bangladesh, Afrin et al. (2020) noted that urban areas with 

advanced waste management systems had lower microplastic concentrations, 

suggesting that the findings may vary based on regional management practices.   

The findings have significant implications for strategies in environmental 

conservation and pollution control. Urban areas require targeted interventions such 

as improving waste management infrastructure, regulating industrial discharges, and 

minimizing plastic use to reduce microplastic contamination. In agricultural areas, 

policies encouraging use of biodegradable options and better runoff management 

can help mitigate microplastic pollution. For forestry areas, minimizing atmospheric 

deposition of microplastics and protecting natural water bodies can preserve 

ecosystem integrity. 
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 Characteristics (colour, shape, size, and Polymer type) of microplastics 

present in water and sediment samples 

5.2.1 Shape 

The analysis showed that fibers were the most common shape of microplastics in 

both water and sediment samples across the three land-use categories (Agricultural, 

Urban, and Forest). Their dominance is likely linked to widespread use of textile, 

improper disposal of clothing, and washing of synthetic fabrics, which release fibers 

into water systems. Fragments were more common in urban sediments due to high 

levels of plastic use, degradation of discarded plastics, and mechanical breakdown 

of plastics during urban activities. The slightly higher presence of films in urban 

areas could be linked to the disposal of single-use plastics like packaging materials 

and bags, which degrade and settle in sediments through urban runoff and improper 

waste disposal.   

The findings of this study are consistent with those reported by  Fältström & 

Anderberg (2020) who observed fibers as the dominant shape of microplastics in 

urban water systems, primarily due to domestic and industrial wastewater discharge. 

Similarly, in Namibia, Faulstich et al. (2022) reported high fiber concentrations in 

sediments near agricultural and forested regions, citing atmospheric deposition and 

runoff as significant contributors. In another study in China, Qiang et al. (2023) also 

found fibers to be the most common microplastic shape in sediments, particularly in 

agricultural areas, attributing their presence to the degradation of plastic mulch and 

farming-related activities.  The findings of this research also disagreed with other 

research findings. For example, Kadac-Czapska et al. (2023) reported that fragments 

were the most common microplastic shape in both water and sediments, suggesting 
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packaging materials and litter breakdown as the key pollution sources. Additionally, 

in China, Z. Long et al. (2021) identified pellets as the dominant microplastic shape 

near industrial areas, linking their prevalence to industrial discharge.   

These results highlight the pervasive nature of fiber-based microplastic pollution 

and underscore the urgent need for interventions tailored to different land-use 

categories. The dominance of fibers emphasizes the importance of improving textile 

waste management and promotion of biodegradable alternatives to synthetic fibers. 

5.2.2 Colour  

In water, blue microplastics were the most common across all categories, 

particularly in forest areas, while red and green microplastics were the second most 

frequent, with notable proportions in urban and agricultural areas. The dominance 

of blue microplastics in both water and sediments could be attributed to their origin 

from widely used products like fishing nets, ropes, and packaging materials that 

break down into smaller particles over time. Agricultural areas may accumulate red 

microplastics due to the use of plastics in farming equipment, mulch, and irrigation 

systems, which often contain colored plastics. Sediment samples from urban areas 

contained higher proportions of White/Transparent (W/T) microplastics, largely 

resulting from the degradation of clear or transparent plastic packaging bags and 

bottles, which are frequently disposed of improperly in urban areas.   

Several studies support the study findings. For instance, in a study of Five river 

mouths of Manila Bay in the Philippines, Osorio et al. (2021) observed high 

prevalence of blue microplastic particles in water and sediment systems, linking 

them to fishing activities and degraded plastic materials. Ihenetu et al. (2024) 

reported a significant presence of W/T microplastics in urban environments, citing 
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improper disposal of plastic waste as a key contributor. Ye et al. (2024) found that 

red microplastics were more common in agricultural soils, linked to the use of red-

colored mulch films and farming equipment. Conversely, some studies provide 

different findings from those of this study. For instance, in China, Wang et al. (2022) 

found that green microplastics dominated in some coastal water systems in Coastal 

Waters of Zhanjiang Bay, attributing their prevalence to degraded green fishing gear. 

In another study in Beijing China, Niu et al. (2024) found black microplastics as the 

dominant color in sediments, attributing them to the breakdown of rubber and tire 

particles in urban runoff.  The findings emphasize the need for targeted management 

of microplastic pollution based on land use. The prevalence of blue microplastics 

points to the importance of improving the management of discarded fishing gear and 

related waste in forested and agricultural areas. 

5.2.3 Size 

In water, smaller microplastics (<0.5 mm) were most prevalent in agricultural areas. 

