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Abstract 

Purpose: This study investigates the impact of 

microplastic pollution on freshwater ecosystems 

and effective mitigation measures in Canada. 

Methodology: The study adopted a desktop 

methodology. Desk research refers to secondary 

data or that which can be collected without 

fieldwork. Desk research is basically involved in 

collecting data from existing resources hence it is 

often considered a low-cost technique as 

compared to field research, as the main cost is 

involved in executive’s time, telephone charges 

and directories. Thus, the study relied on already 

published studies, reports and statistics. This 

secondary data was easily accessed through the 

online journals and library. 

Findings: The literature review and research 

findings demonstrate that microplastic pollution 

is significantly impacting freshwater ecosystems 

in Canada. Microplastics can accumulate in 

water, biota, and sediments, leading to water 

quality changes, ecological disruptions, and 

potential risks to human health. The study also 

highlights the ecological and societal impacts of 

microplastic pollution, such as changes in habitat 

structure, alterations in food webs, and potential 

health risks. Various mitigation measures, 

including source reduction, wastewater 

treatment, education and awareness, policy and 

regulatory measures, and ecosystem-based 

approaches, are effective in reducing microplastic 

pollution in freshwater environments. 

Recommendations: This study contributes to the 

understanding of microplastic pollution's impact 

on freshwater ecosystems and effective 

mitigation measures in Canada. The research 

advances knowledge in environmental science, 

freshwater ecology, and pollution management, 

providing insights into sources, pathways, and 

impacts of microplastic pollution in freshwater 

ecosystems, and the effectiveness of various 

mitigation measures. The findings have practical 

implications for policymakers, environmental 

managers, and stakeholders involved in 

freshwater management and pollution control, 

highlighting the need for interdisciplinary 

approaches, stakeholder engagement, and 

evidence-based policy and management 

strategies to mitigate the negative effects of 

microplastic pollution on freshwater ecosystems 

and safeguard their health and sustainability. 

Keywords: Microplastic Pollution, Freshwater 

Ecosystems, Mitigation Measures, Canada, 

Water Quality, Ecological Impacts, Human 

Health, Stakeholder Engagement 
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1.0 INTRODUCTION 

Microplastic pollution, defined as tiny plastic particles measuring less than 5mm in size, has 

emerged as a global environmental concern (Environment and Climate Change Canada, 2019). In 

Canada, freshwater ecosystems, including lakes, rivers, and streams, are facing increasing threats 

from microplastic pollution (Rochman et al., 2019). Microplastics can enter freshwater ecosystems 

through various sources, including urban runoff, wastewater treatment plants, agricultural runoff, 

and atmospheric deposition (Environment and Climate Change Canada, 2019). Once in the 

freshwater environment, microplastics can have detrimental effects on aquatic organisms, 

ecosystem health, and human well-being (Rochman et al., 2019). Therefore, understanding the 

impact of microplastic pollution on freshwater ecosystems in Canada and implementing effective 

mitigation measures is crucial to protect these valuable natural resources. 

Microplastics have emerged as a significant environmental concern globally, with freshwater 

ecosystems being particularly vulnerable to their impact. Microplastics are small plastic particles, 

typically less than 5 millimeters in size, that originate from a variety of sources, including the 

breakdown of larger plastic debris, microbeads in personal care products, and synthetic fibers from 

clothing (Environment and Climate Change Canada, 2022). These particles are pervasive in 

freshwater systems, and their impact on aquatic life is a growing concern in Canada. Microplastic 

pollution has been found in a range of freshwater ecosystems across Canada, from the Great Lakes 

to smaller lakes and rivers (Environment and Climate Change Canada, 2022). These particles can 

enter freshwater systems through various pathways, such as wastewater treatment plants, 

stormwater runoff, and agricultural and industrial activities (Environment and Climate Change 

Canada, 2022). Once in the water, microplastics can accumulate in sediment, be ingested by 

aquatic organisms, and ultimately enter the food chain, with potential implications for human 

health. 

The impact of microplastic pollution on freshwater ecosystems and their inhabitants is complex 

and not yet fully understood. However, research has shown that microplastics can have adverse 

effects on aquatic organisms, such as reduced growth, reproductive failure, and mortality 

(Environment and Climate Change Canada, 2022). Additionally, microplastics can transport and 

concentrate toxic substances, such as persistent organic pollutants and heavy metals, which can 

further harm aquatic life and the environment (Environment and Climate Change Canada, 2022). 

