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                           ABSTRACT 

This study aims to present mitigation measures to the problem of microplastic pollution 

in the Durban Harbour. Before proposing measures to mitigate microplastic pollution in 

the Durban Harbour, the report will first assess the sources of microplastics and their 

environmental effects on the study site. The growing population has been accompanied 

by an increase in plastic waste in the environment. Poor waste management systems, 

especially in developing countries, have resulted in microplastic pollution in water 

systems. As a result, high levels of microplastics have been reported in South African 

water bodies. The high concentration of microplastics in the environment can pose 

adverse effects on biota, including humans.  

 

This study followed a qualitative research approach and made use of a single case study 

research strategy as part of the research methods. Five interviews were conducted with 

microplastic experts, including those researching microplastics in the Durban Harbour. 

The interviewees were selected through purposive sampling. The study findings suggest 

that the Durban Harbour received microplastics from different sources, including the 

three rivers (such as uMbilo, uMhlatuzana and aManzimyama rivers) and harbour 

activities (such as fishing, cargo spillage and recreational activities). As a result, everyone 

has a role to play in addressing the issue of microplastics in the Durban Harbour. This 

study affirms the need for collaboration between experts from different disciplines, the 

government, industries and communities. Urban Managers can employ the GET matrix 

(which stands for Governance, Education and Technology) to effectively address 

pollution in the harbour. 
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CHAPTER 1: INTRODUCTION  

Introduction  
 

Increasing microplastic concentrations and their impacts have become a global concern 

in the marine and terrestrial environments (Karbalaei, Hanachi, Walker and Cole, 2018; 

Sharma et al., 2020; Wang et al., 2020; Zhang et al., 2020). However, in recent times 

researchers have started to explore the spread, accumulation and environmental effects 

of microplastics (Thompson et al., 2004; Thompson, 2015). Numerous studies on 

microplastic pollution have been conducted in the marine environment, but microplastic 

pollution in harbours have received little attention (Naidoo, Glassom and Smit, 2015; Nel, 

Hean, Noundo and Froneman 2017).  

 

 In South Africa, microplastics have been found in harbours, coastal zones, beach 

sediments, freshwater, different marine species and other biotas (Preston-Whyte, 

Silburn, Meakins, Bakir, Paruk, Mdazuka, Mooi, Harmer and Doran, 2021). Preston-Whyte 

et al. (2021) concluded that there is high microplastic pollution in the Durban Harbour, 

located within Durban Bay Estuary in KwaZulu Natal (KZN), because it is surrounded by 

a number of human activities. Harbours act as a source of microplastic pollution for the 

neighbouring marine environment (Naidoo et al., 2015; Preston-Whyte et al., 2021). This 

study intends to present mitigation measures that urban managers and experts can 

introduce in addressing the problem of microplastics in the Durban Harbour through a 

review of microplastics' sources and environmental effects. The first section of the 

introductory chapter looks at the background, problem statement and rationale, and 

objectives of the study. The second section discusses the main research question and sub-

questions, expected findings and the methods used in the study.  

 

Background 
 

Global plastic production and use have been rapidly growing since the 1950s (Karbalaei, 

Hanachi, Walker and Cole, 2018; Zhang et al., 2020). Plastics are part of our everyday life, 

from water bottles to airplanes and spaceships, because of their durability, low cost, 

lightweight, and versatility (Karbalaei et al., 2018; Sharma et al., 2020; Zhang et al., 2020). 
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Unfortunately, this high production and use of plastic products have been accompanied 

by a large number of plastic waste (Karbalaei et al., 2018; Zhang et al., 2020). Global 

plastic waste is expected to reach 270 million tonnes (tons) by 2060, raising a lot of 

environmental concerns (Zhang et al., 2020). When plastics enter the environment, they 

continuously break down into small particles and fragments known as microplastics 

(Karbalaei et al., 2018). The term microplastic was first introduced by Thompson in 2004, 

referring to very small plastic particles and fibres with sizes less than 5 mm (figure 1) 

(Karbalaei et al., 2018; Zhang et al., 2020). 

 

Microplastics of different types have been found in the environment, not only in the 

marine soils, air, harbours, ground and drinking water, but also in foods, such as sugar, 

sea salt milk, beer, and honey (Sharma et al., 2020; Wang et al., 2020). Recently, the 

COVID-19 pandemic is leading to a rise in disposable masks (made of polymers) that ends 

up in waste, which contributes to environmental pollution as they can release 

microplastics into the environment. (Sharma et al., 2020). As a result, many regions like 

the United Kingdom and the Netherlands have introduced legislation that bans the 

production and use of microplastics, including microbeads (Karbalaei et al., 2018).   
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Figure 1: Microplastics. This photo displays microplastics in their different categories, 

types and sizes. Microplastics can be seen by the naked eye and some microplastics are 

so tiny that they can only be seen under a microscope (Abreu and Pedrotti, 2019). 

 

The persistence of microplastics in the terrestrial and aquatic environment is of 

increasing concern in South Africa (Preston-Whyte et al., 2021). The Durban Harbour 

receives water from different inputs from upstream (see figure 2) (ibid.). Water entering 

the harbour comes from the uMbilo, uMhlatuzana and aManzimyama rivers, canals and 

stormwater drains from the surrounding industries and the Durban Central Business 

District (CBD) (Preston-Whyte et al., 2021). As a result, a high amount of microplastics 

has been reported in the Durban Harbour (Naidoo et al., 2015; Preston-Whyte et al., 

2021). For example, in 2020, Preston-Whyte et al. (2021) conducted research on the 

Durban Harbour, where they sampled surface waters and sediments from selected sites 

within the harbour and discovered a high microplastic concentration (Preston-Whyte et 

al., 2021). 

 

 Furthermore, Naidoo et al. (2020) discovered that juvenile fish within the Port of Durban 

consume a considerable amount of microplastics. Even though the negative impacts of 
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microplastics on the environment are still being researched, existing evidence shows that 

there is scope for significant harm to the marine environment. Ingestion of microplastics 

by aquatic organisms such as fish, crabs, oysters, mussels, and seabirds can cause 

behavioural fluctuations, physical impairment and can affect their growth (Sharma et al., 

2020). Microplastics can be transferred to humans through the food web, which poses 

inevitable human health such as reproductive abnormalities, cancer and can affect brain 

function (Karbalaei et al., 2018; Zhang et al., 2020). Thus, urban managers should adopt 

a holistic approach to address microplastics at their source. 
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Figure 2: Sources of microplastics in the Durban Harbour. This diagram shows the 

Durban Harbour catchment and the three rivers entering the harbour (a). The numbers 

represent stormwater drains and the alphabet represents rivers (b).  Source: Preston-

Whyte et al. (2021) 

 

Problem Statement and Rationale 
 

Microplastics are pollutants and can be harmful to the Durban Harbour environment 

(Picó and Barceló, 2019). The issue with microplastics is that they do not easily degrade 

into harmless particles (Sharma et al., 2020). Microplastics are a problem in the Durban 

Harbour because high concentrations of microplastics have been reported and 
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microplastics have been found in aquatic animals such as juvenile fish (Naidoo et al., 

2020; Preston-Whyte et al., 2021). As stated in the previous paragraph, this poses health 

effects on these aquatic animals (Sharma et al., 2020). The problem is further complicated 

by the fact that microplastics in water can attach to chemicals that are harmful to marine 

life before they are ingested (Amelia, Khalik, Ong, Shao, Pan and Bhubalan, 2021). It is 

important that we start dealing with these issues before they get worse as more and more 

microplastics enter the harbour. In addition, microplastics are a big problem because 

they have been reported in seafood and can potentially harm human health. There are 

many studies documenting the effects of microplastics in the marine environment, but 

few studies explore microplastics in harbours (Preston-Whyte et al., 2021). Likewise, 

limited studies have explored the problem of microplastics in the Durban Harbour. As a 

result, we have gaps in knowledge, especially about microplastic impacts in the Durban 

Harbour.  

  

The study of microplastics in the Durban Harbour recently emerged, and that applies to 

South Africa as a whole. Other countries, especially first world countries, have more 

information and understanding of microplastics in the environment. Thus, they have 

introduced regulations and policies to deal with microplastics (Nikiema and Asiedu, 

2022). Microplastics have been included in the existing international regulations, 

including the Basel Convention and United Nations Environment Assembly (UNEA) 

Resolutions to combat the spread of microplastics in the environment (Wang et al., 2018; 

Lamichhane et al., 2022 and Nikiema and Asiedu, 2022). Coupled with that, countries like 

the Netherlands, United States (US), Sweden, Australia, New Zealand, Italy Canada, have 

banned the use of microbeads in Personal Care and Cosmetic Products (PCCPs) (Wang et 

al., 2018; Picó and Barceló, 2019; Lamichhane et al., 2022 and Nikiema and Asiedu, 2022).  

 

However, these international regulations and national policies are not satisfactory 

because there is no specific international legislation that focuses only on microplastics 

(Wang et al., 2018). Onyena, Aniche, Ogbolu, Rakib, Uddin and Walker (2021) argued that 

global efforts to tackle the issue of microplastics are limited to weak and fragmented acts. 

Also, the national policies only focus on primary microplastics, particularly microbeads 

(Wang et al., 2018). This means they are targeting one source of microplastics which is 

PCCPs (ibid.). For South Africa, regulations and policies to dealing with microplastics, are 
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yet to be introduced. As a result, there is a need for legislation, regulations, and policies 

to deal with all categories and types of microplastics from international legislation and 

regional and national policies.  

 

Objectives of the Study 
 

The available data reveals that there is a considerable amount of microplastics in the 

terrestrial and aquatic environment, including harbours in South Africa (Naidoo et al., 

2015; Bouwman et al., 2018; Preston-Whyte et al., 2021). This research aims to evaluate 

the presence of microplastics in the Durban Harbour, and the primary objectives of this 

research are:   

• To review and analyse the existing literature on microplastic pollution in the 

Durban Harbour. 

 

• To look at the presence and different sources of microplastics in the Durban 

Harbour. 

 

• To review the impact of microplastics on the environment.  

 

• To examine mitigatory measures to microplastic pollution, specifically for the 

Durban Harbour. 

 

Main Research Question  
 

Broadly, this research attempts to answer the following question: What are the sources, 

negative impacts and mitigation measures regarding microplastic pollution?. This 

question is broken down into three different sub-questions, which include:  

 

1. What is the source of microplastics in the Durban Harbour?  

2. What are the impacts of microplastics on the environment?  
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3. How can urban managers address the issue of microplastics entering the Durban 

Harbour? 

 

Expected Findings 
 

Globally, harbours have been reported to have a high amount of microplastics due to 

human activities. The Durban Harbour is surrounded by different human activities, which 

are potential sources of microplastics. One might find that the major source of 

microplastics comes from the three rivers entering the Durban Harbour. This could be 

because these rivers are surrounded by densely populated areas. Also, many people are 

unaware of microplastics and their environmental impact. As a result, littering is not seen 

as a problem. Furthermore, high levels of microplastics in the harbour might have a 

negative impact on the fishery industry because microplastics can cause negative effects 

on marine species like mortality. We can also expect microplastics to pose a negative 

impacts on human health, especially after eating microplastic-contaminated seafood. As 

a result of these potential negative impacts, this calls for urban managers to work 

together with experts of different disciplines to address microplastic pollution in the 

Durban Harbour.  

 

Methods   
 

In undertaking this research, I followed a qualitative research approach. The research 

utilised a single case study research strategy to have an in-depth understanding of the 

sources of microplastics within the Durban Harbour. The case study took a descriptive 

form. In addition, I made use of relevant published and unpublished sources, including 

grey literature. As part of the research methods, five interviews were conducted with 

microplastic experts, including those who have done research on microplastics in the 

Durban Harbour. Table 1 below shows the profile of the interviewees with regard to their 

profession and institution. The objectives of the interviews were to get detailed 

information and an understanding of microplastic pollution in the Durban Harbour and 

derive solutions from the interview findings.  
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Table 1: Profile of the interviewees. This table presents the profile of the microplastic 

experts Interviewed. Its highlights their profession and the institution or organisation 

they work in. 

Interviewees Profession Institution/workplace 

 

Microplastics 

experts 1 

Researcher Centre for Environment, Fisheries 

and Aquaculture Science (CEFAS) 

Lowestoft, United Kingdom 

Microplastics 

experts 2 

Professor in Zoology focusing 

on ecotoxicology applied to 

various biological systems 

Northwest University, South Africa  

Microplastics 

experts 3 

Senior Lecturer in the School of 

Life Sciences  

University of KwaZulu-Natal, South 

Africa  

Microplastics 

experts 4 

Researcher and postgraduate 

in Biological Science 

University of KwaZulu-Natal, South 

Africa  

 

Microplastics 

experts 5 

 

 

 

Postdoctoral researcher in the 

School of Health Sciences and 

also a Founder and managing 

director of a Non-Profit 

Organization 

University of KwaZulu-Natal, South 

Africa 

 

The interviewees were selected through purposive sampling. Tongco (2007) justifies the 

use of purposive sampling because it is a form of nonprobability sampling that is most 

effective when studying a domain with knowledgeable experts. The population of 

microplastic experts in South Africa is very small and difficult to access, especially those 

who have done research on the Durban Harbour, as a result, snowball sampling was also 

utilised. I created an interview guide for the interviewees, but I did not follow it strictly 

during the interviews as new issues emerged while engaging with the interviewees. 

Moreover, I made three visits between August and December 2021 to the Durban 

Harbour, where I took a transect walk across the harbour. My first visit was on Thursday, 

the 19th of August 2021. My second visit was on Thursday, the 18th of November 2021. 
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My last visit was on Friday, the 17th of December 2021. All my visits were in the morning 

because taxies going around the Durban Harbour were available in the morning.  

 

My analysis of the information began during the interviews and fieldwork in the Durban 

Harbour. It continued with the transcription of interviews, editing and review of my 

fieldwork. This follows the argument that analysis in a case study strategy starts during 

data collection and runs through multiple stages in the research process (Creswell, 2009). 

I used a thematic approach to analyse the data because it is good for describing 

information. Thematic analysis is a technique for examining “qualitative data that 

involves identifying, analysing, and reporting repeated patterns within a data set” (Kiger 

and Varpio, 2020:2).   

