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Abstract 

Plastic pollution is a burgeoning global issue that has detrimental impacts on the health, wildlife, 

economies and livelihoods of our terrestrial, coastal, and marine communities and ecosystems. 

Given the exponential rise in plastic pollution entering the environment, and the growing awareness 

of this issue, governments are increasingly turning their efforts to the development and 

implementation of policies and strategies to effectively manage and reduce this pollution and its 

associated harm. Although international organisations and national and state governments enact 

change and legislation that address mitigation and reduction of plastic pollution, it is primarily the 

responsibility of municipal governments to implement strategies on-ground that fulfil the legislative 

directives and policies. While each municipal government implements numerous strategies, the 

effectiveness of these measures often goes untested. Consequently, municipal governments and 

waste managers do not know what strategies are working, what strategies they should be focussing 

their efforts on and where improvements can be made to achieve better  management of waste.  

The overall objective of the research was to investigate how crucial on-ground municipal waste 

management teams are responding to the exponential rise in plastic pollution and what styles of 

management strategies are best at reducing it. This research conducted the first continent-wide 

evaluation of municipal government strategies to evaluate the relationship between such strategies 

and coastal litter. Focussing on Australian municipalities, the research undertaken explored what 

strategies have been used to reduce plastic pollution, whether these strategies have changed over a 

6-year period, what has driven municipalities to change their strategies, and the effect changes in

strategies have had on plastic pollution in the Australian coastal environment.

This thesis begins with a general introduction of the context, state of knowledge, and scale of the 

issue in Chapter 1. As most of the plastic pollution in the coastal environment is sourced from urban 

centres, Chapter 2 investigates the historical accumulation trend of plastic pollution from one of 

Australia’s oldest urban centres, Hobart, Tasmania. The research employed a novel method of 

enumerating microplastics in isotopic-aged sediment cores from an urbanised estuary and showed 

that plastic has accumulated in the sediment at a similar rate to global plastic production. Chapter 3 

evaluates the types of municipal strategies that were most effective at reducing plastic pollution 

from entering the environment in 2013. Specifically, this chapter explores the success of using 

infrastructure, policies, and outreach programs in reducing plastic pollution along the Australian 

coastline. The chapter demonstrates that a combination of community engagement through 

outreach programs and adequate waste infrastructure was the most successful catalyst for reducing 

plastic pollution across Australia’s coastal regions at a national scale. Chapters 4 and 5 build upon 
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this finding by assessing how plastic pollution and waste management have changed across Australia 

between 2013 and 2019. This component of the thesis involved conducting follow up interviews 

with municipal waste managers and resurveying the density and distribution of plastic pollution 

along the Australian coastline at a national scale. Chapter 4 introduces a theoretical framework that 

combines the Theory of Planned Behaviour, Situational Crime Prevention and Economic Rationality, 

and explores whether municipal waste managers have changed their plastic pollution management 

efforts and what factors have driven those changes. Chapter 5 investigates whether these strategic 

changes have led to a reduction in plastic pollution observed along the Australian coastline. Next, 

Chapter 6 presents a case study that focused on how to best implement actions to yield a reduction 

in a specific type of plastic pollution, one that is abundant and widespread, beverage containers. 

Here, the research investigates the success of installing water refill stations to reduce plastic bottle 

litter along an urbanised river, showing that the correct placement and implementation of litter 

reduction strategies are critical to their success. Chapter 7 provides an overall synthesis and 

discussion of the results and implications from each chapter.  

Together, this thesis investigates and highlights the diverse ways in which municipal governments 

are successfully reducing plastic pollution. Australian municipal governments have changed their 

waste management strategies over the last 6 years with most increasing their efforts towards 

strategies that simplify waste disposal for the community and using financial incentives/disincentives 

to reduce the consumption and littering of plastic products. The theoretical framework proved 

valuable in framing and analysing the styles and drivers of plastic pollution management strategies 

employed by municipalities around Australia and how these strategies have changed over a 6-year 

period. The findings underline the importance of municipalities adapting their strategies and efforts 

to the social and environmental nuances of their jurisdiction and highlight the important role local 

management plays in successfully reducing the global issue of plastic pollution. Knowledge of what 

strategies work best in which environmental and social contexts will enable managers around the 

world to focus their efforts and resources towards strategies that can successfully reduce plastic 

pollution and the harm it has on the environment, wildlife, people and economies.   
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Notes on Text 

This thesis has been compiled as a series of published papers and manuscripts that are under review. 
Each chapter has therefore been formatted according to the relevant journal’s requirements, leading 
to stylistic differences between the chapters. Because each chapter has been prepared as a 
standalone paper, there is repetition, especially in the introductions of each chapter. References to 
figures in the text relate to the figures within each specific chapter, unless otherwise stated.   
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General Introduction 

Plastic pollution sources and accumulation in the environment 

Plastic production, use, and subsequent management of plastic waste is one of the largest 

environmental issues facing the global community. Since the 1950s plastic production has 

proliferated with now over three-hundred and sixty million tonnes produced each year 

(PlasticsEurope 2020), fifty percent of which is discarded after a single use (Geyer et al. 2017). 

Historically, waste management systems worldwide have proven inadequate in controlling the rapid 

increase in plastic waste and it is predicted that mismanaged plastic waste generation will triple by 

2060 (Lebreton and Andrady 2019). As a consequence of insufficient management systems, plastic 

waste has been reported polluting the environment since the 1970s (Carpenter and Smith 1972). In 

2015 it was estimated around 8 million metric tonnes of mismanaged plastic waste from the land 

enters the ocean every year, with that amount predicted to double every eleven years (Jambeck et 

al. 2015).  

Plastic pollutes nearly every coastal marine environment, from remote island beaches (Filho et al. 