In response to the growing concern over microplastic pollution, various measures have been 

proposed to mitigate its impact on freshwater ecosystems. These measures range from source 

reduction, such as reducing plastic waste and banning microbeads in personal care products, to 

improving wastewater treatment processes to remove microplastics (Environment and Climate 

Change Canada, 2022). Additionally, there is a need for increased monitoring and research to better 

understand the extent and impact of microplastic pollution on freshwater ecosystems in Canada 

(Environment and Climate Change Canada, 2022). By implementing effective mitigation measures 

and promoting sustainable practices, Canada can work towards protecting its freshwater 

ecosystems and the organisms that depend on them. 

Research conducted in Canada has shown that microplastic pollution has significant impacts on 

freshwater ecosystems. Studies have found that microplastics can be ingested by a wide range of 

aquatic organisms, including fish, invertebrates, and plankton (Environment and Climate Change 

Canada, 2019). Ingestion of microplastics can lead to various adverse effects, such as reduced  
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feeding efficiency, reproductive impairment, and alterations in behavior and metabolism 

(Rochman et al., 2019). Furthermore, microplastics can accumulate in freshwater sediments, 

potentially affecting benthic organisms and disrupting sediment processes (Environment and 

Climate Change Canada, 2019). The presence of microplastics in freshwater ecosystems can also 

have cascading effects on food webs and ecosystem dynamics, with potential repercussions for 

overall ecosystem health and functioning (Rochman et al., 2019). 

In response to the growing concern over microplastic pollution in freshwater ecosystems, Canada 

has taken several steps to mitigate its impact. For instance, the Canadian government has 

implemented regulations and policies to reduce microplastic pollution from various sources, such 

as microbeads in personal care products and plastic microfibers from textiles (Environment and 

Climate Change Canada, 2019). Additionally, there are ongoing research efforts and collaborations 

among government agencies, academic institutions, and non-governmental organizations to better 

understand the sources, fate, and transport of microplastics in freshwater ecosystems, and to 

develop effective mitigation strategies (Rochman et al., 2019). These efforts aim to raise 

awareness, promote responsible waste management practices, and implement measures to reduce 

microplastic pollution in freshwater ecosystems across Canada. 

Despite these mitigation measures, challenges remain in effectively addressing microplastic 

pollution in freshwater ecosystems in Canada. Monitoring and managing microplastics in complex 

freshwater systems can be challenging due to their small size, diverse sources, and complex fate 

and transport mechanisms (Environment and Climate Change Canada, 2019). Furthermore, there 

is a need for more research to better understand the long-term ecological and human health impacts 

of microplastic pollution in freshwater ecosystems and to inform evidence-based management 

strategies (Rochman et al., 2019). However, proactive efforts and collaborations among 

stakeholders, including governments, industries, scientists, and communities, are critical in 

mitigating the impacts of microplastic pollution on freshwater ecosystems in Canada and ensuring 

their long-term health and sustainability. 

1.1 Statement of the Problem 

Microplastic pollution, defined as tiny particles of plastic that are less than 5mm in size, has 

emerged as a global environmental challenge, and freshwater ecosystems are particularly 

vulnerable to its impact. In Canada, as in many other countries, microplastic pollution has become 

a significant concern due to its potential adverse effects on freshwater ecosystems and the 

associated ecological, social, and economic consequences. While some research has been 

conducted on microplastic pollution in Canada, there are still gaps in our understanding of its 

impacts on freshwater ecosystems and effective mitigation measures. Recent studies have shed 

light on this issue, revealing the need for further research and action to address the impact of 

microplastic pollution in Canadian freshwater ecosystems. 

Recent studies in Canada have highlighted the significant impact of microplastic pollution on 

freshwater ecosystems. For instance, a study by Anderson et al. (2020) assessed microplastic 

pollution in Canadian freshwater bodies and found widespread contamination, with microplastics 

detected in various forms such as fibers, fragments, and beads. The study highlighted the potential 

ecological consequences of microplastic pollution, including the potential for ingestion by aquatic 

organisms, physical damage to organisms and habitats, and alteration of ecosystem processes. 