 

Ethical Considerations 
 

The study followed the research policies and ethical procedures of the University of the 

Witwatersrand. As part of this, it ensured that research was conducted in an ethical 

manner. Before the commencement of the study, I applied for formal ethical clearance 

from the university and was granted permission to continue with my research and 

conduct interviews (Appendix 1). Participants agreed to be part of the study and signed 

the consent forms (Appendix 1). As I stated in the participant information sheet, 

confidentiality was guaranteed as the information shared by the participants was held 

securely and not disclosed to anyone else. Participants were aware that I could not fully 

guarantee anonymity because they may be identifiable due to their expertise or their 

position in an institution, but I anonymised their names. Before starting the interviews, I 

briefly explained the aims and objectives of the research to all participants. All Interviews 

were conducted in English, a language that all participants understand. I recorded each 

interview with the participants' consent and permission. I recorded the interviews with 

the aid of an audio recording device. In cases where consent to record was not given, I 

took notes of all the points raised by the interviewee in a shorthand notebook.  
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Limitations of the Research 
 

Due to the one-year duration of the taught master's programme, the scope of this 

research is limited to what could be accomplished in the six months of study. When 

conducting my research, I was faced with a few challenges. Firstly. I wanted to interview 

microplastics experts, Durban Harbour officials and the eThekwini municipality officials, 

but I only managed to interview microplastics experts. I tried to get Durban Harbour 

officials and the municipality officials but was unsuccessful. I was transferred from one 

person to the other without securing an interview with anyone. Consequently, the study 

could have had more in-depth analyses, findings and recommendations. Although I 

managed to get hold of some microplastic experts, it was very difficult to interview a 

variety of microplastic experts, because microplastic pollution is a new area of study in 

South Africa. Secondly, although I have made every effort to ensure that the varied 

literature compiled and analysed for this research is factual and from reliable sources, it 

is difficult to determine how accurate some information used may be. Thirdly, it also took 

a lot of work to find information that focuses on the social, economic and environmental 

impacts of microplastics. Lastly, it was challenging to compare different findings on the 

level of microplastics in different harbours across Africa, because there is no 

standardised method for measuring microplastics in the environment.  

 

Conclusion  
 

The use of microplastics has grown exponentially over the years. Coupled with that, 

microplastic research has increased in the past few years. However, the is still a need for 

more research on this subject. The aim of the study is to introduce solutions to address 

microplastic pollution in Durban Harbour. It is important that we get a better 

understanding of microplastic pollution in the Durban Harbour. Understanding the 

sources of microplastics and the effectiveness of existing measures to microplastics will 

lead to appropriate solutions that urban managers can implement in the Durban Harbour.  
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CHAPTER 2: LITERATURE REVIEW  

Introduction  
 

Microplastics are an emerging pollutant in the environment. Their impacts on the 

environment, especially human impacts, are yet to be discovered (Montoya, 2015). The 

is a need for more research on microplastic pollution. This literature review explores in 

more detail the different sources of microplastics and their impacts on the Durban 

Harbour. The first section looks at the conceptual framework used in the study. The 

second section explores the different sources of microplastics in the Durban Harbour. The 

different sources are categorised into land-based sources and sea-based sources. The 

third section discusses the factors that influence the number of microplastics in water 

bodies. The fourth section examines the negative impacts of microplastics on the 

environment. The fifth section outlines the effectiveness of existing solutions to 

microplastics. The last two sections look at waste management and microplastic research 

understanding internationally, in Africa and the Durban Harbour  

 

Nowadays, plastic is part of our everyday life. Plastic is used in packaging, householder, 

personal cleaning product, cosmetics, construction, agricultural activities, and even 

clothing and footwear (Karami, Golieskardi, Ho, Larat and Salamatinia, 2017). Plastic 

production worldwide was projected "to reach 322 million metric tons by 2015" (Karami 

et al., 2017:1). Undoubtedly, plastics dumped in the environment never degrade 

completely but continuously break down into smaller particles known as microplastics 

(ibid.). Microplastic particles are a relatively new area of concern, and there is no 

consensus on which sampling and analysis techniques should be used (Lassen et al., 

2012; Chen et al., 2020).  

 

 There are many different techniques that are used to quantify and analyse microplastics 

in the environment, hence it becomes difficult to compare the levels of microplastics in 

different areas or harbours and within the same area or harbour (Lassen et al., 2012; 

Karlsson, Kärrman, Rotander and Hassellöv, 2020). As a result, researchers need to agree 

on which methods should be used for measuring and monitoring microplastics in the 

environment worldwide. All the different methods have their shortfalls when it comes to 



24 
 

accurately measuring microplastics, for instance, most studies that have been done in the 

marine environment use manta trawls (figure 3) for sampling. Manta trawls is a net 

system with "a rectangular aperture that is 16 cm high and 61 cm wide and has a 3 m long 

335 mm net with a 30 10 cm2 cod end" (Eriksen, Liboiron, Kiessling, Charron, Alling, 

Lebreton, Richards, Roth, Ory, Hidalgo-Ruz and Meerhoff, 2018:2). A manta trawl is 

designed to collect particles ≥333 µm in the top ten centimetres of the water column, this 

means that microplastics that are smaller than 333 µm will be left out (Lassen et al., 

2012). This limitation is concerning because research has shown that particles smaller 

than 333 µm have negative impacts on marine biota (ibid.). 

 

 

Figure 3: Manta trawl and its different parts. This is one of the different tools used to 

collect and sample microplastics in water. Source: Eriksen et al. (2018) 

 

Conceptual Framework 
 

I developed a conceptual framework for this study (figure 4), drawing on the key 

literature reviewed. This research aims to present solutions to the problem of 

microplastics in the Durban Harbour, and the conceptual framework is structured around 

the cause and effects concepts. Following the structure of the conceptual framework, the 

research will first look at microplastic sources in the Durban Harbour, which include 

land-based sources and sea-based sources. In addition to these sources, there are factors 

that influence the level of microplastics and the environment. These factors include 

population density or human activities and seasonality. The existence of microplastics in 
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the environment can have a social, economic, and environmental impact. The 

environmental effects are broken down into two aspects: impact on marine species and 

human health. Furthermore, the mitigatory measures for microplastics depend on the 

microplastic sources in the Durban Harbour. Urban managers can utilize a decision-

supporting tool known as the GET matrix, which stands for Governance, Education and 

Technology.  

 

 

Figure 4: Conceptual framework for this study. It is drawn from the literature review in 

this chapter. Source: Ngcobo (2021) 
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Different Categories of Microplastics 
 

Primary Microplastics   

 

Microplastics are released into the environment in two different categories, including 

primary microplastics and secondary microplastics (Montoya, 2015; Boucher and Friot, 

2017; Ha and Yeo, 2018). Primary microplastics refer to plastic particles that are 

purposefully produced to be less than 5 mm for a specific purpose, such as adding them 

to scrubbing agents and rinse-off cosmetics (figure 5) (Lassen et al., 2012; Montoya, 

2015; Ha and Yeo, 2018). Some microplastics are produced by the abrasion of large 

plastic objects, such as the erosion of the tyres of a car or the abrasion of synthetic fabrics 

when washing them (Montoya, 2015).   

 

 

Figure 5: Primary microplastics. These microplastics are produced as tiny beads, known 

as microbeads and pallets. Source: Koyuncuoğlu and Erden (2021)  

 

Secondary Microplastics  

 

Secondary microplastics refer to plastic particles that originate from the breakdown of 

larger plastics to a size of less than 5 mm after being exposed to environmental processes 

(figure 6) (Lassen et al., 2012; Boucher and Friot, 2017; Ha and Yeo, 2018). Within these 

categories, there are different types of microplastics, including films, foams, pallets, 

nurdles, microbeads, fragments, filaments, sheets and microfibres, as shown in figure 7 

below (Sartain, Wessel and Sparks, 2018). Microfibres are plastic-based threads that are 

thinner than human hair (Byrne, 2018). Certain products shed microfibres during their 

lifetime, for example, they wash out of our synthetic clothes. Most of these tiny fibres are 
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derived from polyester and other common microfibres, including nylon and acrylic 

(ibid.). They are present in our carpets, curtains, and other household textiles, as well as 

our clothes (ibid.). 

 

  

Figure 6: Secondary microplastics. These microplastics break down from plastics due to 

weathering processes.  Source: Koyuncuoğlu and Erden (2021)  

 

Figure 7: Different types and shapes of microplastics. There are many different types of 

microplastics, from fragments to fibres. Beads (also known as microbeads) and pallets are 

categorised as primary microplastics. Fragments, foams, films, sheets, filaments and fibres are 

categorised as secondary microplastics. Source: Koyuncuoğlu and Erden (2021) 
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Sources of Microplastics 
 

There are various sources of microplastics in harbours and the marine environment, from 

land-based to ocean-based sources, as shown in figure 8. Land-based sources are the 

primary sources of microplastics, including handling during production and maintenance 

of plastic, medical application, landfill site, abrasion and erosion of synthetic rubber tyres, 

domestic wasting and indoor particulate emission, personal care product and 

wastewater treatment plant (Karbalaeiet et al., 2018). Ocean-based sources include 

fishing, Spillages of cargo and recreational activities (ibid.).  

  

 

Figure 8: The different sources of microplastics in water bodies include land-based and 

ocean-based sources. This diagram shows that many sources of microplastics originate 
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from the land, including medical applications, agricultural activities, commercial use and 

transport infrastructure.  Source: Karbalaei et al. (2018). 

 

Land-based Sources 

 

Wastewater Treatment Plants  

 

Wastewater Treatment Plants (WWTPs) fail to remove large quantities of microplastics 

and contribute significantly to the abundance of microplastics in the environment 

(Murphy, Ewins, Carbonnier and Quinn, 2016; Nel, Hean, Noundou and Froneman, 2017). 

In most cases, secondary and tertiary treatment plants can remove 94% of microplastics, 

while primary treatment plants can only remove 65% (Burns and Boxall, 2018). As a 

result, WWTPs are regarded as one of the most dominant point sources of microplastics 

in the aquatic environment (Karbalaei et al., 2018). Most studies reported that the most 

dominant source of microplastics in WWTPs is domestic washing (microfibres) and the 

use of personal care and cosmetic products (PCCPs) (ibid.). Without a doubt, synthetic 

clothing releases a large number of microplastics, especially during washing (de Villiers, 

2019). The other sources of microfibres include the degradation of cellulose acetate in 

cigarette butts and the breakdown of fishing equipment such as nets and ropes (de 

Villiers, 2019). Furthermore, many PCCPs, especially rinse-off products containing 

microplastics end up in wastewater streams where they are not removed thoroughly and 

then released via treated wastewater effluents into rivers and ultimately reach the ocean 

(Leslie, 2014; Guerranti, Martellini, Perra, Scopetani and Cincinelli, 2019).   

 

Hao et al. (2019), Wang et al. (2019) and Zhang and Chen, (2020) carried out studies and 

discovered that WWTPs can remove and block large amounts of microplastics during the 

first treatment steps. Nonetheless, Murphy et al. (2016) stated that although sewage 

treatment plants could catch or remove more than 90% of microplastics, there would still 

be a lot of microplastics. For example, Murphy et al. (2016:5803) sampled a secondary 

WWTW in Glasgow and found that the WWTW could release an estimated 65 238 500 

microplastic per day into the final effluent despite its high removal rate. The situation 

could be worse in South Africa because the state of WWTPs has deteriorated in such a 
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way that around 40% of the nation's effluent is left untreated (Verster and Bouwman, 

2020). 

 

Personal Care and Cosmetic Products  

  

In recent years, there has been a growing interest in the presence of microplastics in 

Personal care cosmetic products (PCCPs), which contribute to microplastic pollution all 

around the world (Lassen et al., 2012; Leslie, 2014; Burns and Boxall, 2018). A wider 

variety of plastic ingredients are used by personal care and cosmetic industries in their 

products, such as deodorant, moisturizers, toothpaste (as shown in figure 9), shampoo, 

wrinkled cream, soap, nail decorations, facial masks, shaving cream, makeup (such as eye 

shadow and lipstick), sunscreen and children's bubble bath (Lassen et al., 2012; Leslie, 

2014; Guerranti et al., 2019).  

 

 Personal care cosmetic products with microbeads may contain a very high amount of 

plastic particles. For example, the United States of America (US) conducted a study in 

2013 on microplastics in facial scrub tubes and recorded approximately 350,000 

microplastics (Lassen et al., 2012). In addition, a study conducted in Dutch recorded an 

average of 6,400 plastic particles per gram of toothpaste (ibid.). Microbeads are one of 

the dominant microplastics found in PCCPs (Guerranti et al., 2019). For example, research 

conducted in Beijing, China, discovered high levels of microplastics in facial cleansers and 

shower gel products (Lei, Qiao, Liu, Wei, Qi, Cui, Yue, Deng, and An, 2017). Based on the 

PCCPs used in China, it is estimated that 39 tonnes of microplastics were released into 

the environment (Lei et al., 2017). This highlights the need to understand the 

characteristics of these plastic ingredients, their function, and their environmental effects 

(Leslie, 2014).   
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Figure 9: Microplastics in toothpaste. This image shows microplastics (microbeads) in 

toothpaste (tiny particles in light blue). Source: Barrett (2019) 

  

Moreover, plastics can easily be collected for recycling, unlike microplastics such as those 

found in PCCPs, which are impossible to collect (Leslie, 2014). As a result, urban 

managers should introduce upstream regulations and encourage consumers to buy 

PCCPs that do not have microplastics to reduce their emissions into harbours. Some 

countries, like the United States, introduced a Microbead-Free Waters Act of 2015 to 

prohibit the use of microbeads in rinse-off products (Guerranti et al., 2019).  

 

Agriculture 

 

Agricultural activities can be considered as one of the sources of microplastic pollution in 

water bodies. However, research on microplastics in agriculture has largely been 

overlooked (Pukclai, 2020). Overall, research on microplastic pollution in agricultural 

soils is still emerging, and there are many knowledge gaps in this research area (Kumar 

et al., 2020). Recently, scientists have uncovered that agricultural soils could actually hold 

more microplastics than the ocean basin (Pukclai, 2020). According to Pukclai (2020), 

agricultural lands are likely to be the most plastic-contaminated places, besides landfill 

and urban spaces.  
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Furthermore, one of the sources of microplastics in agricultural activities is the 

degradation of agricultural plastic products such as those used for plastic mulching 

(figure 10) (Horton, 2017). The use of sewage sludge in agricultural land as a fertiliser is 

also one of the sources of microplastics in agriculture (Horton, 2017; Karbalaei et al., 

2018). “Sewage sludge is the by-product or residue resulting from the treatment of 

wastewater released from various sources, including businesses, homes, medical 

facilities, industries, and street runoff” (Twardowska, Allen, Kettrup and Lacy, 2004: 

unpaginated). There is evidence supporting the fact that wastewater sludge used as a 

fertiliser could contribute to soil contamination (Pukclai, 2020). In addition, these 

microplastics can enter watercourses due to direct land runoff or drainage via purpose-

built ditches and can enter into the river (Whitehead, Bussi, Hughes, Castro-Castellon, 

Norling, Jeffers, Rampley, Read and Horton, 2021). 

 

 

Figure 10: Agricultural plastic mulching. This photo shows plastic mulching, which is the 

covering of plants or soil with plastic to increase yields, fruit quality and reduce paste 

pressure.  Source: Steinmetz et al. (2016) and Horton (2017) 
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Landfill Site 

 

With the increasing production and consumption of plastic materials, plastic waste is on 

the rise, and by 2050, there will be approximately 12 billion tons of plastic waste 

discarded (Su, Zhang, Wu, Zhan, Shi and Xie, 2019). Plastic waste has become an essential 

part of municipal solid waste (MSW) because of the lack of systematic waste classification 

and low recycling rates, and the problem is worse in developing countries (Su et al., 

2019). Plastic waste in landfills accounts for 20% of MSW (Wang et al., 2015). As a result, 

landfills are viewed as the primary reservoir of microplastics, including primary and 

secondary microplastics (Su et al., 2019). The occurrence of microplastics in landfills 

could pose negative impacts on the surrounding environment, because microplastics can 

be transported from the landfill to the surrounding environment via air-borne pathways 

or both (ibid.). Without a doubt, negative impacts on the surrounding communities would 

worsen in areas with poor management, such as African countries. Therefore, it must be 

emphasised that there is a need for proper waste management in order to limit the 

amount of plastics and microplastics in landfill sites. According to Kataoka et al. (2019) 

open landfill sites that are located close to the rivers could also be the major sources of 

microplastics in rivers, for instance, the plastics littered on the landfill site may fragment 

into microplastics and then released into the river due to rainfall or strong wind (Kataoka 

et al., 2019).  