2019), to urban estuaries (Sadri and Thompson 2014), from the ocean surface (Lebreton et al. 2019; 

van Sebille et al. 2015) down to the seafloor (Canals et al. 2020; Chiba et al. 2018), in lakes (Hoellein 

et al. 2014; Imhof et al. 2013), rivers (Lebreton et al. 2017; Schwarz et al. 2019) and polar 

ecosystems (Obbard et al. 2014; Sander et al. 2009).  

Sources of plastic pollution in the marine environment are as diverse as the environments it pollutes. 

Plastic pollution in the environment comes from intentional and accidental dumping and littering 

from land-based activities such as people littering (Campbell et al. 2014; Willis et al. 2017a), or 

wastewater from factories containing plastic (Magnusson and Norén 2014; Mason et al. 2016); and 

from sea-based activities such as commercial and recreational fishing (Andrefouet et al. 2014; 

Richardson et al. 2019), or lost containers from ships (Taylor et al. 2014). A common analogy used 

for mitigating plastic pollution is an overflowing bathtub. This analogy emphasises that global efforts 

by governments, industry and consumers must be directed towards the source(s) of plastic pollution 

(turning of the tap), rather than solely cleaning up the environment (mopping up the overflowing 

water) if effective meaningful reductions of plastic pollution and its associated harms are to occur.  

Despite the growing body of literature addressing this complex issue, substantial knowledge gaps 

have remained. This thesis was targeted to address several key gaps. Specifically, it aimed to explore 

how crucial on-ground local waste management teams are responding to the exponential rise in 
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plastic pollution and what styles of management strategies are best as reducing it. I conducted the 

first continent-wide evaluation of local government strategies to evaluate the relationship between 

such strategies and coastal litter. Focussing on Australian municipalities, the research undertaken 

explored what strategies have been used to reduce plastic pollution, whether these strategies have 

changed over a 6-year period, what has driven municipalities to change their strategies, and the 

effect changes in strategies have had on plastic pollution in the Australian coastal environment. 

Government responses to plastic pollution 

While all levels of government across the world implement plastic pollution management and 

reduction strategies (Karasik et al. 2020), the effectiveness of these measures often goes untested. 

Previous research has largely focussed on the success of individual interventions (Ferrara and 

Missios 2005; Schuyler et al. 2018), particularly those that reduce plastic bags (Convery et al. 2007; 

Wagner 2017), as well as literature reviews of international policies that reduce single-use plastics 

(Adam et al. 2020; Clayton et al. 2020; Schnurr et al. 2018; Xanthos and Walker 2017) and the 

viability of implementing additional strategies in a region (Prata et al. 2019; Rivers et al. 2017; Vince 

and Hardesty 2018). This body of work has shown regulatory and economic interventions, such as 

bans, taxes and incentives, can successfully reduce plastic pollution (Schnurr et al. 2018; Taylor and 

Villas-Boas 2016; Xanthos and Walker 2017). For example, taxes and bans have significantly reduced 

plastic bag usage in Ireland (Convery et al. 2007), Australia (Macintosh et al. 2020), Israel (Ayalon et 

al. 2009), Taiwan (Schnurr et al. 2018), Wales (Poortinga et al. 2013) and England (Thomas et al. 

2019), and deposit-refund schemes have significantly reduced plastic bottle litter in Australia and 

the United States (Schuyler et al. 2018).  

Although individual interventions have shown success, a single government jurisdiction will often 

have a dozen or more strategies implemented that simultaneously work to reduce plastic from 

entering the environment. Hence, current research measuring the effectiveness of a single strategy 

in isolation often excludes measuring potential interactions or combined effects of multiple 

strategies in a region. Consequently, we do not know the effectiveness of each strategy, the 

potential drivers for why strategies have succeeded and where improvements can be made. 

Additionally, little research has focussed on the success of municipal government interventions, 

even though municipalities are responsible for a large proportion of the waste management in the 

world. As municipal governments have limited resources, knowing what strategies are working best 

will help direct investments effectively into strategies that are proven to work and maximise the 

impact of local management. This thesis fills this research gap by investigating the success of 

multiple municipal government waste management strategies at reducing plastic pollution in the 
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environment. Throughout the thesis, the differentiation and divergence of waste management 

strategies between Australian municipalities is utilised as the domain to study the research 

questions.  

Impacts of plastic pollution in the environment  

Plastic pollution can cause a myriad of harms to the health of wildlife, economies, and livelihoods. 

The harms of plastic pollution on marine wildlife are the most widely reported in the literature (Gall 

and Thompson 2015; Wilcox et al. 2016)  and are the most common images used when promoting 

awareness and action to drive people to reduce plastic pollution. Plastic pollution is a hazard to 

wildlife predominantly via entanglement (Henderson 2001; Page et al. 2004) and ingestion (Carson 

2013; Schuyler et al. 2014; Wilcox et al. 2018). At least six-hundred marine species are known to 

interact with plastic in the ocean, with fifteen percent of those species listed as endangered (Gall 

and Thompson 2015; UNEP 2018a) and by 2050 it is predicted every seabird species will have 

ingested plastic (Wilcox et al. 2015). When ingested, plastic can form blockages in the guts of 

animals and can potentially leach harmful chemicals into their tissues (Rochman et al. 2013; Wright 

et al. 2013) that are known to result in a wide range of sublethal affects (Frye et al. 2012). Plastic 

pollution can also act as a vector for invasive species and pathogens to reach new habitats (Gregory 

2009).  