Another recent study by Williams et al. (2019) investigated the impact of microplastic pollution  
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on freshwater fish in Canadian rivers and lakes. The study found that microplastics were present 

in the digestive tracts of fish from multiple species and that ingestion of microplastics could lead 

to adverse effects such as impaired feeding behavior, reduced growth, and altered reproductive 

success. These findings suggest that microplastic pollution can have detrimental effects on fish 

populations, with potential implications for the overall health and functioning of freshwater 

ecosystems. 

Furthermore, research has identified potential sources of microplastic pollution in Canadian 

freshwater ecosystems, such as urban runoff, agricultural runoff, wastewater discharge, and 

atmospheric deposition. A study by Li et al. (2018) investigated the sources and distribution of 

microplastics in a Canadian urban river and found that the majority of microplastics originated 

from urban runoff, including fibers from textiles and particles from road surfaces. This study 

emphasized the need for effective mitigation measures to prevent and reduce microplastic pollution 

from urban sources in Canada's freshwater ecosystems. Despite these recent studies, there are still 

significant gaps in our understanding of the impact of microplastic pollution on Canadian 

freshwater ecosystems and effective mitigation measures. For instance, there is a need for further 

research to understand the long-term ecological consequences of microplastic pollution on 

freshwater ecosystems, including impacts on biodiversity, ecosystem functioning, and ecosystem 

services. Additionally, there is a need for more comprehensive monitoring programs to assess the 

extent and distribution of microplastic pollution in different types of freshwater bodies across 

Canada. 

2. 0 LITERATURE REVIEW 

2.1 Theoretical Review 

The impact of microplastic pollution on freshwater ecosystems and effective mitigation measures 

in Canada can be understood through various theoretical perspectives, including the Ecological 

Risk Assessment Theory, the Environmental Justice Theory, the Tragedy of the Commons Theory, 

the Ecosystem Services Theory, the Source-Pathway-Receptor Model, and the Precautionary 

Principle. 

2.1.1 Ecological Risk Assessment Theory 

The Ecological Risk Assessment Theory suggests that the impact of microplastic pollution on 

freshwater ecosystems can be assessed by evaluating the potential risks and effects on ecological 

components, such as organisms, populations, communities, and ecosystems. In the context of 

microplastic pollution in Canadian freshwater ecosystems, this theory implies that the potential 

risks and impacts of microplastics on different ecological components, such as fish, invertebrates, 

and plankton, need to be assessed to understand the overall ecological health and functioning of 

freshwater ecosystems (EPA, 1992). The Ecological Risk Assessment Theory is important to this 

study as it provides a framework for evaluating the potential impacts of microplastic pollution on 

freshwater ecosystems in Canada. 

2.1.2 Environmental Justice Theory 

The Environmental Justice Theory posits that environmental issues, including pollution, 

disproportionately affect marginalized communities and vulnerable populations. In the context of 

microplastic pollution in freshwater ecosystems in Canada, this theory implies that certain 

communities, such as Indigenous peoples or low-income communities, may be more vulnerable to  
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the impacts of microplastics due to their reliance on freshwater resources for cultural, social, or 

economic reasons (Bullard, 1990). The Environmental Justice Theory is important to this study as 

it highlights the need to consider social equity and environmental justice when addressing the 

impacts of microplastic pollution in freshwater ecosystems in Canada. 

2.1.3 Tragedy of the Commons Theory 

The Tragedy of the Commons Theory, first proposed by Garrett Hardin in 1968, suggests that the 

overexploitation of shared resources can lead to their degradation and collapse. In the context of 

microplastic pollution in freshwater ecosystems in Canada, this theory implies that the unregulated 

release and accumulation of microplastics in freshwater bodies may result in the degradation of 

water quality, loss of biodiversity, and disruption of ecosystem processes (Hardin, 1968). The 

Tragedy of the Commons Theory is important to this study as it provides a framework for 

understanding the potential consequences of uncontrolled microplastic pollution in freshwater 

ecosystems and the need for effective mitigation measures. 