Urban water systems exhibited a more even distribution across all size ranges, with 

a higher proportion of the medium-sized particles (measuring between 0.5–1.0 mm). 

In sediments, size distributions were more balanced across the three categories. 

Agricultural sediments exhibited highest prevalence of microplastics within the of 

0.5mm to 1.0 mm size range.  These findings can be explained by several factors. 

First, practices like the use of plastic mulching films and agricultural inputs such as 

fertilizers, contribute significantly to the dominance of smaller microplastics in 

agricultural water systems. Second, urban runoff introduces a diverse mix of 

microplastic sizes due to industrial and residential plastic waste, which undergoes 

rapid degradation from mechanical and chemical processes. Finally, natural 

degradation processes in forested environments are slower, resulting in the 
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dominance of medium-sized microplastics. These processes are influenced by lower 

human activity and reduced environmental stressors, such as temperature 

fluctuations and pollution.   

Several studies support the results the of this research. For example, Olubusoye et 

al. (2024) observed that microplastics smaller than 0.5 mm are prevalent in 

agricultural runoff, largely resulting from the breakdown of plastic mulch films and 

pesticide containers. Wang et al. (2022) in their research on Coastal Waters of 

Zhanjiang Bay in China, observed an even distribution of microplastic sizes in urban 

runoff, linking it to mixed sources such as industrial waste and household plastic. 

Similarly, Sharma (2023) found that forest ecosystems are dominated by medium-

sized microplastics, likely due to slower degradation processes in areas with minimal 

anthropogenic disturbances. However, in contrast, some studies report different 

findings. For example, in their study in United Kingdom, Cusworth et al. (2024) 

found that larger microplastics (>1.0 mm) were more common in agricultural 

sediments, suggesting that the degradation of plastics in these areas occurs more 

slowly than anticipated. Niu et al. (2024) observed that larger microplastics 

dominated in urban water systems, attributed to the transportation of less-degraded 

plastics from industrial sources. In their study of the Mae Klong River in the upper 

Gulf of Thailand, Chaisanguansuk et al. (2023) found smaller microplastics of sizes 

<0.5 mm to be dominant in forest sediments, hypothesizing that microbial activity 

accelerates degradation in these environments.   

The predominance of smaller microplastics in agricultural water and urban 

sediments underscores the importance of improving plastic use practices and 

disposal in these areas. Smaller microplastics pose greater risks to aquatic and 

terrestrial organisms due to their increased likelihood of being ingested and entering 
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the food chain. Furthermore, the occurrence of microplastics in forest systems 

indicates that even relatively undisturbed environments are not exempt from 

pollution, underscoring the pervasive nature of microplastic contamination.     

5.2.4 Polymer type 

Polyethylene (PE) emerged as the dominant microplastic in both water and 

sediments, accounting for approximately 70–80% of the total composition. This 

finding can be linked to the extensive use of PE in agriculture (e.g., in mulching 

films and packaging), urban areas (e.g., in plastic bags and bottles), and even in 

forested areas (e.g., from packaging materials). Secondly, the higher durability of 

PE and PP compared to HDPE contributes to their higher prevalence, as they 

degrade more slowly and persist longer in the environment. Lastly, variations in 

land-use activities influence the distribution of these microplastics. Agricultural 

runoff is rich in PE due to farming materials, while urban runoff contains a mix of 

PE and PP from industrial and domestic sources. Forest areas, although less directly 

impacted by human activity, still exhibit microplastic contamination, likely due to 

proximity to agricultural or urban zones.   

Several studies support the findings of the study. For instance,  Yu et al. (2022) 

identified Polyethylene (PE) as the most dominant microplastic in agricultural soils 

and urban runoff, attributing this to its extensive use in farming and daily life. 

Similarly, in a study conducted in Serbia, Baloš et al. (2024) reported that PE were 

the common type in sediments from urban and agricultural areas, attributing its 

prevalence to extensive use in packaging materials and its slow degradation. In 

Korea, Bae & Yoo (2022) also reported that PP and PE dominated water and 
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sediments in coastal environments, noting that HDPE was less common due to its 

density and specific usage patterns.  

In contrast, other studies have produced different findings. For example, Sá et al. 

(2022), studying the Lis River in Portugal, reported that PP was more abundant than 

PE in water bodies near industrial zones, suggesting that localized factors may 

influence microplastic composition.in India, Ramakrishnan et al. (2024) reported 

higher concentrations of HDPE in sediments near urban areas, attributing this to 

improper disposal of construction materials. Sharma (2023) found no significant 

dominance of PE in forested areas, suggesting that microplastics in such regions are 

influenced more by long-range atmospheric transport than by direct human 

activities.   