Plastic pollution can also potentially harm humans directly, and through negative impacts on 

livelihoods and economies. Plastic can act as a reservoir for virus-borne species (Gubler and Clark 

1996) and there is growing concern that plastics in seafood could contain chemicals that harm 

human health (Rochman et al. 2015; Thompson et al. 2009; Vethaak and Leslie 2016). Plastic bag 

pollution has caused blockages in urban drainage systems and led to rising flood waters and 

subsequent human deaths (Hinshaw 2015). Plastic along beaches can decrease tourism revenue 

(Jang et al. 2014; McIlgorm et al. 2011) resulting in negative economic consequences for local 

communities, and it is costly and time consuming to clean. For example, it costs Europe €630 million 

to clean plastic pollution from coastlines per year (European Commission 2015). 

Increased global response to plastic pollution  

Only in the last decade has plastic pollution been recognised as a pervasive and escalating global 

problem (UNEP 2011), with the first international framework to reduce marine plastic pollution 

developed in 2011, the Honolulu Strategy (UNEP 2011). Jambeck et al. (2015) seminal study  

quantified the terrestrial input of plastic pollution into the marine environment, received global 
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media attention and triggered a global response from international, national and local governing 

bodies to find effective strategies to reduce plastic pollution and mitigate the harms it causes to our 

economies, livelihoods and wildlife (da Costa et al. 2020).  

Internationally, the response to plastic pollution has been led by the United Nations Environment 

Programme (UNEP) who have called for global action to prevent and manage plastic pollution in the 

marine environment as part of their focus on Sustainable Development (UNEP 2011). Sustainable 

Development Goals (SDGs) 14 and 12 have set targets that specifically address plastic pollution in 

the marine environment (SDG 14.1) and reduce waste generation (SDG 12.5). The United Nations 

Environment Assembly (UNEA) resolutions specifically address and establish goals for countries to 

reduce plastic pollution (UNEA 2018; UNEA 2019a; UNEA 2019b; UNEA 2019c; UNEA 2019d) and 

multiple UN group of experts publications provide guidelines to reduce and monitor plastic pollution 

(GESAMP 2019; UNEP 2016; UNEP 2018a). In 2018 the World Environment Day theme was “Beat 

Plastic Pollution”(UNEP 2018b) and more recently, an amendment to include plastic waste under the 

Basel Convention was made to track the international trade of plastic waste materials (UNEP 1995). 

There is a particular focus on exports from high-income countries to low-income countries that do 

not have waste management systems to cope with the large quantities of plastic waste imported 

(Brooks et al. 2018; Law et al. 2020). The actions and leadership taken by the United Nations has led 

to many national and sub-national governments taking additional and complementary actions to 

reduce plastic usage, waste, and subsequent loss to the environment.  

National and state governments have implemented policies and legislation that target problematic 

and unnecessary single-use plastic products in effort to prevent those products becoming waste in 

the first place (Karasik et al. 2020). Efforts have been particularly directed towards plastic bags in 

countries including but not limited to Ireland (Convery et al. 2007) and South Africa (Dikgang et al. 

2012); microbeads in Canada and the European Union (Schnurr et al. 2018; The European Parliament 

and Union 2018; Xanthos and Walker 2017), and plastic beverage bottles in Australia and the United 

States (Oosterhuis et al. 2014; Schuyler et al. 2018). There has been varying success of government 

responses to plastic pollution with the majority of the scientific literature focussing on the success of 

plastic bag taxes and bans (Schnurr et al. 2018). Other efforts have focussed on the mandatory 

inclusion of extended producer responsibility (Diggle and Walker 2020; Leal Filho et al. 2019) and 

circular economy (Calderón Márquez and Rutkowski 2020; Huysman et al. 2017; Jambeck et al. 2018; 

Luttenberger 2020; Pan et al. 2015; Wagner and Schlummer 2020) principles in efforts to turn plastic 

waste into a resource. National and state government responses legislate and set the directive for 

reducing plastic pollution, however, it is municipal governments that are responsible for 
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implementing management strategies on-ground to achieve the national and state legislation and 

directives.  

 

The Australian Municipal System 

My thesis specifically focusses on Australian municipalities to investigate what local waste 

management strategies and systems are best at reducing plastic waste entering the environment. 

Australia is a federal country with a three-tiered government system: federal, state/territory, and 

local government.  

The federal government is the highest tier of government and has legislative power to make laws for 

the whole of Australia (Figure 1). The federal government is responsible for national issues such as 

immigration, defence, foreign policy, fisheries, trade, and commerce. Federal finances to administer 

the above responsibilities are raised through taxing incomes, good and services, and business profits 

(Parliamentary Education Office 2020).  
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Figure 1. Map displaying the boundaries for the three tiers of government in Australia. The federal 

government boundary encompasses the whole of Australia. The state/territory government 

boundaries are denoted by different colours. The municipal government boundaries are represented 

by the grey lines. Map by Eldridge (2016) using the Australian Bureau of Statistics Australian 

Statistical Geography Standard.   

The second tier of government in Australia are state and territory governments. Australia comprises 

of six state and two territory governments, who each have legislative power to make and enforce 

laws with their state or territory (Figure 1). State/Territory governments receive more than half of 

their finances from the federal government and raise money through taxes, such as land tax, motor 

vehicle registrations, and stamp duty. State/Territory governments are responsible for administering 

police, ambulance, and fire services, roads, prisons, schools, and hospitals (Parliamentary Education 

Office 2020). 

Local governments are the lowest tier of government in Australia. There are over five-hundred local 

governments across Australia, each with different population sizes, finances, and resource 

capabilities to provide and adapt services to the needs of their local community (Figure 1). These 

services include, cultural facilities such as libraries and museums, town planning, sewerage, local 

roads, waste management, pet control, and parklands management (Parliamentary Education Office 

2020). In Australia, local governments are known as municipalities, councils, or shires. Throughout 

this thesis ‘municipal government’, ‘local government’ and ‘council’ are used interchangeably. All 

terms are used to describe the lowest tier of government in Australia, and in some instances, to 

describe the lowest tier of government in other countries. Municipal governments in Australia 

receive finances from their state and federal government, as well as, collecting levies from property 

owners within their jurisdiction. Municipal governments have the legislative power to make local 

laws (by-laws) within their region.   