 

Stormwater System/ Run-Off  

 

Car Tyres   

 

Another major source of microplastics comes from the abrasion of tyres when driving 

(Boucher and Friot, 2017). The outer parts of tyres are made up of a matrix of synthetic 

polymers, such as Styrene Butadiene Rubber (approximately 60%) which is mixed 

together with many other additives and natural rubber (ibid.). During driving, these 

particles are wiped away by wind and can make their way into nearby water bodies 

(ibid.). Also, these microplastics can be washed away during rainfall into the stormwater 

drainage and eventually reach the harbour (ibid.). Moreover, research conducted in South 

Africa discovered   Automotive tyres are one largest sources of plastic leakage due in large 



34 
 

part to the microplastics produced by tyre abrasion (IUCN-EA-QUANTIS, 2020). It is 

unclear how microplastics eroding from tyres end up in the ocean, however, researchers 

from Norway and Sweden pointed out that a larger number of microplastics in the ocean 

originate from car tyres (ibid.). 

 

Road Markings   

 

Furthermore, microplastics also come from the weathering and abrasion of road 

markings by cars (see figure 11). Different types of markings (which contain 

microplastics) are used on the road, such as epoxy, thermoplastic, paint and preformed 

polymer, and paint (45%) is the most dominant type globally (Boucher and Friot, 2017). 

These road markings are applied throughout the lifecycle of road infrastructure, from its 

development to its maintenance, which means the weathering of microplastics from 

these markings occurs every day (ibid.). As a result, these microplastics are either spread 

by wind or washed away by rainfall into stormwater drainage and eventually pollute 

water bodies, including harbours (Boucher and Friot, 2017; Karbalaei et al., 2018).   

  

  

Figure 11: Road paint with microplastics. This image shows road abrasion between road 

paint and tyres (made of microplastics), resulting in a release of microplastics from road 

paint and tyres. Source: https://pixels.com/featured/skid-marks-ryan-jorgensen.html 

https://pixels.com/featured/skid-marks-ryan-jorgensen.html
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Formation from Textiles  

 

It is clear from the literature that textiles made of synthetic polymers represent one 

source of microplastics (Lassen et al., 2012). Microplastic fibres are shed from synthetic 

textiles, such as clothing, curtains, furniture, carpets and other household textiles 

(synthetic cleaning cloths) during everyday use (ibid.). Microplastic particles are formed 

and released from the textiles due to wear and tear of the products during normal use 

and during washing, where textile fibres are ripped loose in laundry machines (ibid.). 

Therefore, the main sources of microfibres discharged with sewage are considered to be 

textiles and non-woven cloths used for cleaning purposes (ibid.). 

 

Marine-based Sources 

 

Fisheries 

 

The fisheries industry uses a wide variety of plastics in its activities (Lusher and 

Pettersen, 2021). The use of fishing equipment and the breakdown of misplaced and 

abandoned gear result in the release of microplastics into the environment (ibid.). 

Moreover, discarded, abandoned or misplaced fishing gear is considered the primary 

source of plastics from the fisheries industry, but it is unclear how much of a contribution 

they make overall (ibid.). Climatic conditions, winds, and water currents can cause the 

fishing gear to become stranded, lose its bearings, or break loose during routine fishing 

in deep and surface water (ibid.).   

 

Spillages of Cargo  

 

In addition to raw plastic materials used to create other products, a wide variety of goods 

containing plastic particles are transported in containers (Lusher and Pettersen, 2021). 

Severe weather at sea can be hazardous for cargo ships (ibid.). Ships can roll, pitch, and 

heave due to waves in the open sea, which also jeopardises the stability of the vessel 

(ibid.). Additionally, containers that are loaded incorrectly hinder their stability. 

Container ships that are stacked are consequently subjected to strong movements and 

run the risk of falling into the ocean (ibid.). When shipping containers are lost, plastic 
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products or microplastics (especially primary microplastics like microbeads and pallets) 

are released into the marine environment (ibid.). The amount of microplastics is bound 

to increase as plastic products slowly breakdown into microplastics, especially if they are 

left in the environment for a long time (ibid.). 

 

Recreational Boating   

 

Recreational boating, including fishing and sea-based leisure activities, brings a lot of 

plastics into the marine environment due to littering and unintentional loss of products 

(Lusher and Pettersen, 2021). Moreover, plastic bags, fishing equipment, consumer 

goods, bottles, and food containers make up the majority of items used on recreational 

boats (ibid.). According to Lusher and Pettersen (2021), littering includes the intentional 

disposal of plastic waste into the ocean and the transportation of plastic waste to and 

from the shorelines. Overall, recreational boating can be considered as one of the major 

marine sources of microplastics in the environment.  

 

Factors that Influence Level of Microplastics in Waterbodies 

 

Population Density and Human Activities  

 

The level of microplastics in water bodies, including harbours, is influenced by the 

surrounding population density and human activities (Nel, Hean, Noundou and 

Froneman, 2017). Higher concentrations of microplastics have been recorded nearer 

major cities, as shown in figure 12. Similarly, higher levels of microplastic concentration 

have been reported in areas with high anthropogenic activity (Nel et al., 2017). For 

instance, Nor and Obbard, (2014) reported a positive correlation between microplastic 

concentration and human activities in Singapore mangroves, where low microplastic 

concentration was associated with lower levels of human activities.  

 

Likewise, in the research conducted in the five urban estuaries of KwaZulu Natal, Durban 

Harbour being one of them, it was discovered that there is a positive correlation between 

the level of microplastics and the surrounding population (Govender et al., 2020). 

Isipingo and uMngeni estuaries, which are surrounded by a high population density, have 
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the highest levels of microplastics, compared to St. Lucia and the Durban Harbour, which 

have low population densities (ibid.). In contrast, Lake Hovsgol, located in Mongolia, is 

characterized by a low population density and limited human activities and is reported 

to have a high concentration of microplastics (Shahul, Bhatti, Anuar, Anuar, Mohan and 

Periathamby, 2018). Also, Wang, Ndungu, Li and Wang (2017) looked at the relationship 

between microplastic pollution in urban lakes and distance from the city centre and 

reported a negative correlation between the two. 

 

 

Figure 12: Microplastic concentration around the world. This diagram shows high levels 

of microplastic reported close to major cities around the world. Source: 

https://archive.theoceanrace.com/en/news/11350_Higher-concentrations-of-

microplastics-found-nearer-major-cities-new-data-reveals-.html 
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Seasonality and Microplastic Levels  

 

Seasonality significantly affects microplastic concentration in water bodies, with high 

concentrations in wet seasons compared to dry seasons (Gerber, 2017; Govender et al., 

2020; Dalu, Banda, Mutshekwa, Munyai and Cuthbert, 2021). For instance, a study on the 

"characterisations of sediment microplastic pollution in a subtropical river system in 

southern Africa" recorded the highest levels of microplastics and most diverse in the wet 

season "(mean range 76.0 ± 10.0–285.5 ± 44.5 microplastic kg-1)" as compared to the dry 

season "(16.5 ± 4.5–27.0 ± 5.0 microplastic kg-1)” (Dalu et al., 2021:6). Govender et al. 

(2020) made an important argument that there are hydrological factors, including an 

increase in the river flow (as a result of precipitation) that affects the level of 

microplastics in estuaries. For example, in the study conducted in the five urban estuaries 

of KwaZulu Natal, the microplastic concentration was three to fourteen times higher 

during the wet season in the three estuaries (including Isipingo, uMngeni and Durban 

Harbour) (Govender et al., 2020). This is because the three urban estuaries are known to 

receive a large amount of inputs from stormwater drainage systems (ibid.). 

 

Environmental Effect of Microplastics  

 

Microplastic particles are potentially more environmentally damaging compared to 

larger pieces of plastics because of their small size (House of Commons Environmental 

Audit Committee, 2016). Thus, they can easily be consumed by different marine species 

and can be transferred up the food web to humans (Barboza et al., 2018). Sometimes, 

marine organisms confuse microplastics with food or prey because of their size and 

colour (Barboza et al., 2018; Sartain et al., 2018). The following sections unpack the 

effects of microplastics on marine species and human health.  

 

Impact on Marine Species 

 

Large and small invertebrates, such as larvae and planktonic organisms at the bottom of 

the food web, have been recorded to be contaminated with microplastics (Barboza et al., 

2018). For example, sampled fish and plankton in the Baltic Sea were recorded to have a 
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high concentration of microplastics (Burns and Boxall, 2018). In addition, 70 Mullet Mugil 

cephalus in the Durban Harbour were sampled, and 51 mullets (73%) were contaminated 

with microplastics (Naidoo, Smit and Glassom, 2016). Mullets can potentially transfer 

microplastics to species at high trophic levels because they are consumed by carnivorous 

fish and birds entering the coastal systems (Naidoo et al., 2016). Moreover, marine 

organisms that consume microplastics can suffer from a reduction in nutrient intake, 

reproductive impairment, an increase in oxidative stress, growth impediment and 

increased mortality, which pose a significant threat to biodiversity and the environment 

(Ha and Yeo, 2018; Prasath and Poon, 2018).   

 

Microplastics cause danger to marine organisms and ecosystems through various 

approaches (Amelia, Khalik, Ong, Shao, Pan and Bhubalan, 2021). In the environment, 

microplastics can act as vectors or carriers of harmful contaminants or pollutants such as 

heavy metals, organic matter, additives, pathogens and hydrophobic organic compounds 

(figure 13) (Ha and Yeo, 2018; Amelia et al., 2021; Bezerra et al., 2021). This is because 

microplastics have a larger surface area compared to plastics, they can adsorb and 

transport much more pollutants (Ha and Yeo, 2018). As a result, microplastics can 

transport these contaminants over a long distance from one area to the next (Amelia et 

al., 2021; Bezerra et al., 2021). In addition, there is a potential for these contaminants to 

be transferred to marine biota (such as fish) after consuming a pollutants-bound 

microplastic (Figure 14) (Amelia et al., 2021). As shown in figure 14, fish that is exposed 

to contaminated microplastics can suffer negative impacts from the contaminants (which 

include physical damage and neurotoxicity) and the microplastics itself (like egestion 

inefficiency, and intestinal and kidney blockage) (ibid.). According to Amelia et al. (2021), 

a pollutant-bound microplastic could endanger food safety for the human population 

(figure 13).  
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Figure 13: Microplastics pathway. This diagram illustrates the paths of microplastics, 

from their sources to their general impact on organisms and ecosystems. It also shows 

microplastics binding with pollutants such as heavy metals and creating pollutant-bound 

microplastics, and their impact on marine species. Source: Amelia et al. (2021) 

 

 

 

Figure 14: Marine ingestion of pollutant-bound microplastics and associated impacts. 

This diagram demonstrates the ingestion of pollutant-bound microplastics by marine 
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organisms (fish in this case) and the individual effects of pollutants and microplastics. It 

also illustrates the pathways of contaminants and microplastics inside marine organisms. 

Source: Amelia et al. (2021) 

 

Human Impacts 

 

Since microplastics are ubiquitous in the environment, this raises much concern about 

their negative impact on humans and marine species (Vethaak and Legler, 2021). 

Microplastics have been recorded in seafood consumed by humans, including fish, 

shellfish, invertebrates, bivalves, crustaceans, oysters, and mussels (Montoya, 2015; 

Karami et al., 2017; Barboza et al., 2018). Beaumont et al. (2019) state that humans 

consume microplastics when they eat the entirety of a contaminated organism, as well as 

the gut. Microplastics have also been found in commercial fish, for example, a market in 

Makassar, Indonesia, had 28% of processed fish contaminated with microplastics (Smith 

et al., 2018). Similarly, a study conducted in South African waters sampled 593 small 

pelagic fish (which is commercially important) and found a total of 813 microplastics in 

406 fish (Bezerra et al., 2021). Since a large portion of South Africans' diet is composed 

of small pelagic fish, especially canned sardines (pilchard), this raises a lot of concern 

from a human health point of view (ibid.). Unfortunately, small pelagic fish are 

particularly significant due to their critical role in marine food webs (ibid.). Small pelagic 

fish are also the most abundant and valuable fish in South Africa (ibid.). This means that 

marine species that prey on small pelagic fish are also exposed to microplastics and the 

whole food web, including humans. Furthermore, Vethaak and Legler (2021) argue that 

the ingestion of microplastics by humans can result in a variety of biological effects, such 

as DNA damage, cellular damage and physical toxicity (figure 15), which leads to the 

secretion of cytokines, inflammation, immune reaction, oxidative stress, and neurotoxic 

and metabolic effects.   
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Figure 15: Impacts of microplastics on humans. This image shows the possible health 

effect on humans after being exposed to microplastics either by drinking water or 

consuming food contaminated with microplastics. Source: Vethaak and Legler (2021) 

 

It is clear from the literature that there are different arguments regarding the impact of 

microplastics on the environment. As seen from the above paragraph, some authors 

believe that microplastics have a severe environmental threat. On the one hand, Karbalaei 

et al. (2018), Zhang et al. (2020) and Vethaak and Legler (2021) argue that microplastics 

have a negative impact on human and marine species. On the other hand, Shahul et al. 

(2018) and Beaumont et al. (2019) argue that eating seafood that is contaminated with 

microplastics has a minimal effect on human health. In addition, Burton (2017) argues 

that the negative impacts of microplastics on the environment are overstated. He 

highlights that microplastic concentration on the environment is very low to present an 

environmental risk. He further argues that this much ado about the environmental risks 

of microplastics is misinforming and misleading policymakers, such as the banning of 

microbeads in some countries (Burton, 2017). Even though the impact of microplastics 

on our health is uncertain, it cannot be ignored because it might cause detrimental effects 

in the future. As a result, a precautionary principle is applicable in this case. 
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Existing Mitigatory Measures to Microplastic Pollution  

 

International Policies  

 

Policymakers at all levels of government have swiftly translated several strategies to 

reduce microplastic and microbead use into international and national regulations 

(Tables 1 and 2) (Lamichhane, Acharya, Marahatha, Modi, Paudel, Adhikari, Raut, Aryal, 

and Parajuli, 2022). It is important to note that there is no specific international 

legislation regarding microplastics, however, there are international policies that speak 

to microplastic pollution (Tables 1)  (Wang, Zheng and Li, 2018; Lamichhane et al., 2022). 

For instance, The United Nations Environment Assembly's first session (UNEA I, 

2014) raised the issue of plastics, including the persistence of microplastics in the marine 

environment. As a result, the UNEA I adopted "Resolution 1/6 on marine plastic debris 

and microplastics” and asked for a study to be conducted in this area (Wang et al., 

2018:902). Subsequently, UNEA II approved Resolution 2/11 in 2016, which 

requested an evaluation of the viability of international, regional, and national policies 

and approaches to fight marine microplastics and plastic waste (ibid.). 
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Table 2: International instruments for microplastic pollution. Microplastics were added 

to the Basel Convention of 1989. Between 2014 and 2017, the UNEA introduced three 

resolutions to reduce microplastics in the environment.  