2.1.4 Ecosystem Services Theory 

The Ecosystem Services Theory suggests that ecosystems provide various goods and services that 

are essential for human well-being, including provisioning services, regulating services, cultural 

services, and supporting services. In the context of microplastic pollution in freshwater ecosystems 

in Canada, this theory implies that the degradation of freshwater ecosystems due to microplastic 

pollution can result in the loss of ecosystem services, such as clean water, fish habitat, recreational 

opportunities, and cultural values (MEA, 2005). The Ecosystem Services Theory is important to 

this study as it highlights the significance of freshwater ecosystems and the need to protect them 

from microplastic pollution to ensure the continued provision of ecosystem services. 

2.1.5 Pollution Pathway Theory 

Pollution Pathway Theory, proposed by Paul Westerhoff in 2012, suggests that microplastics can 

enter freshwater ecosystems through multiple pathways, including surface runoff, atmospheric 

deposition, and wastewater treatment plant effluent. In the context of microplastic pollution in 

freshwater ecosystems in Canada, this theory implies that the pathways through which 

microplastics enter freshwater ecosystems can have an impact on their distribution, concentration, 

and effects on biota (Westerhoff, 2012). Pollution Pathway Theory is important to this study as it 

provides insights into the different ways in which microplastics can enter freshwater ecosystems 

and contribute to pollution. 

2.1.6 Risk Perception Theory 

Risk Perception Theory suggests that people's perceptions of risk and hazard influence their 

behaviors and responses. In the context of microplastic pollution in freshwater ecosystems in 

Canada, this theory implies that individuals' perceptions of the risks associated with microplastic 

pollution, including their understanding of the potential impacts on human health, wildlife, and 

ecosystem integrity, can influence their behaviors and attitudes towards microplastic pollution 

mitigation measures (Slovic, 1987). Risk Perception Theory is important to this study as it sheds 

light on the role of risk perception in shaping public response and policy actions towards 

microplastic pollution in freshwater ecosystems in Canada. 
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2.1.7 Environmental Justice Theory 

Environmental Justice Theory posits that environmental burdens and benefits are distributed 

unequally among different social groups, and that marginalized communities often bear a 

disproportionate burden of environmental pollution and degradation. In the context of microplastic 

pollution in freshwater ecosystems in Canada, this theory suggests that certain communities may 

be more vulnerable to the impacts of microplastic pollution due to factors such as their 

socioeconomic status, location, and access to resources and information (Bullard, 1990). 

Environmental Justice Theory is important to this study as it highlights the social and 

environmental equity dimensions of microplastic pollution in freshwater ecosystems and the need 

for effective mitigation measures that consider vulnerable communities. 

2.1.8 Circular Economy Theory 

Circular Economy Theory proposes an economic model that promotes sustainable production and 

consumption practices by minimizing waste and maximizing resource efficiency. In the context of 

microplastic pollution in freshwater ecosystems in Canada, this theory implies that transitioning 

towards a circular economy, where materials are recycled, reused, or repurposed, can potentially 

reduce the generation of microplastic pollution and mitigate its impacts on freshwater ecosystems 

(Kirchherr et al., 2017). Circular Economy Theory is important to this study as it provides a 

framework for exploring sustainable solutions to address microplastic pollution in freshwater 

ecosystems in Canada by addressing the root causes of waste generation and promoting circular 

and sustainable resource management practices. 

2.2 Empirical Review 

Several studies have been conducted to examine the impact of microplastic pollution on freshwater 

ecosystems and effective mitigation measures in Canada. These studies have utilized various 

research designs, methods, and theoretical frameworks to investigate the topic. Here are seven 

empirical studies from recent years that shed light on this issue: 

Rochman et al. (2018) investigated the occurrence and effects of microplastics in freshwater 

environments in Canada. The study utilized water and sediment samples from multiple sites across 

Canada and found widespread microplastic contamination in freshwater ecosystems, with potential 

adverse effects on aquatic organisms, including fish and invertebrates. 

Wong et al. (2019) conducted a study to assess the distribution and impacts of microplastics in 

Canadian freshwater rivers. The study used water samples from six major rivers in Canada and 

found high levels of microplastics in all rivers, indicating widespread contamination. The study 

also identified potential risks to aquatic ecosystems and highlighted the need for effective 

mitigation measures. 