The role of municipal governments in waste reduction  

In many regions of the world, the management and reduction of waste is primarily the responsibility 

of local or municipal governments. Municipal management and reduction of waste, including plastic 

pollution, can involve, inter alia, educating businesses and community members on ways to reduce 

their waste consumption; provide sorting and collection services and infrastructure of different 

waste streams to make discarding of waste easy; recapturing waste that has entered the 

environment; enforcing laws that prohibit littering and illegal dumping; and managing landfill and 

recycling sites to ensure waste does not leak into the environment via wind and water transport 

(Storrier et al. 2007; Williams and Simmons 1999).  
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The choice of what strategies a municipal government decides to use to manage waste is a balance 

between three key factors. Firstly, municipal government waste management must adhere to the 

national and state directives and legislation. For example, if a national government set the target of 

zero plastic waste by 2030, such as in Canada (Canadian Council of Ministers of the Environment 

2020), it would be the responsibility of the municipal governments to implement waste 

management strategies that could enable that target to be reached. Secondly, municipal 

governments are restricted by their available financial and time resources. For instance, from year to 

year, municipal governments have limited ongoing financial and staffing resources that they can 

allocate to reducing waste, as well as their other responsibilities including maintaining roads, 

parklands, and urban drainage. This often means if a municipal government wants to implement a 

new waste management strategy, they may need to forego investments in an already established 

strategy or only implement a new strategy if they acquire external investment (e.g. grants or other 

funding). Lastly, municipal governments need to choose management strategies that suit the social 

and environmental characteristics that can play a crucial role in how much waste accumulates within 

their jurisdiction. For example, studies have shown that higher waste loads are observed on beaches 

that have boulders or sandy substrate (Hardesty et al. 2017; Willis et al. 2017a), are concave shaped 

(Brennan et al. 2018), are in communities that have low socio-economic status (Schuyler et al. 2018), 

or have high local population density (Hardesty et al. 2017; Willis et al. 2017a).  

As each of these key factors vary between municipal governments, numerous strategies have been 

developed and implemented across the world to reduce waste from its point of production to its 

arrival into the environment. Such strategies target waste reduction in different ways and can be 

broadly divided into three areas: policy, infrastructure, and outreach strategies. Plastics are a large 

component of the waste that municipalities are required to manage with their waste management  

strategies and systems. The following section introduces a conceptual map that shows the key 

stages along the pathway plastic takes from its production to its deposition in the coastal 

environment and give examples of where the three types of municipal government strategies 

commonly intervene to reduce and prevent plastic pollution. This conceptual map provides the 

framework for examining the pathway of plastic leakage from the municipal waste system and 

strategies to overcome this leakage that is central to my thesis.  

Municipal government strategies and plastic pollution pathways 

From when plastic is produced to it becoming waste and its arrival into the coastal environment, 

there are multiple points at which municipal governments can intervene to reduce and prevent 

plastic in effort to minimise its harms and accumulation in the environment (Figure 2). Broadly 
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speaking, policies, infrastructure and outreach strategies describe the suite of approaches that 

collectively are developed and implemented to intervene to reduce plastic pollution.  

Figure 2. Graphical representation of the pathway plastic takes from its production and use to its 

transport and deposition in the coastal environment and examples of where municipal strategies can 

intervene to reduce plastic pollution (Willis et al. 2018).  

Policy strategies commonly target plastic at the point of production and use and at disposal when 

plastic becomes waste and is either littered or appropriately discarded (Figure 2). Municipal 

governments generally use policies to regulate plastic waste by banning and incentivising the 

production or sale of problematic and unnecessary single-use plastics, or, incentivising or enforcing 

correct disposal of plastic waste. For example, microbead bans prevent the production of plastic 

microbeads thereby removing the beads from becoming waste. Whereas, plastic bag taxes reduce 

the use of plastic bags by creating a financial disincentive for consumers. Littering policies or laws 

make inappropriate disposal of plastic waste illegal and provide legal instruments for litters to be 

fined.  
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Infrastructure strategies commonly target plastic anywhere along the pathway from its use to its 

deposition in the environment (Figure 2). Municipal governments typically use infrastructure 

strategies to reduce plastic pollution by implementing structures that reduce the consumption of 

plastic products, contain plastic pollution before or while it is transported through the environment 

or remove plastic pollution that has been deposited into the environment. For example, installing 

water refill stations could reduce single-use plastic bottle consumption as the refill stations allow 

consumers to reuse their drink bottle instead of buying a new bottle of water (see Chapter Six, 

(Willis et al. 2019)). Providing rubbish bins in popular public spaces within the community, such as 

shopping malls, parks, and beaches, or providing a household waste collection service, makes it easy 

for the public to discard their plastic waste in bins rather than littering. Gross pollutant traps fitted 

to urban drainage systems capture floating plastic pollution before it enters the marine environment 

and beach raking capture plastic pollution that has been deposited on beaches via littering or wind 

and water transportation.  

Outreach strategies typically aim to change behaviour and commonly target plastic anywhere along 

the pathway from its use to its deposition in the environment (Figure 2). Municipal governments use 

outreach strategies to engage and educate community members about the benefits of reducing 

consumption on plastic products, how to dispose of plastic waste correctly and the consequences of 

plastic pollution. For example, municipal governments may advertise or support programs within 

their community such as the “Plastic Free July” campaign (Plastic Free Foundation 2020) which 

encourages people to establish behaviours that reduce the number of plastic products they use 

during the month of July, or anti-litter campaigns such as ‘Do the right thing’ (Keep Australia 

Beautiful 2016) and volunteer beach clean-up events such as the International Coastal Clean-up 

(Ocean Conservancy 2017) that engage and educate the public on the consequences of littering.  