The findings underscore critical environmental management challenges. The 

predominance of PE reinforces the critical need to strengthen plastic waste 

management, particularly in agricultural and urban settings where its use is 

extensive. The presence of PP across all land-use types suggests that its widespread 

industrial and domestic usage must be regulated to reduce its environmental 

footprint. Despite its lower prevalence, HDPE’s environmental risks should not be 

overlooked, as it may accumulate in areas not covered by this study.   

 Influence of land use activities on distribution and concentration of 

microplastics  

The results of this study revealed a strong positive correlation between land-use 

types and microplastic concentrations in both water and sediments. The statistical 

significance supports the assertion that land use is a critical factor in microplastic 

pollution. The observed patterns can be explained by various factors associated with 
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human activities and environmental processes in different land-use types. Urban 

areas, characterized by high population densities and industrial activities, generate 

significant amounts of microplastics because of factors like improper waste disposal 

and high plastic consumption. In contrast, agricultural areas, while less densely 

populated, contribute considerable microplastic pollution primarily from plastic 

materials used in farming, such as mulch films, fertilizers, and irrigation pipes, as 

well as residences. Forested areas, with fewer human interventions, generally exhibit 

lower microplastic concentrations, though these areas can still be contaminated 

through atmospheric deposition or waterborne transport of microplastics from 

adjacent land-use types. Runoff and erosion also significantly influence the 

distribution of microplastics. Water runoff from urban areas, where impervious 

surfaces like roads and pavements are prevalent, carries larger quantities of 

microplastics compared to agricultural areas, where runoff is typically linked to 

farming activities. Additionally, physical characteristics of sediments like particle 

sizes and organic content, influence the retention of microplastics. Practices like soil 

tilling in agriculture and construction in urban areas can disturb sediments and 

increase their capacity to trap microplastics, further explaining the higher 

concentrations observed in areas with such activities. 

Numerous studies support the findings of this research. For instance, in a study done 

in Canada, Ross et al. (2023) found that urbanization significantly increases 

microplastic concentrations in water due to various factors related to increased 

human activity, waste generation, and altered land use. Urban areas are dominated 

by impermeable surfaces like roads, pavements, and rooftops, which limit water 

infiltration and accelerate runoff into nearby water bodies. This runoff carries 

microplastics from sources like tire wear, synthetic fibers, and plastic litter. Storm 
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water systems and untreated or partially treated wastewater also serve as pathways 

for microplastics, especially during periods of heavy rains, when overflows 

discharge directly into the water bodies, which aligns with the observed trends in 

this study. Similarly, a study on River Ganga in India by Rajan et al. (2023) reported 

a positive relationship between urban development and concentrations of 

microplastics in river sediments, confirming the significant impact of urban 

activities in microplastic pollution. Olubusoye et al. (2024) also identified 

agricultural runoff as a major route through which microplastics enter water bodies, 

corroborating the findings observed in this study for agricultural areas. However, 

some studies present contrasting results. For instance, in a study done in the 

Melbourne Region of Victoria, Australia, Townsend et al. (2019) reported only a 

weak correlation between land use and microplastic concentrations in wetland 

sediments, indicating that atmospheric deposition might have a more substantial 

effect in remote areas, which contrasts with the strong correlation observed in this 

study.  In a review paper titled “The Factors Influencing Microplastic Behaviour in 

Riverine Systems”, Kumar et al. (2021) proposed that hydrodynamic factors, rather 

than land-use type, determine microplastic concentrations in sediments, challenging 

the findings of this study, where type of land-use was a significant factor. In a study 

conducted in Pristina City, Kosovo, Cakaj et al. (2023) also observed that 

microplastic concentrations in some forested areas were comparable to those in 

urban areas, likely due to long-range atmospheric transport, a finding that aligns 

with the observation that even forested areas can be vulnerable to microplastic 

contamination. This result of this study emphasize the influence of land-use 

activities on microplastic pollution, highlighting that urban and agricultural areas are 

the key sources of microplastic contamination in both water and sediments.  
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CHAPTER SIX 

6 CONCLUSIONS AND RECOMMENDATIONS 

 Conclusions  

6.1.1 Microplastic concentrations in water and sediment samples 

Microplastic concentration levels were generally higher in water compared to 

sediments, indicating that many microplastics remain suspended due to their low 

density, continuous resuspension, and hydrodynamic movement. Water therefore 

serves as a transport pathway, while sediments act as long-term sinks for 

microplastics. However, disturbances in the river can remobilize microplastic 

particles from sediments back into the water, continuing the pollution cycle. 