 

Source: Lamichhane et al. (2022) 

 

In 2017, UNEA III adopted Resolution 3/7, which stresses the importance of eliminating 

the high release of plastic debris and microplastics into the oceans (ibid.). The resolution 

also emphasizes the importance of preventing the detrimental effects of microplastics on 

marine ecosystems and human health (ibid.). Furthermore, in 2017, at the 13th 

Conference of Parties, the Basel Convention included “plastic and microplastic issues in 

the Basel Convention on the Transboundary Movements of Hazardous Wastes and their 

Disposal “(ibid: 903). The aim is to encourage regional centres to work on preventing 

microplastics from entering the environment (ibid.). Undoubtedly, scholars and the 

public have become increasingly concerned about microplastic pollution in recent years, 

but there is still a big need for clear policy and governance mitigation measures (Alimi et 

al., 2021; Onyena, Aniche, Ogbolu, Rakib, Uddin and Walker, 2021).   
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There are limited studies on the review of international and national policies on 

microplastic pollution. According to Onyena et al. (2021), global efforts to tackle the 

microplastic problem have been restricted to weak and fragmented acts. The fragmented 

nature of the global collaboration needed to tackle the issue of microplastics 

demonstrates how highly decentralised the international system is (Onyena et al., 2021). 

Moreover, Onyena et al. (2021) made an important argument that despite the 

international corporation's contemporary effects, we still need an adequate international 

action plan to deal with the increasing microplastic concentrations in the environment. 

 

National Policies and Interventions 

 

Several developed countries have enacted legislation and adopted measures to address 

microplastic pollution at the national level (Wang et al., 2018; Lamichhane et al., 2022; 

Nikiema and Asiedu, 2022). These countries passed laws to gradually ban the production 

and sale of microbeads in PCCPs (Table 2) (Nikiema and Asiedu, 2022). The Netherlands 

was the first country to ban microbeads in rinse off PCCPs in 2012 (ibid.). In 2015, the 

Netherlands, together with the other four European countries, including Sweden, 

Australia, Luxembourg and Belgium, were concerned about the potential effects of 

microplastics on human health and called for the European Union (EU) to ban microbeads 

from PCCPs (Montoya, 2015; Wang et al., 2018; Onyena et al., 2021). In the same year, the 

United States (US) introduced the Microbead-Free Waters Act of 2015 and various bans 

in the following years (Table 2) (Burns and Boxall, 2018; Nikiema and Asiedu, 2022). 

Many countries (such as Canada, Australia, Sweden, United Kingdom, New Zealand, 

Thailand, South Korea, France, and Italy) followed and introduced bans on microbeads 

(Wang et al., 2018; Lamichhane et al., 2022 and Nikiema and Asiedu, 2022).  
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Table 3: National policies and interventions to microplastic pollution. National policies 

and interventions introduced by developed countries over the past few years. These 

policies aim to limit the amount of microplastics entering the marine environment by 

focusing on microbeads in PCCPs.  

Source: Wang et al. (2018), Lamichhane et al. (2022), and Nikiema and Asiedu (2022)  
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The national bans on microbeads in PCCPs led to large manufacturing companies phasing 

out the use of microbeads in their productions (Nikiema and Asiedu, 2022). Therefore, 

microbeads are now being replaced by different abrasives, such as microcrystalline 

cellulose, silica, and perlite (ibid.). These policy interventions by developed countries are 

needed to deal with the issue of microplastics. However, Guerranti et al. (2019) pointed 

out that a national ban on microplastics in PCCPs, only in some countries, is not sufficient 

to address the issue of microplastics, because of their prevalence and threat to the 

environment. Furthermore, Wang et al. (2018) made an important argument that the first 

world countries' solutions to microbeads are mostly limited to PCCPs. These policy 

interventions are not satisfactory because they only focus on one type of microplastic, 

which is microbeads. As a result, there is a need for more policy interventions and 

regulations that will target all types of microplastics.  

 

South African Policies and Interventions 

 

As discussed in the previous section, many countries have introduced a ban on 

microbeads to limit the high concentrations of microplastics in the environment 

(Montoya, 2015). Nonetheless, no policy or regulation to address the issue of 

microplastics exists in South Africa, including the eThekwini municipality. Regardless, 

South Africa has measures that indirectly limit the amount of microplastics in the marine 

environment. These measures focus on dealing with plastic pollution, which is a source 

of secondary microplastics in water bodies (Prata, Silva, Da Costa, Mouneyrac, Walker, 

Duarte, and Rocha-Santos, 2019).  

 

Extended Producer Responsibility  

 

Extended Producer Responsibility (EPR) is a policy principle that makes producers 

responsible for the end-of-life management of their products and packaging" (Arp, 

2021:52). EPR will be very useful in supporting and strengthening the enabling 

environment for waste management that is sustainable and the move towards a circular 

economy (Arp, 2021). The voluntary EPR in South Africa has been in place since 2000. 

However, the voluntary EPR did not work well because of adverse selection, lack of 
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accountability, and moral hazard (Franckx, Van Acoleyen, Vandenbroucke, Hogg, Holmes, 

Montag, Taylor and Coulthurst, 2008). In South Africa, the mandatory EPR scheme 

(published in 2020) has finally replaced the old voluntary EPR scheme. But, because of 

the need for further industry engagement, the implementation was postponed, and the 

amended regulations were published in May 2021 (Arp, 2021). Since the mandatory EPR 

is fairly new, its effectiveness is yet to be seen. Recommendations in Chapter 5 will 

outline measures the government can take to ensure that the EPR effectively mitigates 

microplastics in the environment. 

 

Awareness and Clean-ups Initiatives 

 

There are many interventions and policies for plastic pollution in South Africa. 

Specifically, the eThekwini municipality has government projects and Non-Governmental 

Organizations (NGOs) that carry out waste collection projects and clean-ups around the 

ocean and the Durban Harbour, especially after heavy rains (de Kock, Sadan, Arp and 

Upadhyaya, 2020). These NGOs include the Breathe Ocean Conservation, Source 2 Sea 

Initiatives, The Blue Port, Wild Ocean and Adopt a River Community and others. In 

addition, these NGOs play a significant role in increasing awareness of plastic 

contamination in water systems within the eThekwini municipality. However, 

microplastics are not yet on the agenda of government projects and NGOs. Even though 

clean-ups are essential for dealing with plastic pollution, they are not enough, because 

they do not deal with the cause of this pervasive problem (Prata et al., 2019; de Kock et 

al., 2020). Thus, there is a need for government projects and organisations to raise 

awareness and educate people about microplastic pollution and its impact on the 

national, provincial, and local scales. 

 

Waste Management 

 

Since microplastics originate from plastics, this means that poor waste management 

plays a big role in microplastic pollution in the environment. As a result, it is important 

to understand the concept of waste management. As part of waste management, 

materials are collected, transported, processed, recycled or disposed of, and monitored 
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(Bacinschi, Rizescu, Stoian and Necula, 2010). Importantly, the waste hierarchy 

principles are paramount to the sustainable management of solid waste (Ali, Talmizi, 

Wahab, Rijal, Abd Rased and Saleh, 2021). Ever since the hierarchy was introduced, it has 

been represented in many several ways, but "the general principle is to prevent and 

prepare waste for reuse and move "towards reduction, reuse and recycling, known as the 

3Rs" (figure 16) (Ali et al., 2021:2). According to the waste hierarchy, waste management 

strategies are classified according to how effective they are in minimizing waste. This 

includes using “the 3Rs: reduce, reuse, and recycle” (ibid.:2). Undoubtedly, integrated or 

sustainable waste management (figure 17) is essential for preventing plastic leakages 

until the environment that will eventually breakdown into microplastics. Therefore, the 

amount of waste should be reduced, and more should be recycled to limit the amount of 

waste being disposed into landfill sites.  

 

 

Figure 16: Waste hierarchy. This diagram shows the different levels of dealing with waste, 

moving from the top to the bottom of the hierarchy. Prevention (at the top of the 

hierarchy) is the most preferable action and disposal (at the bottom) is the least 

preferable action for dealing with waste. Source: 

https://ec.europa.eu/environment/topics/waste-and-recycling/waste-framework-

directive_it 

 

https://ec.europa.eu/environment/topics/waste-and-recycling/waste-framework-directive_it
https://ec.europa.eu/environment/topics/waste-and-recycling/waste-framework-directive_it
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Figure 17: Integrated waste management. This waste management system starts from waste 

generation down to landfill and emissions. This diagram demonstrates the processes that we 

should follow, from waste being generated, collected, and processed to it being recycled, 

treated, utilised and thrown into landfills. Source: Kubanza (2010) 

 

According to Verster and Bouwman (2020: 26), South Africa was ranked “11th on a list of 

countries contributing to marine plastic in 2010”. The loss of plastic to the South African 

environment is because of logistical challenges in outlying communities and informal 

settlements, littering, poorly managed waste and lack of infrastructure for waste removal 

(Verster and Bouwman, 2020). These factors also contribute to microplastic pollution in 

South Africa (Verster and Bouwman, 2020). Moreover, mismanaged waste in the 

eThekwini municipality ranged between 31% to 50% in 2018, as indicated in the diagram 

below (figure 18) (IUCN-EA-QUANTIS, 2020). The relatively high Mismanaged Waste 

Index (MWI) is because South Africa mostly uses dumpsites and unsanitary landfills 
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(ibid.). In addition, a fifth of the waste collected is poorly managed and this, coupled with 

the uncollected waste, makes this situation worse (ibid.). 

 

 

Figure 18: Mismanaged Waste Index (MWI). This map displays the mismanagement of 

waste in different municipalities in South Africa. Usually, MWI tends to be very low 

around big cities (around 20%) and in other areas, ranges from 70% to 80. Source: IUCN-

EA-QUANTIS (2020) 

 

Microplastics as a Focus of Attention  

 

Ryan (2015) pointed out that concerns about the environmental impact of plastic litter 

are not new, but they can be traced to the 1970s-80s, together with the small plastic 

fragments. In response to growing public concerns about plastic pollution in the ocean, 

microplastics have become a topic of discussion among policymakers and the general 

public (Bujnicki et al., 2019). Furthermore, society saw the need to deal with the plastic 
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problem due to the negative impact of plastics on marine species and the overall 

ecosystem (ibid.). However, not much was achieved because plastic production and 

plastic litter still increased (ibid.). With societal interest in curbing the plastic pollution 

problem, one would expect an increase in plastic research. However, plastic research was 

temporarily stopped in the 1990s (Bujnicki et al., 2019). As a result of increased public 

awareness of the North Pacific garbage patch and Thomson and co-workers’ study on 

microplastics, research surged once more (ibid.). 

 

Microplastics Research Understanding 

 

Globally 

 

Research on microplastic pollution has been conducted in every part of the world, in 

every continent, including Africa (Dahms, van Rensburg and Greenfield, 2020). According 

to Bouwman (2021), microplastics and their effects on marine species have been 

extensively studied in developed countries, but there is a substantial knowledge gap in 

developing countries such as South Africa. As a result, we do not fully understand the 

impacts of microplastic pollution on the ocean and freshwater systems, and the impact 

may be even greater in developing countries where many communities still rely on the 

land and natural waters for their livelihoods (Verster, Minnaar and Bouwman, 2017). 

Recent international studies also show atmospheric fallout as a source of microplastic 

contamination (Bouwman, 2021). 

 

Globally, the risks and negative impacts of microplastics in water systems are unknown 

and yet to be discovered (Verster, Minnaar and Bouwman, 2017). However, as 

microplastic levels continue to increase, this raises a lot of concerns about the quality of 

aquatic resources, especially in water-scarce countries like South Africa (ibid.). 

Importantly, this highlights the need for further research on the risks and effects of 

microplastics (ibid.). In response to the raising concerns, a project was undertaken in 

2017 by the South African Water Research Commission to derive research priorities 

(ibid.). Meanwhile, there is an urgent need for proper waste management and improved 

recycling across the country (ibid.). 
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The public is being educated more about microplastics over the internet. Prata et al. 

(2019:5) explored “the trends on the keywords ‘microplastics’ and ‘microbeads’ on 

search engines and social media” from 2004 to 2019 and discovered that over the years, 

more people are becoming aware of microplastics as more information on microplastics 

is being shared in the news and on social media (see figure 19). The graph below shows 

that the highest peaks are from articles shared on social media, with more people 

interacting, liking, and sharing the information. Moreover, the highest peak with regard 

to “microbeads” occurred in 2016, when the first ban on microbeads was introduced 

(Prata et al., 2019). This shows that urban managers can use the internet to educate 

people in the eThekwini municipality about microplastic pollution. 

 

 

Figure 19: Microplastics and microbeads google search. This graph illustrates the 

trends of a google search for microplastics and microbeads on google between 2004 to 

2019. Source: Prata et al. (2019) 

 

In Africa 

 

As with other continents, Africa is not immune to the current global crisis of plastic 

pollution (Alimi et al., 2021). Approximately 172 million tons of plastics consumed was 
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from 1990 to 2007 within the 33 countries (from the available record) out of 54 nations 

in the continent (ibid.). Alimi et al. (2021) argue that the high rate of plastic consumption 

in Africa has been accompanied by poor waste management and ineffective policies. As a 

result, the African continent has been ranked as the major continent with mismanaged 

plastic (Alimi et al., 2021). Furthermore, since freshwater bodies cover only about 9% of 

the African continent compared to other continents, there is a need for proper waste 

management policies that will protect these freshwater bodies (ibid.). Undoubtedly, the 

African continent is faced with many challenges and microplastic pollution presents an 

additional challenge to the African population (ibid.).   

 

Surprisingly, the term "microplastics" was first used by Ryan and Moloneys in Africa in 

their study titled "Plastic and other artefacts on South African beaches: temporal trends 

in abundance and composition" during the 1990s (Alimi et al., 2021:2). However, the 

word microplastics was widely accepted by researchers only after Thompson published 

a report in 2004, looking at the occurrence of microplastics in sediments surrounding 

Plymouth, United Kingdom (ibid.). Even though the first study that reported on 

microplastics in water environments was in Africa, microplastic research in Africa is just 

beginning (Alimi et al., 2021). However, over the last decade, Africa has become more 

aware of microplastic pollution. 

 

In Africa, few studies have analysed the distribution, sources and impacts of microplastics 

in organisms (see figure 20), thus, there is a limited understanding of the environmental 

effects of microplastics in the African continent (Alimi et al., 2021). As shown in figure 20 

below, more research has been conducted in the ocean compared to the terrestrial 

environment in the African continent. Coupled with that, there are more studies on 

microplastics in surface water, especially in the marine environment, as compared to 

studies on microplastics in sediments (ibid.). The fact that fewer studies have been 

conducted on microplastics in organisms contributes to our lack of knowledge on the 

impact of microplastics on African organisms. The studies conducted in the African 

continent used different methods to measure and analyse microplastics, which makes it 

difficult to compare findings from different countries (ibid.). Furthermore, the number of 
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publications on microplastic pollution has been increasing since 2015, and in 2020 there 

was a rapid increase in publications, as depicted in figure 21.  

