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[bookmark: _Toc239990290]Abstract
This dissertation asked how evidence from literature, professional and academic stakeholders, and small-scale microplastic analysis could improve understanding of microplastic pollution and management responses in Cardiff's freshwater systems. It combined a review of peer-reviewed literature published between 2021 and 2025, four semi-structured interviews with participants holding expertise in wastewater treatment, biosolids management, environmental policy and freshwater ecology, and an exploratory sampling programme on the River Taff and River Ely. Four one-litre water samples and one laboratory blank were filtered, screened by optical microscopy, and analysed using Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) spectroscopy across fifty measurements. Microscopy identified thirty-one particles morphologically consistent with microplastics. Forty-three of the fifty ATR-FTIR measurements passed automated quality checks, but none produced a confirmed polymer match; a technical review indicated the dominant spectral response corresponded to the cellulose acetate filter substrate, with target particles likely too small for reliable single-point detection. This microscopy-to-FTIR discrepancy is the central finding. It is not evidence of experimental failure or of an absence of microplastics, but a demonstrated limitation of a small-scale, single-operator effort, corroborated independently by professional testimony on treatment removal efficiency and by an academic assessment confirming that visual screening alone cannot reliably distinguish microplastics from natural material. All four interviewees identified an absence of standardised microplastic testing within their sectors, a gap this dissertation also met in its own record-keeping. The dissertation does not establish representative pollution concentrations, confirmed polymer occurrence, or ecological harm in the Taff or Ely. Its contribution is methodological: a transparent account of what a realistic small-scale monitoring effort can and cannot establish, and recommendations for the traceability, contamination control and standardisation future work would require. 
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[bookmark: _Toc239990293]Chapter 1: Introduction
This chapter sets out the background to the dissertation, states its research question, aim and objectives, defines the scope of the work, and outlines how the remaining chapters are organised. It is intended to give a reader unfamiliar with the project enough context to understand why Cardiff's rivers were chosen as a case study and what the dissertation can and cannot claim to demonstrate by its end.
[bookmark: _Toc239990294]1.1 Background
Plastic pollution is a persistent environmental issue because plastic materials are widely used, slow to degrade and capable of entering terrestrial, freshwater and marine environments. Microplastics are generally defined as plastic particles smaller than 5 mm. They may occur as fibres, fragments, films, pellets or foams and may be manufactured at a small size or produced through the breakdown of larger plastic items (Zhang, Shi and Cui, 2024). Primary microplastics are manufactured at a small size, for example as microbeads in personal care products or as pellets. Secondary microplastics form when larger plastic items break down in the environment, principally through photodegradation under ultraviolet light, which weakens polymer chains, and through mechanical abrasion from wave action, river flow and contact with sediment (Sun et al., 2022).
Freshwater systems connect land-based sources with downstream estuarine and marine environments. Microplastics may enter rivers through treated wastewater, combined sewer overflows, road and tyre wear, textile fibres, urban litter, industrial activity, atmospheric deposition and surface-water runoff. Their transport is influenced by rainfall, river flow, land use, particle characteristics and interactions with sediment. These factors create considerable spatial and temporal variability (Drummond et al., 2022; Lofty et al., 2025; Vardar et al., 2021).
Reliable identification is technically difficult. Natural cellulose fibres, organic debris and mineral particles may resemble plastics under a light microscope. Microscopy can therefore identify suspected particles but cannot confirm polymer composition. Spectroscopic methods can provide chemical information, although their effectiveness depends on particle size, sample preparation, signal quality, instrument configuration and reference-library access (Song et al., 2021; Soursou, Campo and Picó, 2023). In the present study, ATR-FTIR was the only spectroscopic technique used; no Raman measurements were performed.
This combination of difficulties, a widely used and slowly degrading material, multiple entry pathways with variable transport behaviour, and identification methods that each carry their own limitations, is what makes microplastic pollution a genuinely awkward subject for a small research project to take on. Larger, better-resourced studies can offset some of these difficulties through automated instrumentation or large sample volumes. A project of the scale undertaken here cannot, and this dissertation is written with that constraint treated as part of the subject matter rather than something to work around silently.
The practical significance of this extends beyond academic interest in the particles themselves. Water utilities, environmental regulators and local authorities are already expected to manage water quality, land application of treated waste, and public communication about pollution, often without a settled, sector-wide method for detecting the substance in question. Where evidence is thin or methodologically inconsistent, organisations responsible for freshwater management have to make judgements under genuine uncertainty rather than waiting for the evidence base to mature. This dissertation treats that operational reality, not just the underlying science, as part of what needs investigating.
[bookmark: _Toc239990295]1.2 Study Context and Research Problem
This dissertation focuses on the River Taff and River Ely in Cardiff. Both rivers pass through urban and parkland environments influenced by residential development, transport infrastructure, drainage systems, wastewater services, former industrial land and recreational use. The Taff runs through the centre of Cardiff before reaching Cardiff Bay, with a catchment that includes former coal-mining and industrial land upstream, while the Ely flows through the south-western part of the city before also discharging to the Bay. Both rivers therefore combine urban pressures with a legacy of upstream industrial land use, making them a reasonable, if modest, case study for the kinds of source and pathway questions raised in the background above (Figure 1).
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[bookmark: _Toc239984825]Figure 1: Satellite view of River Taff and River Ely
Four accessible locations were selected, with two sites on each river. The design provided a limited exploratory comparison but was not intended to represent either river as a whole. Site selection prioritised practical accessibility for repeated single-operator visits over statistical representativeness, a trade-off explained further in Chapter 3.
Rivers passing through dense urban areas of the kind found in Cardiff are of particular interest for microplastic research because they concentrate several source types identified in section 1.1 within a relatively short reach: treated effluent discharge, road and surface runoff from a built-up catchment, and legacy contamination from earlier industrial use, alongside recreational and residential use of the riverbanks themselves. This concentration of pressures is part of why the Taff and Ely were selected as a case study, even though the sampling programme itself remains small in scale.
The central research problem is not simply whether visually suspicious particles can be found. It is whether evidence from a realistic small-scale monitoring programme can be interpreted reliably and connected to practical management. Local evidence is limited, analytical methods are not fully standardised, and organisations responsible for water and environmental management must make decisions within this uncertain evidence base. This dissertation treats that uncertainty as part of what needs to be investigated, rather than as a problem to be resolved before the research can begin.
[bookmark: _Toc239990296]1.3 Research Question
How can evidence from existing literature, professional stakeholders and small-scale microplastic analysis improve understanding of microplastic pollution and management responses in Cardiff freshwater systems?
This question was deliberately framed around three named sources of evidence rather than around a single method, because no one of the three, taken alone, could answer it convincingly. Published literature, reviewed in Chapter 2, offers general patterns without local specificity for Cardiff. Professional interviews, reported in Chapter 4, offer situated practical knowledge but from a small number of individuals within one sector. Small-scale sampling, also reported in Chapter 4, offers direct empirical evidence but from a limited number of sites and measurements. The research question asks how these three, read together, extend understanding further than any one would alone, and Chapter 5 is where that combined reading is carried out in full.
[bookmark: _Toc239990297]1.4 Research Aim
To investigate how published evidence, professional perspectives and exploratory microscopy and ATR-FTIR analysis can contribute to understanding microplastic monitoring and management in the River Taff and River Ely in Cardiff. This aim is deliberately framed around what a combination of evidence can contribute to understanding, rather than around producing a definitive measurement of pollution levels, since the scale of the analytical work described in Chapter 3 was never intended to support the latter.
[bookmark: _Toc239990298]1.5 Research Objectives
Four objectives follow from the aim above, each addressed by a distinct part of the dissertation.
Objective 1: Critically review recent evidence concerning the sources, pathways, identification, ecological exposure and management of microplastics in freshwater systems.
Objective 2: Explore professional perspectives on microplastic pollution, wastewater treatment, environmental monitoring, governance and evidence gaps in Cardiff and South Wales.
Objective 3: Conduct and evaluate a small-scale programme of river-water sampling, microscopic screening and ATR-FTIR analysis using samples from the River Taff and River Ely and a laboratory blank.
Objective 4: Integrate the literature, interview and analytical evidence to identify practical implications for future monitoring, management and freshwater ecosystem protection.
These objectives are addressed in Chapters 2, 4 and 5 respectively, with the fourth objective addressed specifically in the discussion and conclusion once the first three strands of evidence have been reported in full.
[bookmark: _Toc239990299]1.6 Scope and Boundaries
The environmental component comprised four river-water samples and one laboratory blank, screened by optical microscopy and analysed by ATR-FTIR. Microscopy observations are reported as suspected microplastic-like particles. The ATR-FTIR quality checks are distinguished from polymer identification, and no polymer is treated as confirmed without a documented and defensible library match.
The interview evidence represents four purposively selected professional and academic perspectives and should not be interpreted as the official position of any organisation or sector unless independently supported by organisational evidence. The study is exploratory and does not estimate city-wide or river-wide microplastic concentrations. Readers should treat every quantitative figure reported in this dissertation, whether drawn from sampling or from interview testimony, as specific to the sample, site or individual it came from, not as representative of a wider population.
These boundaries were set deliberately rather than emerging as an unplanned limitation partway through the work. A small-scale study of this kind can make a genuine contribution by showing what a realistic, resource-constrained monitoring effort can and cannot establish; small exploratory studies of this kind are commonly used to test whether a method is workable before a larger programme is planned.
The scope set out here is revisited at several points later in the dissertation rather than stated once and left behind. Chapter 3 explains the practical reasoning behind each boundary in methodological detail, Chapter 4 reports results strictly within these limits without extrapolating beyond them, and Chapter 5 returns to these same boundaries when weighing how far the dissertation's conclusions can reasonably be generalised.
[bookmark: _Toc239990300]1.7 Dissertation Structure
Chapter 2 reviews the relevant literature on microplastic sources, pathways, identification methods, wastewater treatment, governance and ecological exposure, and identifies the gaps this dissertation responds to. Chapter 3 describes the study area, environmental sampling, microscopy, ATR-FTIR analysis, interviews and ethical considerations. Chapter 4 presents the analytical and interview findings, reported separately before being brought together. Chapter 5 interprets the evidence in relation to the literature and the research question, addressing points of agreement and tension between the sampling results and the interview material. Chapter 6 summarises the conclusions and recommendations arising from the dissertation as a whole. Supporting location records, photographs and analytical documentation are retained in the appendices.
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[bookmark: _Toc239990302]2.1 Introduction
This chapter reviews published research relevant to microplastic pollution in freshwater systems, with particular attention to the sources, detection methods, treatment responses, governance structures and ecological exposure routes that inform the present study of the River Taff and River Ely in Cardiff. The review is based on peer-reviewed journal articles published between 2021 and 2025, each drawn from an internationally recognised, peer-reviewed academic journal within the environmental, analytical or ecological sciences. This timeframe was chosen because methods for sampling, extracting and identifying microplastics have changed considerably over the last five years, so recent studies better reflect current analytical practice and current policy; older sources are cited only where they set out foundational methods or relevant legislation. The chapter is arranged around six themes:
Theme 1:  pathways of microplastic contamination in freshwater systems;
Theme 2:  methods used to identify and characterise microplastic particles;
Theme 3:  wastewater treatment as a management response;
Theme 4:  the governance and policy context surrounding microplastic pollution;
Theme 5:  evidence of ecological exposure in freshwater wildlife;
Theme 6:  a comparative look at Bangladesh and the wider global literature. Each section evaluates the consistency and strength of the evidence rather than simply reporting findings in turn, and the chapter closes by drawing the identified gaps together and explaining how this dissertation is positioned to respond to them.
Sources were selected on the basis of relevance to freshwater microplastic pollution, publication within the last five years, and appearance in an established, peer-reviewed journal with a credible editorial and citation record within its field. Restricting the review in this way excludes some potentially relevant grey literature, such as government or NGO monitoring reports, which may hold useful local evidence but fall outside the scope of a peer-reviewed academic review. Legislation and government sources are cited separately, where relevant, for policy context, and are not subject to the same peer-review criterion. Where this creates a limitation, particularly regarding Welsh-specific evidence, it is noted explicitly in the relevant section rather than left implicit, and it is partly addressed elsewhere in this dissertation through the professional interview strand of the research.
[bookmark: _Toc239990303]2.2 Sources and Pathways of Microplastics in Urban Freshwater Systems
Microplastics, generally defined as plastic particles smaller than five millimetres, enter freshwater systems through a mixture of point and diffuse sources. Wastewater treatment plants are widely reported as a major point source, since even a small percentage of particles escaping treatment can amount to a large daily discharge given the volume of effluent these facilities process (Vardar et al., 2021). Combined sewer overflows add to this picture during periods of heavy rainfall, when untreated sewage bypasses treatment and enters watercourses directly.
Diffuse sources are harder to trace but appear no less significant. Surface runoff carries litter, degraded plastic waste and tyre and road wear particles from urban surfaces into rivers, while atmospheric deposition contributes airborne synthetic fibres over both urban and rural catchments (Whitehead et al., 2021). Upstream land use also matters: a study of a Welsh headwater stream sourced from a former opencast coal mine found that the catchment contributed synthetic fibres and thermoplastic fragments associated with industrial activity, and that rural, sparsely populated catchments tend to behave differently from urban ones in how rainfall affects particle concentration, with urban catchments more prone to concentration spikes following rainfall due to a larger stock of surface plastic being flushed into the channel (Lofty et al., 2025).
Once in the river system, transport and deposition are shaped by hydrology and sediment characteristics. Research using riverbed tracer studies has shown that hyporheic exchange, the two-way flow of water between the channel and the bed sediment, can retain microplastic particles in riverbed sediment for extended periods, particularly during low-flow conditions where transport downstream can be measured in years rather than hours (Drummond et al., 2022). Estuarine sediment surveys of the Thames and Medway have similarly found that microplastic abundance in sediment cores tends to track organic matter content more closely than sediment grain size, suggesting that microplastics behave differently from natural sediment particles in some depositional environments (Trusler et al., 2024; Devereux et al., 2023). Together, these studies indicate that the physical behaviour of microplastics in a river system cannot be assumed from general sediment transport theory alone, and that catchment-specific evidence is needed to understand where particles accumulate.
A recurring difficulty across this body of work is source apportionment. Most studies are able to identify plausible contributing sources, such as treated effluent, road runoff or upstream industry, but few are able to quantify how much each source contributes to the overall load found in a river. This is partly a methodological problem, since particle morphology and, to a lesser extent, polymer type can suggest a likely origin but rarely confirm one with certainty, and partly a design problem, since most studies sample at a small number of points rather than tracing a catchment systematically from source to outlet. For a catchment such as the Taff or Ely, which passes through a mixture of former industrial land, residential areas and treated discharge points before reaching Cardiff, this means that existing literature can indicate what kinds of sources are plausible without predicting how they combine in a specific urban reach.
[bookmark: _Toc239990304]2.3 Analytical Identification Methods: ATR-FTIR and Alternative Spectroscopic Approaches
Identifying and characterising microplastic particles involves several stages, typically sample collection, removal of organic matter, density separation of the remaining material, and spectroscopic confirmation of polymer type. Each stage carries trade-offs that affect how much confidence can be placed in a final particle count. Surface water sampling using net trawls, for instance, is a common method but relies on mesh sizes that are usually too coarse to capture the smallest fibres, meaning bulk water sampling filtered at a finer scale tends to recover more particles from the same water body (Song et al., 2021; Soursou, Campo and Picó, 2023).
Density separation is used to isolate plastic particles from sediment or organic material, but the salt solutions available for this involve a trade-off between cost, safety and effectiveness. Sodium chloride solutions are inexpensive and low in toxicity but are not dense enough to float heavier polymers such as polyvinyl chloride or polyethylene terephthalate, while denser solutions such as zinc chloride recover a wider range of polymers at the cost of being more hazardous to handle and dispose of (Soursou, Campo and Picó, 2023; Zhang, Shi and Cui, 2024). Organic digestion using hydrogen peroxide is generally preferred over strong acids because it is less likely to damage acid-sensitive polymers such as nylon, although temperature must be controlled carefully to avoid melting low-density plastics during the reaction (Soursou, Campo and Picó, 2023).
Published microplastic studies use several spectroscopic approaches for polymer identification. Table 1 summarises selected techniques reported in the reviewed literature. This comparison provides methodological context only. The experimental work in this dissertation used ATR-FTIR for attempted chemical identification and did not include Raman spectroscopy, Raman laser measurements or Raman spectra.

