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ABSTRACT

Plastic pollution has been a universal issue since the industrial revolution and the problem
became to be noted by scientist in the late 1960s and early 1970s within aquatic environments.
Plastic waste has a significant impact on the natural environment and humans. This study aims
to assess the distribution, composition, human perception, and pro—environmental behaviour
towards plastic pollution in the Nkomazi Local Municipality, Mpumalanga Province, South
Africa. Specifically, the study intends to assess the (i) assess the spatial distribution, abundance,
and composition plastic pollutants, and (ii) assess the respondent's understanding of the effects
of improper plastic disposal on the environment and assess variables that affects respondents’
choices for managing their plastic waste. The study was conducted in Nkomazi Local
Municipality across three big towns (i.e., Komatipoort, Malelane, Hectorspruit), three small
towns (i.e., Tonga, Kamhlushwa, Schoemansdal), and three villages (i.e., Phiva, Ntunda,
Schulzendal). Firstly, a drive—by survey method was conducted to spatially locate illegal plastic
dumping and enumerate the abundance and plastic composition. This was followed by 270 (30
per town/village) randomly selected household interview surveys to gather information on
plastic pollution knowledge, perceptions, effects, and pro-environmental behaviours on local

communities.

Results show that illegal dumping of plastics was common across both urban and rural areas
but was more prevalent in low—income areas in big and small towns. Most illegal plastic
dumpsites were categorised as large with most of these located in big and small towns than
villages. Illegal plastic dumping was common along roadsides and vacant plots, and
polypropylene (PP) and polyethylene terephthalate (PET) were the most common plastic
identified across most dumpsites, being more visible in rural than urban areas. Interview results
show that most respondents have knowledge about plastic pollution in urban areas (both big
and small towns) compared to villages. Respondents were aware of both the health and
environmental effects of plastic pollution, however, knowledge of pollution effects varied
across the study towns and villages. Except for the pro—environmental behaviour linked to
plastic disposal procedure, most of the respondents in both urban and rural areas are unaware
of the pro—environmental behaviours linked to plastic management such as recycling,

separation, reuse, and participation in pro—environmental campaigns. Both sociodemographic



variables (e.g., age and education level) as well as pro—environmental behaviours (e.g., reuse
and sustainability) informed some of the respondents’ positive perception regarding plastic

pollution.

From a plastic pollution management standpoint, these results suggest (i) the need for financial
investment by the municipalities towards plastic pollution reduction such as promoting reuse
and recycling, (ii) measures to develop effective means of managing waste in the municipality
are needed such as having waste facilities (bins) and effective waste collection time. In
addition, (iii) strengthening pro—environmental attitudes and behaviour (awareness campaigns
and citizen science) amongst residents of the municipality is needed to effectively manage
waste pollution, and (iv) government financial and human resources investment in low—income
areas because of the environmental justice mantra linked to plastic pollution. More studies are
required on plastic pollution across different South African towns and cities to develop

town/city specific waste management plans that are informed by human perceptions.

Keywords: Pro—environmental behaviour (PEB), plastic awareness and knowledge,

Municipality, perception, plastic pollution, natural environment.
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CHAPTER ONE: GENERAL INTRODUCTION

1.1. Background of study

Plastic pollution on the natural environment is a major concern globally (Sivakumar, 2018).
Plastic is a generic term which covers all different types of synthetic material used for
packaging and manufacturing of various items (Dey et al., 2020). Plastics have been broadly
utilised and have proven to be convenient for daily uses (Widayat et al., 2022). The amount of
plastic production worldwide has been significantly increasing with great quantities of it being
indirectly or directly disposed onto the natural environment (Geyer, 2020). Furthermore,
despite being resistant to decomposition, old plastic packaging products greatly increase the
likelihood of polluting the environment, including water, soil, and the ocean (Grebitus et al.,
2020). Thus, local human community members are important actors and may contribute to the
mitigation of plastic pollution problem by making different changes to their behavioural

choices (McKinley, 2012).

It is important to assess the community’s perception and pro—environmental behaviours (PEB)
towards plastic pollution as they are major drivers. According to Hammami et al. (2017),
community members persist to act in an environmentally unfriendly manner despite having a
basic understanding of proper disposal of plastic waste. Consequently, it is intriguing to learn
about the factors that affect how consumers react to the packaging of the products they use.
Understanding consumers’ purchasing and disposal decisions may contribute to solving the
issue of plastics pollution. Thus, consumer behaviour in dealing with product packaging of
waste can be used to understand how to solve the problem of environmental pollution caused
by plastic waste. Rogayan and Elyionna (2019) observed a relationship between people’s
comprehension of ecological concerns and their behaviours in solving environmental issues.
According to Sommer (2004), environmental sustainability is threatened by several
environmental issues, including climate change, pollution, water scarcity, environmental noise,
and biodiversity loss. Numerous of these issues have their origins on human behaviour and
therefore manageable by changing the behaviour in question to lessen its detrimental impact
on the natural environment (Manisalidis et al., 2020). For example, small changes with regards
to recycling done by an individual could result in reductions in plastic waste dumping, which

if done by multitude of people within a community trigger a significant change.



Pro—environmental behaviour (PEB) refers to any actions or behaviours that individuals engage
in to reduce their negative impact on the environment and promote sustainable living (Omarova
and Jo, 2022). Individual values and beliefs play a key role in shaping PEB. For example,
individuals who prioritize environmental sustainability may be more likely to engage in PEB
than those who prioritize economic growth or other values (Steg and Vlek, 2009). Social norms
also play a role in shaping pro—environmental behaviour, as individuals may be influenced by
the behaviour of their peers and social networks (Keizer and Schultz, 2018). Economic
incentives, such as subsidies for renewable energy or taxes on carbon emissions, can also
motivate PEB by aligning economic incentives with environmental goals. Finally, policy
interventions, such as environmental regulations and public education campaigns, can provide
a framework for promoting PEB and creating a culture of environmental stewardship (Pelletier
et al., 2008). Pro—environmental behaviour is an important concept in the context of addressing
environmental issues such as climate change, deforestation, and pollution. By promoting
sustainable living and reducing negative environmental impacts, PEB can help create a more
sustainable and resilient future for both humans and the natural environment. For instance,
Calculli et al. (2021) made remarks that, individuals who are aware of environmental problems

are more inclined to take part in creating solutions to existing environmental problems.

Some of the studies (e.g., Al-Haziazlet et al., 2019; Si et al., 2019; Nazareth et al., 2019) have
been conducted to assess local communities’ awareness of their behaviour and perceptions in
relation to plastic pollution. It is essential for researchers to continue to raise awareness in the
context of community’s perception concerning plastic pollution. Identified patterns would be
used to assist in recognising potential mitigation measures. Assessing the perception and PEB
towards plastic pollution among the community members depends on their participation and
eagerness. Thus, the environmental knowledge and attitudes are key elements for changing
human actions (Laabidi, and Charafi, 2023). However, the limitation on changing human
attitude is mostly due to the lack of applicable and positive environmental attitudes by

educators (Molstad et al., 2018; So et al., 2021).

In as much as the social aspects of understanding plastic pollution for management purposes is
important, identification of illegal plastic waste disposal and the type of disposed plastic in
communities is important. Landfills, dumpsites, and illegal dumping areas are some of the main
areas where most plastic is disposed within communities (Su et al., 2021). Once disposed, most

of the plastic gradually degrade the environment, with small particles ending up in river and
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natural ecosystems (Khoaele et al., 2023). The negative effects associated with plastic disposal
mostly affect poor communities that reside next to dumpsites. Plastic, particularly microplastic
can affect plant performance leading to reduction in food yields which in the long run affects
the poor (Okeke et al., 2022). Effects on humans and animals linked to plastic pollution have
been widely reported (Okeke et al., 2022). All these effects are mostly felt by the poor who
reside close to dumpsites and have limited financial safety net to buffer the effects. Therefore,
the identification of dumpsites, the type of plastics at dumpsites, and sizes of dumpsites is
important if effective methods of managing plastic pollution are to be developed, particularly
from an environmental justice standpoint. Most plastic is deposited along vacant lands, road
verges, and commonages due to proximity to houses and the fact that these are open access
areas (Leitao et al., 2023). The type of plastic being illegally disposed tend to vary depending
in communities, users within an area, and consumer behaviour. It is important to conduct
studies on spatial distribution of illegal plastic waste dumping and well as composition if better
management strategies are to be developed, especially in Africa were financial resources to

manage plastic pollution are limited.

1.2. Problem statement

One of the most critical problems of modern times is plastic pollution: each year, 436.7 million
tons of plastic were manufactured globally by 2023 (Dorigoni and Bonini, 2023; Houssini et
al., 2025). The increased consumption of products packaged in plastic bottles and bags is
causing severe environmental problems. For example, plastic pollution may result in a negative
impact on ecosystems, thus, including the mortality of organisms through ingestion or
entanglement (Li et al., 2016), the depletion of ecosystem health (e.g., loss of fish), the
contamination of marine life with microplastics (Merrill et al., 2023), which has implications
for food safety and human health, property damage, and an increased risk of flooding in urban
areas (Jaikumar et al., 2022). The ignorance and lack of intervention to examine community’s
perception and PEB poses a significant impact on the environment. Therefore, studies on

perceptions and PEB are required to improve the community's management of plastic waste.

Very few studies (e.g., Dumbili and Henderson, 2020), have been conducted on human
perceptions and PEB towards plastic pollution on natural environment within the African
context, as well as South Africa, particularly in Mpumalanga province (e.g., Dalu et al. 2023).
According to Dumbili and Henderson (2020), inadequate waste management and recycling

infrastructure, a workforce that is underqualified or inadequate for collecting waste, lack of
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awareness of the ecological and possible adverse health effects of plastic pollution, poor
resource allocation, and late litter collection could all contribute to the plastic pollution
problem's growth. In the local context, understanding pro-environmental behaviour and how
to promote it is critical when it comes to plastic pollution, where there is widespread agreement
that human behaviour is the primary cause (Dalu et al., 2023). O’Brien and Thondhlana (2019)
investigated perceptions, practices, and potential intervention measures of plastic bag use
in South Africa, and the findings revealed that while many participants believed there is a
plastic issue around the country, they still used plastic bags as they considered them to
be efficient. The link between PEB and ecological awareness was examined by Rampedi and
Ifegbesan (2022), who showed that PEB and other environmental factors, such as
environmental concern, knowledge, intention to make sacrifices, vary significantly by
respondents' education level, location of residence, cultural identification, and region of
residence. In Europe, a study by Soares et al. (2021) on public perceptions of plastic pollution
revealed that understanding public perceptions regarding plastic pollution could be a helpful
resource for engaging society in solutions to minimize its environmental impact. The study's
participants regarded the bio—ecological effects of plastics as a greater concern than the
socioeconomic impact. Therefore, there is a need for more PEB research on plastic pollution if

the problem of plastic pollution is to be effectively managed.

Few studies have been undertaken to assess individuals' perceptions and PEB in category B
municipalities (non—metropolitan municipalities) such as Nkomazi Local Municipality, located
in Mpumalanga province of South Africa. Category B municipalities are towns and rural areas
that are governed by a district municipality. While many studies on waste management studies
in South Africa has concentrated on metropolitan municipalities (Rasmeni, and Madyira,
2019), and little is known about how people perceive and respond to plastic pollution in rural
settings. Therefore, investigating community's perceptions of plastic pollution and PEB in both

urban and rural areas is needed to develop effects ways to handle and disposal plastic waste.

Plastic pollution is frequent and apparent in developing countries, due to waste removal
services which are ineffective or limited (Ferronato and Torretta, 2019). This is exacerbated by
the illegal and improper disposal of plastic, with individuals resorting to incineration, causing
other environmental degradation such as air quality. Furthermore, plastics might build up
in neighbouring watercourses resulting in severe impacts to river ecosystem, which then

subsequently affect ecosystem services. Knowledge on spatial location of plastic dumpsites
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and the type of plastics being dumped becomes key in developing management measures. For
example, municipalities need to know the spatial location of existing dumpsites if clean—up
campaigns are to be conducted. This therefore requires studies on spatial location to be
conducted. Such information can assist in locating the dumping, developing measures to
address the dumping, and engaging stakeholders like plastic producers on how to manage waste
if managers are aware of the type of plastic being dumped. Overall, spatial location of plastic
dumping could address waste management challenges that municipalities face and help in
resource allocation for waste management, e.g., more resources are areas with more dumps.
Information from this study would be useful for raising awareness and enhance better
management of plastic waste and lead to the better conservation of the natural environment

within South Africa and the world at large.

1.3. The significance and justification of the study area

Plastics are low—cost, lightweight, and long—lasting materials that can easily be moulded into
a wide range of objects for use in a variety of applications (Hopewell et al., 2009). Plastics
have vast range of uses, people have found plastics to be advantageous and have become an
essential component for human conveniency (Seyyedi et al., 2023). Despite this, there is rapid
identification of plastic waste accumulating in landfill sites and the natural environment, with
the likelihood of disastrous impacts for natural environment. According to Jambeck et al.
(2018), plastic pollution in African nations is not just an environmental problem but also a
significant societal and economic challenge that has an impact on the natural environment
and infrastructures. Analysing how members of the community perceive plastic pollution risks
and how such risk perceptions affect the environment provides an understanding and mitigation
measures that will influence PEB and future behavioural changes. Given that people are
intimately involved in the manufacturing and consumption of plastic products, Pahl and Wyles
(2017) observed that social and behavioural research methods, such as qualitative methods, are
required to assess people’s perceptions and behaviour related to the impact of pollution on the
environment. Previous research has found that, although people are aware of environmental
challenges such as climate change and pollution, perceptions are that businesses and

governments should have a greater share of the responsibility (Vince and Hardesty, 2017).

There is a need to understand plastic pollution, therefore results of this study will fill knowledge
gaps and improve the improper plastic waste management and that exist within the Nkomazi

local municipality. Although plastic pollution is a global issue, the implementation of local
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plastic management policies and a local municipality's waste legal framework will aid in
combating plastic pollution in the area. There is a continuing need to expand the municipality's
field—data bases on perceptions and PEB around plastic pollution. This study will be utilized
by industries such as produce packaging, built environment and construction,
textiles, transportation and automotive, electrical appliances, and industrial machinery to
understand and expand knowledge of plastic waste generation and disposal, as well as to
improve PEB and contribute to the reduction of plastics in the environment. Although Soares
et al. (2021), suggested that there is a general understanding that plastic materials degrade the
natural environment, this study will provide in—depth knowledge of how individuals perceive
plastic pollution, its impact on public health and the environment, and the development of
innovative solutions meant to manage within the municipality (town specific solutions).
Perceptions and PEB towards plastic pollution is an underexplored research topic in
environmental psychology. There is a dire need to understand the fundamental reasons of
individuals' choice of improper disposal of plastics after use. South Africa is working to address
the issue of plastic pollution and its effects on human health and the environment. The
information acquired will assist policymakers in better understanding which strategies may be
most appropriate for Nkomazi Local Municipality to prevent plastic pollution. Infrastructure
for waste handling must also be addressed. Policies that catalyse behavioural change encourage
PEB. The results will encourage local legislators to advocate for policies that minimize plastic

usage particularly single—use and boost municipal recycling facilities.

1.4. Research aim, objectives, and key questions

1.4.1. Aims

This study aims to assess the spatial distribution, composition, human perception, and PEB
towards plastic pollution in the Nkomazi Local municipality, Mpumalanga Province, South
Africa. Importantly, the study aims to determine whether residents’ PEB and perceptions have

an impact on plastic pollution.

1.4.2. Specific objectives

e To determine the spatial distribution, abundance, and composition of plastic pollution in
Nkomazi Local Municipality.

e To assess human perception towards plastic pollution across different towns and villages

in Nkomazi Local Municipality.



e To assess the relationship between plastic pollution and PEB across different towns and
villages in Nkomazi Local Municipality.

e To assess the relations between waste management knowledge and PEB.

1.4.3. Key questions

(1) What is the spatial distribution and composition of plastic pollution at illegal solid waste
dumps in different towns and villages in Nkomazi Local Municipality?

(i1)) What are the local people perceptions and knowledge on plastic pollution effects in
different towns and villages in Nkomazi Local Municipality?

(ii1)) Do members of the community consider plastic pollution to be a significant threat to the
natural environment and human health?