 

 

Figure 20: Spatial distribution of microplastic studies across Africa. The types of studies 

conducted in Africa include microplastics in organisms, microplastics in sediments, 

microplastics in surface water (dominant studies), metals in microplastics and POP 

(persistent organic pollutants) in microplastics. Source: Alimi et al. (2021) 
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Figure 21: Distribution of yearly publications in Africa. This graph shows the trend of 

microplastic studies, and the type of studies conducted in Africa until 2020. Field 

studies on microplastics emerged in 1987. From 2015, the number of field studies 

increased, and from 2017 review studies emerged, followed by laboratory studies in 

2019. This graph shows the growth of knowledge in different types of studies. Source: 

Alimi et al. (2021) 
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Globally, most studies on microplastic pollution have been conducted in the marine 

environment compared to the terrestrial environment, and the same applies to Africa. As 

demonstrated in figure 22, 37 studies have been conducted in the aquatic systems 

compared to freshwater systems with only 22 studies. In Africa, South Africa is the 

leading country in microplastic research, with 26 publications. On the other hand, South 

Africa and Nigeria (with 8 publications) are the only countries that have conducted 

research on microplastics in surface water, sediments, and marine and freshwater 

organisms. Since we now have a bit of understanding of microplastics in marine and 

freshwater sediments, surface water and organisms, it is about time to start looking at 

ways of mitigating microplastics in the environment. 

 

 

Figure 22: Distribution of publications reporting the abundance of microplastics in 

various environmental compartments. More research has been done in the marine 

environment and South Africa is the leading country in microplastic research in Africa. 

Source: Alimi et al. (2021) 

 



58 
 

In South Africa, Durban Harbour  

 

South Africa is a developing country with a growing research effort on microplastics. 

Freshwater microplastics are unknown, and South African studies on marine 

microplastics are limited, but being pursued (Verster et al., 2017). According to Bouwman 

(2021), South African researchers still do not clearly understand microplastics in terms 

of how they are released, transformed, and transported. Verster et al. (2017) argue that 

even though the full environmental and biological impacts of microplastics in South 

Africa are not yet understood, the potential threats to biota and the environment should 

not be ignored. 

 

The fact that South Africa is rich in natural biodiversity raises the need to quantify 

microplastics in the freshwater and marine systems (Verster et al., 2017). Recently, 

several studies have shown that all organisms within the food chain can potentially ingest 

microplastics, regardless of their feeding strategy (ibid.). This has the potential to affect 

the natural biodiversity in South Africa, thus, the impact of microplastics should not be 

taken lightly. Furthermore, several studies have measured the concentration of 

microplastics along the coastline of the South African coast. As one would expect, 

microplastics are highly prevalent near major coastal cities, including Cape Town and 

Durban (ibid.).  

 

Considering the strong interactions between terrestrial organisms (including humans) 

and aquatic environments, the limited knowledge of South African aquatic microplastics 

is concerning (Verster et al., 2017). The growing research on microplastics, especially in 

the city of Durban, is paramount because high concentrations of microplastics have been 

recorded, as stated in Chapter 1 (Nel et al., 2017). Only a few studies have been done in 

the Durban Harbour, but we can expect an increase in the number of studies as more 

research is being done in the country. Several universities in South African are 

undertaking research on plastic and microplastic pollution, including "the Rhodes 

University, University of Kwa-Zulu Natal, North-West University, University of Cape 

Town and University of South Africa" (Verster et al., 2017:535). As more universities 
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conduct research on microplastics, urban managers should start looking at mitigatory 

measures to avoid the unprecedented effect of microplastics in biota.  

 

The Systems Approach 
 

The Systems approach (also known as the Systems theory) is one of the management 

theories introduced in the 1950s (Jackson, Hitchins and Eisner, 2010). The systems 

approach is based on the generalization that everything is interconnected and dependent 

upon one another (Cooper, Eastman, Johnson and Kortanek, 1971; Jackson et al., 2010). 

Therefore, a system is made up of related and dependent parts that create a cohesive 

whole when they work together (Jackson et al., 2010). According to Jackson et al. (2010), 

the systems approach views the world as containing interconnected systems and 

subsystems. In this case, the eThekwini municipality can be viewed as a system consisting 

of subsystems (departments). All these subsystems are interrelated and interdependent 

on each other, which means whatever happens in one subsystem will affect the other 

subsystems, thus, the whole system (Jackson et al., 2010). As a result, for the city to 

function well, there must be a balance between the subsystems (Cooper et al.,1971; 

Jackson et al., 2010).  

 

The eThekwini municipality is faced with many challenges, such as political strife, poor 

management, poor infrastructure maintenance, sewage pollution and corruption 

(Abrahams, 2020; Dawood, 2022). These challenges harm the functioning of the 

municipality, which means addressing the issue of microplastics will take a lot of work. 

Corruption is one of the major challenges faced by the city of Durban, and it is very 

problematic, because it harms the environment (Cordier, Uehara, Baztan, Jorgensen and 

Yan, 2021). Cordier et al. (2021) highlight that corruption can increase pollution by 

affecting the stringency of environmental regulation and enforcement. In addition, 

corruption in eThekwini municipality takes away the money that was supposed to 

improve and develop communities. The millions that disappear could have been invested 

in awareness campaigns about microplastic pollution, clean-ups, waste management 

strategies and waste removal infrastructure. 
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Conclusion  

 

Globally, there are different sources of microplastics in the environment, from land-based 

to ocean-based sources. This means that tackling the issue of microplastics requires 

collaboration from different stakeholders. Moreover, there are two factors that influence 

the levels of microplastics in water bodies, including population density and seasonality. 

Since microplastics are a new area of study, there is a lot we still need to learn about 

the impacts of microplastics on the environment, especially on human health. 

The adverse effects of microplastics on aquatic animals and the potential impacts on 

human health have resulted in the introduction of international and national policies. 

However, South Africa has no policies for dealing with microplastic pollution. The 

existing policies have effectively reduced microplastics in the environment but are not 

satisfactory, because they deal with a portion of microplastics. Therefore, there is a lot 

we still need to do to deal successfully with this pervasive issue.  
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CHAPTER 3: STUDY CONTEXT  

Introduction  
 

Microplastics are a global problem and have been reported in every part of the world, 

including the Durban Harbour. Since microplastics originate from different sources, it 

means that sources of microplastics may differ from one place to the next. As a result, it 

is vital that we understand the context of this study. The first part of this chapter looks at 

the background of the Durban Harbour, population density and land use in the Durban 

Harbour catchment. The second part discusses the weather and climate in KwaZulu Natal 

(KZN) and looks at the Durban Harbour Catchment.    

 

Background of the Durban Harbour 

 

The Durban Harbour is located on the east coast of South Africa, KwaZulu-Natal, in the 

city of Durban, as depicted in figure 23 below (Rautenbach and Theron, 2018). The 

harbour is located at the core of Durban's Central Business District (CBD) (ibid.). In sub-

Saharan Africa, the Durban Harbour is the major shipping terminal, and in the Southern 

Hemisphere, it is the fourth-leading container terminal and has diverse activities, 

including dry bulk, fishing and maritime activities, see figure 23 (South African History 

Online (SAHO), undated). Durban Harbour is a natural harbour, and it still preserves the 

shape of the original bay (SAHO, undated). Furthermore, mangrove swamps surrounding 

the Durban Harbour provide the ideal environment for many animal species (ibid.). In 

addition, the Durban Harbour attracts a lot of tourists, because of its central location, 

picturesque setting, and immense size (Rautenbach and Theron, 2018.). 
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Figure 23: Locality map for Durban Harbour. The map shows the Durban Harbour and its 

different places (including, Salisbury Island, containers terminal, Mangrove Forest and 

Maydon wharf). Source: Kalina, Mbereko, Maharaj and Botes (2019)  

 

The Durban Bay was first discovered in 1497 by a Portuguese explorer Vasco de Gama, 

when he was searching for a route to India, he came across the Port of Durban Bay (SAHO, 

undated). However, the Port was initially established in 1824 by British men from the 

cape colony (World Port Source (WPS), undated). During the 1860s, the railway arrived 

in the Port of Durban, connecting the harbour to the town (WPS, undated). The Durban 

Port grew rapidly after gold was discovered around the harbour (ibid.).   Initially, the Port 

of Durban served as a bunkering port for ships (ibid.). As it grew, marine-related 

industries moved into the harbour (ibid.) In addition, chandlers, stevedores and 

shipbuilders set up different shops in the harbour, and a dry dock was built figure 24 

(WPS, undated).  

 

http://en.wikipedia.org/wiki/Vasco_da_Gama
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Figure 24: Activities in the Durban Harbour. This image illustrates the different activities, 

including the Durban container terminal, Dry and liquid Bulk, maritime engineering and 

fishing. Source: Kalina et al. (2019) 

 

Population Density for Durban Harbour Catchment  

 

The KZN region is one of the fastest-growing regions in South Africa (Stats SA, 2017). In 

2017, it was ranked as the second most populated province in the country, with 11 

million residents, with the majority located in the eThekwini municipality (General 

Housing Survey, 2017). Between 2001 and 2011, the population density within the 

eThekwini municipality grew at an average annual percentage of 1.13% every year, from 

3.09 million to 3.44 million, respectively (Integrated Development Plan (IDP), 

2020/2021). Statistics South Africa (Stats SA) projected the population density of the 

eThekwini municipality from 2020 to 2024 and it is estimated to increase to 4,164,503 

million by 2024 (see table 4 below) (ibid.). 



64 
 

Table 4: Population projections for eThekwini municipality from 2020 to 2024. 

  Year 2020  2021  2022  2023  2024  

Population Total   3947020   4004603 

    

4059719 

    

4112675 

    

4164503 

    

Source: eThekwini Municipality Integrated Development Plan (IDP) (2020/2021) 

 

The eThekwini municipality is divided into 4 functional regions, which include the 

Central, North, South, and Outer West, as depicted in figure 25 (Musvoto, Lincoln and 

Hansmann, 2016). The Central region (where Durban Harbour is located) has the highest 

population (34%), followed by the North region (33%). The South region accounts for 

23%, and the outer west has the least population of 11%, see figure 26 (Sutherland, 

Robbins, Scott and Sim, 2013). Undoubtedly, the ever-growing population raises many 

concerns about the microplastic levels in water streams, especially in the Durban 

Harbour, as more population is found in the Central region. One would expect an increase 

in the level of microplastics in the environment as the population increases with more 

people utilizing plastics and microplastics and this could get worse with poor waste 

management. 
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Figure 25: Spatial regions in the eThekwini municipality. The 4 spatial regions and 

their towns. Source: Sutherland et al., (2013)  
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Figure 26: Spatial distribution of the population within the 4 regions in eThekwini 

municipality. Source: eThekwini Municipality IDP (2020/2021) 

 

Land-Use and land-Cover in the Durban Harbour Catchment 

 

The eThekwini Municipality is characterised by a broad range of land uses, such as urban, 

rural and informal settlements, accompanied by economic activities, transport, and 

public and social infrastructure (Khathi, 2018). The dominant land cover within the 

Durban Harbour catchment is residential and industrial areas which account for more 

than 70% of urban development, see figure 27 (Moodley, 2014). The natural vegetation 

covers 23% of the broader catchment, the remaining portion of the catchment is mostly 

covered by subsistence agriculture, accounting for 6% and the remaining 2% comprises 

of degraded bushland (ibid.). As we can see from the map below, the three rivers are 

urbanised as they are surrounded by mostly residential and industrial areas, which could 

be the major sources of microplastics in the Durban Harbour. Even though agricultural 

land covers 6% of the catchment, it's still contributing to the microplastic levels in the 

Durban Harbour. Most agricultural plots are located close to the rivers, and we can see 

the uMhlatuzana river passing through some agricultural plots. 



67 
 

 

Figure 27: Generalized land cover map for the Durban Harbour Catchment. This map 

shows land cover (including residential areas, subsistence agriculture, degraded 

bushland and natural vegetation), rivers and dams. Source: Moodley (2014) 

 

Weather and Climate  

 

In KZN, the average summer temperature ranges from 27°C in January to March and 16°C 

in May and July. The province has a warm subtropical climate with an average annual 

rainfall of 1054mm, mainly in summer (Figure 28) (Moodley, 2014). The eastern side of 

South Africa is characterised by high rainfall, and rainfall decreases as you move to the west 

side (ibid.). The KwaZulu Natal province receives rainfall between 601mm to 1,200mm. It is 

estimated that 80% of the annual rainfall occurs during the summer months, causing the 

catchments to flood regularly and causing high river flows in the steep hinterland(ibid.). 

As the catchments flood frequently, the three rivers carry a lot of waste straight into the 

harbour. Therefore, freshwater inflows into the harbour during the summer will likely 

increase, resulting in higher levels of microplastics in the harbour.  
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Figure 28: Average annual rainfall in South Africa. This map illustrates South Africa's 

average annual rainfall, with Durban Harbour highlighted in a black circle. Source: 

Moodley (2014).  

  

Durban Harbour Catchment  

 

Durban Bay has been categorised as an estuary bay, and an estuary bay is a large tidal 

system that receives freshwater input and water from the ocean (Department of 

Environmental Affairs (DEA), 2015). Estuarine bays are the rarest estuarine type in the 

country, with only Richards Bay, Durban Bay and Knysna falling within this category 

(DEA, 2015). The Durban Bay consists of three river catchments, which include 

aManzimnyama, uMbilo and uMhlatuzana river catchments, as seen in figure 29 

(Moodley, Pillay and Pather, 2015; Moodley, Pillay, Pather and Ballabh, 2016). The three 

rivers are located at the center of the urban and industrial zone, which make them largely 
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urbanized river systems (Moodley, 2014; Moodley et al., 2016). These rivers are the main 

freshwater systems draining the different catchments into the Bayhead Canal of the 

Durban Harbour (Moodley, 2014; DEA, 2015; Moodley et al., 2015; Moodley et al., 2016). 

This means that the three rivers bring a lot of waste into the Durban Harbour, including 

plastic and microplastics. 
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Figure 29: Rivers in the Durban Harbour Catchment. This map presents the three rivers 

(uMbilo, uMhlatuzana and aManzimnyama) within the broader Durban Harbour 

catchment.   Source: Moodley et al. (2016) 

 

The uMhlatuzana river catchment covers about 113 km2 and has a length of about 50 km, 

which makes it the largest river catchment in the Durban Harbour catchments (Naidoo, 
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2013; Moodley et al., 2016). Moreover, the uMbilo river catchment is approximately 67 

km2 in size and 35 km in length, while the aManzimnyama river catchment is only 15 km 

in size and 5.5 km long, making it the smallest catchment (Naidoo, 2013; Moodley et al., 

2016). Combined, the three rivers' catchment areas cover about 250 km2, which falls 

completely within the boundaries of the eThekwini Municipality (DEA, 2015). 

Anthropogenic land use has resulted in deterioration of river health in these catchments 

due to the increase in water usage in the last few years (Moodley, 2014). In addition, four 

Wastewater Treatment Works (WWTWs) are also present in the Durban Harbour 

catchments, which discharge wastes directly into the three rivers (Moodley et al., 2015). 

 

Conclusion  

 

There are many activities in the Durban Harbour, like fishing and maritime engineering. 