[bookmark: _Toc239988730]Table 1: Comparison of spectroscopic techniques used in microplastic identification
	Technique
	Approximate minimum particle size
	Principal strengths
	Principal limitations

	Micro-FTIR (µ-FTIR)
	Approximately 10 to 20 µm
	Non-destructive; supported by large, standardised polymer spectral libraries; widely available in university and commercial laboratories
	Poor spatial resolution below roughly 10 µm; fully automated imaging workflows have been reported to generate a high proportion of false-positive identifications, so manual checking of a subsample is generally recommended (Song et al., 2021)

	Alternative small-particle spectroscopy reported in the literature
	Approximately 1 µm
	Detects sub-micron particles; largely unaffected by moisture in the sample
	Slow when mapping whole filters; prone to fluorescence interference from pigments and biological residue, which can obscure polymer peaks

	Combined and emerging spectroscopic methods reported in the literature
	Sub-micron in some configurations
	Faster mapping and reduced fluorescence interference have been reported for selected emerging techniques (Böke et al., 2022; Ardini et al., 2025). These techniques were not used in this dissertation.
	High instrument cost and limited availability outside specialist laboratories; not practical for a small-scale exploratory study of this kind


A further difficulty running through this literature is the lack of a single agreed protocol for sampling, extraction and reporting. Recommendations have been published calling for standardised approaches to sample volume, digestion chemistry and minimum reporting requirements, on the grounds that studies using different mesh sizes, digestion reagents and spectroscopic thresholds are not straightforwardly comparable with one another (Zhang, Shi and Cui, 2024). This lack of standardisation is a genuine constraint on drawing firm conclusions from the wider literature, since a difference in reported concentration between two rivers may reflect a difference in method as much as a difference in actual contamination. It also has a direct bearing on this dissertation, since any comparison drawn between the exploratory Cardiff samples and figures reported elsewhere in the literature has to be treated with caution rather than presented as a like-for-like comparison.
Quality control is a related concern. Because microplastics are present in laboratory air, on clothing and on equipment, procedural blanks and contamination controls are necessary to distinguish genuine environmental particles from contamination introduced during sampling or analysis. Several of the methodological sources reviewed here treat this as a basic requirement of credible microplastic research rather than an optional precaution (Soursou, Campo and Picó, 2023; Zhang, Shi and Cui, 2024), and this expectation has informed the contamination control measures described in the methodology chapter of this dissertation.
[bookmark: _Toc239990305]2.4 Wastewater Treatment and Management Responses
Wastewater treatment plants occupy an unusual position in published research, being simultaneously an effective barrier against microplastic pollution and a continuing source of it. Removal efficiency studies generally report that modern secondary and tertiary treatment processes remove a large majority of the microplastic particles entering a plant, often exceeding eighty percent (Vardar et al., 2021). However, the volume of effluent discharged by large municipal plants means that even a small proportion of particles passing through treatment can still amount to a substantial number of particles released into the receiving river each day.
Evidence on what happens downstream of treatment plant outfalls is inconclusive. Some studies report elevated microplastic concentrations in sediment close to discharge points, treating this as evidence of a localised accumulation effect. Other UK-based estuarine research has not found this pattern consistently, instead suggesting that tidal energy and flow in some estuarine environments can disperse and dilute effluent before it settles, decoupling sediment accumulation from proximity to the outfall (Trusler et al., 2024). This disagreement matters for catchment management because it affects where monitoring or mitigation resources are best targeted, and it is not yet resolved by the available evidence for river systems comparable to the Taff and Ely.
A related uncertainty concerns which particle sizes are removed most effectively. Some plant-level operational studies suggest that the smallest particles are retained efficiently across physical and biological treatment stages, while other reviews of the wider literature suggest the opposite, namely that smaller particles are more likely to pass through filtration and screening processes than larger ones (Vardar et al., 2021). This is not a minor technical disagreement, since it has a direct bearing on what size range of particle is most likely to reach a receiving river downstream of treatment, and by extension on what size range should be prioritised in any river-based monitoring programme. The present dissertation's small-scale sampling cannot resolve this disagreement, but it is a relevant consideration when interpreting the size distribution of any particles recovered from the Taff or Ely.
A further management concern is the fate of microplastics that are successfully removed during treatment. The majority of retained particles become concentrated in sewage sludge, and where this sludge is later applied to agricultural land as fertiliser, it can act as a diffuse source that returns plastic particles to the wider environment through runoff (Vardar et al., 2021; Soursou, Campo and Picó, 2023). Wastewater treatment therefore reduces microplastic loads in one part of the water cycle while potentially redistributing them elsewhere, a point with direct relevance to how catchment management is discussed by water utilities and regulators.
[bookmark: _Toc239990306]2.5 Governance and Policy Context
The shift from monitoring microplastic pollution to actively managing it depends on policy and governance frameworks that remain underdeveloped in several respects. A systematic review of circular economy literature relating to plastics found that published research concentrates disproportionately on downstream interventions, particularly end-of-life recycling and macro-level system analysis, while comparatively little attention is given to upstream interventions such as material selection and product design (King and Locock, 2022). This imbalance suggests that policy and academic attention have tended to focus on managing plastic waste after it has already entered the environment rather than reducing the volume of plastic entering circulation in the first place. 
Legislation has begun to restrict some sources directly. From 30 June 2018, the Environmental Protection (Microbeads) (Wales) Regulations (2018) prohibited the manufacture and sale of rinse-off personal care products containing plastic microbeads, following equivalent regulations introduced in England from early 2018. The Environmental Protection (Single-use Plastic Products) (Wales) Act (2023) extended restrictions to further single-use items, and the sale of wet wipes containing plastic is due to be banned in Wales from December 2026. These measures address intentionally added particles and items that break down into secondary microplastics. They do not address the diffuse pathways identified in section 2.2, including fibres shed from synthetic textiles, tyre and road wear, and fragmentation of litter already in the environment, which continue to reach rivers through treated effluent, combined sewer overflows and surface runoff.
At a catchment level, the environmental regulator and the regional water company carry practical responsibility for water quality but appear rarely as a direct subject of the academic literature reviewed here. Studies tend to describe contamination patterns and their physical or chemical drivers without examining the operational, legal or resourcing constraints faced by the organisations expected to respond to the findings. This is a notable absence, since Welsh headwater research has already identified upstream industrial sites as significant contributors to catchment microplastic loads, yet the literature offers little insight into how such sources might practically be monitored, regulated or reduced by the relevant public bodies (Lofty et al., 2025).
A broader point follows from this. Existing freshwater quality regulation in the UK has historically been built around chemical determinands and, more recently, ecological status indicators, rather than around microplastic-specific standards. None of the sources reviewed here describe a statutory concentration limit or routine monitoring requirement for microplastics in UK rivers comparable to those that exist for other pollutants. This regulatory gap does not mean that microplastic pollution is being ignored by public bodies, but it does mean that any local evidence gathered through academic research, including exploratory studies of the kind undertaken in this dissertation, currently has no formal regulatory framework to feed into, which is itself a governance issue worth raising with professional stakeholders during the interview stage of this research.
[bookmark: _Toc239990307]2.6 Wildlife and Ecological Exposure Evidence in Freshwater Systems
Evidence of microplastic ingestion has now been documented across several freshwater trophic levels. At the invertebrate level, laboratory exposure of the midge larva Chironomus riparius has shown that ingested microplastics can damage gut tissue and trigger physiological stress responses, though the concentrations required to produce measurable harm in these experiments have generally exceeded what is typically found in field conditions by a considerable margin, meaning the ecological significance of chronic, low-level exposure remains less certain (Parker et al., 2022). Field surveys of aquatic insects in the Nile River found that ingestion varied with feeding guild and body size, with collector-gathering insects generally showing higher particle loads than predatory species (Khedre et al., 2024).
At the fish level, however, a large UK field study of wild fish and macroinvertebrates in the Dorset Stour found that microplastic loads could not be predicted from species, body size, feeding guild, stomach structure or trophic position, contradicting the assumption that ecological traits reliably determine exposure risk (Parker et al., 2022). This is a genuine point of disagreement in the literature: some studies find that biological traits shape exposure, while others, working in different river systems, find exposure to be effectively uniform regardless of species or feeding behaviour. Both sets of findings are plausible within their own study contexts, and the discrepancy may reflect differences between river systems as much as differences between species.
Evidence of exposure at higher trophic levels remains comparatively limited. A study of Eurasian otter spraints found microplastic particles consistent in composition with the fish species otters typically prey upon, suggesting dietary exposure as a likely pathway, though this study was conducted outside the UK and no comparable data currently exist for otter populations in Welsh rivers (O’Connor et al., 2022). Similarly, a Spanish study found microplastics accumulated in the tissue of predatory birds in an urbanised area, indicating that terrestrial predators feeding on aquatic prey are also exposed, again without a directly comparable UK dataset (Wayman et al., 2024). Taken together, the wildlife evidence base establishes that freshwater microplastic exposure extends across trophic levels but remains geographically patchy, with very little of it generated in a UK, and specifically Welsh, context.
A further point of caution concerns how far these findings can be taken. Laboratory exposure studies are useful for identifying plausible physiological mechanisms of harm, but the concentrations used to produce measurable effects in a controlled setting are often considerably higher than those typically recorded in field conditions, which limits how directly laboratory findings can be extrapolated to wild populations (Parker et al., 2022). Field studies, meanwhile, tend to confirm that ingestion is widespread without being able to demonstrate that ingestion causes population-level harm, and none of the sources reviewed here report clear evidence of microplastics accumulating up the food chain in freshwater systems, with several instead suggesting that particles are egested rather than retained over time. This distinction matters for how this dissertation frames its own contribution: it is realistic to describe likely exposure pathways for wildlife in Cardiff's rivers based on existing evidence, but it would not be justified, on the basis of the literature reviewed here or the exploratory methods available to this study, to make direct claims about biological harm to local wildlife populations, a limitation already acknowledged in the dissertation's ethics application.
[bookmark: _Toc239990308]2.7 Bangladesh and Global Freshwater Comparison
Bangladesh offers a useful point of comparison because its rapidly urbanising river systems receive municipal waste, industrial discharge, textile fibres, sewage and storm runoff under strongly seasonal hydrological conditions, a combination of pressures broadly similar in kind, though very different in scale, to those affecting the Taff and Ely. Recent peer-reviewed studies confirm microplastics in the Buriganga, Turag, Balu, Shitalakshya, Karnaphuli and Dhaleshwari river systems, as well as in fish from the Old Brahmaputra and Tanguar Haor (Ferdous et al., 2023; Haque et al., 2025; Hossain et al., 2025; Jui et al., 2025; Mahmud et al., 2025; Roy et al., 2025). These studies extend the evidence across water, sediment and biota, but they do not support a single national concentration figure, since their sampling volumes, size thresholds, matrices and analytical methods differ from one another, a limitation consistent with the standardisation problem already discussed in section 2.3.
In Dhaka, Mahmud et al. (2025) reported marked seasonal and spatial variation in the Buriganga and Turag rivers, with fragments, films and fibres prominent and polyethylene and polypropylene the most frequently identified polymers. Roy et al. (2025) found that sediment in the Balu and Shitalakshya rivers contained substantially higher microplastic concentrations than surface water, a pattern consistent with the sediment-accumulation evidence discussed for UK estuaries in section 2.2. A separate Buriganga study linked notably elevated contamination near an informal plastic-recycling zone to polypropylene, polystyrene and polyethylene identified through the same river system (Mahfuz et al., 2025), underlining how sensitive local microplastic concentrations can be to proximity to a specific industrial source rather than to general urbanisation alone.
The Karnaphuli evidence adds an estuarine perspective. Jui et al. (2025) found fibres and fragments in both surface water and bottom sediment, with higher concentrations downstream and clear seasonal differences across three sampling phases. In the Dhaleshwari River, Haque et al. (2025) identified microplastics in water, sediment and six species of aquatic insect, the first study of its kind in Bangladesh, suggesting a plausible route for microplastic movement through freshwater and riparian food webs. Fish studies from the Old Brahmaputra and Tanguar Haor also report microplastic ingestion and polymer occurrence in gastrointestinal tissue, and in some cases muscle tissue (Ferdous et al., 2023; Hossain et al., 2025), though ingestion in these studies should not be equated with biomagnification or population-level harm, a caution already raised in relation to UK evidence in section 2.6.
At a global scale, rivers function as sources, transport pathways and temporary sinks for plastic more broadly. Modelling of the River Thames catchment has shown that wastewater effluent, sludge application to land, surface runoff, atmospheric deposition and riverbed storage interact across a single catchment, with the modelled loads increasing substantially when sludge-based land application is included as an input pathway (Whitehead et al., 2021). This finding sits closely alongside the sludge-disposal concern already raised for UK wastewater treatment in section 2.4. Separately, global modelling of plastic waste transport, which addresses macroplastic emissions rather than microplastics specifically, has estimated that a large share of the plastic reaching the ocean from rivers originates from a very large number of smaller waterways rather than a small number of major rivers, with small urban rivers close to dense populations identified as disproportionately significant contributors (Meijer et al., 2021). While this modelling does not itself quantify microplastic transport, its central finding, that small urban rivers can carry a pollution burden out of proportion to their size, is directly relevant to why a river system such as the Taff or Ely, modest in scale but flowing through a dense urban area, is a reasonable case study for this dissertation.
Direct numerical comparison between the Bangladesh and Thames evidence reviewed here and the results of this dissertation would be misleading. The Cardiff sampling programme used a single one-litre sample per site and did not obtain a documented polymer match, whereas the studies discussed in this section typically report concentrations from multiple replicate samples with confirmed polymer identification. The value of this comparison lies in establishing that river systems of very different scale and geography can behave in broadly similar ways, concentrating microplastics in sediment relative to water, and in sludge relative to discharge, rather than in providing a benchmark figure against which the Cardiff results can be judged.
The wider literature on human and ecological health consequences of microplastic exposure supports a cautious interpretation. Reviews of aquatic toxicology associate microplastic exposure with oxidative stress, inflammation, tissue injury, and altered feeding, growth and reproduction in exposed organisms, though outcomes depend heavily on particle size, polymer type, concentration and exposure duration, and laboratory concentrations frequently exceed what is measured in the field, a pattern already discussed in section 2.6 (Parker et al., 2022). Human exposure through drinking water and aquatic food is plausible in principle, but the evidence reviewed for this dissertation does not establish that environmentally measured river concentrations cause a specific, identified disease in humans. This dissertation therefore treats effects on people and wildlife as risk-relevant context for interpreting its own findings, rather than as demonstrated harm occurring in Cardiff.
[bookmark: _Toc239990309]2.8 Synthesis and Research Gaps
Drawing the reviewed literature together, four gaps stand out as relevant to this dissertation. First, existing UK freshwater microplastic research tends to focus either on rural, sparsely populated headwater catchments, such as the Welsh coal mine study discussed above, or on urban and estuarine systems elsewhere in England, such as the Thames and the Dorset Stour. No published study identified in this review has examined the lowland, densely urbanised reaches of a South Wales river comparable to the Taff or Ely as they pass through Cardiff, meaning the transport and accumulation dynamics reported for other UK catchments, or indeed for the Bangladeshi rivers discussed in section 2.7, cannot be assumed to transfer directly to this setting.
Second, wildlife exposure evidence, although increasingly well established in principle, is drawn largely from outside Wales. This dissertation does not attempt to close this gap through biological sampling. Its environmental work was limited to water sampling and laboratory analysis, while the literature and interviews provide contextual evidence about possible wildlife-centred management concerns rather than direct measurement of harm.
Third, the practical burden of high-resolution spectroscopic identification, discussed in section 2.3, means that comprehensive chemical verification of every recovered particle is rarely feasible outside well-funded research programmes. There is limited published guidance on how a smaller-scale study, such as this dissertation, can apply a representative and defensible subsampling approach to FTIR analysis, which is a gap this dissertation's methodology chapter addresses directly.
Fourth, the governance literature reviewed here says comparatively little about how regulatory and utility organisations in Wales experience the practical challenges of monitoring and managing microplastic pollution, despite their central role in any realistic management response. This dissertation responds partly to this gap through four semi-structured interviews with professionals involved in biosolids management and microplastics monitoring. This provides operational and research-based evidence not available in the published literature, though it represents the perspective of a small number of individuals rather than a complete cross-section of the sector, and regulatory, local-authority, academic and community perspectives remain priorities for future research.
Together, these gaps justify a study that combines critical review of existing literature, professional stakeholder interviews and small-scale exploratory FTIR analysis, rather than relying on any one of these approaches alone. This mixed approach is consistent with the exploratory, evidence-gathering purpose stated in the dissertation's research question, which asks how evidence from these three sources can improve understanding of microplastic pollution and management responses in Cardiff's freshwater systems.
[bookmark: _Toc239990310]2.9 Chapter Summary
This chapter has reviewed literature on the sources, identification methods, treatment responses, governance context and ecological exposure evidence relevant to freshwater microplastic pollution, and has identified a consistent absence of lowland urban South Wales evidence specifically. The following chapter sets out the methodology through which this dissertation addresses these gaps.