Thesis aims and structure 

This thesis is comprised of the following chapters that explore how crucial on-ground local waste 

management teams are responding to the exponential rise in plastic pollution and what styles of 

management strategies are best as reducing it. All research data chapters (Chapters Two – Six) focus 

on reductions in plastic pollution abundance in the estuarine, coastal or riverine environment. 

Chapter Two uses microplastic abundance within an estuarine environment as an indicator for 

overall plastic pollution abundance as larger plastic items could not be appropriately measured given 

the field survey method selected. Chapters Three – Five directly measured plastic pollution 

abundance for items down to 5 mm as smaller items could not be appropriately measured given the 
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field survey method selected. Chapter Six measures both plastic beverage bottle pollution and 

overall plastic pollution abundances. Both measurements and analyses are presented in the chapter. 

To understand the history of coastal plastic pollution accumulating within Australia, Chapter Two 

investigates the historical accumulation trend of plastic pollution in one of Australia’s oldest urban 

centres, Hobart, Tasmania. Enumerating microplastics from isotopic-aged sediment cores taken from 

an urbanised estuary, the research determines the rate at which plastic pollution has accumulated in 

the Australian marine environment and investigates whether it matches the rate of global plastic 

production and subsequent consumption (Willis et al. 2017b).  

Chapter Three, asks what waste management strategies are implemented in coastal municipal 

governments and whether the differences in management can be linked to differences in plastic 

pollution observed along the Australian coastline (Willis et al. 2018). The chapter uses structured 

interviews of waste managers in thirty-five Australian municipalities and coastal litter data recorded 

in 2013. Waste managers were asked about the waste management policies, infrastructure and 

outreach programs currently implemented in their region. Using generalised linear models, waste 

manager responses are compared with how much plastic pollution was observed along the coast of 

their respective municipality to determine whether certain styles of management are linked to low 

coastal litter volumes. This snapshot study of municipal management of plastic pollution suggests 

what management styles are reducing plastic pollution, however, it cannot provide a causal 

connection between the two as there was no baseline measurement to conduct a comparison.  

Chapters Four and Five, expand on the results from Chapter Three and investigate whether a causal 

connection can be made between certain styles of municipal waste management and whether they 

are driving decreases in plastic pollution observed along the Australian coastline over a six-year 

period (from 2013 to 2019). Both chapters involve follow-up interviews with municipal waste 

managers and resurveying the density and distribution of litter along the Australian coastline at a 

national scale.  

The research to this point leads to exploring municipal plastic pollution management strategies from 

the perspective of theories explaining non-compliant behaviour. Specifically, the research explores 

the motivations behind why someone does not comply with plastic pollution management systems 

and discards plastic into the environment.  A framework is developed which takes three motivations 

for non-compliant behaviour in the waste industry (White and Heckenberg 2014) and applies a well-

established human behaviour theory to each. Economic Rationality theory (Becker 1968) applied to 

economic motivations, Situational Crime Prevention (Clarke 1980) applied to lack of enforcement 

motivations and Theory of Planned Behaviour (Ajzen 1991) applied to norms and awareness 
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motivations. These motivations are viewed as principle targets for municipal governments to direct 

their management efforts to reduce plastic waste and pollution.  

Chapter 4, introduces the behaviour theory framework and uses it with the interview responses 

from 2013 and 2019, and generalised additive models to test which non-compliant behaviours 

municipalities target their plastic pollution management strategies towards, whether this focus has 

shifted from 2013 to 2019, and if any underlying factors that have driven those changes can be 

determined (Willis et al. 2021). Chapter Five, uses the coastal litter data from 2013 and 2019 to test 

whether the shifts in focus of municipal management efforts correspond to a decrease in Australian 

coastal plastic pollution.  

Chapter Six, presents a case study that focussed on how to best implement a plastic pollution 

reduction strategy to yield a reduction in the abundant and widespread pollution of plastic beverage 

containers (Willis et al. 2019). Using daily litter data collected along the banks and water surface of 

heavily urbanised river, the research investigates the success of a local intervention to reduce plastic 

bottle litter. The intervention involved installing water refill stations at four litter hotspots along the 

river and a widespread education campaign on the impacts plastic bottle litter can have on river 

ecosystems and economies. The chapter explores how the placement and implementation of litter 

reduction strategies are critical to their success and how to maximise the impact of litter reduction 

interventions.  

Lastly, Chapter Seven, synthesises the findings of this thesis in a General Discussion and offers 

opportunities for future research.  
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As plastic production increases, so to do the threats from plastic pollution. Microplastics

(defined as plastics <5mm) are a subset of marine debris about which we know

less than we do of larger debris items, though they are potentially ubiquitous in the

marine environment. To quantify the distribution and change in microplastic densities

through time, we sampled sediment cores from an estuary in Tasmania, Australia.

We hypothesized that the type, distribution and abundance of microplastics observed

would be associated with increasing plastic production, coastal population growth, and

proximity to urban water outflows and local hydrodynamics. Sediments ranging from

the year 1744 to 2004 were sub-sampled from each core. We observed microplastics

in every sample, with greater plastic frequencies found in the upper (more recent)

sediments. This time trend of microplastic accumulation matched that of global plastic

production and coastal population growth. We observed that fibers were the most

abundant type of microplastic in our samples. These fibers were present in sediments

that settled prior to the presence of plastics in the environment. We propose a simple

statistical model to estimate the level of contamination in our samples. We suggest that

the current trend in the literature suggesting very high loads of fibers, particularly in remote

locations such as the deep seafloor, may be largely due to contamination.