6.1.2 Characteristics (shape, colour, size, and Polymer type) of microplastics 

in water and sediment samples 

Microplastic pollution varied in shape, colour, size, and type of polymer across the 

different land-use categories.  

Shape: The prevalence of fibers in water indicates that they remain suspended for 

longer periods, while fragments and denser plastics are more likely to settle in 

sediments. 

Colour: The predominance of blue microplastics across all land use types suggests 

that they likely originate from commonly used plastic products such as synthetic 

textiles, fishing gear, and plastic packaging. The variations in color distribution 

indicate that different sources contribute to microplastic pollution in different 

sections of the river. The presence of other colors, such as red and black, can be 

linked to deteriorating plastic materials from industrial and domestic wastes. 
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Size: The largest proportion of microplastics were within the of 0.5mm to1.0 mm 

size range, indicating that they primarily result from degradation of larger plastic 

debris rather than direct primary microplastic sources. This suggests ongoing 

degradation of mismanaged plastic waste within the river system. The presence of 

even smaller microplastics, though not dominant, raises concern regarding their 

potential for bioaccumulation and biomagnification in aquatic ecosystems. 

Polymer type: the dominance of Polyethylene and Polypropylene suggests that 

these microplastics mainly originate from packaging materials, plastic bags, 

disposable containers, and bottle caps, which are widely used and frequently 

discarded in both rural and urban areas. The occurrence of these polymers of low 

density in both water and sediment samples highlight their persistence within the 

environment, and their potential for long distance movement within aquatic systems. 

6.1.3 Influence of land use activities on distribution and load of micro plastics 

Urban and agricultural areas recorded higher microplastic concentrations than 

forested areas, highlighting the influence of human activities on microplastic 

pollution. Urban sediments exhibited relatively higher concentrations, likely due to 

long-term deposition of microplastics from wastewater discharges and stormwater 

runoff. The findings confirm that land use activities have play a critical role in 

shaping the distribution and accumulation of microplastics in River Rwizi. 
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 Recommendations  

6.2.1 Microplastic concentrations in water and sediment samples 

• Implement robust waste management systems, promote recycling, and 

regulate plastic usage in urban areas.  

• Encourage the adoption of biodegradable packaging materials and manage 

runoff to reduce microplastic transport into the river.   

• Develop policies to protect natural water sources and restore river buffer 

areas to lessen the entry of microplastics into the river.   

• Raise awareness among stakeholders on the ecological impacts of 

microplastics.  

6.2.2 Characteristics (colour, shape, size, and Polymer type) of microplastics 

present in water and sediment samples 

• Promote use of alternative packaging materials in local communities. This 

includes shifting from single-use plastics to eco-friendly options such as 

reusable, compostable, or recyclable materials.  

• Enforce strict regulations for plastic waste disposal, and promote recycling 

initiatives. Conduct public awareness campaigns on plastic waste 

management, focusing on the sources and impacts of microplastics.  

• Encouraging responsible consumption and disposal practices, as well as 

reducing the use of plastic products, will reduce microplastic leakage into 

the environment.  

• Regular monitoring programs should track pollution trends and evaluate the 

effectiveness of interventions to inform policy decisions.  
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6.2.3 Influence of land use activities on distribution and load of microplastics 

• Urban areas should implement improved waste management systems, such 

as enhanced recycling programs, stricter regulations on plastic disposal, and 

public awareness campaigns. Local authorities should implement integrated 

land use management plans that incorporate environmental considerations.  

• Proper zoning can prevent the encroachment of urban and agricultural 

activities along riverbanks. In agricultural areas, promoting sustainable 

farming practices such as reduction in use of plastic mulching and ensuring 

proper disposal of plastic materials (e.g., pesticide containers, plastic 

irrigation tubing) will help decrease the contribution of plastics to the river.  

• Forest conservation efforts should be strengthened to maintain their 

protective function against pollution. Implementing river restoration 

programs, especially in areas impacted by urbanization and agriculture, 

would help restore natural filtration processes. Vegetated buffer zones and 

riparian restoration efforts should be prioritized to reduce microplastic inputs 

into the river system.  

6.2.4 Recommendations for further research 

This study analyzed microplastic concentrations in water and sediments of River 

Rwizi during August 2024. Further research should investigate how these 

concentrations change over time, particularly in relation to seasonal variations. 

Further research is also recommended to examine the specific sources, pathways, 

and ecological impacts of microplastics, with an emphasis on size and colour 

variations. 
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Appendix 2: Photographs showing the research activities  
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