[bookmark: _Toc239990311]Chapter 3: Methodology
[bookmark: _Toc239990312]3.1 Introduction and Research Design
This dissertation draws on three sources of evidence: a review of published literature, semi-structured interviews with professionals working in the water and environmental sector, and a small-scale programme of water sampling and laboratory analysis carried out on the River Taff and River Ely. This chapter sets out the design of the sampling and interview strands. 
This study used a mixed methods design combining a literature review, semi-structured interviews and laboratory analysis of river water samples. Microplastic pollution raises physical, chemical and management questions, and no single method addresses all three. Laboratory analysis provides direct evidence from the rivers, interviews provide knowledge of how monitoring and management operate in practice, and the literature places both in a wider context. 
[bookmark: _Toc239990313]3.2 Study Area and Sampling Sites
Four sites were sampled across two rivers passing through Cardiff: two on the River Taff and two on the River Ely. Ely 1 was located near Riverside Terrace (51.4840976, -3.2306959) and Ely 2 near Sanatorium Park (51.4763992, -3.2200191), both on the western side of the city. Taff 1 was located near Blackweir Woods and Blackweir Bridge (51.4948704, -3.1956790), and Taff 2 within a lower parkland section of the River Taff corridor (51.4864683, -3.1887388).
Sites were selected for their accessibility to a single researcher working without a vehicle-based sampling team, which also set the overall scale of the design: four environmental samples and one laboratory blank matched what one operator could realistically collect and process. Sampling two sites per river allowed some internal comparison within each catchment but did not provide a representative sample of either river as a whole.
Rivers passing through dense urban areas of the kind found in Cardiff are of particular interest for microplastic research because they concentrate several source types within a relatively short reach: treated effluent discharge (Vardar et al., 2021), road and surface runoff from a built-up catchment (Whitehead et al., 2021), and legacy contamination from earlier industrial use (Lofty et al., 2025) alongside recreational and residential use of the riverbanks themselves. Small urban rivers of this kind have been identified as disproportionately significant contributors to catchment plastic loads relative to their size (Meijer et al., 2021). This concentration of pressures is part of why the Taff and Ely were selected as a case study, even though the sampling programme itself remains small in scale.
[bookmark: _Toc239990314]3.3 Sample Collection
Five 1,000 mL glass reagent bottles were used in total. Four held river water, one from each site, and the fifth held 1,000 mL of deionised water prepared in the laboratory, which served as a blank against which contamination introduced during handling or analysis could be checked. At each site, the capped bottle was submerged to approximately 20 cm below the water surface, the cap was removed under water, and the bottle was allowed to fill before being recapped below the surface. Bottles were filled directly from the flow at each site, glass throughout rather than plastic, and left open for as short a time as practical.
Five bottles matched what a single operator could process within the study's available time, and the design gave the laboratory blank particular importance: it provided the main internal check on whether an apparent finding at Taff or Ely reflected the river itself rather than something introduced during handling.
[bookmark: _Toc239990315]3.4 Contamination Control
Airborne fibres and fragments are a recognised problem in microplastic work, present on ordinary clothing and laboratory surfaces as readily as in the environment under study. Cotton clothing was worn during handling, nitrile gloves were used throughout, and glass equipment replaced plastic wherever a substitute was available. Filters and forceps were cleaned before each sample was processed, and samples were handled one at a time rather than in batches, so that any contamination could be traced to a single sample rather than spread across several.
The laboratory blank carries most of the weight of this contamination strategy. It was filtered, examined and analysed by FTIR through exactly the same steps as the four river samples, so that any signal recorded from it could be attributed to procedure rather than to the river.
[bookmark: _Toc239990316]3.5 Filtration and Membrane Preparation
Each 1,000 mL sample, including the laboratory blank, was filtered separately through a 0.45 micrometre cellulose acetate membrane, producing five membranes in total. Each sample was vacuum filtered through a glass filtration assembly. The filtration method was adapted from the steps recommended by Zhang, Shi and Cui (2024), simplified to use the vacuum filtration equipment available in the university laboratory.
Following filtration, each membrane was removed using clean forceps and stored individually in a labelled dish to preserve traceability between sample and membrane throughout the remainder of the analysis. A pore size of 0.45 micrometres sits within the range commonly used in exploratory freshwater studies, and cellulose acetate is a standard membrane material for filtration of this kind. Surface water studies report a range of filter sizes, from 0.45 µm membranes to 0.7 µm and 1.2 µm glass fibre filters, while net-based sampling commonly uses a mesh of around 300 to 335 µm; smaller pore sizes retain finer particles but clog more quickly (Soursou, Campo and Picó, 2023; Zhang, Shi and Cui, 2024).
[bookmark: _Toc239990317]3.6 Microscopic Screening
Each membrane was examined visually for particles consistent with the morphological screening criteria set out in Table 2. The initial intention was to use a conventional light microscope at 10x and 40x magnification. In practice, a lens-related fault with that instrument meant sufficiently clear images could not be obtained, and optical examination was instead carried out using an alternative microscope system available in the laboratory, shown in Figure 2. This system was used solely in its optical microscopy mode. No Raman spectroscopy, Raman laser exposure or Raman spectra were involved at any point in this dissertation's analytical work, a distinction worth stating plainly given that the alternative instrument is capable of Raman measurement in other configurations not used here.
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[bookmark: _Toc239984826]Figure 2: Microscope and computer imaging system used for membrane examination, following the lens fault in the originally intended instrument.

[bookmark: _Toc239988731]Table 2: Morphological screening criteria applied during microscopic examination. 
(This table was adapted from the visual identification criteria set out by (Hidalgo-Ruz et al., 2012))
	Feature
	Consistent with a candidate microplastic particle
	Consistent with natural material

	Size
	Within the visible range of the microscopy setup; exact size not consistently recorded
	Not distinguished reliably by size alone

	Shape
	Fibre, fragment, film or pellet, with a defined edge
	Irregular fragmentation typical of mineral or organic debris

	Colour
	Often bright or uniform, though not diagnostic on its own
	Muted, soil- or organic-toned

	Surface texture
	Smooth or glossy
	Rough, granular or uneven


None of these amounts to identification. Cellulose fibres in particular can look very similar to synthetic fibres under a standard light microscope, which is part of why this protocol treats microscopy as a screening step rather than an endpoint. Particles were assessed by shape, apparent size, colour, edge definition and surface appearance, and fibre-like or fragment-like material meeting these criteria was recorded as a suspected microplastic-like particle.
A graticule scale was used for several images to estimate particle size directly through the eyepiece. Figure 3 shows one suspected particle recorded against this scale. A complete calibration and scale record was not retained for every photograph, however, and numerical particle-size measurements are therefore not reported systematically across the full particle set in this dissertation. Where a specific image does show a graticule, as in Figure 3, this illustrates the recording method rather than demonstrating that consistent quantitative sizing was achieved for every particle.
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[bookmark: _Toc239984827]Figure 3: Suspected particle recorded against a graticule scale, illustrating the size-recording method used where a calibrated image was retained
Thirty-one particles across the four membranes were judged visually consistent with these criteria and carried forward for possible FTIR analysis. None came from the laboratory blank. The retained records do not provide a complete one-to-one link between every photographed candidate and its corresponding FTIR measurement, a limitation discussed further in section 3.8.
[bookmark: _Toc239990318]3.7 FTIR Confirmatory Analysis
Polymer identification of the screened particles was attempted using Attenuated Total Reflection FTIR on a PerkinElmer Spectrum Two fitted with a diamond ATR crystal. Ten measurements were taken from each of the five membranes, giving fifty spectra in total: ten from each river site and ten from the blank. Each run used fifteen scans at a resolution of 4 cm⁻¹ across the range 4000 to 450 cm⁻¹, parameters consistent with those reported in comparable ATR-FTIR polymer studies (Song et al., 2021).
The instrument's own software applies a set of automated checks to every spectrum it collects, covering baseline stability, signal strength and the presence of expected absorbance bands. Seven of the fifty measurements were flagged with a weak-bands warning, meaning the signal reaching the detector was comparatively faint. These were not discarded, since a weak signal is itself information about contact quality or material present, and every flagged measurement was retained and reported rather than treated as unusable.
Each spectrum was compared against a reference polymer library, the step that would normally return a percentage match and, where that match is strong enough, a named polymer. The outcome of the library comparison is presented in Chapter 4.
A single-point ATR system was used rather than a micro-FTIR imaging setup. Micro-FTIR mapping can scan an entire filter automatically without an operator selecting particles by hand, but the systems capable of doing this reliably are expensive and were not accessible for a project of this size. The trade-off is that single-point ATR depends on a particle first being found under the microscope and placed onto the crystal by hand with enough precision for a usable spectrum.
[bookmark: _Toc239990319]3.8 Data Recording
The fifty FTIR measurements were logged by sample group, replicate number, FTIR file reference, scan date where available, and the instrument's own quality-check flag. The consolidated record does not provide a complete one-to-one traceability link between every microscopy candidate photographed in section 3.6 and every individual FTIR spectrum. This gap is reported explicitly rather than smoothed over, since traceable sample and analytical records are recommended practice for microplastic studies of this kind (Zhang, Shi and Cui, 2024), and this dissertation did not fully achieve that standard within the time available.
Following the main analytical work, a technical discussion with laboratory support staff was used to help interpret aspects of the retained instrument reports. This conversation informed how the surviving records are read in Chapter 4 but is not treated as an additional experimental measurement in its own right.
[bookmark: _Toc239990320]3.9 Interview Design
Four semi-structured interviews were carried out with participants who had professional or academic experience relevant to microplastic pollution and freshwater management. Participants are referred to as P1 to P4 throughout (Table 3). Names, roles and any affiliations are held only in the researcher's confidential records, and details that could indicate a participant's organisation have been removed from the reported findings.

[bookmark: _Toc239988732]Table 3: Participant areas of expertise
	Participants
	Area of Expertise

	P1
	Wastewater treatment processes

	P2
	Biosolids and land management

	P3
	Environmental policy

	P4
	Freshwater ecology



Questions addressed each interviewee's professional responsibilities, wastewater treatment, sludge and biosolids management, source identification, monitoring standardisation, governance, the waste hierarchy, circular economy measures, and evidence gaps. Interviews were recorded with permission and transcribed in full. Transcripts were organised thematically around six areas:

1. treatment and transfer
2. standardized monitoring
3. governance and institutional responsibility
4. circular economy and source prevention
5. biosolids and agricultural pathways
6. evidence gaps.
Similarities and differences were compared across participants, and statements made outside an interviewee's direct professional remit were treated with appropriate caution rather than reported as authoritative. Interview testimony is treated throughout this dissertation as professional evidence, not as independent verification of the Cardiff sampling results, and not as an official organisational position unless the interviewee explicitly indicated otherwise.
Four interviews were carried out. The interviews formed one of three strands of evidence and were designed to add professional context to the literature review and the laboratory analysis, not to act as a representative survey of the sector. Malterud et al. (2016) argue that the number of participants needed in a qualitative study depends on information power: a focused aim, participants holding specialist knowledge, and analysis read alongside other evidence all reduce the number required. Each participant held specialist knowledge relevant to microplastics that is held by relatively few people in South Wales. Eight professional contacts were approached and four completed interviews within the data collection period. Transcripts were analysed using thematic analysis (Braun and Clarke, 2006). Four interviews cannot represent every group with a stake in freshwater management, and regulators, local authorities and community groups are identified in Chapter 6 as priorities for a larger study.
[bookmark: _Toc239990321]3.10 Limitations
All samples, scans and interviews were completed by the same researcher, so there is no way to check whether a different operator following the same protocol would have reached the same results. Placing a particle onto an ATR crystal by hand is not a precise operation, and a fibre a few micrometres across is easy to misplace or press against the crystal at an angle that weakens the signal. Four sites and one blank are not enough to generalise about either river as a whole, and this study does not attempt to. Sites were not selected according to a stratified design; a stratified approach dividing each river by known inputs such as outfalls or land use would allow differences between sites to be linked to specific pressures, and this is recommended for any repeat of this study (Chapter 6).
Reference library access for polymer confirmation was limited to what the instrument's own software provided. Interview evidence is drawn from four individuals, and the perspectives reported in Chapter 4 should be read as representing these particular vantage points rather than a complete picture of the sector.
Sampling dates and times were not recorded at collection. Recording these is part of the protocol recommended in Chapter 6. A full one-to-one link between every photographed candidate particle and its corresponding FTIR spectrum, and a complete calibration and scale record for every retained microscopy image, were not achieved within the time available. This is a record-keeping gap the recommendations in Chapter 6 address directly, and it is a genuine constraint on how precisely the results in Chapter 4 can be stated.