(iv) Do members of the community already practice PEB related to plastic pollution reduction

and municipal by laws?

1.4.4. Research hypothesis

Due to the complexity of the research problem and the requirement to achieve specific
objectives, this study proposes two research hypothesis which will assist in answering the
primary research aim.

(1) the abundance of plastic pollution within the natural environment will be greatly
influenced by human knowledge, perceptions and behaviours and we expect to see a
strong relationship among perceptions and behaviour with education levels, age, and
gender.

(i1) there will be an increase in abundance of plastic pollution in areas where individuals are
unaware of plastic waste management and have low perceptions and PEB.

Theories of positive social conduct will be used to better understand plastic waste pollution

as an environmental concern. Further investigation into the relationships between

perceptions, PEB and plastic pollution within Nkomazi Local Municipality, as well as the
reasons behind, will lead to a better understanding of local policy consequences and

management outcomes related to this complex issue.

1.5. Thesis structure
This thesis consists of five chapters. Chapter 1 provides the background, study context,

rational and justification of the study, study area, and research aims and questions. Chapter 2



provides a critical review of the literature, including key research themes related to plastic
pollution. Chapters 3 and 4 address the specific research objectives of the study, and each of
the results chapters is written in the form of a manuscript that is ready for submission to a
journal outlet. Therefore, the two results chapters have an abstract, introduction, methods,
results, discussion, and conclusion. Chapter 5 provides conclusions and recommendations for
the study. All references are at the end of the thesis. Given the journal paper manuscript style
adopted in research Chapters 3 and 4, the study area section is not repeated to maintain reading
flow. It should be noted that the study area section within chapters 3 and 4 have been edited

and shortened to only include relevant information to the arguments presented in each chapter.



CHAPTER TWO: LITERATURE REVIEW

2.1. Introduction

Inadequate understanding of how to reduce plastic waste always results in pollution (Borrelle
et al., 2020). Certain toxic substances included in plastic products impact the atmosphere,
water, and soil (Alimba and Faggio, 2019). For example, plastic waste burning in an open area
is one of the primary sources of air pollution. Most often, the 12% of plastics in municipal solid
waste that is burned releases dioxins, furans, mercury, and polychlorinated biphenyls into the
atmosphere (Verma et al., 2016). According to Zen et al. (2013) and Cai et al. (2020), whilst
public perceptions against plastics in western industrialized civilizations have evolved from
favourable to negative, this transition has yet to occur in developing nations, notably in Africa.
According to Heidbreder et al. (2019), the extensive usage of plastic materials has resulted in
increased plastic litter. In 2019, 460 million tonnes of plastic were manufactured globally
(Ritchie and Roser, 2018). The above—mentioned numbers show that from the three million
tonnes produced in 1950, the quantity has increased significantly (Ritchie and Roser, 2023),
due to population and economic growth, climate, and social behaviour change (Ayuba et al.,
2013). Furthermore, the amount of waste generated through anthropogenic activities is
influenced by the rate of population increase (Kumar et al., 2022). Consequently, the amount

of waste generated in each community is proportional to the population (Liu et al., 2019).

While the scientific community has been researching about plastic pollution and proposed
solutions, the statistics of plastics manufacturing appear to be heading in a contrary direction,
with greater demand and productivity (Sembiring, 2023; Zilberbrant and Kassee, 2023).
Without interventions, it appears that the world will be unable to shift away from plastics
rapidly, prompting concerns regarding how individuals perceive and respond to the problem of
plastic pollution (Soares et al., 2021). According to Grimmer and Woolley (2014), attitude is a
forerunner to behaviour, hence knowing the attitude that supports behavioural patterns is
required to improve human response to problems such as plastic waste and pollution. As a
result, public perception is one of the most critical and pressing issues that must be addressed
to boost public support for future management of plastic pollution. For example, perceptions
related to waste pollution are generally negative (e.g., waste is a nuisance) yet changing that
perception could imply the change in human behaviour that could lead to better ways of

managing waste by local communities. A positive narrative to waste recycling could trigger



positive behaviour towards waste resulting in waste pollution reduction. Thus, changes in
human behaviour and perceptions could trigger positive behaviour and management of an

environmental problem such as waste pollution.

It is crucial to understand the community's perception of plastic pollution to establish
approaches to mitigate the problem and support collective initiatives to curb plastic pollution
(Oguge et al., 2021). Most of environmental challenges are typically described using attitudes
as they have previously shown to influence certain perceptual standards that are translated into
social behaviours (Dilkes—Hoffman et al., 2019). The perception that minimizes the utilization
of plastic is difficult due to the availability of plastics in a variety of everyday products certainly
led to the low perceived behavioural control. To address the management issue, Zwicker et al.
(2019) argues that perceptions and awareness among the society about pollution and waste
disposal are essential. An Australian study conducted by Davison et al. (2021) indicated that
most of the population was concerned about plastic pollution. According to Dilkes et al. (2019),
the generation of plastics and its disposal are also significant problems. According to Fihlo et
al. (2021), it is important to determine whether these perceptions and awareness about plastic
pollution are converted into attitudes and even activities to combat plastic pollution. It is worth
noting that perception and attitude are connected, yet they are fundamentally distinct.
According to Fischer (2017), perception precedes attitude since it determines how a person
organizes and interprets sensory information without assessing the data. When an individual
assesses data with a specific bias, an attitude is formed. For example, research findings
influenced by ideological convictions that plastic pollution does not alter the natural
environment rather than being solely motivated by the search for empirical truth (Kenis and
Mathijs, 2012). Furthermore, Stanton et al. (2021) showed that the present discussion on plastic
waste may conceal serious environmental and social problems, and efforts to reduce plastic
pollution need to be motivated by improvements in consumer habits. Turner et al. (2018)
investigated the effect of exposure to environmental art on environmental perceptions,
indicating that artistic images can influence attitudes and behaviours pertaining to plastic bag
pollution. Further studies done by Salazar et al. (2022), showed that to get people's attention
and encourage pro—environmental behaviour, negative drawings depicting the consequences of
plastic pollution were more effective than positive ones. These findings imply that creative

imagery may influence attitudes and actions related to plastic bag pollution.
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The increasing quantity and rate of solid waste generation in South African municipalities,
specifically the study area of Nkomazi Municipality in Mpumalanga is prompting concern
(Nkomazi Local Municipality Final Integrated Development Plan 2017-2021). According to
research undertaken in the South African context by Gumbo and Simelane (2015) and lately
Nyika and Onyari (2021), open and uncontrolled dumping landfill sites are the most common
type of solid waste disposal in South Africa. Rodseth et al. (2020) indicated that the overall
amount of general waste generated in South Africa is high, this likely to have implication on
informal disposed which is also high. It is estimated that 29% (3.67 million tonnes annually)
of general waste generated in South Africa is not collected or managed through official waste
treatment facilities (Rodseth et al., 2020). Estimates seem to suggest that rural communities
generate 85% of the above—mentioned waste (Rodseth et al., 2020). To aid in improving the
management of indiscriminate dumping in Fisantekraal, Cape Town, Niyobuhungiro and
Schenck (2021) investigated the dynamics of indiscriminate dumping. The findings reveal that
indiscriminate dumping poses a major concern and has potential to be a source of plastic
pollution. The inefficient management of plastic waste in communities within South Africa and
our study area may be caused by several factors, such as the municipality's lack of resources,
lack of by—law enforcement, human behaviour, and lack of financial and human resources. The
above—mentioned reasons appear to be a reality for most South African municipalities,
especially is small towns and villages where such municipalities have limited power over their
financial resources compared to big cities and metropolitans. For example, research by Serge
(2020) in Orlando east municipality (a subsidiary of the City of Johannesburg Metropolitan),
indicated that the municipality has little resources to successfully handle unlawful dumping
activities. This is exacerbated by the fact that most households in troubled municipalities do
not pay waste disposal fees. In our study municipality, only 8 375 of the 82 126 households
pay for waste disposal services, this likely to trigger financial challenges to the municipality.
According to Statistics SA (2011), the municipality's population has increased by a total of
1.61%, resulting in a population increase in most municipalities, especially urban centres.
Population increase within the municipality and urban areas puts a strain on municipal
waste collection services, resulting in waste collection delays (CSIR, 2011). Such waste
collection delays tend to trigger illegal dumping behaviours and residents just want to get rid
of the waste from their household yards. The dumping of waste then triggers plastic pollution
since most illegally dumped waste is of plastic nature. It is important to emphasize residents’

roles, perspectives, waste disposal practices, and interactions with other parties such as
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municipality and private waste treatment facilities involved in the collection and disposal of

the waste as they are the facilities' primary ultimate users (Negussie et al., 2017).

Most South African’s municipalities continue having difficulties in achieving their goals as
outlined in the constitution, even though municipalities are granted the authority to deliver and
manage municipal services (Glasser and Wright, 2020). According to Shongwe and Meyer
(2023) most municipalities are troubled by both internal and external problems that contribute
to substandard service delivery for which waste handling is one of them. Most municipalities
have problems such as corruption, lack of financial and human resources, and
maladministration, that ultimately affect service delivery. Poor waste collection is typically
prevalent in low—income communities resulting in residents disposing waste in the closest
unoccupied land, watercourses, or practice incineration in their backyards (Haywood et al.,
2021). If waste is not collected, residents’ resort to opening illicit dumps, which has become
the traditional way of disposal in most South African municipalities, because of insufficient
waste collection services (Ngalo and Thondhlana, 2023). Other studies (see Polasi, 2018;
Ngalo and Thondhlana, 2023) showed evidence that the primary cause of the prevalence of

illicit disposal was the lack of or inconsistent waste pickup from the municipality.

Government involvement is required to address the impact of waste disposal habits.
Interventions could be in the form of enforcing measures to reduce dumping through plastic
payment fees, awareness campaigns on recycling, strengthening plastic pollution by—laws, and
engaging companies to reduce plastic production and advocate for plastic substitutes (Deng et
al., 2020). According to Bartolotta et al. (2018) and of late Gupta and Roy (2022) government
assistance is required since taking individual action to combat plastic pollution can be
exceedingly difficult, especially when practical alternatives are lacking and there are other
impediments such as inadequate political change objectives, waste management scalar
disconnects and poor public and private sector accountability for plastic waste management.
While education and social pressure can help communities develop positive perspectives and
behaviour, they are also tied to government regulations (Heyes and Kapur, 2012). It has been
highlighted by Chen (2021) that plastics prohibition ought to be accompanied with enforcement
and monitoring, alternatively the prohibition would fail. This was particularly apparent in
Africa, where legal restrictions on the usage, production, and distribution of plastic bags had
little effect due to the minimal enforcement, improper execution, and lack of cooperation

(Deng et al., 2020).
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2.2. Extent of plastic pollution

Globally, waste dumping which is associated with plastic pollution is a problem that need to
be well studied. Close to 2.1 billion tonnes of waste is produced a year, of which 38% of the
waste is uncontrolled (illegally dumped) (UNEP, 2024). Of the above—mentioned waste, a
significant amount is plastic waste that is most produced in urban areas, and factors that cause
increased waste pollution in urban areas include increase urbanisation, rural to urban migration,
inefficiencies linked to municipalities, lack of effective waste management plans, and human
behaviour (Maalouf and Mavropoulos, 2023; Lu et al. 2024). Once disposed, plastic waste
becomes a problem to the environment. Most of the plastic waste is deposited on open areas,
vacant spaces, and along road verges (Ngalo and Thondhlana, 2023). This is because these
areas are close to houses (households just want to get rid of the waste) and are free for all open
spaces with less rules that govern their uses (communal areas). Studies in South Africa have
shown that dumping of waste in general (including plastic) is prevalent in poor communities
due to poor waste management and collection services (Polasi et al., 2018; Ngalo and

Thondhlana 2023; Swanepoel and Marlin 2024).

Waste in South African is governed by the National Environmental Management Waste Act
59 of 2008, which advocates for local municipalities to development integrated waste
management plans. These integrated waste management plans are meant to outline specific
steps to manage waste within municipalities (DEA, 2012). With several municipalities
struggling to manage waste in general and specifically plastic pollution, some innovative
solutions are needed, yet these solutions need to be research based, including geo—locating the
current waste sites to develop immediate clean—up campaigns. The National Waste
Management Strategy (NWMS) of South Africa promoted waste minimisation, re—use of
plastic, recycling, and waste recovery. The strategy is hierarchical because it tries to deal with
waste before it is deposed so that what is disposal is minimal. Plastic pollution and waste in
general should be dealt with by managing it across its life cycle ranging from production
reduction, plastic use avoidance, to treatment and recovery of the already used plastic. This
strategy is globally effective; however, its implementation is South Africa is ineffective thus
resulting in the current challenge of waste in the country. The increase in plastic dumping in
most South African urban and rural areas is evident that the problem is on the rise (Swanepoel
and Marlin 2024). Statistics in South Africa show that the country produces approximately 12.7

million tonnes of domestic waste (plastic included) and an estimated 3.7. million tonnes are
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not collected (Polasi et al., 2018; Rodseth et al., 2020). Interrogating why humans dump waste
and where they dump is important in developing effective methods to manage waste. Waste
and plastic pollution as a complex problem that is driven by several social, economic, and

political factors (Polasi et al., 2018), thus studies on pollution should integrate these issues.

2.3. Public perception on plastic pollution

According to Efron (1969), perceptions involve the cognitive interaction with the outside
setting surrounding a person. Rogers (2017) further elaborates the term perception as the study
of how we direct and regulate our behaviour by using the information received from our senses
to generate our unique, subjective views of the outside world. Maloney (2018), distinguished
perception from two perspectives; thus, intentionalisms and theorist. Intentionalisms define
perception as a form of psychological state realised by an unusually contently mental
representation, while a theorist may characterise a perceptual state as sensual because it
contains the content of a complex mental state (Maloney 2018). The definitions above present
plausible observations to conclude that an individual's perceptions are shaped by a variety of
factors, which in turn affect their behaviour. Park and Chun (2014) reported a variety of factors
that affect how we see local phenomena; thus, what we see is greatly dependent on how our
brain tries to understand the scene rather than being only a reflection of its physical attributes.
In addition, the context in which local characteristics are given, our prior visual experiences,
and our anticipation of what is going to be in front of us all influence our perceptions (Gilbert,
1996). Gitelson and Kerstetter (1990) and Andersen et al. (2022) both found a link between
sociodemographic factors and the advantages of certain behaviours. Sociodemographic
variables are defined as attributes of a population, such as age, race, ethnicity, gender, sexual
orientation, income, education, and marital status. These kinds of variables are frequently
utilised to comprehend whether such characteristics differ in relation to one another (Ishitani,
2023). For instance, differences in education level and how it varied by race and individually
or in iteration explain changes in a social research variable. Soares et al. (2021) examined how
sociodemographic features affect perceptions and revealed that participants understand how

crucial it is for society to create mitigation plans and improve public awareness.

The perception of plastic pollution has been explored in previous studies (see Molloy et al.,
2022; Soares et al., 2021; Syberg et al., 2018). The use of factor analysis has proved to be
efficient in closing a significant knowledge gap and raises public awareness, both of which aid

to improve communities waste management. For example, Koelmans et al. (2017) examined
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the risk perception towards plastic waste and reported that it is necessary that we cease
characterising impacts, issues, risks, and threats as a ‘possibility’ and that the greatest
foundation for minimising plastic waste in the environment is an objective evaluation of both
benefits and costs. Considering that studies and mitigation initiatives are costly and have
limited resources, Koelmans et al. (2017) define perceptions of plastic pollution as moral
problems. However, scientists play a critical role in providing the most accurate knowledge
(Weichselgartner and Kasperson, 2010). The study demonstrated systematic assessment based
on ecologically appropriate metrics for exposure, the results encourage legislators to act based
on scientific evidence. Gnimadi et al. (2022) investigated the influence of individual views on
the disposal of plastic waste. To assess the mental mindset that encourages individual's
utilisation of plastic products, a factor analysis was utilised. According to the perspectives of
the respondents, several problems, including municipally inadequate waste collection, lack of

education and knowledge, were regarded as being influential.