The Durban Harbour is located in the central region, which has the highest population 

compared to the other regions. The Durban Harbour catchment is dominated by 

residential and industrial areas. Moreover, the Durban Harbour is located on the east side 

of South Africa, which receives high rainfall, especially during summer. The three rivers 

in the Durban Harbour catchment cover a large area. As a result, the Durban Harbour 

receives water input from different sources, including the three rivers. The various 

activities, population density and land in the Durban Harbour catchments could 

contribute to microplastic pollution in the Durban Harbour.   

 

 

 

 

 

 

 

 



72 
 

CHAPTER 4: FINDINGS AND ANALYSIS 

Introduction 
 

The Durban Harbour is different from other harbours in the world because it receives 

inputs from three rivers, including the Amanzamnyama river, Umbilo river and 

uMhlatuzana river. These rivers bring a lot of plastics and microplastics into the Durban 

Harbour. This means everyone should be involved when dealing with microplastics in the 

Durban Harbour because of these different sources. To get a better understanding of 

microplastics in the Durban Harbour, five interviews were conducted with microplastic 

experts. This chapter will first discuss the sources of microplastics in the Durban 

Harbour. Secondly, it looks at the factors that affect microplastic concentrations in the 

Durban Harbour such as population density and seasonality. Thirdly, it discusses the 

effects of microplastic in the Durban Harbour, including ecological, social and economic 

impacts. Lastly, its looks at the mitigatory measures proposed during the interviews. 

 

Sources of Microplastics in Durban Harbour  

 

Before looking at the mitigatory measures to dealing with microplastics, we need to 

understand the primary sources of microplastics in the Durban Harbour. It is clear from 

the interviews and literature that the Durban Harbour receives microplastics from 

different sources, which means that dealing with them will be very challenging and 

require collaboration between the government, industries, and the community.  

 

All harbours around the world receive microplastics from the land (land-based sources) 

and the ocean (ocean-based sources) (Romeo et al., 2015). This is in agreement with what 

the respondents said, they all mentioned that the Durban Harbour receives microplastics 

from the surrounding catchments (land-based sources) and their operations (ocean-

based sources). The land-based sources include industrial and commercial activities, 

Wastewater Treatment Works (WWTWs), the three river catchments, CBD, and 

agricultural activities. Ocean-based sources include fishing, Spillages of cargo, 

recreational activities and dredging. All respondents consider the sources above as 

possible primary sources of microplastics in the Durban Harbour. As stated by Romeo et 
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al. (2015), harbours are a major interface between coastal cities and the sea, thus, they 

are often under heavy anthropogenic pressure. Coupled with that, harbours are 

important hotspots for human-meditated environmental stress, which may increase 

microplastic concentration in these harbours and that makes harbours special in this case 

(Romeo et al., 2015). It is clear that there a many human activities centred around the 

Durban Harbour, which fuels the high concentration of microplastics. 

 

According to the interview responses, a large number of microplastics come from the 

heavy industries in the CBD, the surrounding areas, and the industries within Durban 

Harbour itself. This is in line with Govender et al. (2020) statement that the Durban 

Harbour is largely surrounded by industries. This makes sense because Durban Harbour 

is a heavily industrialized Port, and many industries make use of plastics and 

microplastics in their operations. In addition, there is a lot of plastic and microplastic 

shipping within the Durban Harbour, and spillages are more likely to happen, for 

example, pallet (microplastic) spillage occurred in the Durban Harbour in 2018 when two 

container ships collided (Moodley, 2020). 

 

All respondents highlighted that many plastics and microplastics enter the Durban 

Harbour via the three rivers, including the Amanzamnyama river, Umbilo river, and 

uMhlatuzana river. These rivers drain industrial, commercial, and residential areas, 

including rural areas and informal settlements, resulting in more plastic waste in the 

rivers because of poor waste management. Durban Harbour is a bit similar to the harbour 

of Nieuwpoort in that the harbour of Nieuwpoort reported high concentrations of 

microplastics because of the several rivers (more than six rivers) that are connected to 

the harbour (Claessens et al., 2011). This shows that the rivers play a significant role 

when it comes to microplastic concentrations in harbours and the ocean, and that tells us 

about the interventions needed to limit the amount of microplastics in the environment.  

 

Respondents also alluded to the fact that the three rivers receive industrial wastewater 

discharges from the surrounding industries, effluent from stormwater drains, and 

wastewater discharges from the Wastewater Treatment Plants (WWTPs). As discussed 



74 
 

in Chapter 3, there are four registered WWTPs within the Durban Harbour catchments 

(Moodley et al., 2015). As a result, the WWTPs discharge effluents, contaminated with 

microplastics, into the river systems of the uMhlatuzana and Umbilo catchments, and it 

goes straight into the harbour. The four WWTPs may be one of the major sources of 

microplastics in the Durban Harbour, since Karbalaei et al. (2018) argue that WWTPs are 

regarded as one of the most dominant point sources of microplastics to the aquatic 

environment. Furthermore, Verster and Bouwman (2020) argued that about 40% of 

South Africa’s effluent is left untreated because of the deteriorating WWTPs, which 

makes the situation worse. This means that the WWTPs in the eThekwini municipality 

fail to remove larger quantities of microplastics, posing a threat to the environment. 

 

Most of the informal settlements in the Durban catchment are located along the 

riverbanks (figure 30). Microplastic experts 1 and 3 Highlighted that these informal 

settlements do not have access to basic services, including potable water, lack of waste 

management systems, stormwater drains and wastewater drains. Waste in these areas is 

not collected and they need proper bins to dispose of waste. As a result, it is disposed of 

directly and indirectly into the rivers. According to the literature (Verster and Bouwman, 

2020), the absence of waste removal infrastructure, informal settlements, poorly 

managed waste, urban run-off and littering has resulted in a loss of plastic waste in the 

South African environment. Since these informal settlements are located along the rivers, 

larger quantities of waste, including plastics, make their way into the river and eventually 

into the Durban Harbour. In addition, during heavy rains, a larger number of plastics lying 

around in the informal settlements make their way into the rivers. 
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Figure 30: Informal settlement along the Umbilo river. Source: created from Google Earth 

(2021) 

 

As stated in Chapter 2, marine activities influence the levels of microplastics in the ocean 

(Karbalaeiet et al., 2018). All respondents mentioned that there are a lot of maritime 

activities in the Durban Harbour, which could be major sources of microplastics, for 

example, shipping, industrial activities, boating cruise activities, fishing, ship repairs 

dredging and restaurants. During shipping and recreational activities (boating cruises), 

plastics and microplastics can be directly and indirectly discarded into the harbour (see 

figure 31. This picture shows plastic waste inside the harbour waters, which might have 

been discarded by someone who was in the yacht or someone walking by. We can expect 

more waste inside the harbour during the holiday seasons when more people are in the 

harbour and enjoying the harbour activities. 

 

Informal settlements located along the Umbilo 

river 
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Figure 31: Waste inside the Durban Harbour. This image shows waste inside the harbour, 

which could originate from recreational boating. Source: Ngcobo (2021) 

 

Fishing is allowed in the Durban Harbour but is restricted to certain areas, as shown in 

figure 32. The respondents highlighted fishing as one of the sources of microplastics in 

the Durban Harbour. They also argue that the fishing gear and ropes that are used break 

down into microfibres contributing to the level of microplastics in the harbour. According 

to the literature, discarded, abandoned or lost fishing gear (including ropes and nets) are 

considered one of the sources of microplastics (particularly microfibre) in the ocean (de 

Villiers, 2019; Lusher and Pettersen, 2021). Fishing in the Durban Harbour is not 



77 
 

extensive since it is only restricted to certain areas, thus, fishing might not be one of the 

primary sources of microplastics in the harbour, but it still contributes. More research is 

needed in this regard to examine the impacts of fishing on microplastic levels in the 

Durban Harbour. 

 

 

Figure 32: Fishing spaces in the Durban Harbour. This map displays areas where fishing 

is allowed within the Durban Harbour (like Durban Bay and Addington Beach). Source: 

Kalina et al. (2019) 

 

There are many restaurants in the Durban Harbour, which attracts a lot of people. 

Consumers discard plastic waste into the harbour (intentionally or unintentionally), and 

some waste is poorly discarded on the floor and makes its way into the water (see figure 

33). Microplastics expert 4 mentioned that Wilson Wharf has a lot of people because of 

the restaurants there. These restaurants make use of plastics that could be poorly 

discarded and make their way into the Durban Harbour, where they can eventually break 



78 
 

down into microplastics. Microplastic expert 4 also stated that if one were to walk there 

during a low tide, one would see a lot of plastics that have accumulated there, and many 

discarded plastics have been transported to Wilson Wharf by the wind. 

 

 

Figure 33: Restaurants and waste inside the Durban Harbour. The trash inside the 

harbour could originate from the surrounding restaurants due to littering. Source: 

Ngcobo (2021) 

 

Overall, many activities in the Durban Harbour cause plastic pollution. Because of poor 

management within the harbour, these plastics float all over the harbour and eventually 

breakdown into microplastics (figure 34). As highlighted in Chapter 2, a daily collection 

of waste within the harbour does occur (as represented in figure 35) as part of the Blue 

Port Project, which was introduced in 2019 (International Union for Conservation of 

Nature (UICN), 2021). The project employs local youth from surrounding communities, 

and the youth collects, monitors and tracks waste to understand the movement of waste 
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in the Durban Harbour (UICN, 2021). This project helps limit the amount of waste in the 

harbour, but it is not enough because it is nearly impossible to collect all waste within the 

harbour. Also, clean-ups are time-consuming, and some waste is hard to reach, especially 

if it is in water. As a result, it is important that we prevent microplastics from reaching 

the Durban Harbour because prevention is better than cure.  

 

 

Figure 34: Waste pollution in the Durban Harbour. These images show waste around the 

Durban Harbour and floating in the Royal Yacht Club. Source: Ngcobo (2021) 
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Figure 35: Collection of waste in the Durban Harbour. This image shows the youth 

collecting trash in the Durban Harbour, as part of the Blue Port Project. Source: Ngcobo 

(2021) 

 

Factors Influencing levels of Microplastics in the Durban Harbour  

 

Population Density  

 

There are different views on the relationship between population density and the level of 

microplastics in the Durban Harbour. Within the five respondents I interviewed, three 

agreed that population density greatly influence the amount of microplastics in the 

Durban Harbour. They stated that the Durban Harbour is different from other harbours 

in the world because it is located right next to the Central Business District (CBD) with a 

high human population, which includes the people living and working there. They also 

pointed out that there are heavy industries occurring in and around the Durban Harbour, 

and the harbour has three rivers that flow into it, each of these rivers drains industrial, 

commercial and residential areas, and they pass through larger areas that do not receive 

service delivery such as proper waste management systems. As a result, these rivers 

carry a lot of plastics and microplastics, amongst other pollutants, within them. In 
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addition, if we look at the rural areas and informal settlements, they do not have proper 

bins and proper infrastructure, thus, their waste goes straight into the rivers. 

 

Moreover, the interviewees' arguments closely align with what some scholars say about 

the relationship between microplastics and population density. For example, Nel et al. 

(2017) point out that population density and human activities influence the level of 

microplastics in water bodies, including harbours. For instance, Govender et al. (2020) 

found a positive correlation between population density and microplastic concentrations 

in the five urban estuaries of KwaZulu Natal, including Durban Harbour. Similarly, Nor 

and Obbard (2014) reported a positive correlation between microplastic concentration 

and the level of human activities in Singapore mangroves. 

 

In contrast, the other two respondents had a different take. On the one hand, microplastic 

expert 2 argued that the relationship between the two factors is an assumption that is not 

always true because even agricultural areas are still exposed to plastics, and even rivers 

in isolated areas do have a high amount of microplastics which might originate from 

upstream. Microplastic expert 2 also stated that since microplastics are very tiny, they 

can be transported via air, which means that even isolated areas far away from industries 

and surrounded by a low population are also prone to have a high amount of 

microplastics in their water systems. This agrees with other studies that reported a 

negative correlation between the two factors. For example, Wang et al. (2017) reported 

a negative correlation between microplastic pollution in urban lakes and distance from 

the city centre. Likewise, Lake Hovsgol in Mongolia is reported to have high 

concentrations of microplastics, even though it is characterised by a low population 

density and limited human activities (Shahul et al. 2018).  

 

 On the other hand, microplastic expert 3 pointed out that there is no correlation between 

microplastics and population density, because the amount of microplastics in the 

environment depends partly on population, but a lot of it depends on the level of waste 

management that there is in any particular society. He made an example that if we have 

a community with a high population but with proper waste management, they will have 

relatively little microplastic in the environment, but if there is a reasonably small 
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population but no waste management, they are going to have a lot of plastic and 

microplastics in their environment. Furthermore, microplastic expert 3 argued that the 

level of microplastics in the environment is influenced by a balance between waste 

produced, waste managed and waste that becomes pollution when it enters the 

environment. Therefore, the relationship between the levels of microplastics and 

population density is not straightforward, but it depends on many factors that need to be 

investigated. 

 

I agree with microplastic expert 3 in that the level of microplastics in the environment 

depends not only on population density but also on many factors, such as waste 

production and the availability of waste management systems. There may not be a 

correlation per se, but population density and human activities might influence the 

microplastic concentrations in the Durban Harbour. Since there is poor waste 

management and insufficient infrastructure for waste removal in the Durban Harbour 

catchments, it means more waste (like plastics and microplastics) ends up in the 

environment (Verster and Bouwman, 2020). Moreover, as stated in Chapter 3, eThekwini 

municipality has a high population density, which makes this situation worse because it 

means there are many people making use of plastics which is never properly disposed of 

and managed (General Housing Survey, 2017). As a result, more plastics in the 

environment slowly break down into microplastics and eventually enter the Durban 

Harbour. 

 

Seasonality 

 

Seasonality is one factor that influences the level of microplastics in water bodies. 

However, no research has been conducted on the relationship between seasonality and 

the level of microplastics in the Durban Harbour. Four out of the five respondents argued 

that it is highly likely that there is a link between seasonality and the level of microplastics 

in the harbour. They alluded to the rainfall factor and the river velocity. This aligns with 

Govender et al. (2020) findings, where they discovered that there were more 

microplastics in the Durban Harbour during the wet season. As discussed in Chapter 3, 

South Africa has high summer rainfall, which means river velocity in the three rivers 

increases. As a result, Microplastic experts 3 and 4 stated that more water is flushed into 
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the harbour, and there is probably more plastic and microplastic being carried with it and 

accumulating more into the harbour. 

 

According to Microplastics expert 1, in South Africa and any other country with a strong 

signal for rainfall, one can expect to see a link between microplastic levels and 

seasonality. Microplastics expert 1 pointed out that seasonality within the port of Durban 

has a huge impact when it comes to plastics, and because of that, it is highly likely that 

microplastics will show a seasonal signal as well. Similarly, Microplastic expert 3 stated 

that the first heavy storm brings down a lot of plastics that were either buried further 

upstream or on the riverbanks of the three rivers into the Durban harbour. Furthermore, 

microplastic expert 4 raised an important point that there are a lot of storm water drains 

within the Durban Harbour catchment, thus, if there is more rainfall, it is going to bring 

all of that litter from upstream straight into the Durban Harbour. Microplastic expert 1 

pointed out that the CBD also brings in a lot of plastics into the Durban Harbour when it 

rains, for example, looking at the Durban CBD, the rainfall washes the road clear of 

plastics and microplastics (including those that break off from car tyres and road marking 

paint) into the storm water drains straight into the Durban Harbour. 