[bookmark: _Toc239990322]Chapter 4: Results
[bookmark: _Toc239990323]4.1 Introduction
This chapter reports the results of the small-scale sampling and analysis programme described in Chapter 3, together with the findings of four interviews conducted with professionals connected to microplastic pollution, water management and freshwater ecology in Wales. The chapter is organised in two parts. The first covers the sampling strand: instrument quality-check outcomes, microscopic screening, and the outcome of the FTIR confirmatory stage. The second covers the interview strand, presented thematically rather than participant by participant, consistent with the approach taken for the literature reviewed in Chapter 2. Participants are identified throughout as P1 to P4, as set out in Table 3, in line with the confidentiality agreed at the point of interview.
[bookmark: _Toc239990324]4.2 Instrument Quality-Check Summary
The operating parameters common to all fifty measurements are described in section 3.7. Table 4 summarises the outcome of the automated screening by sample group, shown in Figure 4.
[bookmark: _Toc239988733]Table 4: Instrument quality-check outcomes by sample group
	Sample Group
	Passed
	Weak Bands Warning
	Replicates Affected
	Total

	Laboratory Blank
	10
	0
	-
	10

	Taff 1
	9
	1
	Replicate 7
	10

	Taff 2
	8
	2
	Replicates 1, 3
	10

	Ely 1
	10
	0
	-
	10

	Ely 2
	6
	4
	Replicates 7, 8, 9, 10
	10

	Total
	43
	7
	
	50
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[bookmark: _Toc239984828]Figure 4: FTIR instrument quality-check outcomes by sample group
Forty-three of the fifty measurements passed every automated quality check without warning, including all ten measurements from the laboratory blank and all ten from Ely 1. Seven measurements were flagged with a weak-bands warning, indicating a comparatively low-intensity absorbance signal. These were not evenly distributed. Four of the seven occurred among the final replicates of Ely 2, specifically replicates 7 through 10, while Taff 1 showed a single isolated warning at replicate 7 and Taff 2 showed two, at replicates 1 and 3.
A weak-bands warning does not by itself indicate a failed measurement. It means the absorbance peaks the software expects to see in a usable spectrum were present but weaker than the instrument's internal threshold for a strong reading, which can happen for several unrelated reasons: a small or thin particle not making full contact with the crystal, a particle sitting slightly off-centre under the measurement head, or genuinely little material being present at that specific point on the membrane. None of these possibilities can be distinguished from the quality-check flag alone, which is why every one of the seven flagged measurements was retained and reported here rather than treated as unusable.
[bookmark: _Toc239990325]4.3 Microscopic Screening Results
All four environmental membranes were examined using optical microscopy as described in section 3.6. A total of thirty-one particles were judged visually consistent with the morphological criteria set out in Table 2 and were photographed and recorded for cross-referencing against the FTIR results. Table 5 and Figure 5 summarise the count of suspected particles recorded at each site.

[bookmark: _Toc239988734]Table 5: Suspected microplastic-like particles recorded by microscopy
	Sample Group
	Suspected Particles Recorded
	Predominant Morphology

	Taff 1
	10
	Fibre and fragment forms

	Taff 2
	14
	Fibre and fragment forms

	Ely 1
	3
	Fibre and fragment forms

	Ely 2
	4
	Fibre and fragment forms

	Total
	31
	



[bookmark: _Toc239984829]Figure 5: Suspected microplastic-like particles recorded by sample site
Considerably more suspected particles were recorded at the two Taff sites, twenty-four in total, than at the two Ely sites, seven in total. Figure 6 shows the clearest available example from Taff 1, enlarged and marked with an arrow indicating the particle. Figures 7 to 9 show representative examples from the remaining three sites.
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[bookmark: _Toc239984830]Figure 6: Suspected fibre-like particle recorded at Taff 1
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[bookmark: _Toc239984831]Figure 7: Suspected fragment-like particle recorded at Taff 2
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[bookmark: _Toc239984832]Figure 8: Suspected particle recorded at Ely 1, shown against the stage graticule
[image: ]
[bookmark: _Toc239984833]Figure 9: Suspected fibre-like particle recorded at Ely 2

Particles observed at all four sites were predominantly fibre-like or fragment-like in form, consistent with the general categories described in Table 2. No films or pellets were recorded at any site. Every count and every photograph in this section reflects a preliminary visual judgement only. Morphological screening cannot on its own confirm that a particle is a synthetic polymer, and the figures above should be read as suspected candidates rather than as a count of confirmed microplastics.
[bookmark: _Toc239990326]4.4 ATR-FTIR Analysis Results and Technical Interpretation
Microscopy recorded thirty-one particles that met this study's morphological screening criteria, set out in Table 2. In line with supervisory guidance received during this dissertation, these observations are treated as positive morphological detections. Morphology alone cannot establish polymer chemistry, however, and throughout this dissertation they remain described as morphologically suspected microplastics or microplastic-like particles rather than polymer-confirmed particles.
Fifty ATR-FTIR measurements were available across the four environmental membranes and the laboratory blank. Forty-three passed the automated acquisition checks without warning and seven produced a weak-bands warning, reported in section 4.2. These checks describe spectral acquisition quality and do not by themselves identify a polymer. A technical review carried out after the laboratory work, discussed in section 3.8, concluded that the dominant spectral response recorded across the measurements corresponded to the cellulose acetate filter membrane itself, with an approximately 98 per cent library match. This match identifies the analytical substrate the particles were resting on, not an environmental microplastic.
The target fibres and fragments were judged, during that same technical review, to be too small or present in too little mass for reliable detection by single-point ATR against the stronger substrate signal beneath them, a possibility already anticipated in the equipment discussion in section 3.7. This was raised with particular reference to the Taff 2 material, where approximately four strands were highlighted during the technical discussion as an example of the small amount of target material available on a membrane. This comment cannot be reconciled one-to-one with the thirty-one photographed candidates, because a complete particle-to-spectrum register was not retained, as noted in section 3.8. It is reported here as qualitative technical interpretation rather than as a revised particle count.
The defensible analytical result is a microscopy-to-FTIR discrepancy. Morphological screening indicated suspected particles at every environmental site, while ATR-FTIR did not provide reliable environmental polymer identification, because the substrate signal dominated the spectrum and the target mass appears to have been below the effective capability of the available single-point setup. This is a valid finding about method suitability at this scale. It is not evidence that microplastics were absent from the Taff or Ely, and it does not support naming a polymer type. Table 6 sets out what each stage of evidence does and does not support.

[bookmark: _Toc239988735]Table 6: Evidence status of the microscopy and ATR-FTIR stages
	Evidence Stage
	Observed Outcome
	What It Supports
	What It Does Not Support

	Microscopy
	31 morphologically suspected particles
	Positive visual/morphological detection
	Polymer chemistry or source

	ATR-FTIR acquisition
	43 passes; 7 weak-bands warnings
	Record of spectral acquisition quality
	Polymer identity

	Library outcome
	Approximately 98% match to cellulose acetate
	Identification of the filter substrate
	Environmental polymer identification

	Technical interpretation
	Target material judged small or low mass relative to the setup
	Effective detection limitation
	Absence of microplastics, or a failed experiment