2.4. Pro—environmental behaviours

Pro—environmental behaviour (PEB) can be defined as behaviour that “harms the environment
as little as possible or even benefits the environment” (Steg and Vlek, 2009). Decisions made
by individuals to adopt and use new and environmentally friendly innovations that protects the
environment are referred to as PEB (Chauhan, 2020). Kurisu (2015) defined PEB as behaviours
that contribute or are perceived to contribute to environmental conservation. Understanding
PEB and ways to promote them is critical in relation to environmental challenges where there
is broad recognition that human action is the primary contributor of plastic pollution (Doran
and Zimmerman, 2009; Maibach et al., 2014; Muncke et al., 2020). According to Gifford and
Nilsson (2014), psychological and social variables can predict future PEB trends, whilst
Turreira—Garca et al. (2018) highlighted empowerment as a factor that informs PEB. Yue et al.
(2022) did a study with students to evaluate the effectiveness of environmental education in
promoting PEB and minimising students' use of plastics. The results show that when
environmental education was implemented, students' perceptions, attitudes, and self—reported
pro—environmental conduct towards plastic usage and pollution considerably increased.
Additionally, Chib et al. (2009) employed educational campaigns to empower Singaporean
youth and change their attitudes towards plastic consumption. With the prevalence of internet
culture among Singaporean youth, the use of the internet was found to be effective in shifting
the attitudes of the campaign audience in question. As a result, educational empowerment may

be concluded to be the most effective in fostering pro—environmental conduct.
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Studies by Liobikiené and Juknys (2016) and Syberg et al. (2018), highlighted risk perception
as a factor that informs PEB. Risk perception has an important role in promoting PEB intention
(Tezak et al., 2023). A conceptual model developed by Zhou et al. (2020) shows the links
between the PEB and the aspects of Chinese farmers' perceptions on the risk of soil
contamination, as well as the moderating influence of the income level of the farms on these
correlations. According to the study, farmers' risk perceptions about the of soil pollution had a
favourable impact on their PEB. Furthermore, Yoon et al. (2021) carried out an investigation
to determine the association between people's risk perception of microplastics and PEB
intention. The findings were that risk perception has a considerable impact on PEB behavioural

intention and is impacted by knowledge as an environmental stimulus.

According to Cheng and Monroe (2012), nature—connectedness (nature-relevant experiences)
has been found to influentially predict PEB. Wilson (1984) biophilia’s concept hypothesised
that all people are intrinsically and emotionally attached to nature. According to the study
conducted by Cheng and Monroe (2012) factor analyses were carried out to investigate and
validate many elements in the connection to nature index. To investigate the relationship
between variables, a route analysis was used. The outcomes of the study showed that
connection young people have with nature impacts their desire to engage in nature—based
activities in the future. Children's connection to nature, prior experience in nature, perceived
family value towards nature, and perceived control all affected their willingness to engage in
PEB. Studying sociodemographic and psychological aspects, according to Soares et al. (2021),
can help us better understand how to improve PEB and help reduce the amount of plastic in the
environment. According to Wahid et al. (2020), environmental education can increase PEB and
help reduce plastic pollution. Furthermore, PEB assists individuals in minimising the negative
environmental repercussions of their behaviours (Hossain et al., 2022). Use of PEB knowledge
to understand global problems like waste can help uncover knowledge gaps and act as a catalyst
for raising awareness and exposing people to environmentally friendly practises that help
individuals to avoid inappropriate plastic disposal, e.g., recycling plastics or reducing plastic

consumption.

2.5. Impacts of plastic pollution on the environment
Mass plastic manufacturing and inadequate end—of-life plastic product control have resulted

in yearly increases in plastic entering the marine environment (Welden, 2020). Jassim (2023)
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defines micro plastics as tiny plastic fragments that form because of the breakdown of bigger
plastics and the production of commercial products. Micro— and nanoplastics have an impact
on marine life, including primary producers such as microalgae and predatory species like fish,
on a variety of endpoints like survival, reproduction, behaviour, ability to reproduce, energy
reserves, and immune function (e.g., Soares et al., 2021, Pisani et al., 2022). According to
several recent studies (e.g., Jambeck et al., 2018; Soares et al., 2021; Pisani et al., 2022) plastics
are eventually carried to the marine environment via drainage and sewage systems, rivers, and
wind resulting in significant effects on the marine system. Plastic pellets are estimated to
account about 10% of beach litter (Moore, 2008), this is likely to influence beach ecosystems
and tourism at large. Polystyrene, a common kind of plastic in the ocean which can leak into
the water causing negative effects on river systems (Reddy et al., 2014). The most prevalent

kinds of maritime debris are polystyrene fragments and plastic pellets (Barnes et al., 2009).

Toxic chemicals such as dioxins released by chlorinated plastics into the surrounding soil can
seep into ground water or other nearby watercourses (Reddy et al., 2014). Moreover, the
process of plastics manufacturing includes the utilisation of colouring substances and initiators
that are toxic when exposed to animals that live in the natural environment, resulting in a severe
impact on the biological system (Darensbourg, 2007). According to Chitotombe and Gukurume
(2014) most people dispose plastics waste post consumption since it is the most convenient and
least expensive approach. However, this act results in unmanaged plastic debris spreading on
the natural environment (Abalansa et al., 2020). Additionally, these plastic elements eventually
end up in unmanaged dump sites and are deposited as a covering layer over the land surface on
the surrounding area. If these hazardous degraded polymeric components permeate the earth's
surface and blend with groundwater aquifers, the quality of the ground water changes, resulting
in ground water contamination (Biswal., 2020). According to Agnes et al. (2016), all
anthropogenic activities that cause environmental degradation must be reduced. Given the
increased amount of waste generated by the increasing usage of plastics, greater efforts should

be placed upon recycling, waste—handling, and pro—environmental solutions.

2.6. Impacts of plastic pollution on humans

In the world's oceans, inland watercourses, and terrestrial habitats, extremely persistent plastic
waste is gathering and fragmenting, posing a concern on a global scale (Vethaak and Leslie,
2016). Humans are being subjected simultaneously to plastic particles and substances emitted

by commercial plastic waste. According to Bouwmeester (2015), microplastics are
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fragmenting, leaking, and spreading across the ecological system, including air, soil, and
watercourses. Plastic particles can enter the body through the ingestion of marine food
products, drinking water, and the atmosphere (Zhang et al., 2020). Proshad et al. (2018)
explored numerous toxic and dangerous compounds including brominated flame retardants,
thalates, antiminitroxide, and polyfluorinated chemicals that are found in plastics, they pose a
major risk to both the environment and human health. According to Huang et al. (2018), the
aforementioned substances are likely to induce cardiovascular disease when exposed to them.
Microplastics have been proven in studies to severely harm cells in the human body, resulting

in major health impacts such as cancer, lung illness, and birth abnormalities Yee et al., (2021).

Communities that reside close to plastic dumpsites have a higher chance of having pollution
related diseases such as breast cancer, depression, and asthma (Fazzo et al., 2023). Tomita et
al. (2020) reported that residents that live close to dumpsites (which we know are dominated
by plastic) have a high risk for health problems compared to those that reside far, this linked to
the toxic chemicals that are associated with plastic at dumpsites. Plastic dumpsites attract flies
and other animals like rats, which can end up in houses thus contaminating food, resulting in
health effects. Apart from health effects, plastic pollution affects humans by affecting the
economic value of the area (Ngalo and Thondhlana, 2023). For example, properties that are
close to plastic dumpsites could be less valued economically compared to properties that are
far from the plastic dumpsites (Ngalo and Thondhlana 2023). The above—mentioned studies
seem to suggest that plastic waste affects humans directly (e.g., health) and indirectly (e.g.,
property value). Putting everything together, the effect of plastic pollution is regarded as a
social justice problem because certain members of the community are affected more compared
to other. Studies have shown that it is mostly the poor and less privileged members of the
society that are mostly affected by waste pollution (Couth and Trois, 2012; Kubanza and
Simatele, 2016). The poor tend to bare most of the impacts related to plastic pollution compared

to the rich, yet the poor have limited financial resources to deal with waste problems.

2.7. Conceptual framework — Theory of planned behaviour

Theory of planned behaviour is defined as psychological framework that integrates beliefs with
behaviour (Anderson, 2007). The theory was introduced by Azjen (1991) and is remarkably
precise in predicting intentions to engage in various types of behaviours, moreover the theory
attains data through experiments and observations. This study will use the Theory of Planned

Behaviour (TPB) to examine how residents of Nkomazi Local Municipality perceive and act
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in favour of the environment in relation to plastic pollution. According to Prati et al. (2015),
the theory is made up of three variables namely, attitude, subjective norm, and perceived
behavioural control (PBC). These variables are determinants of intention—behaviour which will
foresee actual behaviour (Fielding et al., 2008). Additionally, the qualities of these variables
influence an individual's behaviour, therefore this theory will be applied in the study to examine
the community’s intention to engage in ecologically unfriendly habits that promote plastic
pollution. This approach has previously been explored in understanding environmental issues
collectively, also applicable to the study of PEB and perceptions of plastic pollution. For
instance, a previous study by Hasan et al. (2015), investigated the link between factors that
influence behavioural intention of students in decreasing plastic use. Results of the above—
mentioned study reported that perceived behavioural control (PCB) had the strongest link with
behaviour when compared to other factors. Using the TPB framework, De Leeuw et al. (2015)
examined the beliefs that affect young people's PEB and reported that framework elements of
attitude, perceived control and subjective norm contributed prediction pollution behaviours. It
is important to assess residents' perceptions and behaviours regarding plastic usage given that
they have basic knowledge to issues concerning sustainability. Individuals have a basic
comprehension of the environmental consequences of their anthropogenic activities, thus more
research that interrogate human behaviour and environmental problems is needed. There exists

a research gap on understanding human behaviour when it comes to waste pollution.
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CHAPTER THREE: SPATIAL DISTRIBUTION, LOCATION, AND
COMPOSITION OF ILLEGAL PLASTIC WASTE DUMPING IN
NKOMAZI LOCAL MUNICIPALITY, MPUMALANGA, SOUTH

AFRICA

Abstract

Plastic pollutants are widely distributed in urban and rural areas of South Africa, yet few studies
have been conducted to examine their spatial distribution, abundance, and composition.
Although plastic pollution awareness programmes have intensified in various communities, the
problem of plastic disposal continues with significant socio—economic, environmental, and
human health problems. This study aimed to assess the spatial distribution, abundance, and
composition plastic pollutants in the Nkomazi Local Municipality, Mpumalanga Province,
South Africa. The study was conducted across nine areas that were randomly selected across
three big towns (i.e., Komatipoort, Malelane, Hectorspruit), three small towns (i.e., Tonga,
Kamhlushwa, Schoemansdal), and three villages (i.e., Phiva, Ntunda, Schulzendal). Using a
drive—by survey method, results show that illegal dumping of plastics was common across all
urban and rural areas but was more prevalent in low—income areas in big and small towns.
More than 90% of the encountered illegal plastic dumpsites were categorised as of large size
with most of these located in big and small towns than villages. Across all sampled areas, illegal
plastic dumpsites were located along roadsides and vacant plots. Polypropylene (PP) and
polyethylene terephthalate (PET) were the most common plastic identified across most
dumpsites, being more visible in rural than urban areas. The study concludes that illegal plastic
dumping is prevalent across the study areas, however, it was more prevalent in low—income
areas in big and small towns than in villages, an indication that urban waste collection is not
being done efficiently. The study recommends, increased public awareness, improved waste
collection infrastructure (e.g., putting bins in public places), and policing waste management

by—laws as measures aimed to reduce illegal plastic dumping.

Keywords: Plastic dumping, plastic pollution, municipalities, waste perceptions, waste

composition.
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3.1. Introduction

Plastic pollution presents a significant global challenge, affecting both humans and the
environment (Bidashimwa et al., 2023). The Global Plastic Outlook (2021) reported that plastic
production has increased from 2 million tonnes in 1950 to 460 million tonnes in 2019. It is
estimated that only 15% of the plastic produced globally is managed properly, meaning the
bulk of the plastic is mismanaged i.e., it is not disposed adequately (Global Plastic Outlook,
2021). A recent study on plastic pollution estimates that plastic pollution, mainly due to plastic
mismanagement, will reach up to 66.1 million tonnes annually (Yan et al., 2024). Plastic
pollution is exacerbated by several factors such as increased human population, urbanisation,
the rise of plastic production to meet human use demand, excessive dependence on single—use
plastics, and inadequate waste management systems (Stoett, 2022; Bidashimwa et al., 2023).
Most of the mismanaged plastic waste end up at uncontrolled illegal dumpsites or burned in
open areas (Global Plastic Outlook, 2021). Illegal plastic dumping refers to the unlawful
disposal of various types of waste, including plastics, on public or private land without
authorization (Bukova et al., 2016). Illegal waste dumping is also known as littering, fly
dumping, or fly tipping to refer to the unauthorizes way of dumping waste (Al Fariz et al.,
2024). Previous studies have reported that illegal plastic waste dumping can lead to significant
damage to the environment through plastic leakage which subsequently affect human health

(Ahmed et al., 2018; Gambhir et al., 2024).

Although most of the plastic is produced in developed countries, who also have better plastic
disposal mechanisms and technologies, developing countries particularly in Africa are
projected to significantly contribute to the increase of plastic waste generation and disposal in
future (Lebreton and Andrady, 2019; Yan et al., 2024). This is simply because Africa is on a
positive economic and population growth, thus it will require more plastics in future. Yet, most
African countries presents severe plastic waste generation and disposal challenges due to
several factors that are unique to the continent, such as inability to collect waste by
municipalities, lack of financial resources to manage waste, corruption, dysfunctional
municipalities, inefficient collection methods, and illegal waste dumping as a social and
behavioural problem (Ngalo and Thondhlana, 2023). For example, a study in Nigeria showed
that plastic waste illegal disposal and dumping was prevalent at universities, mainly due to lack
of laws that prohibits plastic disposal (Dumbili and Henderson, 2020). Ngalo and Thondhlana
(2023) reported that plastic was one of the main products found on illegal dumpsites that were

in Komani town, South Africa. Bigger African economies tend to produce a lot of plastic waste
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e.g., South Africa (11.6%), Nigeria (16.9%), and Egypt (18.4%) (Babayemi et al., 2019),

therefore it is projected that these countries will also have high waste disposal in future.

The illegal dumping of plastic waste in African countries has been well researched (Onifade
and Nwabotu 2014). Firstly, illegal waste dumping, mostly plastic dumping is more prevalent
in low—income and informal settlements due to poor waste management services and issues of
accessibility (Palamuleni and Tshabalala, 2023; Jakeni et al., 2024). For example, Ngalo and
Thondhlana (2023) reported that low—income households recorded more dumpsites in Komani
town located in South Africa and this was mostly due to social and economic reasons. Tombe
(2024) compared high and low—income areas and noted a high number of illegal waste dumping
in low—income than high—income areas of Makhanda and Knysna. Secondly, illegal waste
dumping is mainly due to poor municipal service delivery, particularly in South Africa where
service delivery is a challenge. Haywood et al. (2021) reported that most dumping in low—
income areas in South Africa is due to poor solid waste collection services. The poor who do
not have the financial means to dispose waste on designated areas tend to illegally dump waste
due to lack of collection by municipalities. Thirdly, the above makes illegal waste dumping a
financial issue. When it comes to finance as a driver of illegal waste dumping, there are two
factors at play, (i) failure by individuals to dispose waste because they do not have transport to
go and dump at the designated dumping site, and (ii) financial failures by municipalities to
collect the waste. Fourthly, illegal waste dumping is a behavioural problem, meaning people
dump because they see others dumping. Ngalo and Thondhlana (2023) used household
interviews to conclude that some people dumped because they saw others dumping and because
they saw it as a better way to get waste away from their property. Lastly, illegal waste dumping
is treated as a social justice issue, since dumping is prevalent in areas were low—income people
stay, thus the negative effects of dumping affect the most vulnerable members of society more.
Generally, illegal waste dumping is perceived as a negative social issue, and this is evident in
property value with houses close to dumpsites being cheaper than those far away (Tombe,

2024).