 

Clearly, we can expect two things to happen during rainfall in the Durban Harbour. Firstly, 

some plastics slowly break down into microplastics as they are transported into Durban 

Harbour. Secondly, we might have microplastics that have settled further upstream 

coming down into the Durban Harbour at the same time. Microplastics expert 1 

highlighted that even after heavy rains, there will still be a high signal of microplastics, 

because plastics will still be breaking down into microplastics, as plastics take a long time 

to fully clear out. However, microplastics expert 2 does not see any link between the two 

factors and argues that some studies did not find any link between seasonality and 

microplastics because, within the marine environment, there is already a lot of 

microplastics that have accumulated over time. As a result, if you add a little bit in a short 

time, you will not see an effect because the microplastic levels are already so high. 

Microplastics expert 2 further made an example that if there are 10,000 microplastics in 

water and it rains and plastics get into that water and there are now 10,200 microplastics, 

in that regard, it is statistically impossible to say that is due to seasonality.  
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I agree with the four microplastic experts that seasonality influences microplastic 

concentrations in water bodies. The Durban Harbour receives water input from a number 

of storm water drains and the three rivers that cover a large area hand because of this, 

we can expect more waste (especially plastics) in the harbour. Figure 36 shows Durban 

Harbour after heavy rains, this happened after a heavy storm in March 2021 (Guy, 2021). 

It would have been a different story if there were proper waste management systems in 

these catchments, maybe there would not be so much waste in the Durban Harbour after 

heavy rains, but unfortunately, that is not the case. As mentioned in Chapter 3, eThekwini 

municipality experiences 25 degrees to 30 degrees Celsius of sunlight during summer, 

thus, we can expect more microplastics in the Durban Harbour as plastics continue to 

breakdown to microplastics from being exposed to high Ultraviolent (UV) rays. 

 

 

Figure 36: Pollution in the Yacht mole, Durban Harbour. This happened after a heavy 

storm in 2021. The storm transported waste from upstream into the Durban Harbour. 

Source: Guy (2021) 
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Impact of Microplastics in the Durban Harbour 

 

Ecological Impacts 

 

The negative impacts of microplastics on the environment are still being explored 

globally. There is a lot we do not know about the effects of microplastics in the Durban 

Harbour. Thus, the is a need for more research in order to understand these impacts. It is 

clear from the interviews that the effects of microplastics in the Durban Harbour are very 

hard to pinpoint. According to microplastic expert 1, microplastics in the Durban Harbour 

are a straight pollutant, and they carry other contaminants with them. Similarly, 

microplastic expert 5 stated that microplastics are a big problem because their large 

surface area attracts other toxic contaminants to attach to them. These arguments align 

with Ha and Yeo (2018), Amelia et al. (2021) and Bezerra et al. (2021), who argued that 

microplastics could carry toxic contaminants like additives and heavy metals. This means 

that animals exposed to microplastics will suffer from impacts caused by microplastics 

and the pollutants they carry with them (Amelia et al., 2021). 

 

The interview responses indicated that the effect of microplastics in the Durban Harbour 

would be more direct to the aquatic life. For example, if the zooplankton eats 

microplastics, marine species that eat zooplankton are affected, and the food web also 

gets affected (Barboza et al., 2018). In addition, microplastic experts 3 and 5 emphasised 

that invertebrates like crabs or sand prawns living in the Durban Harbour could all 

potentially suffer negative effects, such as slow growth and tissue inflammation, both 

from directly ingesting microplastic or from effects on the food chain (Vethaak and Legler, 

2021).. However, these negative impacts are very hard to quantify in the environment. 

Nevertheless, it is clear from the interviews that the aquatic animals at the bottom of the 

food web are exposed to microplastics, affecting both the food web and the food chain in 

return. This means humans are also exposed to microplastics and could suffer negative 

impacts (Vethaak and Legler, 2021). 

 

According to Beaumont et al. (2019), as microplastics and associated pollutants 

contaminate the food chain, aquatic animals like shellfish and fish stocks can suffer from 

lethal and sub-lethal effects. The information gathered from the interviews also 
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demonstrates that the presence of microplastics in the harbour could have sublethal 

effects. In other words, animals consuming microplastics, microplastics are reducing 

their health and growth. Microplastic expert 3 elaborated that, over time, this will 

negatively affect the whole population of these animals, causing a knock-on effect up and 

down the food web (Barboza et al., 2018). This raises a lot of concern for biodiversity in 

the Durban Harbour because it is a diverse biological hub for many species (Guastella, 

1994). Having discussed the ecological impact of microplastics, the following section 

takes this analysis further by examining the potential economic and social impacts of 

microplastics in the Durban Harbour. 

 

Social and Economic Impacts  

 

Globally, we do not know much about the social and economic impact of microplastics, 

and no study has been done in South Africa that looks at the economic and social effects 

of microplastics (Verster et al., 2017). Therefore, it was a bit difficult for the respondents 

to predict these effects in the Durban Harbour. Three of the five respondents stated that 

microplastics that are 5 mm are big enough to be visible and cause a significant aesthetic 

effect, especially in recreational areas. Microplastic expert 5 highlighted that 

microplastics visible to the human eye have negative implications on tourism. Certainly, 

people do not want to go to the beach where there is a lot of litter. This might have 

unprecedented impacts because the Durban Harbour is a tourist attraction with many 

activities.  

 

Over and above that, all respondents argued that people who practise subsistence fishing 

in the harbour are exposed to microplastics when consuming contaminated seafood, 

which can negatively impact their health (Vethaak and Legler, 2021). Two respondents 

argued that mussels in the Durban Harbour have been reported to have high levels of 

microplastics and because people eat the entirety of a contaminated mussel, they eat 

microplastics too. This resonates well with Beaumont et al. (2019: 191) argument that 

“the consumption of microplastics by humans will occur when the entirety of a 

contaminated organism (anchovies, mussels, sprats, oysters), including the gut, is eaten.” 

Even though we do not know how extensive fishing is in the Durban Harbour, nor if there 

are restaurants that catch their fish in the Durban Harbour. If restaurants fish there, that 
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could exacerbate the impacts of microplastics because more people are exposed to these 

toxic pollutants. Microplastic expert 3 made an important argument that microplastics 

can be transported from the Durban Harbour to the ocean (East Coast beach) where there 

is commercial fishing happening and this means that people consuming this 

contaminated seafood would suffer the impact. He further argued that this could also 

have an economic impact because if people are aware of the potential impacts of 

microplastics, they will end up not buying seafood, which will affect the seafood industry, 

thus affecting the economy.  

 

Moreover, microplastic experts 4 and 5 stated that as people become more aware of 

microplastics, they will slowly migrate from Personal Care and Cosmetic Products 

(PCCPs) such as toothpaste containing microbeads. In that sense, it could affect the 

economy where there is less demand for these types of products. Therefore, what I can 

pick up from the interviews is that most of the social and economic impacts of 

microplastics in the Durban Harbour are indirect impacts that should be taken into 

consideration when dealing with microplastics.  

 

All respondents emphasised that the economic effects of microplastics come in as the cost 

of removing microplastics from the environment. Microplastics are very difficult and 

expensive to collect because of their small size, even when the beaches are being cleaned, 

most microplastics are often left behind (Leslie, 2014). In that case, they continue to 

contaminate the environment. For example, there was a big spill of plastic pellets in the 

Durban Harbour in 2017. Another big economic cost, highlighted by microplastic experts 

1, comes in when the government has to introduce solutions, such as putting filters in the 

washing machine to prevent microfibres from entering the environment directly or via 

WWTPs.  

 

Mitigatory Measures to Microplastic Pollution in the Durban Harbour 

 

As mentioned in the literature review, there is an argument regarding the banning of 

microbeads in PCCPs. Some argue that the banning of PCCPs is unnecessary because it 

does not contribute much to limiting the number of microplastics in the environment. 
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This argument is based on most studies that discovered that the dominant type of 

microplastics is microfibers and not microbeads (Karbalaei et al., 2018). Thus, other 

researchers are arguing against the banning of microbeads. However, all respondents 

saw the need for the South African government to follow countries like Sweden, Canada, 

New Zealand and France in the banning of microplastics in personal care products. They 

argued that banning microbeads will help limit the amount of microplastics in the 

environment or specifically in the Durban Harbour.. I also agree with them because it is 

better to start doing something now, because later might be too late.  

  

The fact that other countries like the United Kingdom and the United States of America 

have introduced policies that ban the use of microbeads shows their willingness to deal 

with the issue of microplastics. Microplastics expert 2 argued that this is a miserable 

failure from our government because some countries are at least doing something to deal 

with microplastic pollution. Banning microbeads will be the first step to dealing with 

these pervasive issues. Also, microbeads are an addition to PCCPs, which means we can 

do without them. They are not necessary and can easily be replaced by something.  

 

Mitigatory Measures Proposed by Respondents  

 

Regarding the mitigatory measures that can be taken to deal with microplastic pollution 

in the Durban Harbour, all respondents proposed measures that can be implemented to 

deal with microplastic pollution. According to the respondents, it must be noted that once 

microplastics are in the environment, it is extremely difficult to collect from the 

environment. It depends on their size, some microplastics of a certain size can be taken 

out of the harbour, especially if they float, but it would be an immense amount of work 

and very expensive.  

 

The interview responses indicated that a very immediate effective solution to 

microplastics is preventing or minimizing plastic waste entering the Durban Harbour. 

That is crucial because limiting the number of plastics entering the harbour means there 

will be no plastics breaking down into microplastics.   The aim is to limit the amount of 
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microplastics being added to whatever is currently in the Durban Harbour. The target of 

solutions should be upstream because a lot of plastics come from upstream on the Durban 

Harbour catchments. However, a considerable amount of macroplastics also come from 

the Durban Harbour itself. A lot can be done to prevent plastics from entering the Durban 

Harbour, and the conclusion chapter will take this further by looking at the actions that 

urban managers can take. 

 

On the one hand, some respondents argued that the government should be at the 

forefront of dealing with the issue of microplastics in the Durban Harbour. Still, it is not 

only government that has to take responsibility for dealing with this issue. Respondents 

also highlighted that the industries that produce and use plastics and microplastics must 

also take responsibility, and the extended producer responsibility (EPR) will play a 

significant role in ensuring that industries are held responsible for the disposal of their 

plastic products. Recently, South Africa introduced mandatory EPR on the 5th of May 

2021, which is a good start.  

 

On the other hand, some respondents argued that it is not the government, but the people 

in academia, such as microplastic experts should be at the forefront of dealing with 

microplastics in the Durban Harbour. This is because microplastic experts are aware of 

microplastics and they can teach government, industries, and communities about 

microplastics since it is a new field of study. This is vital because people need to be fully 

aware of microplastics to see the need to do something about them. We cannot expect 

them to take responsibility for something they do not know, but if they know better, they 

can do better.  

 

In South Africa, it has become a norm to say that the government should take the lead in 

solving all the problems faced by the country. But is the government able, or is it feasible 

for the government to take the lead in dealing with these problems? For example, even 

with dealing with microplastics in the Durban Harbour, some respondents stated that the 

government should take the lead. But, there is extreme doubt whether the government 

could fully take responsibility. Given the issues of corruption, politics, and all the factions 
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and intra and inter-party strife in the municipality, it does not seem to be capable of doing 

that. With regard to corruption, the KZN province is the 2nd most corrupt province in the 

country, and corruption affects the functioning of the city (Abrahams, 2020).  

 

When looking at the political issues and intra and inter-party strife, eThekwini remains 

an area of concern regarding political killings (Dawood, 2022). For example, it was 

reported that a newly elected council member for eThekwini municipality was shot in 

November before he could serve diligently as a community representative (Abrahams, 

2020; Dawood, 2022). Coupled with that, the eThekwini municipality has been faced with 

municipal sewage pollution affecting South African rivers for many years. For instance, 

during the New Year holidays, there was an overflow from the sewage treatment works, 

which resulted in the closure of Durban beaches (Carnie, 2022). Because the city 

functions as a system (systems approach) we cannot overlook all these issues because 

every aspect of the city is related to one another, from the economic, social, political to 

the environmental elements (Jackson et al., 2010). As a result, dealing with microplastics 

will be difficult if the other elements are not functioning well themselves, for instance, 

corruption takes away the money that can be used to protect the environment by 

upgrading WWTPs and storm water systems. 

 

Microplastic experts 1 and 3 stated that the Durban Harbour has a role to play by 

managing the plastics and microplastics going in and out of the harbour. Durban Harbour 

officials can also strengthen the regulations to monitor the transportation and movement 

of plastics and microplastics in the harbour. Microplastics should be treated like other 

potentially toxic chemicals because they are very harmful. This is a crucial point because 

some of the plastics and microplastics originate from the Durban Harbour itself. The 

Durban Harbour is currently faced with many problems, including corruption and truck 

congestion. Late last year, firms signed a petition over extensive delays and congestion 

caused by the ineffectiveness of the truck booking system and Transnet's poor 

management of staff leave benefits (Magubane, 2021). This shows that there is a 

fundamental issue of management that needs attention. 
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Conclusion  
 

The Durban Harbour has different microplastic sources, including the three rivers. The 

impacts of microplastics in the Durban Harbour are more directly on aquatic animals. 

Furthermore, respondents argued that people are also exposed to microplastics from 

consuming contaminated seafood, and which can potentially affect their health. The 

socio-economic impacts of microplastics in the Durban Harbour include effects on 

tourism and seafood industries and the cost of clean-ups. Importantly, the respondents 

argued that the South African government should introduce a ban on PCCPs containing 

microbeads. They also pointed out that researchers and scientists have a significant role 

to play in educating people about microplastics and their impacts on the environment. 
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 

Introduction 
 

Microplastic studies have recently emerged in South Africa, including the Durban 

Harbour. We still do not know much about microplastics and their impacts on the Durban 

Harbour. However, with what we know so far, we can start looking at solutions to 

addressing this pervasive problem. This chapter is separated into two sections. The first 

section looks at the conclusion of this study. The second section presents 

recommendations for the problem of microplastics. The recommendation section 

outlines measures that urban managers can implement to limit the number of 

microplastics in the Durban Harbour. The GET Matrix, which stands for Governance, 

Education and Technology, is the best tool to deal with microplastic pollution.  

 

Conclusion 

 

To conclude, this study intended to present mitigation measures that urban managers 

and experts can introduce in addressing the problem of microplastics in the Durban 

Harbour through a review of microplastics' sources and environmental effects. The study 

aimed to answer the question of the sources of microplastics, the impact of microplastics 

and the mitigatory measures that can be introduced to deal with microplastics in the 

Durban Harbour. As discussed in the literature review, there are many sources of 

microplastics in water bodies, such as harbours, which the respondents also highlighted 

during the interviews. As a result, this highlights the need for collaboration between the 

different spheres of government, together with industries and communities. In an 

attempt to answer the research question, the study employed a qualitative research 

approach and used a single case study research strategy. The study conducted five 

interviews with microplastic experts, including those who have done research 

specifically in the Durban Harbour (refer to table 1).  