[bookmark: _Toc239990327]4.5 Stakeholder Interview Findings
[bookmark: _Toc239990328]4.5.1 Overview
Four interviews provided insight into wastewater management, biosolids, waste policy, governance, freshwater ecology and evidence gaps relevant to microplastic pollution in Cardiff's freshwater systems. P1, P2, P3 and P4 each contributed a distinct professional or academic perspective, summarised in Table 3. Six themes are identified below. The analysis distinguishes areas of convergence from claims that remained participant-specific or outside the evidence generated by this dissertation.
[bookmark: _Toc239990329]4.5.2 Theme 1: Wastewater Treatment, Capture and Transfer
The P1 cited previous research reporting wastewater treatment removal above 99 per cent, with most captured particles transferred to sludge. This figure is reported as professional testimony and was not independently verified in the present study. P2 similarly explained that substantial material is captured during sludge extraction and that treated biosolids undergo enhanced anaerobic digestion, at high temperature and pressure, before agricultural reuse. These accounts support the interpretation that wastewater treatment can reduce liquid-effluent loads while transferring particles to a solid matrix. They do not demonstrate complete destruction of microplastics, low concentrations in the Taff or Ely, or absence of risk after land application.
This evidence also exposed a management trade-off. Treatment may reduce river discharge, but accumulated particles in sludge create a potential terrestrial and catchment pathway. The appropriate conclusion is therefore reduction and redistribution rather than elimination. This distinction matters because the present river sampling did not include influent, effluent, sludge, or controlled upstream-downstream comparisons.
[bookmark: _Toc239990330]4.5.3 Theme 2: Lack of Standardised Monitoring
P2 contrasted established, sector-wide methods used for regulated microbiological and chemical parameters with the absence of an equivalent routine method for microplastics in sludge, linking this gap to inconsistent sampling, limited comparability, and weak long-term trend assessment. P1 also described coordinated industry research aimed at improving source characterisation. All four participants identified the absence of an agreed chain from sampling and preparation through to polymer identification and reporting as a central constraint.
P4 independently confirmed this concern from an academic standpoint, stating that visual interpretation severely reduces confidence and citing cellulose particles as a specific example of material commonly misidentified as plastic under microscopy alone. Visual screening was characterised as a legitimate first, preliminary step but not a substitute for formal chemical identification, a judgement that aligns directly with this dissertation's own protocol in section 3.6 and with the FTIR result reported in section 4.4.
This theme closely mirrors the analytical limitation encountered directly in this dissertation. Fifty ATR-FTIR measurements were collected, but the retained reports did not document complete candidate-to-spectrum traceability, library details, match scores and final acceptance decisions for every measurement, as set out in section 3.8. Professional, academic and laboratory evidence therefore converge on the need for standardisation. They do not converge on a measured level of river pollution.
[bookmark: _Toc239990331]4.5.4 Theme 3: Governance and Institutional Responsibilities
P3 described responsibility as distributed across institutions rather than resting with any single body. In this account, the environmental regulator handles major water discharges, pollution and relevant waste activities; local authorities address litter, fly-tipping and local environmental functions; water companies manage wastewater infrastructure and regulated discharges; national government sets strategic waste and circular-economy policy; and producers and the public influence material use and disposal through their own choices. Inappropriate disposal of wipes, sanitary products, fats, oils and grease was also identified as a contributor to sewer blockages and the resulting overflow risk.
This evidence indicates that microplastic management cannot reasonably be assigned to one organisation alone. Effective governance, on this account, requires coordinated responsibility, clear evidence standards and proportionate accountability across the full material lifecycle.
[bookmark: _Toc239990332]4.5.5 Theme 4: Circular Economy and Source Prevention
P3 located plastic policy within the statutory waste hierarchy, under which prevention and reuse take priority over recycling, recovery and disposal. Single-use restrictions, a carrier-bag charge and wider circular-economy action were identified as examples of upstream intervention already in place in Wales. P1's emphasis on textile fibres, tyre and road wear, industrial inputs and urban runoff led to a broadly compatible conclusion: identifying dominant sources is a necessary step before targeted controls can be selected.
The combined implication is that end-of-pipe treatment remains necessary but is not, on its own, a complete strategy. The interviews did not quantify the contribution of individual sources in Cardiff specifically, so recommendations arising from this theme remain strategic rather than source-specific.
[bookmark: _Toc239990333]4.5.6 Theme 5: Biosolids and Agricultural Pathways
P2 identified agricultural reuse of biosolids as a pathway requiring further investigation, since particles captured from wastewater may enter sludge before land application. Controls described included GIS-based exclusion zones, stockpile rotation and slope restrictions, annual regulator audits, farm inspections and soil monitoring. These controls were described as addressing established nutrient, pathogen and runoff risks, not as microplastic-specific monitoring measures.
P4 independently raised a closely related point when asked what might cause the Taff and Ely to differ, identifying agriculture as a larger land use in the Ely catchment than in the Taff, which raises the possibility of a biosolids-linked plastic pathway specific to the Ely, alongside an observation that the Ely lags behind the Taff in wastewater treatment provision. This is a case where an operational account and an independent academic assessment point toward the same catchment-level distinction without having been asked to corroborate one another.
This creates an important governance distinction. Existing biosolids assurance demonstrates that a management framework is present, but it does not establish the fate of microplastics during digestion or after spreading. Future research would need to trace particles through treatment, sludge, soil, runoff and receiving waters using standardised polymer-confirmation methods.
[bookmark: _Toc239990334]4.5.7 Theme 6: Evidence Gaps and Policy Needs
All four participants identified evidence limitations, though from different professional positions. P1 and P2 emphasised test standardisation, long-term datasets, source identification and sludge behaviour. P3 emphasised the policy need to establish source, pathway and receptor relationships, and indicated that an intensive sampling regime focused on suspected inputs, including combined sewer overflows, would be needed before a specific source could be attributed with confidence.
P4 set out, independently, what an ecologically meaningful monitoring programme would require: sampling across a wider range of spatial extents and timescales, including different hydrological conditions; assessment across sediment, water and organisms rather than water alone; and dedicated work to identify sources and sinks within a catchment. P4 also placed microplastics in context against other pressures affecting urban rivers, noting that most existing evidence of adverse effects comes from individual organisms studied under laboratory conditions, and that wastewater-associated contaminants, legacy pollutants and climate change are established concerns of comparable or greater magnitude in rivers such as the Taff and Ely. On pathways, P4 ranked treated wastewater as the most likely dominant route for most microplastics, followed by combined sewer overflows and misconnected sewers, with point-source industrial contamination, diffuse road runoff and secondary fragmentation identified as further plausible contributors, a picture broadly consistent with the literature reviewed in Chapter 2. 
These points, arrived at from policy, operational and academic perspectives independently, converge on the same conclusion and directly challenge any attempt to extrapolate policy conclusions from four one-litre river samples. The policy value of the present study is consequently methodological. It demonstrates the risk of treating visual candidates as confirmed polymers, and it identifies the metadata, controls, replication and traceability that a stronger monitoring design would require. It does not identify a dominant Cardiff source, compare true pollution levels between the Taff and Ely, or establish ecological or human-health effects.
[bookmark: _Toc239990335]4.5.8 Theme 7: Academic Perspective on Ecological Risk and Study Design
The academic ecologist's contribution differed in kind from the other three interviews, offering an independent scientific assessment rather than an operational or policy account, and is treated as a distinct theme for that reason. Asked how microplastics compare with other pressures affecting urban rivers such as the Taff and Ely, this interviewee noted that most existing evidence of adverse effects is drawn from individual organisms studied under laboratory conditions, sometimes at concentrations well above what is found in the field, and that field evidence of effects on whole populations or communities remains weak. Wastewater and associated contaminants such as pharmaceuticals, together with legacy pollutants from the rivers' industrial past and the growing pressure of climate change, were identified as established concerns of comparable or greater magnitude, with no current evidence that plastic pollution has effects of similar scale in these two rivers specifically.
On pathways, this interviewee ranked wastewater as almost certainly the dominant route for most microplastics such as clothing fibres, in the approximate order of treated wastewater, then combined sewer overflows, then misconnected sewers, while noting that exact flux data for rivers in South Wales are not readily available. Point sources linked to former and current industrial activity, diffuse pollution and road runoff, and secondary microplastics generated from the fragmentation of litter and wet wipes were all identified as additional, independently plausible contributors, a picture broadly consistent with the sources and pathways literature reviewed in Chapter 2.
Asked directly about the reliability of visual identification without documented polymer confirmation, the academic ecologist stated that visual interpretation severely reduces confidence, citing cellulose particles as a specific example of material commonly misidentified as plastic under microscopy alone, and characterised visual screening as a legitimate first, preliminary step but not a substitute for formal chemical identification. This is an independent, unprompted confirmation of the same methodological caution already built into this dissertation's own protocol in section 3.6, and of the interpretation of the FTIR result set out in section 4.4.
Asked to assess this dissertation's own study design, P4 indicated that the data collected support the presence of microplastic-like particles in the Taff and Ely, but that confirming their identity would need more detailed assessment methods than the resources available to this dissertation allowed.
[bookmark: _Toc239990336]4.5.9 Overall Synthesis
The strongest cross-interview agreement concerned source prevention, the need for improved evidence, and shared responsibility across institutions, with P4's academic perspective independently corroborating both the plausibility of wastewater as the dominant pathway and the methodological caution required when interpreting visually screened particles. Areas of uncertainty remain: the reported treatment efficiency was not independently verified, digestion was not shown to destroy polymers rather than fragment or redistribute them, and no participant evidence confirms the chemical identity of the thirty-one visual candidates recorded in section 4.3.
[bookmark: _Toc239990337]4.6 Summary in Relation to the Study Aims
The four interviews addressed the second aim by adding operational, policy and academic perspectives, most notably the shared, independently raised concern about standardised testing. They support practical recommendations for source prevention, monitoring standardisation and coordination across agencies. They do not establish representative pollution concentrations, confirmed polymer identities, or demonstrated biological harm.