Plastic pollution, particularly if dumped on illegal dumpsites has significant environmental,
social, and health effects (Gambhir et al., 2024). Plastics' inability to biodegrade poses long—
term harm to the quality of soil, water, and air (Panthi et al., 2023). For example, illegally
dumped plastics can become a source of pollution along urban rivers and drainage systems thus

affecting water flow and causing flooding during rain seasons (Zhou et al., 2023). Dumped
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plastics can choke fresh water and marine life causing severe loss of animals. Other studies
have shown that dumped plastic can damage soils and poison groundwater causing serious
health effects to communities that depend on ground water (Witbooi, 2003). In some urban
areas where animals roam around streets, donkeys and cattle have been reported to ingest
plastic on dumpsites which can lead to animal death (Tombe, 2024). A study by Katlam et al.
(2018) documented that over 250 animals unintentionally ingested plastic or become entangled
in plastic, this likely to cause animal death. Furthermore, substantial amounts of plastic
pollutants have been discovered in animal milk samples, affecting the livelihood of the
animals (Nagy, 2019). Economically, illegal dumpsites dominated by plastics have negative
effects on aesthetical displeasure thus negatively affecting tourism and even economic
activities for shops that are close to dumpsites. Onifade and Nwabotu (2014) reported economic
challenges linked to plastic waste dumping such as increased healthcare costs to people leaving
adjacent to dumpsites and decreased property values in dumpsite affected areas. With close to
29% of household waste in South Africa not being collected regularly (Rodseth et al., 2020),
illegal dumping of waste is now associated with service delivery protests, thus one can easily
say that waste dumping is associated with social unrest. Lastly, illegal waste dumping has a
financial cost liked to clean—up programmes. For example, the annual cost of removing urban
garbage from rivers in South Africa is estimated at two billion Rands (Armitage and

Rooseboom, 2000), meaning waste is a cost to the country’s economy.

Research across different countries has revealed the presence of various types of plastics on
illegal waste dumpsites (Witbooi, 2003; Mazhandu et al., 2020; Banik et al., 2023), meaning
composition tend to differ. Plastic waste composition on illegal dumpsites differs due to (i) the
type of products that communities use within an area, (i) waste collection regularity, (iii)
household income, (iv) pre—disposal measure that are being implemented e.g., recycling before
disposal, and (iv) post disposal interventions such as plastic waste picking by waste pickers for
income generation. Adewuyi et al. (2024) highlighted that the most encountered plastics in
African nations include polyethylene terephthalate (PET), polyurethane (PU), polystyrene
(PS), polyvinyl chloride (PVC), polypropylene (PP), polyester, polyethylene (PE), and
polyamide (PA), also referred to as nylon. In Nigeria, PET bottles were the most common
(28.5%) disposed plastic waste, followed by PP and LDPE (Ibor et al., 2022). Similarly, in
Poland, illegal dumping sites are primarily dominated by plastics and glass products (Wolny—
Kotadka et al., 2015). In countries where plastic recycling is common, few plastic products are

found on dump sites because of the recycling policies. For example, Nagpure (2019) reported

23



that households in India tend to segregate waste for saleable recyclable waste such as paper
and plastic and this has positive effects on the waste composition. However, recycling works
if there is a good market for recyclable material so that one can economically benefit from
collecting recyclable material. This therefore means that there is need for financial
incentivising recycling if it is going to have a positive effect on illegal waste dumping and

waste composition.

Several measures to reduce illegal plastic waste dumping have been put in place, such as
municipal by-laws that prohibit waste dumping, development of national legislations,
awareness campaigns, plastic recycling programmes, erecting of bins and dumping areas, and
fines for illegal dumping of plastic waste. In South Africa, the National Environmental
Management: Waste Act of 2008 advocated for the development of waste management
strategies aimed at developing plans and programmes to tackle waste. To be able to develop
effective waste management plans and programmes, it is imperative to know the spatial
distribution and composition of waste within each area, particularly illegal dumpsites. Having
an inventory of where dumping is happening, its abundance, and waste composition can assist
municipalities develop comprehensive and effective waste management strategies.
Unfortunately, this information remains anecdotal since waste dumping is dynamic because it
is perceived illegal, so dumpsites change locations overtime. However, spatially locating
dumpsites using drive-by road—street—surveys have been shown to be an effective way of
locating waste dumping in urban areas. Although GIS and remote sensing are effective tools to
identify waste in a landscape, the effectiveness of these tools is limited especially in vegetated
areas and where dumpsites are small, thus drive—by road—street—surveys are effective. Given
the above, this study used a drive-by road—street—surveys to examine the spatial distribution
and composition of illegal plastic waste dumping in Nkomazi local municipality located in
Mpumalanga Province of South Africa. The specific research objectives were (i) assessing the
abundance and spatial distribution of illegal plastic waste dumping in Nkomazi local
municipality in Mpumalanga province of South Africa, and (ii) assessing plastic composition
found on illegal plastic waste dumpsites in Nkomazi local municipality located in Mpumalanga

Province of South Africa.
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3.2. Methods

3.2.1 Study area

The study was conducted across nine study areas, six towns and three villages located in
Nkomazi local municipality, in Mpumalanga province of South Africa (Figure 3.1). The nine
study areas were categorised as three big towns, namely Komatipoort, Malelane, and
Hectorspruit, three small towns of Schoemansdal, Kamhlushwa, Tonga, and three villages,
namely Phiva, Ntunda, and Schulzendal. The rational of conducting the research across the
above—mentioned study towns and villages was to gather plastic pollution data across varied
urban and rural context. Nkomazi Local Municipality is a category B municipality located
within Mpumalanga province, which is in northeast South Africa. Nkomazi Local Municipality
falls under Enhlazeni Dstrict municipality which is situated in the eastern part of the
Mpumalanga province. It is bounded to the north by the south—eastern portion of the Sabie
River in the Kruger National Park, Mozambique to the east, Swaziland to the south, Mbombela
city to the west, and Mbombela local municipalities to the southwest. The geographical area of
Nkomazi local municipality is 478 754.28 hectares in size (Statistics, 2011). It is the smallest
of the four municipalities in the district, covering 17% of the district's total geographical area.
Nkomazi municipality is largely a rural region, and it has a high percentage of unemployment
(IDP 2014). Nkomazi local municipality is situated in a summer rainfall zone, with the rainy
season typically occurring in austral summer from October to March. Annual precipitation in
the region ranges between 750mm to 860mm (IDP 2014), and summers are hot averaging
26.2°C whilst winters mild averaging 18.4°C (Abiodun et al., 2018). The Nkomazi Local
Municipality falls within the savannah biome which is characterised by grassy ground layer
and a distinct upper layer of woody vegetation which makes up around 33% of South Africa's
total land area (IDP 2014). Soils are generally loamy, derived from quartz monzonite, basalt

and arenite and lava rocks.
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Figure 3.1: Location of the study towns and villages in Nkomazi local municipality in

Mpumalanga, South Africa.

The municipality's overall population is 591,928 with 134,143 households (Statistics SA,
2022). Poverty levels in the study areas are high and most of the people are illiteracy and
unemployed (IPD, 2014). Nkomazi Local Municipality's primary economic sectors include
coal mining, forestry, agriculture, and tourism (Gininda et al., 2014). Tourism is mostly driven
by proximity to Kruger National Park which attracts many local and international visitors due

to its rich biodiversity. See Table 3.1 for town and village details.
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Table 3.1: Details of the six towns and three villages in Nkomazi local municipality.

Main
Place Status/c | Geographic | economic Area | Popul | Population Demography (%
name ategory | Location activity (km?) | ation | density (km?) | African black)
Komati 25°26'S 31°
poort Big STE Tourism 11.71 | 4683 400 61
Malela 25°29'S 31°
ne Big 31'E Agriculture 2.94 | 3486 1200 43
Hectors 25°26'S 31° | Agriculture
pruit Big 41'E and tourism 10.26 | 3096 300 78
25.675°S Agriculture
Tonga Small 31.877°E and tourism 7.47 | 17333 2300 99
Kambhlu 25.652°S Agriculture
shwa Small 31.684°E and tourism 9.45 | 21800 2311 98
Schoem 25.703°S Agriculture
ansdal Small 31.506°E and tourism 12.91 | 23257 1800 99
25.639°S
Phiva Village 31.776°E Agriculture 4.61 4832 1110 100
25.730°S
Ntunda | Village 31.751°E Agriculture 4.42 | 3425 757 100
Schulze 25.749°S
ndal Village 31.540°E Agriculture 2.74 | 3659 1300 100

3.2.2. Experimental design and data collection

Within Nkomazi local municipality, three big towns, three small towns, and three villages were
selected for the study. The distinction between big and small towns was based on the services
that are provided within each urban area and the existing colonial legacy that shaped the urban
areas. Mostly big towns are regarded as towns with bigger economic activities and service
provision, whilst small towns have less economic activities and less service provision. Villages
were regarded as settlements with a rural setting. The study towns and villages were randomly
selected through (i) identifying all the towns and villages in the area using google earth and
listing them in excel spreadsheet, (ii) assigning numbers to all the identified towns and villages,
and (iii) using the excel randomisation function to select three big towns, small towns, and
villages. It is possible that some villages were omitted on google earth identification process
due to accuracy in visibility and google earth naming challenges, therefore some sampling bias
is possible, however, the strength of the study is not in the selection of towns and villages but
in the collected data which can be used to make plastic pollution generalisation outcomes
across the study area. Within each selected town and village, a drive-by survey method was
used to gather plastic pollution data. Using google earth, all town and village streets and
pavements were identified and marked for field visits to identify illegal solid waste dumpsites.
The drive-by survey method was conducted using a moving vehicle with field workers
observing each side of the road and pavements that were identified in each study area. In some

cases, street and pavement walking was conducted in cases where driving was impossible. The

27



drive-by survey method is effective at identifying illegal plastic waste dumpsites which

justifies the use of the method in this study (Ngalo and Thondhlana, 2023).

At each identified illegal plastic waste dumpsite, the following information was collected (i)
coordinates of the dumpsite, (ii) location of the dumpsite, (iii) size of the dumpsites, and
plastics composition on the dumpsite. Illegal plastic waste dumpsite coordinates were recorded
using a Garmin global positioning system (GPS) device. Illegal plastic waste dumpsite location
was recorded based on proximity features such as roadsides, river/wetlands, parks (e.g., green
parks), vacate land/plots, and commonages. This was based on categories that have been used
in previous studies such as Ngalo and Thondhlana (2023) and Tombe (2024). Dumpsite sizes
were estimated based on the number of illegally dumped plastics at the encounter dumpsite, as
small (1-50 plastics), medium (51-100 plastics), and large (>100 plastics). The plastic
composition was categorised as polyethylene terephthalate (PET or PETE), high—density
polyethylene (HDPE), polyvinyl chloride (PVC), low—density polyethylene (LDPE),
polypropylene (PP), polystyrene (PS) and other plastics. Additionally, photographs were taken
to assist in identifying the different types of plastics. Data on notable activities around
dumpsites was obtained, e.g., proximity to public spaces such as (cemeteries and clinics),
proximity to homes and shopping marketplaces. Activities such as children picking artefacts,

animals grazing, domestic animals foraging, and incineration were also noted.

3.2.3. Data analysis

All the identified illegal plastic waste dumpsite counts were used to calculate the abundance
and proportions of dumpsites per town or village in the study area. The recorded GPS
coordinate dumpsite locations were used to create spatial distribution maps and cluster
distribution maps (heat maps) based on dumpsite density and average distance between
dumpsites. Heat maps were generated to examine dumpsite abundance across the three big
towns, three small towns, and three villages within the Nkomazi Local Municipality. ArcGIS
10.8, software was used to create high resolution GIS heat maps to visually represent the
presence and heat map distribution of plastic dumps in the study areas. Colour gradient was
used on the dumpsite heat maps, with shades of red representing areas of high plastic dump
abundance and shades of blue representing areas with low abundance. Variations in dumpsite
counts, sizes, and locations were compared across the towns and villages using chi—squared
analysis since the data was categorical, i.e., present/absent data, size, and location categories.

Variations in the plastic category counts per each dumpsite across the towns and villages were
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analysed using one—way ANOVA since data was numerical. All, statistical analysis was

conducted using STATISTICA version 14 (TIBCO Software Inc, 2022).

3.3. Results

3.3.1 Illegal plastic waste dumpsite abundance and distribution

A total of 100 illegal plastic waste dumpsites were identified across all towns and villages, with
the bulk of the dumpsites located in small towns (45%) compared to big towns (35%) and
villages (20%). Amongst all the big towns, Hectorspruit (16%) had the highest number of
illegal plastic waste dumpsites compared to Komatipoort (11%) and Malelane (8%). Within
small towns, Schoemansdal had the highest (17%) number of illegal plastic waste dumpsites
compared to Kamhlushwa (13%) and Tonga (15%) (Figure 3.2). The village of Phiva had 8%
of the illegal plastic dumpsites compared to both Ntunda and Schulzendal which had 6% of the
illegal plastic dumpsites, respectively (Figure 3.2). Statistical analysis on the presence of illegal
plastic waste dumpsites across the towns and villages showed significantly (%> =200, p <0.001)

higher counts of dumpsites in big and small towns than in villages.

Figure 3.2: Illegal plastic waste dumping uncounted across the selected towns and villages in

Nkomazi local municipality, Mpumalanga province of South Africa.
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Figure 3.3: Heatmaps of plastic distribution across samples towns and villages of (a)
Komatipoort, (b) Malelane, (c) Hectorspruit, (d) Tonga, (¢) Kamhlushwa, (f) Schoemansdal,
(g) Phiva, (h) Ntunda, and (i) Schulzendal in Nkomazi Local Municipality.

Within the big towns most of the illegal plastic waste dumpsites were found in densely
populated low—income residential areas with plastic abundances of greater that 900 plastic

particles in Komatipoort to above 1,454 plastic particles in Hectorspruit (Figure 3.3a—c).
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However, low populated high income residential areas in big towns had low plastic counts on
illegal plastic waste dumpsites ranging from 5 plastic particles in Malelane to 50 plastic
particles in Komatipoort (Figure 3.3a—c). Although the high—income areas in big towns were
characterized by low plastic waste counts, observations at dumpsites showed the high
prevalence of garden—related waste. Across all small towns, most illegal plastic waste
dumpsites had low abundance of plastic waste counts, and these were more prevalent in low—
income areas in towns such as Tonga (abundance per site 80233 plastics) and Schoemansdal
(abundance per site 30-519 plastic particles) (Figure 3.3d—f). The counts of plastic waste at
dumpsites varied notably across the three villages (Figure 3.3g—1). In Phiva, heat maps showed
that densely populated dumpsite had plastic counts of more than 8,000 plastic particles
compared to Ntunda with 1,500 plastic particles and Schulzendal with 1,600 plastic particles
on densely populated dumpsites. In Phiva, plastic waste dumpsites with low abundances were
located within the village, compared to those with high abundances which were located along
roadsides that are in the peripheries of the village (Figure 3.3g). In Ntunda, plastic waste
dumpsite with both low and high abundances were scattered across the villages (Figure 3.3h),
whereas in Schulzendal village, these were at the centre of the village and these abundances
decreased as one moves away from the village (Figure 31). Generally, across all three villages

plastic waste dumpsites were mostly located along roadside and around graves.

3.3.2. Illegal plastic waste dumpsite sizes and location

About 70% of the illegal plastic waste dumpsites were of large size, with most of these being
in small towns (32%) compared to big towns (20%) and villages (18%) (Figure 3.4). Within
big towns, Komatipoort (8%) and Hectorspruit (8%) had twice more the number of large illegal
plastic waste dumpsites compared to Malelane (4%). The highest proportion of large illegal
plastic waste dumpsites were in Tonga (13%) compared to Schoemansdal (9%). The village of
Phiva (8%) had the highest number of large illegal plastic waste dumpsites compared to Ntunda
and Schulzendal with 5% large dumpsites (Figure 3.4). Medium sized illegal plastic waste
dumpsites were prevalent in big (8%) and small (10%) towns compared to villages (1%). Most
of the small illegal plastic waste dumpsites were in big towns (9%), particularly Malelane and
Hectorspruit than in small towns (3%) and villages (1%) (Figure 3.4). Comparisons of illegal
plastic waste dumpsite size categories showed no significant (> = 0.469, p > 0.199) differences

across towns.
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Figure 3.4: Illegal plastic waste dumpsites size across the selected towns and villages in

Nkomazi local municipality, Mpumalanga province of South Africa.