 

In addressing the main research question, Durban Harbour has different sources of 

microplastics. As highlighted by the respondents in Chapter 4, the three rivers, including 

uMbilo, uMhlatuzana and aManzimnyama rivers, directly and indirectly influence 



93 
 

microplastic concentration in the Durban Harbour. The former influence occurs when 

microplastics enter the three rivers through wastewater treatment plants (WWTPs) or 

industries. The latter occurs when plastics enter the rivers and gradually break down into 

microplastics, which are transported straight into the harbour. This means that the three 

rivers are the major source of microplastics in the Durban Harbour. However, the three 

rivers are not the only sources of microplastics, we also have microplastics breaking 

down from car tyres and road markings, and some are generated by recreational 

activities within the harbour, as pointed out in Chapter 2 and 4.  

 

The research findings suggest that microplastics have an adverse effect on the Durban 

Harbour. The negative effects include ecological and socio-economic impacts. Firstly, the 

ecological impact of microplastics affects not only marine species within the harbour, but 

also the broader East Coast beaches, as discussed in Chapter 4. This is because the 

harbour itself acts as a source of microplastics in the ocean, as microplastics in the 

harbour are transported to the East Coast beaches. As a result, marine species, including 

fish, can suffer from biological impacts in these two areas. This also means that people 

who practice subsistence fishing in the Durban Harbour and East Coast beaches are 

exposed to these pollutants, resulting in health impacts. Secondly, the socio-economic 

impacts can be linked to human health impact, because as more people become aware of 

microplastics, they might stop buying or consuming seafood. This will have and negative 

impact on the seafood industries in the country.  

 

The different sources of microplastics and their negative impacts in the Durban Harbour 

show that urban managers have a significant role to play in addressing this issue. 

However, it is not going to be easy because of the problems ( such as corruption, politics, 

and intra and inter-party strife) faced by the eThekwini municipality, as outlined in 

Chapter 4. Urban managers are responsible for bringing together and facilitating 

collaboration between role players in a city. In this case, urban managers must make use 

of the management tool known as the GET matrix (GET stands for Governance, Education 

and Technology) to address microplastics in the Durban Harbour. The GET matrix will 

bring together the government, organisations, industries, and community and usefully 

work towards limiting microplastic pollution.  
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Recommendations 
 

GET Matrix 

 

Looking at the different sources and the potential impact of microplastics in the Durban 

Harbour, it is clear that it will be challenging for urban managers to deal with this issue. 

However, urban managers within the eThekwini municipality can effectively employ the 

decision-support tool known as the GET matrix to deal with microplastics in the Durban 

Harbour. GET stands for Governance, Education and Technology (figure 37). The GET 

Matrix was developed by the Global Development Research Centre (GDRC) in Japan, and 

it was developed "in order to analyse and separate the different decisions needed to solve 

an environmental problem based on its experience in a number of fields and issues" 

(Srinivas, 2015: unpaginated). Firstly, the governance systems are concerned with the 

laws, rules, regulations, policies, decision-making, the role of civil society, monitoring and 

evaluation, and frameworks that are needed to promote environmental sustainability 

(ibid.). Secondly, the education systems are concerned with the awareness, capacity, 

skills, lifestyle, and information that is required to support environmental sustainability 

(ibid.). Lastly, the technology systems include network infrastructure, waste 

management, urban design and social services (ibid.). Thus, "the GET Matrix is a decision-

support tool that provides a big picture of the complex and interrelated actions and actors 

needed to promote environmental sustainability," and the issue of microplastics needs 

this supporting tool because of the different sources of microplastics (Srinivas, 2015: 

unpaginated). 
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Figure 37: The GET Matrix. This diagram illustrates the three spheres of the GET Matrix. 

Source: Lecturer slide by Prof. Sihlongonyane (2021) 

 

Governance  

 

Black et al. (2019) made an important argument that collective governance, coupled with 

management systems that make use of different tools (including community 

involvement), can help mitigate plastics pollution in the environment. This could also be 

said for mitigating microplastics in the Durban Harbour. Without a doubt, collective 

governance is very much needed, judging from the fact that the overall eThekwini 

municipality is poorly managed. The eThekwini municipality needs a management 

framework and must be able to enforce policies. Furthermore, as stated in Chapter 4, the 

eThekwini municipality is faced with poor governance, and the first point of reference is 

to work towards good governance so that the municipality can deal with all the cascading 

issues, including microplastic pollution. Good governance will allow the local government 

to introduce and implement policies successfully, followed by consistent monitoring and 

enforcement of those policies dealing with microplastic pollution. Furthermore, good 
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governance will help in dealing with the social, economic, and environmental problems 

faced by the municipality, for example, it will help deal with corruption which affects the 

provision of basic services to the communities. One of the policies the South African 

government should introduce is the banning of microbeads. 

 

Banning of Microbeads 

 

As stated in previous chapters, some countries have introduced policies for banning 

microbeads in all their applications, including cleaning products, plastic blasting, printer 

toners, textile printing, medical applications and automotive molding. Meanwhile, South 

Africa has done nothing in this case (Abreu and Pedrotti, 2019; Onyena et al., 2021). 

Undoubtedly, an effective legislative approach to microplastics is a good first step. 

Guerranti, Martellini, Perra, Scopetani and Cincinelli, (2019:75) state that "the problem 

is global and impossible to be solved by banning products containing microbeads only in 

some countries, thus, a general ban would be necessary" because microplastics are 

widespread and very toxic. The ban on microbeads is vital, because it is impossible to 

collect microbeads on the environment (Leslie, 2014). Therefore, the ban on microbeads 

is the first and easiest solution for the South African government to introduce.  

 

Waste Management Systems  

 

Waste management is vital in managing plastic waste and microplastics in the 

environment. As highlighted by the respondents, the state of waste management systems 

in South Africa is very poor, and the lack of infrastructure makes this situation worse. 

Thus, the South African government, together with regional and local governments, has a 

significant role to play when it comes to waste management. The Durban Harbour 

catchments require proper waste management systems. There is a need for bins and 

waste collection schemes, especially in rural areas and informal settlements, because 

uncollected plastic waste makes its way into the Durban Harbour via the three rivers. In 

order to fight microplastic pollution, the South African government should provide better 

waste management systems and infrastructure to support recycling (Plastic SA, 2019). 

This investment will also boost job opportunities as recycling facilities will be able to 
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expand their intake and require more people to handle the waste (ibid.). In order to make 

recycling more accessible, the government should lend a hand to smaller recycling 

facilities (ibid.). Improving the collection and recycling of plastics will benefit not only the 

environment but also the economy (ibid.). 

 

Extended Producer Responsibility 

 

The Extended Producer Responsibility (EPR) policy is useful in fighting plastic pollution 

as well as microplastic pollution in the environment. As highlighted in Chapter 2, the 

mandatory EPR in South Africa was recently implemented. This is a good start because it 

is not only dealing with plastic pollution but also microplastic pollution in the country. 

For EPR to effectively mitigate microplastics in the environment, it is vital that all 

stakeholders within the waste management and packaging value chain collaborate for 

EPR to be successful (Arp, 2021). Most importantly, the government should establish "a 

monitoring and reporting system" because it is vital for the EPR policy to be effective 

(ibid.:29). Monitoring and reporting are very crucial for assessing the effectiveness of 

sustainable waste management and the progress towards achieving the EPR targets (Arp, 

2021). Significantly, the "monitoring and reporting framework" is instrumental in 

ensuring that all stakeholders comply with the EPR law (ibid.). Furthermore, monitoring 

and enforcement are crucial because South Africa usually has good policies but poor 

implementation, which makes the whole policy in vain. 

 

Education  

 

Education can be considered a powerful instrument when fighting against plastic and 

microplastic pollution. Many people do not know the impacts of plastic waste and they 

do not even pay attention to the amount of plastic waste they produce in their daily 

activities (Hanekom, 2020). As a result, raising awareness and educating people about 

plastics and microplastics is necessary. We need to produce less plastic waste and 

normalise reusing and recycling products and that can be done through awareness and 

education. Even though awareness does not guarantee positive action, knowledge of the 

impact of microplastic pollution may prompt a shift in attitude and values, ultimately 
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resulting in behavioural changes (Hanekom, 2020; Karbalaei et al., 2018). Consequently, 

awareness and education can result in sustained changes in behaviour, which is vital if 

we want to limit microplastics in the Durban Harbour (Hanekom, 2020). 

 

Consumers can clearly play a vital role in mitigating microplastic pollution when they are 

educated and aware of microplastic impacts. According to Abreu and Pedrotti (2019), 

one way to reduce plastic waste in the environment is to buy responsibly. Thus, if people 

are educated about microplastics, they can choose to buy products that are not packed in 

plastics and reusable products (Abreu and Pedrotti, 2019). We often hear government 

authorities and plastic industries saying that citizens are responsible for minimising their 

waste production. Before saying that consumers should take responsibility for their 

products, we should make sure that they are aware of the plastic and microplastic 

impacts on the environment because we cannot expect them to react to something they 

are not even aware of. Abreu and Pedrotti (2019:66) argued that "consumers can take 

responsibility for sorting their waste and making sure that end-of-life products are sent 

for appropriate recycling, where this is available.” It will be easy for citizens to take 

responsibility for their microplastic-containing products where awareness raising is 

accompanied by appropriate infrastructure to promote this critical change in behaviour. 

 

The non-profits organisation mentioned in Chapter 2, such as Source 2 Sea Initiatives, 

have played a significant role in increasing awareness of plastic contamination in the 

water systems within the eThekwini municipality. However, there is a need for 

organizations to raise awareness and educate people about microplastic pollution and its 

impact on the national, provincial, and local scale. Moreover, there is a need for 

sustainable solutions to the microplastic problem within the Durban Harbour. This could 

be achieved by educating primary and high school learners and university students 

because it will help in preventing microplastic pollution in the future (preventive action) 

(Karbalaei et al., 2018). 

 

Education and awareness are fundamental to mitigating microplastic pollution in the 

Durban Harbour because it will be easy to gain political approval and acceptance from 

the surrounding communities, and both the public and private sector will be committed 

to mitigating microplastics in the harbour. Kershaw (2015) stated that education and 
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awareness encourage the creation of a circular economy, which treat useless and 

unwanted plastic waste as a resource. The use of unwanted plastic products will limit the 

amount of plastics in the environment, meaning there will be fewer or no plastics 

breaking down into microplastics.  

 

Technology  

 

The Use of the Internet to Educate and Raise Awareness 

 

Prata et al. (2019) stated that the internet could be utilized as a useful tool for raising 

awareness. This educational tool can be used to educate a number of people about 

microplastic pollution. Social media is very useful in reaching a number of audiences 

because it now has a significant impact compared to other information platforms (Prata 

et al., 2019). Social media plays a crucial role in creating opportunities for people to 

engage with the information provided. As pointed out in Chapter 2, Prata et al. (2019) 

explored the word ‘microplastics’ on social media and discovered that over the years, 

more information on microplastics has been shared on social media and more people are 

becoming aware of microplastics. Furthermore, the urban managers within the 

eThekwini municipality can use social media to educate the public about microplastics 

and their impacts on the environment. They can also create short educational films about 

plastics and microplastics and post them on social media. These educational films should 

also be played on different radio stations and television to educate more people because 

not everyone has access to smartphones. Undoubtedly, the use of the internet, especially 

social media, can lead to people actively learning about microplastic pollution in the 

eThekwini municipality. 

 

Technologies for Preventing and Collecting Plastic and Microplastics 

 

The quick solution to microplastics is to stop producing plastics and microplastics that 

get into the natural environment in the first place. However, that is not feasible as we 

need plastics and microplastics for food safety and medical products. Nevertheless, we 

have plastics and microplastic products that we can do without and replacing them with 

other natural products carries more benefits for the environment. It is crucial that we go 
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beyond recycling and reusing plastic products to limiting the amount of single-use 

plastics produced, because they can be used for a short time but persist for centuries in 

the environment (Bryce, 2021). This means that we need to stop producing non-essential 

plastic and microplastic products, and this requires collaboration between the 

government, industries and consumers (ibid.). Importantly, all these solutions will occur 

at a very slow pace and will take a few years to unfold (ibid.). Meanwhile, plastics and 

microplastics will keep on infiltrating the three rivers and flow straight into the Durban 

Harbour. As a result, there is a need for innovative technologies that will prevent and 

collect plastics (clean-ups) and microplastics already in the Durban harbour.  

 

Schmaltz, Melvin, Diana, Gunady, Rittschof, Somarelli, Virdin and Dunphy-Daly (2020:3) 

created the "Plastic Pollution Prevention and Collection Technology Inventory to aid local 

governments, non-governmental organizations, and other stakeholders in identifying 

technologies that may help to remediate hotspots of marine plastic pollution". The 

Inventory focuses on two types of technologies, the first technologies focus on preventing 

plastic from leaking into the freshwater systems and the aquatic environment (Schmaltz 

et al., 2020). The second technologies focus on collecting plastic waste that is already in 

the environment (Annexure 1) (Schmaltz et al., 2020). This inventory will be very useful 

for urban managers mitigating microplastic pollution in the Durban Harbour, because it 

does not only have technologies for plastic pollution but also for microplastic pollution. 

As we can see in (Annexure 1), there are many different technologies that can be used in 

addressing the issue of microplastics in the Durban Harbour. It is just a matter of choosing 

the ones that will work best in the Durban Harbour and the river catchments. Because we 

are now aware of the different sources of microplastics in the Durban Harbour, it is going 

to be easier for urban managers to choose the appropriate technologies to deal with 

microplastics from their different sources. The main focus should be on preventing 

plastics from entering the Durban Harbour, thus, urban managers should choose more 

prevention technologies.  
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Clean-up Boat 

 

Ultimately, effective intervention strategies will combine technologies and tools that can 

be implemented logistically and economically. Fortunately, litter booms have been 

installed in the three rivers and have helped prevent a large amount of waste from 

entering the Durban Harbour (Hlatshwayo, 2021). However, the sole use of booms is not 

enough because they cannot capture plastic traveling on the surface and require an 

adequate collection mechanism (Nikiema  and Asiedu, 2022). Combining booms with a 

clean-up boat is the best approach (ibid.). As a result, booms should be used in 

combination with clean-up boats in these three rivers. Clean-up boats use a system of 

baskets and nets to collect wastes from the river and sea surfaces (ibid.). Clean-up boats 

are also useful in collecting trapped plastic waste (ibid.). 

 

Conclusion 
 

Microplastics are toxic pollutants that have the potential to carry other contaminants 

with them. High levels of microplastics have been recorded in the Durban Harbour and 

their effects on aquatic animals. Since Durban Harbour is a biological hotspot, the high 

concentrations of microplastics put biodiversity at risk. In addition, interviews showed 

the possible socio-economic impacts of microplastics. Thus, there is a need for research 

on microplastics' economic and social impacts in the Durban Harbour and South Africa 

as a whole. It is clear from this study that there is a lot we still need to learn when it comes 

to microplastics, especially their impacts. However, we can start looking at the solution 

to this pervasive issue with what we know so far. The GET Matrix is a good start for urban 

managers because it looks at three fundamental parts (governance, education, and 

technology) to address the issue of plastics and microplastics in the environment. 
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                       Annexure A 

 

Table 5: Plastic and Microplastic Prevention and collection technologies (Bryce, 2021). 
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