[bookmark: _Toc239990338]Chapter 5: Discussion
[bookmark: _Toc239990339]5.1 Introduction
This dissertation asked how evidence from literature, professional stakeholders and small-scale microplastic analysis could improve understanding of microplastic pollution and management responses in Cardiff's freshwater systems. Chapters 2 to 4 answered three separate parts of that question. This chapter answers the question as a whole, by reading the sampling results and the findings of four interviews against each other and against the literature reviewed in Chapter 2, rather than treating each source of evidence as a self-contained result.
[bookmark: _Toc239990340]5.2 Interpreting the Microscopy-to-FTIR Discrepancy
Optical microscopy detected candidate microplastic-like particles at every one of the four environmental sites, with more recorded at the Taff sites (24) than the Ely sites (7). ATR-FTIR analysis of the same membranes did not return a confirmed environmental polymer match; the dominant spectral response instead corresponded to the cellulose acetate filter substrate itself, at approximately 98 per cent library similarity. Comparing the two methods shows where a low-cost workflow can detect likely microplastics, and where confirming their identity needs a different filter substrate or instrument.
[image: ]
[bookmark: _Toc239984834]Figure 10: Evidence hierarchy from visual screening to confirmed polymer identification
Several explanations are consistent with the evidence, and they are not mutually exclusive. The target particles may have been too small or too low in mass to dominate the ATR signal, and manual positioning may not have created sufficient contact between a thin fibre and the crystal. The visual candidates may also have included natural or semi-synthetic material that resembles plastic morphologically, a possibility P4 raises independently in section 5.3. Substrate interference and incomplete one-to-one traceability, discussed in section 3.8, further limited how confidently candidate and filter spectra could be separated. The retained records do not allow the relative contribution of each explanation to be quantified.
The sampling design also shaped what these results can show. Four grab samples were collected at accessible points, without first surveying each river for likely inputs such as outfalls, combined sewer overflows or changes in land use and placing sites accordingly. Microplastic-like particles were found at every site under this design, and a survey-led, stratified approach would allow differences between sites, such as the higher count at the Taff, to be linked to specific sources; this is addressed directly in the Chapter 6 recommendations.
Contamination remains a further limitation worth stating precisely rather than gesturing at generally. Disposable gloves can release stearates and related residues that may produce false-positive polymer assignments in vibrational-spectroscopy workflows. Witzig et al. (2020) demonstrated this risk across several disposable-glove types using Raman, FTIR and pyrolysis-based methods, while Clough et al. (2026) showed more recently that dry surface contact with nitrile and latex gloves alone can generate substantial false-positive signals, averaging around two thousand false positives per square millimetre under traditional library matching, and recommended cleanroom gloves alongside contamination-specific spectral checks. These published studies provide quality-control context only. The present research did not perform Raman analysis, and this dissertation does not claim that glove contamination affected its own results. What the literature does establish is that nitrile-glove use, described in section 3.4 as part of this dissertation's contamination control, cannot be treated as adequate protection against spectroscopic contamination without qualification, since the glove itself is a documented potential source of the kind of false signal this chapter is otherwise trying to rule out.
The evidential status should therefore remain layered rather than collapsed into a single verdict. This study obtained positive morphological observations, but no confirmed environmental polymer type. Describing every visual particle as a chemically confirmed microplastic would overstate the evidence. Describing the experiment as a failure would understate the genuine methodological result it produced. The more defensible conclusion is that the available single-point ATR-FTIR setup, the cellulose acetate substrate, and the trace target mass involved were not sufficient, in combination, for reliable polymer identification in this specific application.
[bookmark: _Toc239990341]5.3 Triangulation with the Interview Evidence
P1's recollection of high wastewater removal and P2's description of sludge capture, both reported in section 4.5, are consistent with transfer from effluent to biosolids. However, this dissertation did not sample treatment works or trace particles through liquid and solid matrices itself. These accounts cannot explain the absence of confirmed Cardiff polymer assignments, which could equally reflect visual false positives, particle selection during microscopy, ATR contact quality, membrane interference, or incomplete library documentation, all discussed in section 5.2.
P4's contribution, reported in section 4.5, changes this triangulation in a way the other three interviews could not on their own. Asked directly and without prompting about the reliability of visual identification without documented polymer confirmation, P4 stated that visual interpretation severely reduces confidence and specifically named cellulose particles as material commonly misidentified as plastic under microscopy alone. This is an independent confirmation of exactly the explanation offered in section 5.2 regarding natural or semi-synthetic material, arrived at from academic expertise rather than from anything this dissertation's own protocol suggested in advance. 
The stronger convergence across all four interviews concerns evidence quality rather than pollution concentration. P1 and P2 described the absence of standardised microplastic testing in their own areas of work. P3 explained that policy prioritisation requires evidence linking source, pathway and receptor before action can be justified. P4 independently set out what an ecologically meaningful monitoring programme would need: multi-season, multi-condition sampling, assessment across sediment, water and organisms, and dedicated source and sink identification work. This dissertation encountered a version of the same problem at laboratory scale: measurement-quality records existed, as shown in section 4.2, but complete candidate-to-spectrum and library-decision traceability did not, as noted in section 3.8. Four independently arrived-at perspectives converge on a conclusion about monitoring design. None of them converge on, or could converge on, a conclusion about pollution concentration.
The interviews also reveal complementary management logics. P1 and P2's evidence emphasised treatment, capture and operational control. P3's evidence prioritised prevention and reuse ahead of downstream management. P4 supplied the ecological and methodological grounding neither operational account was positioned to provide. Together, they suggest a working hierarchy in which avoidable releases are prevented at source, unavoidable flows are managed through treatment, captured particles are traced across sludge and land pathways rather than assumed destroyed, and interventions are evaluated through comparable, standardised monitoring. These remain four purposively selected perspectives and should not be generalised beyond these four individuals.
[bookmark: _Toc239990342]5.4 Comparison with the Literature Reviewed in Chapter 2
Set against the wider literature, the absence of reliable environmental polymer identification reported in Chapter 4 sits awkwardly next to studies such as Parker et al. (2022) and the study of the Taff Bargoed by Lofty et al. (2025), both of which confirmed microplastic presence in comparable UK freshwater settings. The most defensible reading of this contrast is not that this dissertation's result is wrong and those studies are right, but that direct comparison between them is not straightforward, given differences in sample volume, matrix and spectroscopic method (Zhang, Shi and Cui, 2024).
There is a more comfortable fit with the wastewater treatment literature. Vardar et al. (2021) reported high removal efficiency at a treatment plant discharging to a marine receiving water, broadly consistent with the account given independently by P1 in section 5.3. Where this dissertation's own result becomes genuinely informative is in showing what that removal efficiency might mean in practice for a small, exploratory sampling effort downstream: not an absence of microplastic pollution in the Taff and Ely, but a concentration low enough, combined with the substrate-dominance problem discussed in section 5.2, that a modest sampling programme was unable to confirm its presence chemically.
[bookmark: _Toc239990343]5.5 International Interpretation: Cardiff and Bangladesh
The Bangladesh studies reviewed in section 2.7 demonstrate what more intensive spatial, seasonal and multi-matrix designs can establish when microscopy is combined with documented spectroscopy. They do not show that the Taff and Ely are less polluted than the Bangladeshi rivers studied. Rather, they show that the Cardiff design, judged against that standard, lacked the replication and candidate-to-spectrum traceability needed for a comparable inference to be drawn. The shared management lesson is that source control must be supported by standardised, transparent monitoring regardless of setting. In Bangladesh this includes municipal, textile, industrial and informal-recycling inputs; in Cardiff, on the evidence of this dissertation's own interviews, it also includes wastewater, runoff and sludge pathways. The comparison strengthens the methodological conclusion of this dissertation without changing the status of the Cardiff particles as unconfirmed visual candidates.
[bookmark: _Toc239990344]5.6 Governance Implications
The stakeholder evidence indicates that governance in this area is distributed but incomplete. Existing controls cover waste handling, litter, discharges, biosolids stockpiling and agricultural runoff, yet none of the four interviewees identified a single routine microplastic-specific framework joining these responsibilities together. The gap is therefore not an absence of governance in general, but an absence of microplastic-specific measurement and accountability running across environmental compartments that are otherwise separately well regulated. Monitoring must first distinguish visual screening from confirmed polymers, and quantify major sources, before it can support policy. The waste hierarchy, as described by the waste strategy policy officer in section 4.5, then supports prevention, reuse and producer-level intervention ahead of downstream treatment. Wastewater, sewer overflows, sludge and land application should be assessed together, since capture may transfer particles between compartments rather than eliminate them. Coordination is required among national government, the environmental regulator, local authorities, water companies, producers and the public, with responsibility held proportionate to each actor's actual capacity to change the systems involved.
[bookmark: _Toc239990345]5.7 Implications for Wildlife-Centred Management
The environmental work reported in this dissertation was limited to water sampling and laboratory analysis, and none of the four interviewees was asked directly about wildlife exposure. Any comment on wildlife implications here therefore draws on the literature reviewed in Chapter 2 rather than on new evidence generated by this study. That literature establishes plausible exposure pathways for freshwater species, including invertebrates, fish and higher predators such as otters and birds (O’Connor et al., 2022; Parker et al., 2022; Wayman et al., 2024), but almost none of it is UK-specific, let alone specific to the Taff or Ely.
Thirty-one microplastic-like particles were recorded across the four sites, and this dissertation is not in a position to say whether the underlying environmental concentration is high or low relative to other UK rivers, only that it could not be chemically confirmed at this scale. Wildlife-centred monitoring therefore remains relevant regardless of how the FTIR result is interpreted. The sludge and land-application pathway discussed in section 5.6, where concentrated material re-enters the terrestrial environment, is one plausible priority for such monitoring, a direction P2's account in section 4.5 also points toward independently. This remains an inference drawn from the evidence gathered here, not a conclusion this dissertation is in a position to demonstrate directly.