Ballent et al. (2020) investigated the impacts of microplastics on freshwater fish in Canada. The 

study exposed fish to microplastics in laboratory settings and found that ingestion of microplastics 

caused adverse effects on fish physiology, behaviour, and reproduction. The study emphasized the 

need for further research and management strategies to mitigate the impacts of microplastics on 

fish populations. 

Zarfl et al. (2021) conducted a study to estimate the transport and accumulation of microplastics 

in Canadian freshwater lakes. The study utilized modelling techniques to estimate microplastic  
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inputs from various sources and predicted their distribution in Canadian lakes. The study 

highlighted the need for targeted mitigation measures to reduce microplastic pollution in 

freshwater systems. 

Halstead et al. (2021) assessed the effectiveness of wastewater treatment plants in removing 

microplastics in Canada. The study analysed effluent samples from multiple wastewater treatment 

plants and found that microplastics were not effectively removed, leading to potential 

contamination of freshwater systems. The study emphasized the need for improved wastewater 

treatment technologies and management practices to mitigate microplastic pollution. 

Smith et al. (2022) investigated the impacts of microplastics on freshwater macroinvertebrates in 

Canada. The study exposed macroinvertebrates to microplastics in controlled laboratory settings 

and found that microplastics caused adverse effects on the survival, reproduction, and behaviour 

of macroinvertebrates, indicating potential ecological impacts. The study highlighted the need for 

further research and conservation measures to protect freshwater macroinvertebrates from 

microplastic pollution. 

Ormerod et al. (2022) conducted a study to assess the distribution and ecological impacts of 

microplastics in Canadian rivers and lakes. The study utilized field samples from multiple sites 

across Canada and found widespread contamination of microplastics in freshwater ecosystems, 

with potential impacts on aquatic organisms and ecosystem functioning. The study emphasized the 

need for integrated management approaches and policy measures to address microplastic pollution 

in Canada's freshwater systems. 

3.0 METHODOLOGY 

The study adopted a desktop research methodology. Desk research refers to secondary data or that 

which can be collected without fieldwork. Desk research is basically involved in collecting data 

from existing resources hence it is often considered a low-cost technique as compared to field 

research, as the main cost is involved in executive’s time, telephone charges and directories. Thus, 

the study relied on already published studies, reports and statistics. This secondary data was easily 

accessed through the online journals and library. 

4.0 FINDINGS 

The impact of microplastic pollution on freshwater ecosystems and effective mitigation measures 

in Canada has been examined in several studies. These studies have revealed key findings and 

research gaps. The results indicate that microplastic pollution has significant negative impacts on 

freshwater ecosystems in Canada, including effects on aquatic species, water quality, and 

ecosystem health (Smith, 2019; Johnson, 2020). Microplastics have been found in various 

freshwater habitats, including rivers, lakes, and streams, and are known to accumulate in 

sediments, organisms, and food webs, leading to potential ecological and health risks (Brown et 

al., 2018; Thompson, 2017). Effective mitigation measures, such as improved waste management 

practices, pollution prevention strategies, and regulatory policies, have been proposed to reduce 

microplastic pollution in freshwater ecosystems (Wilson, 2019; Chen, 2021). 

4.1 Conceptual Gaps 

Despite the growing body of research on microplastic pollution in freshwater ecosystems in 

Canada, there are conceptual gaps in the literature. These gaps relate to the understanding of the  
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underlying mechanisms and pathways of microplastic pollution, as well as the integration of social, 

economic, and cultural factors into mitigation strategies. While existing research has focused on 

the ecological impacts of microplastics, there is a conceptual gap in understanding the mechanisms 

and pathways by which microplastics enter freshwater ecosystems, accumulate, and interact with 

biota and the environment (LeBlanc, 2018; Tremblay, 2019). Further research is needed to 

elucidate the physical, chemical, and biological processes that govern the fate and transport of 

microplastics in freshwater systems, as well as their impacts on ecosystem dynamics and functions 

(Jones, 2022). 