A third (66%) of the illegal plastic waste dumpsites were located along roadsides and most of
these were in small towns (32%) compared to big towns (22%) and villages (12) (Figure 3.5).
[llegal plastic waste dumpsites that were located on vacant land constituted less than a quarter
(19%) of all the enumerated dumpsites, with most of these being in small towns (8%) and
villages (6%) than in big towns (5%). Across all towns and villages, illegal plastic waste
dumpsites located along rivers and on parks and commonages were less than 10% of the
identified dumpsites (Figure 3.5). Within big towns, Hectorspruit (12%) had the highest
number of dumps along road sites compared to Komatiport (7%) and Malelane (3%). Within
small towns, Tonga (11%) and Schoemansdal (12%) had the most dumping along roadsides
compared to Kamhlushwa (9%), whereas dumping along village roadsides was evenly
distributed (4% across all villages). Overall, no significant (3> = 37.222, p > 0.241) differences

were observed across towns and villages for illegal plastic waste dumping at various locations.
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Figure 3.5: Location of illegal plastic dumpsites across different towns and villages in

Nkomazi Local Municipality.

3.3.3. Plastic types/composition on illegal dumpsites

A total of 61,374 different plastics were enumerated across all the illegal plastic dumpsites that
were counted in all towns and villages (Table 3.2). Interestingly, most of the enumerated plastic
were in illegal plastic waste dumpsites located in villages (30,663 plastic particles) than those
in big towns (16,100 plastic particles) and small towns (14,611 plastic particles). Polypropylene
(PP) were the most prevalent (36 %; n = 21,887 plastic particles) plastics across the all the
illegal plastic waste dumpsites in all study areas. Most PP plastics were in villages (33% plastic
particles) compared to big towns (28%) and small towns (30%) (Table 2). Notably, diapers
comprised 72% of all PP waste disposed. Apart from PP plastics, polyethylene terephthalate
(PET) plastics accounted for 26% (16,929 plastic particles) of plastics found on illegal plastic
waste dumpsites across the towns, with villages constituted 7,100 plastic particles compared to
5,414 plastic particles counted in small towns and 4,415 plastic particles in big towns (Table
3.2). Commonly occurring PET waste included beer bottles, plastic containers, and personal
care products. The low—density polyethylene (LDPE) constituted 16% of the identified plastics
across all towns and villages. Apart from plastics that were categorised as others (0.3% in total),
PVC were the least counted plastics across all towns, with only 224 plastic particles counted
in villages, 322 plastic particles in small towns, and 195 in big towns (Table 3.2). When data
was analysed per study area, the village of Phiva (20,192 plastic particles) had the highest
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number of plastics counted per illegal plastic waste dumpsites followed Schoemansdal (8,199
plastic particles) and Ntunda (7,426 plastic particles). Malelane had the least count of plastics
on illegal plastic waste dumpsites (Table 3.1). Overall, villages accounted for most of the
plastic on illegal plastic waste dumpsites followed by big towns and small towns. Statistically,
there was a significant (F = 2.218, p < 0.05) difference across towns and villages for the total
plastic type count, with the village of Phiva (mean = 2,884 plastic particles) having more counts
compared to the towns of Malelane (mean = 285) and Schulzendal (mean = 435 plastic
particles). In contrast, there were no significant (F = 1.745, p >0.05) differences for the total
plastic type count across the town and village categories, namely big towns, small towns, and

villages.

Field observations showed that most dumpsites in the small towns and villages showed
evidence of incineration, a practice commonly done to reduce and manage the waste on
dumpsites (Figure 3.6a). Apart from plastic illegal dumping on river systems (Figure 3.6b),
observations showed that the most dominant activity within plastic dumpsites were livestock
grazing (Figure 3.6c—d). Common domestic animals encountered included goats, cattle,
chickens, and pigs. Comparisons showed that animals were prevalent in plastic waste
dumpsites located in village, while large and small towns had few animals roaming at their

dumpsites.
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Table 3.2: Proportions of plastic categories within towns and villages in Nkomazi Local Municipality. The values in parenthesis () represent

plastic particles. Abbreviations: LPDE — low density polyethylene, PET — polyethylene, HDPE — high density polyethylene, PVC — polyvinyl

chloride, PP — polypropylene, PS — polystyrene

Small towns Big towns Villages

Plastic Schoemansdal Tonga Kamhlushwa Malelane Hectorspruit Komatipoort Phiva Ntunda Schulzendal

polymer

LDPE 11% (1,079) 12% (476) | 18% (607) 19% (419) | 9% (582) 13% (866) 24% (4,929) 9.3% (446) 7% (215)

PET 17% (1,576) 26% 32% (1,205) 27% (562) | 32% (2,239) 40% (2,613) 19% (3,974) 11% (665) 78% (2,461)
(1,634)

HDPE 14% (1,430) 10% (282) | 11% (378) 6% (154) 3% (210) 8% (523) 3% (591) 24% (1,307) 1.4% (52)

PVC 2% (104) 1% (63) 1% (28) 0.2% (7) 1% (69) 4% (246) 1% (162) 0.3% (36) 1% (23)

PP 28% (2,730) 29% 27% (966) 21% (465) | 44% (2,819) 26% (1,753) 43% (9,217) 46% (2,369) 9% (284)
(1,284)

PS 13% (1,275) 13% (608) | 9% (335) 24% (384) | 3% (217) 7% (430) 6% (1,224) 5% (2,602) 1% (8)

Other 1% (5) 0 1% (35) 1% (6) 0.1% (18) 0.4% (29) 0.4% (92) 0.01% (1) 0.01% (2)
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Figure 3.6: Photographs showing incineration of plastic waste and the presence of livestock in
dumpsites located in (A) Schoemansdal, (B) Tonga, (C and D) Phiva located in Nkomazi Local
Municipality.

3.4. Discussion

Results of this study show that although illegal plastic dumping is common in both urban and
rural areas, it is more prevalent in big and small towns due to the high number of dumpsites in
both big and small towns compared to villages. However, it is important to note that although
counts of dumpsites was higher in urban areas, plastic type/composition was higher in villages
than urban areas. Previous studies conducted in South Africa have confirmed that illegal plastic
dumping is common in urban areas due to several factors such as poor municipal services,
corruption, lack of financial and human resources, human behaviour linked to dumping, and
lack of municipal by—law enforcement (Polasi, 2018; Adeniran and Shakantu, 2022; Ngalo and
Thondhlana, 2023; Grangxabe et al., 2023; Jakeni et al., 2024). For example, Adeniran and
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Shakantu (2022) reported that a significant number of plastic waste is being disposed in a
haphazard manner in South African township, yet residents in these areas are not aware of the
adverse environmental and human health effect of plastic waste disposal. Ngalo and
Thondhlana (2023) noted that most dumpsites in Komani have illegally disposed plastics that
can cause negative health effects to people who reside next to these dumpsites. South African
local municipalities have struggled financially to provide municipal services such as waste
collection, this likely to explain why most illegal dumpsites are dominated by plastics. For
example, Swanepoel and Marlin (2024) reported that the waste collection rate in most
municipalities range from as low as 20% to 80%, meaning the struggles to collect waste in
urban areas tend to force residents to dump waste illegally. In the same above—mentioned study,
illegal dumping of waste increased in Nelson Mandela Bay by 57% between 2015 to 2021, this
attributed to municipal poor waste management and increase in urban population and informal
sectors. Some informal sectors in urban areas are inaccessible, thus municipal vehicles cannot
drive in such areas thus residents are left with no option but to dump the waste. The problem
of illegal plastic dumping is not only common in South Africa alone, but it has also been
reported in other countries such as India, Poland, Nigeria, and Kenya (Ichipi, 2023; Jakie et al.,

2019; Sharma et al., 2018).

Results of this study noted that more illegal plastic waste dumping is taking place in high
density areas compared to low density areas. Across most of the surveyed urban areas, dumping
was prevalent in low—income areas than in high income areas. This result concurs with previous
studies which have noted similar patterns (Niyobuhungiro and Schenck, 2021; Ngalo and
Thondhlana, 2023; Swanepoel and Marlin 2024; Tombe, 2024). For example, Tombe (2024)
conducted a study in Makhanda and Knysna and reported that illegal waste dumping is more
concentrated in low—income areas that in high income areas and attributed this to poor
municipal services being rendered to low—income areas. In Knysna, Tombe (2024) noted
service delivery disparities between high— and low—income areas, with observations showing
that most low—income areas did not have skip waste collection bins whilst most high—income
areas have these dumping bins, this likely to explain why dumping is prevalent in low—income
areas. Besides municipal services, some studies have noted that most people in high income
areas have financial resources and means to take their waste to landfills as compared to
residents of low—income areas who do not have financial resources to take their waste to
landfills (Ngalo and Thondhlana, 2024; Tombe, 2024). In Western Cape Province,

indiscriminate waste dumping in the town of Fisantekraal was mainly concentrated in the
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densely populated areas and was becoming a serious health threat to residents in the area
(Niyobuhungiro and Schenck, 2022). Obvious issues of accessibility are regarded as the main
challenge of waste picking in densely populated low—income areas, however, human behaviour
of indiscriminate bumping should be considered. It is possible that people dump plastic because
they do not have anywhere to put the uncollected plastic or to get rid of the waste from their
property. Indeed, some studies have shown that illegal plastic dumping is a behavioural
problem although issues of service delivery are applicable (Allison et al., 2022). This therefore
implies that solutions to illegal plastic waste dumping should be frames along the change
behaviour framing that emphasises the need to mainstream human behavioural change (Allison

etal., 2022).

The proliferation of illegal plastic waste dumping in low—income areas, has several animal and
human health as well as environmental implication to those leaving close to dumpsites. For
example, plastic disposal threatens soil, plant, and aquatic life, as well as surrounding
ecosystems which subsequently affects human health since humans benefit directly and
indirectly from this ecosystem (Van Emmerik and Schwarz 2020). Plastic in general contain
chemicals and hazardous substances such as Bisphenol A (BPA), thus disposal illegally near
households can cause human health and environmental risks such as lung problems, skin
diseases, and gastral problems linked to toxic plastic substances (Proshad et al., 2018).
Norsa’adah et al (2020) reported that proximity to waste dumpsites exposes people to diseases
such as sore throat, diabetes, and hypertension, which means living close to a dumpsite is a
health risk. Putting everything together, it is possible to conclude that the prevalence of illegal
plastic waste dumping in low—income areas combined with the potential health risks make the
problem a social justice issue. According to Kubanza and Simatele (2016) waste dumping is a
social justice issues given that certain groups of people (in this case low—income areas) are
being deprived of equal opportunities when it comes to waste, i.e., with their waste not being
collected, dumping creates political, economic, and socially unequal opportunities for them.
This speaks to issues of interventions in the long run, thus waste management plans and
investments for effective waste collection should be tilted towards low—income areas that high
income areas. For example, more bins, collection frequency, and financial resources should be
committed to low—income areas than high income areas given the high population density

which results in high number of dumping, which needs more cleaned up resources.
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Besides the fact that most dumpsites were large, which speaks to issues of dumping prevalence,
most of the illegal plastic waste dumpsites were along roadsides. Previous studies have reported
that roadside and commonage dumping is common and the most preferred form of getting rid
of the waste (Ngalo and Thondhlana, 2024; Tombe, 2024). Swanepoel and Marlin (2024) used
GIS and remote sensing to show that illegal waste dumping is prevalent along roadsides in
Nelson Mandela Bay. Ngalo and Thondhlana (2024) used drive—by-road surveys to show that
dumpsites are mostly located along roadsides, underneath electricity poles, and on
commonages of Queenstown in Eastern Cape Province of South Africa. In India, Vij (2012)
noted that solid waste dumping is prevalent along roadsides and vacant land due to lack of
waste collection. Similarly, in Indonesia, public roads are frequently utilised as illegal dumping
grounds, due to limited community engagement and a lack of subsidies from the government
for waste management (Penyalahgunaan et al., 2024). Research conducted in Europe indicated
that roads greatly influence the occurrence of illegal dumpsite, with regional variances
impacting the aesthetics of various road types for dumping (Matos et al., 2012). Roadside
dumping results in visual obstructions, unpleasant odours, negative environmental impacts, and
increased accident risks (Karimi and Faghri, 2021; Penyalahgunaan et al., 2024). Apart from
that, dumping plastic waste along roadsides has its own negative effects such as plastic
blocking water drainage systems causing flooding and loss of aesthetic beauty of the area. The
sampled area is close to Krugger National Park thus aesthetic beauty of the towns is important
for tourism purposes. It is possible that the loss of aesthetic beauty due to plastic dumping will
have knock—on effects on the towns economy as tourists might shame the towns. These knock—
on effects have serious societal implication such as loss of employment and livelihood income,

thus plastic waste dumping has serious indirect effects to communities and the town at large.

The abundance of plastic waste type/composition was more on dumpsites located in villages
than on dumpsites located in urban areas. For example, the study enumerated more PET and
PP plastics on dumpsites in rural villages than across most urban towns. A few factors could
explain our results, firstly, it is possible that some form of plastic recycling is taking place in
urban areas households than in rural areas prior dumping, thus some types of plastics are not
being disposed in urban than rural areas. The above assumption is supported by studies that
have shown that in towns were recycling is taking place at household level, some types of
plastics are not disposed on dumpsites because they are removed prior to disposal (Srivastava
et al., 2015). However, household recycling prior disposal is only effective in areas where it

generates income through the same of recyclable material, thus some form of financial benefits
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stimulated the behavioural change to collect recycling material. Secondly, within most urban
than rural areas, plastic waste collection at dumpsites by informal waste pickers is common
(Godfrey, 2021). In South Africa, informal waste picking is a lucrative business generation
approximately 872 million Rands in 2017 from the sale of recyclable material. This speaks to
the second level of recycling where useful recyclable material is collected at illegal dumpsites
by informal waste pickers, thus some plastic types are no longer available on dumpsites as they
are removed by pickers. This is common in urban than rural areas thus explaining why plastic
waste type/composition was prevalent in rural areas. Thirdly, collection of waste in rural South
Africa is rare (Zondi et al., 2023). The above—mentioned study stated that over 90% of villagers
in Vulindlela, located in Msunduzi Municipality do not have their waste collected and end up
disposing the waste along roadsides or opt to burn the waste within their property yard. The
lack of proper waste collection in rural areas could explain the high number of dumped waste
type/composition that was observed in this study. Lastly, like urban areas, plastic dumping as
a behavioural issue by villagers can also not be ruled out. Within these villages, the illegal
dumping of PP products is a course of concern given that PP takes up to 30 years to degrade
naturally (Alsabri et al., 2022). For example, burning PP triggers the release of toxins such as
dioxins which have negative effects on human immune system and can cause cancer (Verma
et al., 2016). On the other hand, the release of PET products on illegal plastic dumpsites can
trigger release of PET material in river systems, particularly consumable river water leading to

health effects such as allergies (Yaka et al., 2015).

3.5. Conclusions and recommendations

This study showed that, based on dumpsite counts, illegal plastic waste dumping is prevalent
in urban than rural areas. Within urban areas, illegal plastic dumping shows an uneven
distribution, being prevalent in low than high income areas, this likely to speak to issues of
illegal waste dumping as a social justice issue. However, count of the specific plastic waste
types/composition showed that more PP and PET plastics were in villages than urban areas, an
indication of poor waste collection municipal services in rural areas. Drivers of illegal plastic
waste dumping are many including poor municipal waste collection services, lack of
implementation and monitoring of municipal by—laws, and behavioural issues among people.
To address the challenge of illegal plastic waste dumping, the study proposes the following
interventions. Firstly, current dumpsites need to be removed through clean—up campaigns.
These could be championed by municipalities or communities themselves. Secondly,

municipalities need to put more financial and human resources to effectively collect waste in
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both urban and rural communities. Municipalities need to develop well-funded and resourced
waste collection plans to the extent that if properly implemented illegal plastic dumping will
be eliminated. Thirdly, programmes aimed at promoting recycling of waste at household level
or even by waste pickers at dumpsite need to be promoted to reduce the type of plastic that is
being dumped. Such programmes could involve incentivising recycling through promoting sale
of recyclable material, with the potential of municipalities getting into the recycling business.
Fourthly, from an infrastructure standpoint, municipalities must consider installing more bins
on strategies positions to allow people to dump plastic. Besides, municipalities must hand over
bins or waste containers to residents to use for waste disposal. Lastly, to change illegal plastic
dumping behaviour, enhancing public education on plastic waste and outreach programs is
needed. Such education and outreach programmes should educate people on all aspects of
waste disposal ranging from safe waste disposal techniques to recycling and highlighting the

impacts of illegal plastic dumping.
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CHAPTER FOUR: PERCEPTION AND PRO-ENVIRONMENTAL
BEHAVIOURS TOWARDS PLASTIC POLLUTION IN NKOMAZI
LOCAL MUNICIPALITY

Abstract

Humans are at the center of plastic pollution, thus any proposed solution related to addressing
the problem should consider understanding human perception. Most studies on human
perceptions linked to waste pollution are in urban areas leaving rural areas neglected.
Understanding pro—environmental behaviors linked to plastic pollution could assist in
developing effective human centered solutions to plastic pollution. This study used household
face—to—face interviews to assess human perception towards plastic pollution across different
towns and villages in Nkomazi Local Municipality. The study further assessed plastic
consumption patterns and choices and how these behaviours can inform potential waste
management strategies. Results show that most respondents have knowledge about plastic
pollution, however, such knowledge varies between towns and villages with most urbanites
having more knowledge about plastic pollution compared to those in villages. Respondents
were aware of both the health and environmental effects of plastic pollution, with knowledge
of impacts varied across the study towns and villages. Pro—environmental behaviours showed
varied results, positive relationships with plastic pollution perception (sustainability knowledge
vs pollution effects), but that was not the case for some variables were negative relationships
were reported (plastic separation vs impact knowledge). The study concludes that interventions
such as (1) financial investment towards plastic pollution reduction, (ii) enhancing pro—
environmental attitudes and behaviour, and (iii) municipal investment in plastic pollution

management facilities like bins and recycling centres should be prioritised.