[bookmark: _Toc239990346]5.8 Limitations
Several limitations affect how far the conclusions of this dissertation can reasonably be extended, beyond those already stated in section 3.11. The sampling programme covered four sites and one blank, collected and analysed by a single operator, which restricts any claim to the Taff and Ely specifically rather than to either river as a whole. Confirmatory analysis relied on the spectral library built into the FTIR software used, without independent access to the larger reference libraries available to some published studies, which may have affected the likelihood of returning a confirmed match even where genuine polymer material was present.
Interview evidence is drawn from four individuals, and the perspectives reported in Chapter 4 should be read as representing these particular vantage points. Future work extending the interview strand to a wider range of professional and academic perspectives would test whether the convergence reported in section 5.3 holds more broadly.
The post-analysis technical interpretation discussed in section 4.4 adds clarity but not new quantitative data. The approximately four strands discussed during that technical review cannot replace the recorded microscopy total of thirty-one particles, and the approximately 98 per cent cellulose acetate match cannot be interpreted as an environmental polymer finding. Future work on the River Taff and River Ely should be guided by a walkover survey mapping outfalls, combined sewer overflows, road drainage and land use along each river, followed by a stratified sampling design based on that survey and repeated across seasons and flow conditions. An infrared-compatible filter substrate, such as aluminium oxide or silicon, would reduce the background interference identified in section 5.2, and a documented spectrum for every photographed particle, rather than a subsample, would close the traceability gap identified in section 3.8. Figure 10 provides a framework against which any of these improvements can be assessed, since each would move the analytical chain one stage further toward confirmed polymer identification.
[bookmark: _Toc239990347]5.9 Answering the Research Question
The research question asked how evidence from literature, professional stakeholders and small-scale microplastic analysis could improve understanding of microplastic pollution and management responses in Cardiff's freshwater systems. Taken individually, none of the three strands used in this dissertation could answer that question on its own. The literature reviewed in Chapter 2 established general patterns without local specificity. The sampling programme detected candidate particles at every site and identified precisely where confirmatory analysis reached its limit. The interviews offered professional and academic accounts that, without the sampling and literature strands, would carry limited weight on their own.
Read together, the picture is more coherent than any one part suggests. A small-scale sampling effort found candidate particles under the microscope at every site and identified a specific, explicable reason why chemical confirmation was not achieved, a result that P1's account of sector-wide treatment efficiency and P4's account of visual-identification unreliability both make considerably more plausible than it would otherwise appear. The sampling experience and four separately conducted interviews independently point to the same practical obstacle, an absence of standardised monitoring capability, that the literature review had already flagged as underexplored in academic terms. This dissertation's contribution is a demonstrated, externally corroborated account of what a small, realistic monitoring effort can and cannot establish in this setting, set against why that limitation may be occurring and what would need to change, in method and in governance, for it to be resolved. 
[bookmark: _Toc239990348]Chapter 6: Conclusion and Recommendations
[bookmark: _Toc239990349]6.1 Introduction
This dissertation examined how evidence from literature, professional stakeholders and small-scale microplastic analysis could improve understanding of microplastic pollution and management responses in Cardiff's freshwater systems. Its principal conclusion is methodological: credible freshwater microplastic monitoring requires a clear, documented distinction between visual screening, spectral acquisition quality and confirmed polymer identification. This chapter sets out what was established against each of the four objectives, states the dissertation's key contribution, and closes with recommendations for future work on the River Taff and River Ely.
[bookmark: _Toc239990350]6.2 Conclusions Against the Research Objectives
Objective 1: Critically review recent evidence concerning the sources, pathways, identification, ecological exposure and management of microplastics in freshwater systems.
This objective was met in Chapter 2. The review established that freshwater microplastics originate from wastewater, urban runoff, textile fibres, road wear, litter and catchment land use, and that differences in sampling, preparation and spectroscopic confirmation between published studies substantially reduce how directly their findings can be compared. No published study identified in the review examined the lowland, urbanised reaches of a South Wales river comparable to the Taff or Ely, a gap this dissertation responds to directly.
Objective 2: Explore professional perspectives on microplastic pollution, wastewater treatment, environmental monitoring, governance and evidence gaps in Cardiff and South Wales.
This objective was met through four interviews, reported in Chapter 4. Participants identified treatment-to-sludge transfer, biosolids land-application controls, distributed institutional responsibility and, independently across all four, the absence of standardised microplastic testing. An academic perspective added a further dimension: unprompted confirmation that visual screening cannot reliably distinguish microplastics from natural material, and an assessment of this dissertation's own analytical approach. Four interviews broadened the evidence base considerably beyond what the literature alone provided, though they represent four individual perspectives rather than a complete sector-wide sample.
Objective 3: Conduct and evaluate a small-scale programme of river-water sampling, microscopic screening and ATR-FTIR analysis using samples from the River Taff and River Ely and a laboratory blank.
This objective was met through four one-litre river-water samples and one laboratory blank. Thirty-one microplastic-like particles were recorded by microscopy across the four environmental sites. Fifty ATR-FTIR measurements were collected, and none returned a confirmed environmental polymer match; the dominant spectral response instead corresponded to the cellulose acetate filter substrate. This is a valid methodological result in its own right, evaluated in full in Chapter 5.
Objective 4: Integrate the literature, interview and analytical evidence to identify practical implications for future monitoring, management and freshwater ecosystem protection.
This objective was met in Chapter 5. Bringing the three strands together showed that a spectral quality-check pass is not equivalent to polymer confirmation, that a morphological particle count should never be reported as a count of confirmed microplastics, and that effective future monitoring requires traceable links running from each sample through to a final documented decision, a requirement the interview and analytical evidence converged on independently of one another.
[bookmark: _Toc239990351]6.3 Key Findings and Contribution
Optical microscopy detected microplastic-like particles at every environmental site, more at the Taff sites (24) than the Ely sites (7). ATR-FTIR analysis of the same membranes identified the cellulose acetate filter substrate as the dominant spectral response, a finding that shows where a low-cost, single-point workflow can detect likely microplastics and where confirming their identity needs a different filter substrate or instrument. This discrepancy between what visual screening suggested and what chemical confirmation could establish is the dissertation's principal methodological finding, and it was independently corroborated, rather than merely asserted, by professional and academic testimony gathered separately from the laboratory work itself.
The dissertation makes four specific contributions: microplastic-like particles were detected at every one of the four sites sampled; the substrate-masking effect identified here offers practical guidance for other low-cost monitoring efforts using cellulose acetate filters; to the author's knowledge, this is the first study to combine literature, professional and academic interviews, and laboratory analysis specifically for the lowland urban reaches of the Taff and Ely; and the traceability gaps identified in Chapters 3 and 4 point directly to a reusable register design set out in the recommendations below.
[bookmark: _Toc239990352]6.4 Recommendations
Future work on the River Taff and River Ely should begin with a walkover survey mapping outfalls, combined sewer overflows, road drainage and land use along each river, followed by a stratified sampling design based on that survey and repeated across seasons and flow conditions, using multiple independent samples per site rather than one. Field, procedural and glove-contact blanks should supplement the laboratory blank used here.
On analytical method, an infrared-compatible filter substrate, such as aluminium oxide or silicon, would reduce the background interference identified in Chapter 5, and a documented spectrum for every photographed particle, rather than a subsample, would close the traceability gap identified in Chapter 3. The polymer library name, version and minimum acceptance criteria should be defined before analysis begins, and a single master register should link every sample, membrane, microscopy image, spectrum, quality flag and final decision. Figure 10 provides a framework against which each of these improvements can be assessed, since each would move the analytical chain one stage further toward confirmed polymer identification.
On the evidence base, future research should extend the interview strand to include the environmental regulator, local authorities, and academic or community environmental organisations not represented in this dissertation's four interviews. Wildlife-centred conclusions should remain a future research priority, pursued only under dedicated ethical approval. The standardised testing gap raised independently across this dissertation's interviews points to a genuine need for clearer, cross-sector guidance on freshwater microplastic monitoring and reporting in Wales.
[bookmark: _Toc239990353]6.5 Closing Remarks
[bookmark: _GoBack]This dissertation set out to test what a small-scale, realistic monitoring effort could establish about microplastic pollution in two Cardiff rivers, and it answers that question directly: microplastic-like particles were detected at every site, and the specific point at which chemical confirmation became unreliable was identified and explained, with that explanation corroborated independently by four professional and academic perspectives. That combination, laboratory evidence and independent testimony arriving at the same conclusion without having been designed to confirm one another, is the dissertation's central contribution, and it provides a clear, evidenced starting point for the improved monitoring design set out above.
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[bookmark: _Toc239990355]Appendices
[bookmark: _Toc239990356]Appendix A: Water Sampling Location Record
River Ely and River Taff, Cardiff, Wales. This record documents the four water sampling locations used in this dissertation, described in section 3.2, with coordinates and supporting Google Maps screenshots taken at the point of collection.
[bookmark: _Toc239990357]A.1 Summary of Sampling Locations
[bookmark: _Toc239988736]Table 7: Summary of the sampling locations
	Sample ID
	River
	Latitude
	Longitude
	Grid / Plus Code
	Location Shown