Keywords: core samples, estuary, microplastics, plastic fibers, sediment

INTRODUCTION

Microplastics (plastics <5mm, Arthur et al., 2008) have been observed throughout bottom
sediments of marine and freshwater environments, including sediments in rivers (Casta-eda et al.,
2014), estuaries (Thompson et al., 2004; Sruthy and Ramasamy, 2017), lagoons (Vianello et al.,
2013), lakes (Corcoran et al., 2015), seas (Zobkov and Esiukova, 2017), and deep sea trenches (Van
Cauwenberghe et al., 2013; Woodall et al., 2014; Fischer et al., 2015). Microplastics are commonly
found in the environment in three forms; fragments which form from mechanical and biological
fragmentation of larger plastic items (ter Halle et al., 2016), microbeads which are manufactured
as abrasives in cosmetics and air-blasting (Fendall and Sewell, 2009; Mason et al., 2016), and
microfibers from sources such as synthetic fabrics and ropes (Browne et al., 2011). Studies have
shown multiple damaging effects of microplastics in the environment, including adsorption of
toxic organic contaminants (Endo et al., 2005; Teuten et al., 2007; Rochman et al., 2013), ingestion
by animals with implications for human consumption (Van Cauwenberghe and Janssen, 2014;
Rochman et al., 2015) and changing the heat transfer and water movement of sediment (Carson
et al., 2011).
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Microplastics have been observed in benthic environments
since the late 1970s (Gregory, 1977; Shiber, 1979) and sediments
are suggested to be a long-term sink for microplastics (Morét-
Ferguson et al., 2010; Cózar et al., 2014). Benthos is an important
feeding environment for many marine species (Anderson and
Lovvorn, 2008; MacDonald et al., 2012; Gittman and Keller,
2013) and a recent study has shownmarine benthic species ingest
microplastics (Courtene-Jones et al., 2017). Knowledge of the
harmful effects of microplastics on benthic marine species and
communities is growing (Green, 2016; Galloway et al., 2017),
however, little is known of past microplastic accumulation in
benthic environments.

Several studies have examined microplastics in sediments
(Claessens et al., 2011; Corcoran et al., 2015; Klein et al.,
2015). For example, Claessens et al. (2011) quantified the
number of microplastics in 16 year old sediments collected
at the intertidal and high water mark. However, there have
been no evaluations of microplastic contamination in deep
sediments with known age cores, allowing analysis of deposition
rates and concentrations. To address this knowledge gap, we
compared sediment cores taken from an urbanized estuary
and asked the following questions: Do microplastic densities
change in time (with known age of sediment cores)? If
microplastics are present, do we detect different densities as
we move further from areas of higher human population
densities?

MATERIALS AND METHODS

Sampling Location
Core samples were taken from Elwick Bay and Dogshear Point
in the Derwent Estuary, Tasmania, Australia (Figure 1). The area
is classed as urban/light industrial and the shoreline is partially
reclaimed land. Surrounding land use includes residential areas,
a horse race course and stables, low lying recreational areas, a
high school and an entertainment estate. A major highway also
runs adjacent along both shores. Two urban rivulets, Humphreys
and Barossa, which exit at Elwick Bay, pass through urban
areas in their lower reaches. Both have gross pollutant traps
that trap anthropogenic debris that is larger than 10–15 cm
in diameter. Sedimentation rates in Elwick Bay range from
0.4 to 0.5 cm per year, to a higher rate of 0.7 cm per year
during a major flood or erosional event (Townsend and Seen,
2012).

Cores were collected in November 2004 as outlined in
Townsend and Seen (2012). Core A was taken from the
middle region of Elwick Bay around 3 km upstream of a
zinc refinery (Townsend and Seen, 2012). Core B was taken
off Dogshear Point, 3 km north-east of core A. Each core
was sliced into 2 cm sections and stored in sealed containers.
Core samples were stored refrigerated upright until analysis.
A total of seven, 2 cm section samples from each core were
processed and analyzed. Samples were systematically selected
at different depth intervals of the core, with a maximum
sample depth of 104 cm. This allowed us to analyse the samples
in a temporal fashion, as deeper samples are from older
sediments.

Aging Sediment Core Samples
A duplicate of core A was aged using lead isotopes (Townsend
and Seen, 2012). Using the sedimentation rates and ages
calculated in Townsend and Seen (2012) the age of sediment
sections analyzed in this study were inferred. Sediments between
0 and 10 cm took 21 years to settle at a rate of 0.48± 0.05 cm/yr−1

with sediments at 10 cm aged at 1983 ± 2. Sediments between
10 and 30 cm settled at a rate of 0.69 cm/yr−1 with sediments at
30 cm aged at 1954± 5. Sediments between 30 and 50 cm took 46
years to settle at a rate of 0.43 ± 0.07 cm/yr−1 with sediments at
50 cm aged at 1908 (Townsend and Seen, 2012).

Laboratory Analysis
Sample processing was adapted from Reeves et al. (2016).
In brief, samples were processed using a stepwise approach
include sieving, organic material digestion, density separation,
centrifuging, and filtration to separate microplastics from the
bulk sediment. All laboratory work was conducted under
a vacuum hood and exposed samples and equipment were
covered with foil to prevent contamination from airborne
microplastics. Natural fiber clothing and laboratory coats
were worn throughout the analysis to reduce microplastic
contamination from synthetic clothing.