Keywords: Plastic pollution, pro-environmental behaviours (PEB), knowledge, waste
management, human perception
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4.1. Introduction

Plastic pollution is the buildup of plastic items and particles, such as plastic bottles, bags, and
microbeads, in the earth's environment, which negatively impacts humans, wildlife, and their
habitats (Obebe and Adamu, 2020). Globally, billions of plastic wastes are produced every year
and a significant amount of this waste end up into natural ecosystems such as oceans, rivers,
and lakes, thus altering ecosystem’s ability to provide key services like food to humans (UNEP,
2019). Plastic is important to day—to—day life, however, the increase in human use of plastic
and its illegal disposal is of concern (UNEP, 2019). Generally, the practice of illegally
disposing waste, plastic being part of the waste along public roadsides, vacant plots, or in areas
not designated for waste disposal is referred to as illegal dumping (Walters et al., 2020). This
illegal dumping is one of the main drivers of plastic pollution which is also described as illicit
dumping and fly—tipping and it predominantly in urban areas due to increase population density
in urban areas, urban migration, increased industrialisation and maladministration by urban
municipalities (Hodsman and Williams, 2011). Sangawar and Deshmukh (2012) suggest that
the increase in plastic waste is driven by population growth, modern lifestyles, and increased
developmental activities in urban areas. The modern lifestyle’s preference for disposable items
has made plastic a prominent choice for both industrial and household applications, yet its
sustainable disposal is a challenge (Adak, 2020). The rise in plastic consumption has resulted
in a decrease in non—biodegradable waste, contributing to a disconnect between municipal solid
waste (MSW) generation and personal consumption expenditure (Tsiamis et al., 2018). If
current trends persist, global estimates indicate that 25,000 million metric tons of plastic waste
could be produced by 2050 (Geyer et al, 2017), of which more than half will be disposed
illegally thus contributing to plastic pollution. In South Africa, Gauteng Province is the largest
producer of plastic waste, with projections indicating that Johannesburg alone could generate
6.7 megatons of plastic waste between 2021 and 2050 (Ayeleru et al., 2024). The increasing
generation and disposal of plastic waste will create significant challenges for municipal waste
management services, which in turn will add to the plastic pollution problem (Ayeleru et al.,

2020).

To reduce plastic pollution, South Africa implemented some regulations in 2003 on plastic
bags and imposed a minor levy that mandated that bags be sold instead of given away for free
(Dikgang et al., 2012). Prior to that, South Africa launched a waste management program in
2019 aimed at addressing local waste challenges and educating citizens on how to combat

plastic pollution in the environment (Hanekom, 2020). Despite these and several other
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interventions and initiatives, consumption of plastic remains high due to plastic’s conveniences
(O'Brien and Thondhlana, 2019). Several other countries have also implemented plastic bag
levies aimed at reducing plastic consumption, and results vary from country to country. For
example, Ireland implemented an environmental tax policy, changing €0.15 per plastic bag,
resulting in a substantial decrease of over 90% in plastic bag consumption (Killian, 2004;
McDonnell et al, 2024). The above—mentioned plastic consumption decrease is associated with
a decline in plastic waste (Killian, 2004; McDonnell et al, 2024). Several other global north
countries have implemented these taxes resulting in mixed results when it comes to plastic
consumption and disposal. The effectiveness of these interventions is frequently constrained
by inconsistent implementation of the laws, inadequate evaluation of successes, and in the
global south context human behaviour towards plastic usage (Xanthos and Walker, 2017,
Madigele and Mogomotsi, 2017). In Botswana, the plastic levy was unsuccessful because of
institutional shortcomings and ineffective waste collection services (Madigele and Mogomotsi,
2017), and to some extent human behaviour linked to convenience linked to usage of plastic
(O'Brien and Thondhlana, 2019). Therefore, research linked to human perceptions related to
plastic pollution are needed in various areas, to gather site specific information that could

inform effective policy interventions.

Perception refers to how an individual interprets, understands, and assigns meaning to
information, events, or their environment (Cong—Lem, 2025). It involves recognizing and
processing sensory input, which then informs thoughts, beliefs, or judgments (Foley, 2019).
Human behaviour encompasses the diverse actions and reactions that individuals or groups
express in response to both internal and external stimuli (Erensoy et al., 2024). This behaviour
is shaped by a combination of psychological, biological, social, and environmental factors
(Gerrig and Zimbardo, 2018). Research indicates that both perception and behaviour are
significant drivers of plastic pollution (Pahl et al., 2020). Human decisions at various stages of
the plastic lifecycle, which is from production, consumption to disposal contribute to pollution,
highlighting the importance of integrating social and behavioural sciences to implement
effective interventions (Pahl et al., 2020). Furthermore, an individual's perception of their
social context plays a key role in shaping their actions toward plastic pollution. Social
identification can either foster conformity to PEB or promote resistance to environmental
initiatives (Huet and Armelle, 2022). People's perceptions and attitudes toward plastic waste
can also influence how they engage with plastic products, which can lead to either excessive

consumption, improper disposal, or participation in recycling efforts. Subsequently, consumer
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perceptions of plastic management can be affected by variety of factors, including product
characteristics, personal attitudes, societal influences, and regulations (Mugobo et al., 2022).
For instance, Northen et al. (2023) highlight that supply, cost, and accessibility play a crucial
role in determining consumer behaviour toward plastics, which in turn affects plastic
management. Hameed et al. (2021) further emphasize that recycling intentions are influenced

by informative and normative social factors, as well as perceived behavioural control.

There are numerous causes and impacts of plastic pollution that necessitate extensive research
on human perceptions to plastic pollution. It is essential to study how demographic factors such
as age, gender, education level, and employment status, along with attitudinal factors, drive
plastic pollution across different types of settlements in South Africa. There is limited research
on the perception of plastic pollution and PEB in various settings, including across spatial
human settlement dimensions such as town sizes (big towns, small towns, and villages) or
across an income gradient (rich and poor suburbs). Research on plastic pollution perceptions
and PEB in South Africa has primarily focused on urban areas such as Johannesburg and Cape
Town and tends to be imbedded with the research on waste in general. For example, Jakeni et
al. (2024) investigated the perceptions of residents and identified illegal dumpsites in Cape
Town and reported that dumping is prone in poor communities and tend to occur in vacant
lands. Polasi (2018) examined the factors contributing to illegal dumping in the Zondi area of
the City of Johannesburg, South Africa, and overall concluded that waste dumping is a major
problem that could have broader implications on poor communities compared to rich
communities. Recently, Mashamba (2024) reported that villagers in Vhembe Biosphere
Reserve prefer to use plastic because it is cheap, however, the same study also observed that
females were prone to contribute less plastic and are keen to manage the plastic waste compared
to males. These results seem to suggest that demographic factors could inform plastic waste
behaviours, thus the need to gather more information to tailor interventions that are effective.
Examining plastic pollution through demographic factors is important, as there is a connection
between risk perception and community behaviour regarding plastic pollution. Age, gender,
education, and income influence attitudes and behaviours towards plastic handling (Soares et
al., 2021). Although large towns often possess more developed infrastructure for waste
collection and disposal, including regular waste services and high levels of awareness and
education among individuals, they also significantly contribute to improper plastic waste

disposal. Conversely, small towns and villages have limited waste removal services, poor waste
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infrastructure, and less awareness and education about proper plastic waste handling, leading

to high levels of illegal plastic dump sites.

In most global south countries, plastic waste issues are worsened by insufficient legislation,
ineffective waste management practices, and slow adaptation to PEB (Akan et al., 2021). This
was particularly evident during the COVID-19 pandemic, when increased use of personal
protective equipment added around 105,000 tonnes of face masks to the environment each
month, worsening plastic pollution (Benson et al., 2021). Communities that prioritize
sustainability are more likely to adopt pro—environmental habits, such as using reusable bags
or participating in clean—up campaigns. On the other hand, in areas where plastic pollution is
not seen as a major issue, individuals may either follow unsustainable practices or oppose
environmental initiatives. According to Rhyner et al. (2017) waste management is a
consequence of societal advancement and civilization. Additionally, industrialisation has
worsened this issue, resulting to excessive generation of diverse and potentially hazardous
waste (Souri and Haghi, 2017). A study conducted by Barles, (2014) indicates that waste
management has developed over time, from simple disposal methods to more complicated

systems that reflect shifting societal attitudes and environmental concerns.

Mpumalanga contributes less than 10% of South Africa’s total general waste, generating
approximately 3,831,000 cubic meters of waste annually (Mnisi, 2008). Over time, the
province has produced approximately 1.37 million tons of waste per capita compared to the
national average of 1.04 million, making the province a big waste generator (DWAF, 1998;
Stats SA, 2002). Although recycling activities take place in the province, they lack proper
coordination. The extent of waste collection services in Mpumalanga reflects its predominantly
rural characteristics. In the Nkomazi Local Municipality, only 8,375 out of 82,126 households
pay for waste removal services. These paying households are mainly situated in urban areas
compared to rural areas. Within most urban areas, waste collection services are provided
multiple times a week (although not consistent), while rural communities may have collections
just once a week or not at all (Mihai and Grozavu, 2018). The waste accumulation problem is
aggravated by insufficient funding, outdated infrastructure, and the negative attitude by
residents (Devi et al., 2016). Most of the plastic waste produced in South Africa and in
Mpumalanga comes from households and industrial areas within urban areas (Ryan, 2020),
with close to 50% of this waste usually end up as illegal dumps due to non—collection. With

municipalities failing to collect waste, the problem of plastic pollution becomes a waste
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management problem (Zurbriigg, 2002) that is linked to waste injustice, i.e., with most waste
in road verges and vacant plots of low—income areas, posing risks to resident's health and the
environment (Kumar and Chakrabarti, 2010). Although municipalities have put interventions
such as mandatory waste separation at the source, recycling initiatives, and integrating informal
waste pickers into the management process, the problem of plastic pollution and waste in
general is on the rise in South Africa (Moreno—Sanchez and Maldonado, 2006; Sentime, 2011;
Mazhandu et al., 2021). Research indicates that informal waste pickers play a vital role in
reducing waste accumulation and managing improperly disposed waste (Moreno—Sanchez and
Maldonado, 2006; Sentime, 2011; Medina, 2008), however, their role could be insignificant if
human behaviour on plastic waste does not change. This calls for more research on human
perceptions and PEB towards plastic pollution. In this regard, this study aims to assess human
perception towards plastic pollution across different towns and villages in Nkomazi Local
Municipality. The study will further assess plastic consumption patterns, choices, and

behaviours can inform potential waste management strategies.

4.2. Methods

4.2.1. Study area

To avoid repetition, the study area is presented under Chapter 3, Section 3.2 entitled Methods,
subsection 3.2.1 entitled study area.

4.2.2. Household surveys and data collection

A random sampling approach was used to selected towns and households in each area (big
towns, small towns, and villages). The randomization process was implemented by first listing
all towns and villages in the area by name and assigning them numbers. The classes of big
towns, small towns and villages represented the stratified random sampling divisions used in
this study and these were based on population, area size, and general information on how the
areas are administered. After assigning the towns and villages numbers, the random function
in excel was used to select the above—mentioned sampling areas. Within each study area,
survey households were then randomly selected within each subgroup to ensure proportional
representation. Google maps were used to identify all the houses and assign them numbers.
After that, a random function in excel was used to select 30 households in each study area. A
total of 270 households participated in the study (30 households x 9 study areas (3 big towns,

3 small towns, and 3 villages).
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The interviews schedule contained structured questionnaires with closed—ended questions.
Household survey interviews gathered data on residents’ demographic attributes, general
knowledge about plastic pollution, perceptions about plastic pollution, impacts of plastic
pollution on the environment and PEB (see Appendix 4.1 with the interview guide). The
interviews were conducted in the respondents' preferred language, either English or IsiSwati,
the local indigenous languages in the area. Each interview session lasted approximately 20 to
30 minutes. When respondents from the selected households were unavailable, or had no
individuals over 18 years old, the next selected household was chosen for the survey.
Interviews were conducted in March 2024. Ethical approval for the study was issued by the
Rhodes University Human Research Ethics Committee (Approval Number 2023—-7503-8255).
Informed consent was sort prior to conducting any interview. Participation was voluntary and
all participants had the right not to answer any question. Participants had the option to withdraw
at any given time without any negative repercussions. Assurance of confidentiality and
anonymity of responses was explained prior to starting the interviews. all data were

anonymised prior analysis and no personal information was collected.

4.2.3. Data analysis

Descriptive statistics were applied to examine participants' demographic profiles, their
perceptions, the frequency of waste collection services, waste disposal methods, and their
views on the causes and impacts of illegal plastic dumping. Thematic content analysis was
conducted to identify recurring themes related to the factors contributing to illegal plastic
dumping, its perceived effects, and possible interventions suggested by residents. Additionally,
participant comments were analysed to uncover new insights that may not have been captured
through the semi—structured survey questionnaire. A non—parametric Spearman correlation was
used to explore the relationships of between sociodemographic variables (i.e., age, gender,
education) and pro—environmental behaviours towards various plastic pollution responses
(knowledge, perceptions, and effects). All statistical analyses were performed using TIBCO
STATISTICA version 14.0 software (TIBCO Software Inc, 2020). A limitation of this study is
that respondents may already have strong opinions about plastic pollution, potentially leading
to biased results. Regardless of this limitation the study still provides potentially valuable
insights on perceptions and behaviours and impacts regarding plastic pollution across different

location setting in South Africa.
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4.3. Results

4.3.1. Demographic information of the sampled population

Except in big towns, most of the sampled population were female respondents compared to
males. In both small towns (56%) and villages (72%), more than half of the respondents were
females (Table 4.1). Although comparisons within the categorised towns and villages showed
no significant differences for age, overall significant differences were observed with the towns
and villages were put together (y* = 24.793, p < 0.05; Table 4.1). The dominant age range
across all study towns and villages was 25-34 and 35-44 ages (Table 4.1). More than 10% of
the respondents in both big towns (16%) and villages (17%) were above 55 years compared to
7% in small towns. Age showed no significant differences across the study areas (y~ = 42.936,
p > 0.05; Table 4.1). Across all the towns and villages, more than a quarter of the respondents
had high education, with less than 5% of the respondents across all towns and villages having
a post—graduate qualification (Table 4.1). For education, statistical differences were observed
in big towns only (x~ = 37.909, p <0.001) and when comparisons were done across all towns
and villages (y* = 85.660, p < 0.001). Most of the respondents in big towns were employed
(60%), but with no significant differences across the big towns (y* = 11.265, p > 0.05; Table
4.1). In contrast, most of the respondents in small towns and villages were unemployed (42%
and 54%, respectively), with significant differences only observed in small towns (x> = 15.225,

p < 0.05) but not in villages (x> = 7.971, p > 0.05; Table 4.1).