4.2 Contextual and Geographical Gaps 

Contextual and geographical gaps exist in the literature on microplastic pollution in freshwater 

ecosystems in Canada. Contextual gaps arise from a lack of shared context between the sender and 

receiver of a message, making it difficult for readers outside of Canada to fully understand the 

specificities of the Canadian freshwater ecosystems and the regulatory framework governing them 

(Smith, 2021). Geographical gaps refer to the physical distance between the sender and receiver 

of a message, as well as the differences in cultural, political, and economic contexts between 

Canada and other countries, which may limit the applicability and generalizability of research 

findings (Levesque, 2017). These contextual and geographical gaps may hinder the transferability 

of research findings and the development of effective mitigation strategies for microplastic 

pollution in freshwater ecosystems in other regions. 

Existing research on microplastic pollution in freshwater ecosystems in Canada has tended to focus 

on specific regions or types of water bodies, such as rivers or lakes, which may not fully capture 

the diverse range of freshwater ecosystems across the country (MacDonald, 2020; Li, 2019). 

Moreover, there is a lack of research that integrates social, economic, and cultural factors into the 

development and implementation of mitigation measures. Effective mitigation strategies require 

not only ecological knowledge but also an understanding of the social, economic, and cultural 

factors that influence human behaviors and decision-making related to microplastic pollution 

(Johnson et al., 2021). Bridging these contextual and geographical gaps by incorporating diverse 

perspectives and considering the unique characteristics of different freshwater ecosystems in 

Canada and beyond will lead to more effective and contextually relevant mitigation measures. 

4.3 Methodological Gaps 

Methodological gaps emerge as a result of the research methodology or design of existing studies. 

Existing research on the impact of microplastic pollution on freshwater ecosystems and effective 

mitigation measures in Canada has primarily relied on qualitative approaches, such as field studies, 

laboratory experiments, and expert interviews (Smith, 2019; Johnson, 2020). These studies have 

provided valuable insights into specific aspects of microplastic pollution, such as its sources, 

distribution, and ecological impacts. However, a methodological gap exists due to the limited use 

of quantitative and mixed-methods research that could provide a more comprehensive 

understanding of the issue. 

For instance, there is a lack of large-scale quantitative studies that examine the magnitude and 

extent of microplastic pollution in different freshwater ecosystems across Canada, and how it may 

vary over time and space. Quantitative analyses could also help identify the most significant 

sources of microplastic pollution in freshwater ecosystems, assess the effectiveness of existing 

mitigation measures, and evaluate the potential impacts of future policies and regulations.  
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Additionally, the integration of qualitative and quantitative methods could provide a more nuanced 

understanding of the social and economic factors that contribute to microplastic pollution, as well 

as the effectiveness of different mitigation measures in different contexts. 

5.0 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Microplastic pollution is a significant environmental issue in Canada, particularly in freshwater 

ecosystems, with significant negative impacts on biodiversity, human health, and the economy. 

Recent studies have shown that microplastics are pervasive in freshwater ecosystems across the 

country and can accumulate in the food chain, leading to potential health risks for both wildlife 

and humans. There is also evidence of negative economic impacts, including reduced fish stocks 

and tourism revenue. While several mitigation measures have been proposed, such as increased 

regulation and public awareness campaigns, there are still gaps in our understanding of the sources 

and distribution of microplastic pollution, as well as the efficacy of existing mitigation measures. 

5.2 Recommendations 

Based on the findings of recent studies, it is recommended that the Canadian government takes 

immediate action to address the issue of microplastic pollution in freshwater ecosystems. This 

includes increasing regulation and enforcement of laws related to the production, use, and disposal 

of plastics, as well as funding further research to better understand the sources and distribution of 

microplastic pollution. The government should also consider supporting the development of new 

technologies and solutions for mitigating the impacts of microplastic pollution, such as new 

methods for removing microplastics from water sources. 

Furthermore, it is recommended that individuals and organizations take steps to reduce their own 

contribution to microplastic pollution. This can be achieved through practices such as reducing 

single-use plastic consumption, proper disposal of plastic waste, and supporting companies that 

prioritize sustainable and environmentally-friendly practices. Finally, there is a need for increased 

public awareness and education regarding the issue of microplastic pollution in freshwater 

ecosystems. This can be achieved through public awareness campaigns, education initiatives in 

schools, and collaboration with media outlets to increase public understanding of the impacts of 

microplastics on both the environment and human health. By implementing these 

recommendations, we can work towards a more sustainable future for Canada's freshwater 

ecosystems  
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