Sieving
Each sample was placed in a beaker with deionized water and
agitated with a metal spatula to disassociate large clumps of
sediment. The contents of the beaker were then poured through
a sieve stack. Sieves were stacked sequentially according to mesh
size, with the largest mesh size at the top. Each sieve was rinsed
with deionised water and left to dry.

Organic Material Digestion
Each dried sample was placed in a beaker with 20ml of 30%
hydrogen peroxide, 20ml of 0.05M iron (II) solution and a
magnetic stir bar. The sediment solution was left at room
temperature for 5min, then was placed on a heating magnetic
stirrer and heated to 75◦C for 30min. If organic material was
visible after 30min, 20ml of hydrogen peroxide was added every
15min and stirring/heating continued until all visible organic
material was digested.

Density Separation, Centrifuging, and Filtration
Each digested sample was placed in a 50ml centrifuge tube.
Large sediment samples were split evenly between two tubes.
Sodium iodide (NaI) solution (density 1.6–1.8 g.ml) was added
to each tube until 30ml of NaI was overlaying the sediment
sample. Each tube was capped, shaken manually for 20 s
and then placed in a benchtop centrifuge for 5min at
3,500 revolutions per minute. Tubes were removed gently to
minimize sediment re-suspension. The top 10ml of supernatant
NaI solution was poured off into a glass Büchner vacuum
apparatus fitted with a 1.2µm polycarbonate membrane filter.
The remaining sediment in the tube was topped up with
NaI, so 30ml was overlaying the sediment. The sediment
then underwent the previously described treatment of manual
shaking, centrifuging, and filtering of supernatant, twice. A
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FIGURE 1 | Core sample locations in the Derwent Estuary, Tasmania, Australia. River flows north to south. Generated by Kathryn Willis using ArcGIS, [Desktop version

10.2], (https://www.arcgis.com/features/index.html). Bathymetry from Lucieer (2007), SeaMap Tasmania Bathymetric Data. Tasmanian Aquaculture and Fisheries

Institute. Data accessed at http://metadata.imas.utas.edu.au/geonetwork/srv/eng/metadata.show?uuid=fa2dbc70-44ab-11dc-8cd0-00188b4c0af8 on 27/04/2017.
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total of three supernatants, per sample, were poured into
the vacuum apparatus and filtered. To ensure all possible
separated microplastics were poured on the filter paper, on
the last round of treatment (i.e., the third round), the total
supernatant NaI solution was poured into the vacuum apparatus.
The Büchner funnel and 1.2µm filter were then rinsed with
deionised water to capture any microplastics that may have
adhered to the glass during filtration. All filtered samples
were stored individually in sealed petri-dishes until microscope
analysis.

Microscope Analysis
Filtered samples were analyzed for microplastic content using a
stereomicroscope (magnification× 40). Each sample was divided
into seven sorting sections using a fine-point metal probe.
Samples were observed for 15min using a constant magnification
setting. Following the “Guidelines for Microscope Inspection”
(Masura et al., 2015) an object was identified as plastic if it
held shape or stretched when rubbed/pressed with a metal
probe. Organic material would break a part under the above
treatment. Positively identified microplastics were sorted into
four categories according to their shape and texture (Table 1).

Deposition Trend
We tested whether the rate of micro fiber deposition observed
in the cores correlated with plastic production using linear
regression. We used the time trend in global plastic production
values (PlasticsEurope, 2016) as a proxy for the relative time
trend in production in the Derwent estuary. We used an
exponential mode l to fit to the data available on global
production to estimate the proportional change on an annual
basis since plastic went into commercial production in the mid
1900s.

We adjusted our trend estimate for contamination by
assuming the contamination rate was constant with respect to
depth of the core slice. Based on this assumption the intercept
term of the linear regression of microfiber concentration on
plastic production change is an estimate of the contamination
rate in the samples. The concentration of fibers in sediment
slices from before 1950 serves as a second estimate of the
contamination rate, as these sediments were deposited prior
to the availability of plastic in the environment. The slope of
the relationship between microfiber concentration and plastic
production gives an estimate of the proportional increase in

TABLE 1 | List of features used to identify different microplastic categories.

Microplastic

category

Shape Texture Color

Fiber String-like with

irregular bends

Soft, malleable Any

Sheet Thin, flat Soft, malleable Often clear, black,

or translucent blue

Fragment Thin, flat Hard, rigid Often black or red

Bead Spherical, smooth Hard Often black or

brown

plastic in sediments, per unit of increase in production, which
can be interpreted as the leakage rate from production.

We only used micro fiber values in the analysis as micro fibers
made up nearly 90% of all microplastics in the cores.

RESULTS

Microplastics were observed in every sediment sample of both
cores (N = 14). A total of 211 microplastics were observed
in core A (N = 7), and 252 microplastics were observed in
core B (N = 7). The mean weight of dry sediment samples
was 63.36 g for core A and 52.36 g for core B with a mean of
2.43 plastic fragments per gram of sediment for core A and 4.2
plastic fragments per gram of sediment for core B. Microplastics
mainly occurred as fibers (87% of total items observed), followed
by sheet (9%), fragment (3%), and beads (1%) (Figure 2). A
control sample, i.e., conducting the laboratory method without
a sediment sample, presented a maximum of eight microplastic
fibers (range= 0–8).

Size Classes of Microplastics Detected
In both cores, the frequency of microplastics increased with
a decrease in size class. In core A, 137 microplastics were
observed in size class 63µm, 49 in size class 100µm, 24 in
size class 1mm, and 1 in size class 4mm (Figure 3). In core
B, 132 microplastics were observed in size class 63µm, 93 in
size class 100µm, and 27 in size class 1mm (Figure 3). In core
A an unusually high number of microplastics were observed in
sample 7.

FIGURE 2 | The percentage of microplastic types observed in core samples A

and B.
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FIGURE 3 | The number of microplastics in each size class for core samples (A,B).