Table 4.1: Sociodemographic information across the study area. Results are percentages and

Chi—squared results are shown. * =p < 0.05, ** =p <0.01, and *** =p < 0.001.

Variables Study areas Comparisons across towns
Big Small Village | Big Small Village | All
towns towns s towns towns J
Gender
Female 37 56 72 0.861™ 0.630" 0.443" | 24.793™
Male 63 44 28
Age group (years)
18-24 8 26 19 8.627™ 9.606™ 9.581™ | 42.936™
25-34 31 37 30
3544 30 19 23
45-54 16 12 11
<55 16 7 17
Education
Uneducated 8 1 11 37.909"" | 18.699" 9.090™ | 85.66™"
Primary School 19 12 14
High School 36 40 48
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Certificate 16 21 12
Diploma 14 13 12
Degree 6 8 2
Post—graduate 2 4 0
Degree

Employment

Student (%) 4 16 8 11.265™ 15.225 7.971" §7.671**
Self~-Employed (%) | 14 22 12
Unemployment (%) | 20 42 54
Employment (%) 60 18 22
Retired (%) 1 2 3

4.3.2. Knowledge and perceptions about plastics

Most of the respondents across the study area are concerned that plastic waste is a problem,
with a significant number being in big towns (58%) compared to small towns (53%) and
villages (37%) (Table 4.2), with no significant differences across the different towns and
villages (y>=21.310, p>0.05). When respondents were asked about worries of plastic pollution
on the environment, more than half of the respondents in big towns (61%) and villages (53%)
strongly agreed, with no significant differences recorded across all towns and villages (y~ =
39.302, p > 0.05). More than 60% of the respondents across all the sampled towns and villages
are aware of ways to dispose plastic waste without affecting the environment (Table 4.2).
However, only few of the responds strongly agree that they are handing waste disposal properly
across the study area (big towns 48%, small towns 43%, and villages 33%). When asked if they
take the environment into accountability when littering plastic waste, less than 30% of the
respondents strongly agree, with significant differences across the different towns and villages
(" = 49.839, p < 0.05; Table 4.2). Less than a quarter of the respondents across all the towns
and villages strongly agree or agree that municipalities are solely responsible for picking waste.
Fewer respondents strongly agree (big towns =, 17%, small towns =, 10%, and villages = 19%)
that it is only the government and business facilities that should practice recycling, reuse, and
reduce of plastic products (Table 4.2). The above response was statistically significant in
among villages (y* = 25.420, p < 0.01) than big (x> = 13.27, p > 0.05) and small (> = 13.267,
p > 0.05) towns that showed on significant differences. Across all towns, and villages, fewer
than 20% of the respondents strongly agree that plastic products are convenient for everyday
use and cannot be substituted by environmentally friendly products, with no significant

differences across samples areas (y° = 34.015, p < 0.05; Table 4.2).

50



Table 4.2. Responses to questions related to knowledge and perceptions on plastic pollution in the study area. Results are percentages (strongly

agree and agree) and Chi—squared results are shown. * =p <0.05, ** =p <0.01, *** =p < 0.001, and ns = not significant p > 0.05.

Interview question

Study areas

Comparisons across towns

Big towns Small towns Villages Big Small Villa | All
towns towns ges
% strongly % % strongly % % strongly %
agree agree | agree agree | agree agree
Concerned about plastic waste problems 58 32 53 38 37 53 0.428™ | 7.183™ 5.011 | 21.31
ns OHS
Worried about plastic pollution environmental 61 30 46 42 53 41 3.321™ | 9.447™ 2.679 | 39.30
problems ns ons
Knowledge of plastic waste disposal without harm 61 24 62 33 61 38 8.672™ | 4.636™ 8.351 | 38.85
to the environment ns 9*
Knowledge of plastic waste handling 48 29 43 39 33 33 16.961" | 7.183"™ 2.868 | 37.60
ns 9ns
Knowledge of plastic littering vs environmental 27 21 16 24 14 36 9.211™ | 6.619™ 12.54 | 49.83
accountability gns 9*
Municipal is responsible for plastic waste 23 12 21 16 11 20 14.907" | 6.455™ 12.90 | 42.66
N 2ns 3115
RRR is govt and business mandate 17 12 10 17 19 21 13.277" | 13.267™ | 25.42 | 59.99
s 0** 2**
Plastic is convenient and cannot be replaced 17 19 11 15 13 30 10.729" | 6.639™ 10.31 | 34.01
S 8“5 51’18
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4.3.3. Plastic pollution effects and pro—environmental behaviour

More than half of the respondents in big towns (61%), small towns (52%), and villages (51%)
strongly believe that plastic pollution has effects on human health (Table 4.3), however,
statistical comparisons across all villages showed no significant differences (p > 0.05).
However, most respondents in big towns (70%), acknowledged that microplastic affects
aquatic organisms, with no statistical differences within big towns (3> = 5.656, p > 0.05; Table
4.3). Responses in villagers regarding the effects of plastic pollution showed significant
differences across the villages (y° = 21.029, p < 0.001; Table 4.3). Responses that strongly
agree that plastic pollution affects the aesthetics appeal of the environment were higher in big
towns (50%) than small towns (40%) and villages (47%), with no significant differences across
the study areas (- = 32.542, p > 0.05; Table 4.3). More than 60% of the respondents in big
towns strongly agree that plastic pollution take up land and impacts the economy, with close
to half alluding to the same strong views in small towns and villages (Table 4.3.). More than
50% of the respondents across all study areas always dispose plastic correctly, with less than
30% often disposing the plastic correctly (Table 4.3). Less than 40% of the respondents said
they always or often recycling of plastics across the different towns and villages, with
significant differences recorded across the study area (x> = 48.520, p < 0.05; Table 4.3).
Responses related to always or often adhering to PEB were low less than 30%) across all the
study areas (Table 4.3). However, statistical differences on PEB responses across all study
towns and villages were observed for plastic reuse (p < 0.05), plastic recycling (p < 0.05),
paying attention to sustainability issues (p < 0.05), and participation in pro—environmental

campaigns and by—law compliance (p < 0.05; Table 4.3.).

52



Table 4.3: Responses to questions related to plastic pollution effects and pro—environmental behaviours in the study area. Results are percentages

(strongly agree and agree) and Chi—squared results are shown. * = p <0.05, ** =p <0.01, *** =p < 0.001, and ns = not significant p > 0.05.

Interview question Big towns Small towns Villages Big Small Village | All
% strongly | % % strongly | % % strongly | % towns | towns s
agree agree | agree agree | agree agree

Plastic pollution effects

Plastic pollution affects human health 61 22 52 21 51 36 6.118n | 10.8007 | 8.870n | 43.30
s ns s 8ns

Microplastic affects aquatic organisms 70 17 56 28 49 36 5.656n | 7.920ns | 21.029 | 50.09
S sekosk 9*

Plastic waste affects aesthetics appeal of the 50 29 40 30 47 26 7.841n | 8.393ns | 10.766 | 32.64

environment s ns 2ns

Plastics end up in landfills that take up land 63 27 49 31 54 28 12.35*% | 11.576ns | 16.011 | 50.08

* 8*

Plastic pollution impacts economy and food supply 66 27 46 37 32 37 6.286n | 6.516ns | 5.488n | 38.94
S s 5ns

Pro—environmental behaviours % always % % always % % always % Big Small Village | All

often often often | towns | towns s
I dispose plastic correctly 61 20 57 27 52 22 6.883n | 6.718ns | 12.983 | 30.77
ns 7ns

I try to reuse plastic 46 10 38 29 32 13 8.049n | 7.691ns 12.842 | 48.52
s ns 0*

I do waste separation 21 8 16 12 17 9 11.413 | 4.067ns | 2.903n | 30.61
ns s 4ns

I use recyclable paper 17 12 21 19 4 10 13.115 | 4.825ns | 3.832n | 45.86
ns s 8*

I pay attention to sustainability issues 29 20 23 21 20 11 15.689 | 12.278ns | 9.395n | 48.23
* S 3*

I participate in pro—environmental campaigns and 27 17 13 26 13 18 3.655n | 8.534ns | 19.521 | 46.47

comply with local by—laws S ok 2%
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4.3.4. Relationship between sociodemographic variables, pro—environmental behaviours,
and plastics responses

All sociodemographic variables (gender, age, education, and employment) showed
significantly positive corelation (p < 0.05) with some pollution effects response (Table 4.4),
implying older respondents, employed respondents strongly agreed that plastic pollution
caused effects such as loss of aesthetic value and taking up land. In contrast, education
negatively correlated with the notion that only the government and business facilities should
practice recycling, reuse, and reduce of plastic products. Regarding PEB, most variables
showed positive significant relationships (Table 4.4). The above-mentioned positive
correlations were more visible across most PEB for plastic picking municipal responsibilities
and knowledge about plastic disposal, implying respondents who often and always promote
PEB also had knowledge of plastic pollution disposal. Significantly negative correlations were
only recorded for plastic disposal vs waste handling, plastic reuse vS RRR by government,
waster separation vs impact on economy, and pro—environmental campaigns and by—law

compliance vs effects on environmental aesthetics (Table 4.4).
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Table 4.4: Relationship between sociodemographic and pro—environmental behaviours towards plastic pollution responses. Values in Bold are

significant at p < 0.05.

Interview questions Sociodemographic l Pro—environmental behaviours ‘
Gender | Age | Educa | Employ | Plastic Plastic Waste Plastic Sustainability | Pro—environmental
tion ment disposal reuse separation | recycling issues campaigns and by—law
compliance
Plastic pollution knowledge and perceptions ‘
Knowledge of plastic waste disposal 0.055 0.013 | 0.060 | 0.031 0.120 0.156 0.092 0.153 0.124 0.088
Plastic pollution effects on environment | 0.046 0.025 | 0.055 0.009 0.014 0.115 0.102 0.086 0.136 0.194
Knowledge of plastic littering vs 0.080 0.100 | 0.057 0.098 0.204 0.171 —-0.039 0.010 —-0.034 -0.013
environmental accountability
Municipal is responsible for plastic 0.022 —0.066( 0.196 | 0.069 0.043 0.293 0.187 0.214 0.259 0.099
picking
Concerned about plastic waste —0.098 —0.062| 0.039 0.090 -0.010 0.050 0.111 0.048 0.087 0.033
Knowledge of plastic waste handling —0.058 —0.096| —0.025 | —0.036 -0.132 0.021 0.062 0.039 0.013 -0.010
RRR is for govt and business only —-0.062 0.023 | -0.199 | 0.018 —-0.084 —-0.142 0.005 0.062 —-0.057 —0.059
Plastic is convenient and cannot be —-0.049 —-0.075| —-0.062 | 0.084 0.007 0.092 0.086 0.134 0.090 —-0.003
replaced
Plastic pollution effects
Plastic pollution affects human health —-0.030 —0.053| 0.003 0.104 —-0.039 0.099 —0.047 —0.041 —0.072 —-0.036
Microplastic affects aquatic organisms 0.141 —-0.019| 0.160 0.136 -0.022 0.132 —-0.037 0.002 0.031 —-0.056
Plastic waste affects aesthetics appeal of |0.023 0.009 | 0.135 0.080 0.013 0.148 —0.053 -0.092 -0.022 -0.178
the environment
Plastics end up in landfills that take up | 0.057 0.124 | 0.053 0.136 0.127 0.095 -0.015 0.003 0.067 0.059
land
Plastic pollution impacts economy and | 0.016 0.098 | 0.010 0.170 0.095 0.047 —-0.130 0.026 0.045 0.093
food supply




4.4. Discussion

This study aimed to assess human perception towards plastic pollution as well as the
relationship between plastic pollution and PEB across different towns and villages in Nkomazi
Local Municipality. Results of the study show that most respondents have knowledge about
plastic pollution, although such knowledge varies between towns and villages. Most
respondents in urban areas (both big and small towns) had knowledge about plastic pollution
compared to those in villages. Our results concur with previous studies that have showed that
knowledge of plastic pollution in prevalent in communities (Mashamba et al., 2024; Miguel et
al., 2024) but varies across an urban rural gradient (Kunz et al., 2023). In selected areas of
Vhembe Biosphere Reserve of South Africa, Mashamba et al. (2024) reported that residents
had knowledge about plastic pollution and its impacts on the environment. In Taiwan, Kunz et
al. (2023) reported that residential areas have a positive correlation with microplastic pollution
whilst forests have a negative relationship with microplastic pollution. The above could imply
that densely populated urban residential areas could be associated with high plastic pollution
which trigger microplastic pollution compared to rural areas which are typically forested with
sparse village houses, thus less microplastic pollution. Some studies have shown that
knowledge about plastic pollution could be influenced by age and level of education (Miguel
et al., 2024), a result that we also observed, i.e., age/education level relationship with plastic
pollution knowledge was positive, but not statistically significant. It seems like older and
educated people appreciated the challenges associated with plastic pollution on the
environment. Although it is not clear why rural communities had relatively less knowledge
about plastic pollution, it is possibility because plastic pollution has been found not to be a
major challenge in rural communities (Nxumalo et al., 2020), compared to other social
challenges like poverty. This could also be linked to the idea that most rural areas do not
generate a lot of plastic compared to industrialised urban areas. Since human perceptions are
shaped by the context of the surrounding area, the fact that rural areas do not generate a lot of
plastic waste could explain the low knowledge levels (Kunz et al., 2023). In addition, variations
in plastic pollution between urban and rural areas could also be explain by the fact that plastic
waste is influenced by consumerism and the ability to buy as well as dispose plastic which
seem to be high in urban than rural areas. Indeed, de Sousa (2023) reported that a huge
proportion of plastic pollution is caused by consumerism and a lack of awareness by plastic

consumers to dispose the plastic correctly.
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Although, respondents in this study are aware of both the health and environmental effects of
plastic pollution, these responses varied across the study towns and villages. In this study, more
than half of the respondents in big towns were aware of both human and environmental effects
of plastic pollution compared to less than half in villages. Although this could be linked to
differences in plastic pollution levels between urban and rural areas, which influences
knowledge on plastic pollution effects, this could also be linked to differences in information
exposure across the study area. In comparison to urban areas, rural communities in South
Africa have inadequate access to information due to lack of facilities like poor internet
connectivity, television transmission, and libraries (Boloka and Ngoepe, 2024), yet knowledge
on key issues like plastic pollution effects is shared through these information dissemination
modes. For example, most respondents in rural compared to urban areas had knowledge about
plastic waste handling, reuse, and health effects, yet this information in publicly shared on the
internet and television, for which some rural communities do not have access too. Rapada et
al. (2023) confirmed that information dissemination on plastic sustainability could influence
positive community behaviour towards plastic sustainability, an indication that some of the low
responses we noted across the sampled villages could be linked to lack of basic information on
plastic pollution. Indeed, disseminating plastic information via online platforms can effectively
increase knowledge about the plastic problem this likely to trigger behavioural change, which

can contribute towards plastic pollution solutions (Rapada et al., 2023).

Except for the PEB linked to plastic disposal procedure, most of the respondents in both urban
and rural areas are unaware of the PEB linked to plastic management such as recycling,
separation, reuse, and participation in pro—environmental campaigns. In South Africa, Ngalo
and Thondhlana (2023) reported that most household in Komani do not separate waste,
including plastic before disposal. In Kenya, approximately 79% of the surveyed population
acknowledged that they dump plastic bags on dump sites, an indication that effort to reuse or
recycle the plastic is minimal, thus increasing the chances of pollution on the environment
(Otsyina et al., 2018). In contrast, studies in some countries have shown a high percentage of
residents who reuse and recycle plastic (Northern et al., 2023) including separating plastic
before disposing it. Reason for increase reuse and recycle of plastic before disposal do vary,
but include, environmental consciousness, behavioural change towards environmental
sustainability, income, education level, availability of recycle infrastructure (e.g., bins), and
access to information. Increased reuse and recycle has potential to reduce plastic pollution. For

example, research in India has shown that plastic recycling, and waste segregation prior to

57



disposal can reduce illegal waste dumping, which in turn reduces plastic pollution since a
significant amount of plastic would have been removed prior disposal (Agarwal et al., 2002;
Nagpure, 2019). However, recycling of any waste need to be incentivised so that it is effective,
e.g., waste pickers for recycling purposes need to have a reasonable financial benefit that will

push them towards collecting waste for recycling.