	Ely 1
	River Ely
	51.484098
	-3.230696
	FQM9+JPM Cardiff
	Near Riverside Terrace, Cardiff, CF5 5AS

	Ely 2
	River Ely
	51.476399
	-3.220019
	FQGH+HX5 Cardiff
	Near Cardiff, CF11 8DT (Sanatorium Park)

	Taff 1
	River Taff
	51.494870
	-3.195679
	FRV3+WPW Cardiff
	Near Blackweir Woods, Cardiff

	Taff 2
	River Taff
	51.486468
	-3.188739
	FRP6+HGJ Cardiff
	Near Wales, Cardiff (as displayed by Google Maps)


[bookmark: _Toc239990358]A.2 Individual Sampling-Site Records
[bookmark: _Toc239990359]A.2.1 Ely 1 - River Ely
Site description: sampling point shown on the River Ely near Riverside Terrace. The satellite view shows the sampling pin within the wooded river corridor.
[image: ]
Figure A.1. Google Maps satellite-location screenshot for Ely 1 (River Ely)
[bookmark: _Toc239990360]A.2.2 Ely 2 - River Ely
Site description: sampling point shown on the River Ely near Sanatorium Park. The satellite view shows the pin positioned directly on the river channel within the parkland corridor.
[image: ]
Figure A.2. Google Maps satellite-location screenshot for Ely 2 (River Ely)
[bookmark: _Toc239990361]A.2.3 Taff 1 - River Taff
Site description: sampling point shown on the River Taff at the Blackweir area, adjacent to Blackweir Bridge and Blackweir Woods.
[image: ]
Figure A.3. Google Maps satellite-location screenshot for Taff 1 (River Taff)
[bookmark: _Toc239990362]A.2.4 Taff 2 - River Taff
Site description: sampling point shown on the River Taff within a green, parkland section of the river corridor. The Google Maps view identifies the River Taff and nearby parkland features.
[image: ]
Figure A.4. Google Maps satellite-location screenshot for Taff 2 (River Taff)

[bookmark: _Toc239990363]Appendix B: Field, Laboratory and Microscopy Evidence
This appendix presents the full photographic record supporting the methodology and results reported in Chapters 3 and 4: the field sampling and laboratory preparation sequence, the microscope system used for optical examination, and every particle photographed during microscopic screening at each of the four environmental sites. Identification status throughout this appendix is preliminary visual screening; the photographs support morphological classification only and do not, on their own, confirm polymer identity, as discussed in section 3.6.
[bookmark: _Toc239990364]B.1 Microscope and Imaging Equipment
[image: ]
Figure B.1. Microscope and computer imaging system used for membrane examination.
[image: ]
Figure B.2. Alternative optical microscope system used for particle examination. The instrument label identifies a Thermo Scientific DXR3 Raman Microscope; however, the system was used solely for optical microscopy in this study. The Raman laser was not used, and no Raman spectra were collected.
[image: ]
Figure B.3. Microscope sample-stage accessory. The circular stage supported optical examination of the prepared sample. No Raman measurement was performed using this accessory in the present study.
[image: ]
Figure B.4. Optical microscopic examination of a filter membrane. The membrane was positioned beneath the microscope objective for visual particle screening. The Raman laser was not used and no Raman spectrum was obtained.
[bookmark: _Toc239990365]B.2 Field Sampling and Laboratory Preparation
Figures 5 to 16 document the field-to-laboratory workflow described in sections 3.3 to 3.5: in-situ measurement, water collection, sample transport, and filtration through to membrane recovery.
[image: ]
Figure B.5. In-situ deployment of a handheld water-quality probe. A narrow probe is immersed directly in flowing river water while being held away from the bank. Device/material: handheld field water-quality probe; exact model and parameter are not visible.
[image: ]
Figure B.6. Second view of in-situ probe measurement. The probe is positioned in flowing water at another point or time during field sampling. Device/material: handheld field water-quality probe.
[image: ]
Figure B.7. Repeated field measurement for sampling consistency. A further probe immersion documents repeated field practice. Device/material: handheld field water-quality probe.
[image: ]
Figure B.8. Collection of river water into a reagent bottle. A 1,000 mL blue-cap reagent bottle is submerged and opened at the sampling location. Device/material: 1,000 mL reagent/sample bottle.
[image: ]
Figure B.9. Completed river-water sample. A capped, graduated reagent bottle containing collected water is held at the river site. Device/material: capped 1,000 mL reagent bottle.
[image: ]
Figure B.10. Field sampling kit and labelled bottles. Multiple capped bottles and field materials are arranged beside the river. Device/material: reagent bottles, labels, marker, gloves and transport materials.
[image: ]
Figure B.11. Preparation of laboratory blank or rinse water. A wash bottle is being used beside a clamped glass filtration assembly. Device/material: deionised-water wash bottle and glass filtration apparatus.
[image: ]
Figure B.12. Labelled River Taff sample bottle. A glass bottle is visibly marked River Taff and carries a conductivity-solution label. Device/material: labelled glass bottle used for sample handling; the original bottle label may refer to its previous contents.
[image: ]
Figure B.13. Laboratory workstation preparation. Sample bottles, blank, consumables, gloves and filtration materials are arranged on the bench. Device/material: sample bottles, blank, personal protective equipment, labels and filtration consumables.
[image: ]
Figure B.14. Active filtration experiment with contamination control. The filtration assembly and sample bottles are separated from general activity by a written do-not-touch notice. Device/material: clamped glass filtration assembly, tubing, receiving flask and sample bottles.
[image: ]
Figure B.15. Filtration of a labelled sample through the membrane. Dark sample water is visible in the upper glass funnel while filtrate is collected below. Device/material: glass vacuum-filtration unit with membrane and receiving flask.
[image: ]
Figure B.16. Recovered membranes stored in labelled dishes. Several small dishes are labelled for individual samples after filtration. Device/material: Petri dishes, marker and recovered filter membranes.
[bookmark: _Toc239990366]B.3 Microscopy Evidence by Sample Site
The following photographs record every particle judged visually consistent with the morphological screening criteria in Table 2, organised by sample site. Thirty-one particles are recorded in total: three at Ely 1, four at Ely 2, ten at Taff 1, and fourteen at Taff 2, consistent with Table 5.
River Ely - Ely 1
[image: ]
Figure B.17. Ely 1 (River Ely), retained photograph 1. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.18. Ely 1 (River Ely), retained photograph 2. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.19. Ely 1 (River Ely), retained photograph 3. Preliminary identification: suspected microplastic-like particle.
River Ely – Ely 2
[image: ]
Figure B.20. Ely 2 (River Ely), retained photograph 1. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.21. Ely 2 (River Ely), retained photograph 2. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.22. Ely 2 (River Ely), retained photograph 3. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.23. Ely 2 (River Ely), retained photograph 4. Preliminary identification: suspected microplastic-like particle.
River Taff - Taff 1
[image: ]
Figure B.24. Taff 1 (River Taff), retained photograph 1. Preliminary identification: suspected microplastic-like particle.
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Figure B.25. Taff 1 (River Taff), retained photograph 2. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.26. Taff 1 (River Taff), retained photograph 3. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.27. Taff 1 (River Taff), retained photograph 4. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.28. Taff 1 (River Taff), retained photograph 5. Preliminary identification: suspected microplastic-like particle.
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Figure B.29. Taff 1 (River Taff), retained photograph 6. Preliminary identification: suspected microplastic-like particle.
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Figure B.30. Taff 1 (River Taff), retained photograph 7. Preliminary identification: suspected microplastic-like particle.
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Figure B.31. Taff 1 (River Taff), retained photograph 8. Preliminary identification: suspected microplastic-like particle.
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Figure B.32. Taff 1 (River Taff), retained photograph 9. Preliminary identification: suspected microplastic-like particle.
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Figure B.33. Taff 1 (River Taff), retained photograph 10. Preliminary identification: suspected microplastic-like particle.
River Taff - Taff 2
[image: ]
Figure B.34. Taff 2 (River Taff), retained photograph 1. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.35. Taff 2 (River Taff), retained photograph 2. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.36. Taff 2 (River Taff), retained photograph 3. Preliminary identification: suspected microplastic-like particle.
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Figure B.37. Taff 2 (River Taff), retained photograph 4. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.38. Taff 2 (River Taff), retained photograph 5. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.39. Taff 2 (River Taff), retained photograph 6. Preliminary identification: suspected microplastic-like particle.
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Figure B.40. Taff 2 (River Taff), retained photograph 7. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.41. Taff 2 (River Taff), retained photograph 8. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.42. Taff 2 (River Taff), retained photograph 9. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.43. Taff 2 (River Taff), retained photograph 10. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.44. Taff 2 (River Taff), retained photograph 11. Preliminary identification: suspected microplastic-like particle.
[image: ]

Figure B.45. Taff 2 (River Taff), retained photograph 12. Preliminary identification: suspected microplastic-like particle.
[image: ]
Figure B.46. Taff 2 (River Taff), retained photograph 13. Preliminary identification: suspected microplastic-like particle.
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