A key aspect of this study was to assess how PEB influences plastic pollution perception, based
on the theory of planned behaviour as articulated by O’Brien and Thondhlana (2019). Results
of this study were varied, because in some cases PEB showed positive relationships with plastic
pollution perception (sustainability knowledge vs pollution effects), but that was not the case
were negative relationships were reported (plastic separation vs impact knowledge). Generally,
an individual’s attitude towards the environment influences their perceptions and behaviour
towards plastic pollution, this have been reported in other studies (O’Brien and
Thondhlana 2019; Mashamba et al., 2024). Therefore, nurturing a positive environmental
attitude can create opportunities for communities to act positively towards pollution reduction.
A study in Thailand showed that human morality behaviour explained resident’s positive action
on single—use plastic (Oludoye et al., 2024). In Portugal, Soares et al (2021) reported that
plastic pollution impacts were associated with PEB. However, it is important to note that pro—
environmental behaviour is influenced by several factors such as sociodemographic (age and
gender), financial, and psychological factors (Soares et al., 2021). This therefore means that
any intervention to promote PEB needs to consider these factors, however, more emphasis

should be put on investment in environmental education to mitigate plastic pollution.

4.5. Conclusion

Plastic pollution is a global environmental problem that knows no boundary since it is common
in both urban and rural areas. Our results show that, although knowledge on plastic pollution
is prevalent across the study area, it varies between urban and rural areas with urban
respondents being more knowledgeable than rural respondent. The above was also observed
with it comes to perceptions regarding plastic pollution impacts. Both sociodemographic
variables (e.g., age and education level) as well as PEB (e.g., reuse and sustainability) informed
some of the respondents’ positive perception regarding plastic pollution. From a plastic
pollution management standpoint, these results suggest (i) financial investment towards plastic
pollution reduction e.g., promoting reuse and recycling need to be more in rural than urban

areas where information is lacking, (ii) measures to enhance pro—environmental attitudes and
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behaviour (awareness campaigns and citizen science) need to be strengthened, and (iii)
municipalities should invest in plastic pollution management facilities like bins and recycling

centres.
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1. Introduction
The production of plastic and its unlawful disposal have a major effect on communities. Current

plastic manufacturing and waste generation are exceeding existing limits, causing extensive
environmental damage (Walker and Fequet, 2023). If current patterns persist, plastic waste
generation could triple by 2060 (Lebreton and Andrady, 2019), with global plastic pollution
expected to reach 66 million tonnes per year by 2050 (Yan et al., 2024). Research suggests that
low—income countries and Sub—Saharan Africa are projected to be significant contributors to
plastic pollution (Yan et al., 2024). The prevalence of illegal plastic waste is driven by
insufficient waste management infrastructure, poor recycling capacity, ineffective regulatory
enforcement, urbanisation, change in human behaviour, and lack of public awareness (Kibria
et al., 2023; Clayton et al., 2020). The illegal disposal of plastic waste in rural and urban areas
is largely attributed to factors such as inadequate waste collection infrastructure, and a lack of
awareness regarding proper waste management practices (Lakhan, 2024; Mihai and Grozavu,
2019). This challenge is further worsened by the absence of mandatory waste collection
services in most rural regions (Tunnell, 2017). It has been further emphasized that weak waste
management regulations, insufficient waste facilities, lack of proper training for waste
collectors, and household behaviours regarding waste disposal are major contributors to illegal
dumping (Ngalo and Thondhlana, 2023). The prominence of illegal plastic dumpsites across
different locations is influenced by various geographical and behavioural factors. Spatial
factors such as industrial sites, open fields, and rural areas increase the likelihood of illegal
dumping, whereas the presence of recycling centres, strict laws and regulations, and awareness
programs help reduce it. Additionally, closeness to densely populated communities, ease of
street access, and the presence of vacant land influence illegal dumping activities (Angel
Luis Lucendo—Monedero et al., 2015; Yamkela Jakeni et al., 2024). Ngalo and Thondhlana
(2023) also linked the occurrence of illegal dumping in towns to insufficient waste collection
services, a shortage of proper disposal facilities, and negative attitudes toward waste

management.

The illegal disposal of plastic waste in residential areas poses significant environmental and
health risks to humans, wildlife, and the ecosystem (Mihai et al., 2021). Plastics contain
hazardous compounds like phthalates and heavy metals, which can seep into food and water

sources (Hahladakis et al., 2018; Okunola et al., 2019). When animals ingest plastic, it can lead
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to fatal digestive blockages or toxic effects. Additionally, plastic pollution contaminates the
soil and air, posing risks to human health (Okunola et al., 2019). Plastics contain harmful
substances such as phthalates and heavy metals, which can seep into food and water sources
(Hahladakis et al., 2018; Okunola et al., 2019). Ingestion of plastic by animals can lead to fatal
digestive blockages or toxic effects. Additionally, illegal dumps contaminate the soil and air,
posing risks to human health (Okunola et al., 2019). Communities living within industrial zones
with inadequate waste management face increased occurrences of respiratory issues and
chronic illnesses (Bande and Keni, 2024). A study in South African townships showed that
unregulated plastic waste disposal harms both the environment and human health (Adeniran
and Shakantu, 2022). The above—mentioned study also showed that plastic pollution was
largely due to a lack of awareness (Adeniran and Shakantu, 2022). To mitigate the impacts of
plastic pollution, it is essential to implement effective interventions. Developing such measures
requires comprehensive data on the location, scale, composition, and public perceptions of
plastic waste. This study sought to address this by employing both quantitative and qualitative
methods to evaluate plastic dumping and perceptions across three large towns, three small
towns, and three villages within Nkomazi Local Municipality, Mpumalanga Province, South

Africa.

5.2. Summary of key findings

5.2.1. Plastic dumping distribution, abundance, and composition in dumpsites
Although dumpsites were more common in towns than villages, larger dumpsites were

predominantly found in big towns and villages. In big towns, illegal plastic waste dumpsites
were mostly located in densely populated, low—income residential areas, whereas high—income
residence with low population densities had fewer occurrence of illegal plastic waste disposal.
The distribution of dumpsites in small towns was inconsistent, with some areas having a higher
abundance than others. In high—-income residence of big towns, dumpsites were frequently
found in parks and vacant plots, whereas in small towns, illegal dumping was more prevalent
in low—income residential road verges. Plastic pollution was particularly noticeable along
roadsides and river riparian zones. In villages, the presence and density of illegal dumpsites
varied significantly. Some villages had dumpsites with both low and high abundance, often
located at the centre of the village. As one moved outward, the density of these illegal
dumpsites decreased, though plastic waste remained visible along roadsides, near rivers, and
around graveyards. Previous studies have shown that dumping is prevalent in low—income

areas and mostly happen along road verges and in open access areas (Niyobuhungiro and
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Schenck, 2012; Swanepoel et al., 2023; Ngalo and Thondhlana, 2024; Swanepoel and Marlin,
2024). What is important in this study was that rural communities also have a plastic pollution

problem, thus waste management plans by municipalities been to prioritise rural areas.

The composition of plastic waste in dumpsites varied across the sample areas. Polypropylene
(PP) and polyethylene terephthalate (PET) were the most common plastic identified across
most dumpsites, being more visible in rural than urban areas. The dominance of PP among
other plastic types and its wide distribution highlights its extensive use in households’ products
and its notable contribution to microplastic pollution. The demand for PP is predicted to
increase further due to its numerous applications, which include being durable, flexible, and
lightweight (Seiler, 1995). These findings highlight the critical need for improved waste
management and recycling techniques to address the growing issue of PP disposal in

dumpsites.

5.2.2. Perception, pro—environmental behaviour and plastic pollution
The questionnaire survey revealed that participants had knowledge of plastic and its effects,

however such information varied across rural and urban areas. Most rural areas have challenges
related to waste handling and management, largely due to inadequate pollution knowledge and
education. This issue was also noticeable in small towns than in large towns. Interviews with
residents further revealed concerns about plastic pollution affecting daily activities. They also
noted that plastic pollution occurrence along river margins trigger serious health risk. The
inadequate of knowledge and plastic pollution in rural communities is linked to lack of facilities
like poor internet connectivity, television transmission, and libraries (Boloka and Ngoepe,

2024).

Most respondents in both urban and rural areas are unaware of the PEB linked to plastic
management such as recycling, separation, reuse, and participation in pro—environmental
campaigns. Although some studies have showed that PEB influence plastic pollution
perception (Mashamba et al., 2024), results of this study were varied, with some positive
relationships between PEB and plastic pollution perception (sustainability knowledge vs
pollution effects) but some negative relationships e.g., plastic separation vs impact knowledge.
Generally, our results show that individual’s attitude towards the environment influences their
perceptions and behaviour towards plastic pollution, this have been reported in other studies

(O’Brien and Thondhlana 2019; Mashamba et al., 2024).
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5.3 Recommendations
Based on these findings, the following recommendations are proposed.

e Plastic pollution is a problem that affects both rural and urban communities. Therefore,
municipal responses to address plastic pollution should prioritise waste removal services in
both urban and rural communities, meaning financial and human resource investment to
manage the problem should be the same.

e There is a need to enhance public awareness and education on plastic pollution. This can be
effectively implemented by first understanding the local context where plastic pollution is
prevalent. Community—based educational campaigns will help raise awareness about the
issue, its environmental and health impacts, and promote sustainable waste disposal
methods. Since different communities have varying literacy levels, it is essential to use
culturally relevant content to ensure information accessibility and engagement.
Additionally, municipalities should train local waste workers, including waste collectors,
recyclers, and community groups, to facilitate recycling initiatives within their areas. This
training will equip them with knowledge on effective waste management practices,
recycling techniques, and the legal framework governing plastic waste disposal. For
example, research in South Africa indicates that higher education levels are associated with
a great awareness of plastic pollution problem, emphasising the need to incorporate
environmental education into school curriculum (Dalu et al., 2020; Soares et al., 2021).

e Due to municipal budget constraints which may persist, implementing initiatives such as
providing skip bins and waste collection services in all areas may take time, while the issue
of plastic waste dumping continues to persist. To address this challenge, municipalities
should focus on promoting sustainable plastic waste management methods to lessen
dependence on traditional practices like incineration and backyard burial of plastic waste
and the act of illegal dumping. One effective solution is upcycling, which encourages the
creative reuse of plastic materials to prolong their lifespan and reduce environmental harm.
For example, a study by (Zhao and You, 2023) found that upcycling technologies can have
a much lower environmental effect than landfills and incineration. Apart from that,
municipalities can promote plastic recycling at household level. This will ensure that plastic
dumping is reduced since some of the plastics will have been recycled at household level.
This was found to be effective in India were high levels of plastic separation at household
level significantly reduced the plastic material at dumpsites (Nagpure, 2019). However, for

this to be effective, plastic segregation and recycling at household level should be
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incentivised so that it is effective. Incentivisation could be in the form of income to those
who practice recycling at household level.

Municipalities must enforce their existing waste management legislation and by—laws to
ensure that dumping of plastics is reduced. Regardless of whether a municipality is
metropolitan, district, or local, waste management by—laws should align with the National
Environmental Management: Waste Act (NEMWA), Act No. 59 of 2008 and implemented
with some penalties. However, these legislations are often not adequately enforced. To
address this, municipalities should allocate sufficient funding for waste containment
infrastructures and enforcement of illegal plastic disposal. Additionally, regular monitoring
of areas within municipal jurisdiction is essential to assess changes in the prevalence of
illegal plastic dumpsites. Utilising GIS technology can help track these changes over time,
allowing for a comparative analysis of illegal dumping trends. This approach has the
potential to significantly reduce the occurrence of illegal plastic dumpsites.

Municipalities should consider socioeconomic factors when designing waste management
strategies. This involves adopting waste management approaches to match community
consumption patterns. For instance, a study in Pakistan found significant differences in
household consumption behaviours between urban and rural areas, with income levels
influencing structural and behavioural variations in expenditure (Burney and Khan, 1991).
Moreover, waste disposal infrastructure, such as skip bins, can be provided at appropriate
standards. In large towns, where the population is predominantly young and literate, waste
bins can be labelled and colour—coded to promote waste segregation and recycling.
Conversely, in rural areas, where most residents are older and less literate, general skip bins
without labels or colour coding may be more effective for primarily managing waste. This
ensures practical and efficient waste solutions tailored to different locations.

Lastly, future research should investigate the following aspects of illegal plastic dumping:
(1) assessing the effectiveness of current waste management policies, municipal by—laws,
and regulations in mitigating illegal plastic pollution, (ii) assessing the differences in plastic
pollution between rural and urban areas, identifying specific challenges faced by each
settlement type, and recommending customized solutions for effective waste management.
In addition, more research should be on, (iii) assessing the behavioural and psychological
drivers behind illegal plastic dumping, and (iv) assessing the environmental impact of
plastic pollution on soil, water bodies, and ecosystems, as well as assessing potential health

risks, especially for communities living near unregulated dumpsites.
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APPENDICES

Appendix 4.1: Interview schedule used the plastic pollution study conducted in Nkomazi
Local Municipality

Section 1: Demographical data

S1.1 Gender (1) Female

(2) Male

S1.2 Age (1)18—-24

(2)25-34

(3) 3544

(4) 45-54

(5) 55+

S1.3 Education level (1) Uneducated

(2) Primary/Secondary School (3) High
School

(4) Two—year degree

(5) Degree

(6) Post—graduate degree
S14 Employment status (1) Student/Unemployed
(2) Self-employed

(3) Retired

(4) Unemployed

(5) Employed

Section 2: General knowledge about plastic pollution

Please indicate the most appropriate one from the options 1 (Agree Strongly) to 5 (Strongly
Disagree) below

Strongly | Agree | Neutral | Strongly | Disagree
Agree disagree
S2.1 Plastic pollution affects my 5 4 3 2 1
health and of those around me
S22 I am aware that I have to 5 4 3 2 1
utilize designated waste
equipment (wheelie bins,
skips) instead of disposing
plastic waste on the natural
ground
S2.3 I worry about environmental 5 4 3 2 1
problems
S24 A better environment starts 5 4 3 2 1
with me
S2.5 I do not take the environment | 5 4 3 2 1
into accountability when
littering plastic waste,
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regardless of the basic
knowledge I have

Section 3: Perceptions about plastic pollution

Please indicate the most appropriate one from the options 1 (Agree Strongly) to 5 (Strongly
Disagree) below

for everyday use and cannot be
substituted by environmental—
friendly products

Strongly | Agree | Neutral | Strongly | Disagree
Agree disagree
S3.1 It is solely the municipality’s 5 4 3 2 1
responsibly to pick after plastic
waste
S3.2 I am concerned about plastic 5 4 3 2 1
waste problems around my
community
S33 I am aware of correct and 5 4 3 2 1
incorrect way of handling
plastic waste
S3.4 It is only the government and | 5 4 3 2 1
business facilities that should
practice recycling, reuse and
reduce of plastic products
S3.5 Plastic products are convenient | 5 4 3 2 1

Section 4: Impacts of plastic pollution on the environment

Please indicate the most appropriate one from the options 1 (Agree Strongly) to 5 (Strongly
Disagree) below

economy and food supply for

Strongly | Agree | Neutral | Strongly | Disagree
Agree disagree
S4.1 Environmental pollution 5 4 3 2 1
affects the natural
environment.
S4.2 Microplastics endangers 5 4 3 2 1
aquatic existence of the
organisms
S43 Plastic waste not only obstructs | 5 4 3 2 1
from the aesthetic appeal of the
natural environment profiles
S4.4 Plastic productions end up in 5 4 3 2 1
illegal landfill site and occupy
more land
S4.5 Plastic pollution impacts on the | 5 4 3 2 1
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communities that rely on
fishing.

Section 5: Pro—environmental behaviours

Please indicate the most appropriate one from the options 1 (Never) to 5 (Always) below

Always

Often

Sometimes

Rarely

Never

S5.1

I make sure that I dispose

plastic waste in a designated
bin

5

3

2

S5.2

I try as much as possible to
reuse plastics

S53

I ensure that I do waste
separation and don’t mix
waste

S54

I utilize more recyclable
paper products instead of
putting buying plastic
products

S5.5

When I purchase goods or
services, [ pay attention to
sustainability

S5.6

I participate on the pro—
environmental campaigns
and comply to the local
municipality by—laws
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