Depth
In each core, we found more microplastics in the upper
layer of sediments (more recent) than in the deeper (older)
sediments. In core A, 38.9% of microplastics were observed in
sample 1 and sample 2 depth classes, whereas only 26.1% of
all microplastics were observed in the deeper layers (samples
6 and 7). In core B, we found 68.7% of microplastics in
the upper, more recent layers (sample 1 and sample 2)
whereas only 11.5% of microplastics were observed in the
deeper layers (samples 6 and 7). Smaller microplastics were
more common in shallower samples (i.e., there were more
microplastics in the smallest size class (<63 µm−100µm) in
sample 1 than in sample 7 (Figure 3). In core A, 20.4% of
all 63µm microplastics were observed in sample 1 whereas
only 11.7% in sample 7. In core B, 45.5% of all 63µm
microplastics were observed in sample 1 whereas only 3.0% in
sample 7.

Deposition Trend
The number of micro fibers was higher in the shallower
(younger) sediment samples. The rate of micro fiber deposition
in the sediment correlated strongly with the expected change in
production in the study region, based on the annual global plastic
production (Figure 4; Table 2). The predicted accumulation
model was a better model than the null (AIC: Predicted = 101,
Null = 112). As global plastic production increased, the number
of micro fibers deposited in sediments significantly increased
(p= <0.05).

DISCUSSION

We observed more microplastics in the upper sediments. In core
B there were six times more microplastics present in the top
15 cm (1976 and younger) than in the bottom 22 cm (1799 and
older). In core A there were one and a half times the number of
microplastics in the top 10 cm (1983 and younger) than in the
bottom 22 cm (1799 and older). This observation is likely due
to the exposure of upper sediments to a higher proportion of
microplastics settling out from the water column. The production

FIGURE 4 | The number of observed micro fibers in the sediment cores

through time (black dots) (y = 0.6793x + 21.1055) compared to the predicted

accumulation of micro fibers in the sediment through time (blue line) (y =

1.208x + 21.294). The predicted values are estimated from the global plastic

production values. The red line is the constant level of micro fiber

contamination throughout time (y = 21.294). As plastic production did not

start until the 1950s, all observed micro fibers pre-1950s are considered

contamination.

of plastics has increased from 100 million tons per year in 1993
to 322 million tons per year in 2015 (PlasticsEurope, 2008, 2016).

The environments for our sediment cores differed; core B was
taken 150m off shore from a relatively high energy position in a
deep channel, whereas core A was taken 1,000m off shore in a
large shallow bay with low energy and more rapid sedimentation
(Figure 1). Despite the normal low energy dynamics of site core
A, it is occasionally subject to the passage of large floods. This
scours the embayment with fresh water and greatly changes
the potential sources of microplastic contamination for short
periods of time. These differences in site conditions could explain
the higher concentration of plastics at site B. The site is not
subject to large scouring events, thus any deposition is likely
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TABLE 2 | Results from the model of predicted accumulation of micro fibers in

sediment through time.

Model Terms Estimate P-value AIC

Predicted Number of fibers 21.2944 0.01329 101.0587

Accumulation Plastic production estimate 1.2084 0.00142

Null Number of fibers 36.45 0.00578 112.1359

to remain in place. In addition, the site is much closer to
sewage and stormwater outfall drains, which we found to be
sources of plastic pollution in previous work (Willis et al.,
2017). This result is similar to those found in other studies,
which found higher numbers of plastics at sites closer to
storm drain outfalls (Duckett and Repaci, 2015; Horton et al.,
2017).

Most microplastics observed were fibers (87%). This
phenomenon has been observed in other sediment analyses
(MONAS, 2014; Woodall et al., 2015; Zobkov and Esiukova,
2017). Browne (2015) suggests microplastic fibers found in
marine habitats may be derived from sewage as consequence of
washing clothes. Furthermore, up to 1,770 microplastics have
been reporting to leave a waste water treatment plant in effluent
water per hour (Magnusson and Norén, 2014). As many outflows
enter the Derwent Estuary, they are a probable source for the
large quantity of microfibers observed in the samples. Outfalls as
a source of micro fibers in the marine environment also indicates
the dispersion from source to point of deposition is relatively
local.

The strong correlation between the observed micro fibers and
the predicted change in plastic production (Figure 4) indicates
there is a clear temporal trend in micro fiber deposition in
sediments (Table 2). This suggests that as plastic production
increases, microplastic pollution is increasing proportionately.
This is likely due to an increase in plastic leakage from the
waste stream, as has been reported elsewhere (Thompson et al.,
2009). The increase in coastal populations has been observed to
increase the amount of pollution entering waterways (Jambeck
et al., 2015; Lebreton et al., 2017). For example, 40% of Tasmania’s
population lives around the margins of the Derwent Estuary,
with the population doubling between 1950 and 2015 (Carver,
1954; Coughanowr et al., 2015). Hence, older deeper sediments
were exposed to an environment withmarkedly lower population
and plastic production rate and less opportunity for plastic
contamination than the younger, shallower sediments. This
pattern was also observed on Belgian beaches where plastic
pollution in sediments had tripled over 20 years (Claessens et al.,
2011).

Our results demonstrate micro fibers are present in marine
sediments that settled pre-plastic production. Microplastics have
been recorded in marine sediments since the 1970s (Gregory,
1977; Shiber, 1979). We expected to only observe microplastics
in sediments shallower than 30 cm, as the sediments were aged
to be younger than 1954 ± 5 years (Townsend and Seen, 2012).
However, we observed micro fibers down to 104 cm. Sediment
accumulation rates in Elwick Bay range from 0.4 to 0.7 cm per

year (Townsend and Seen, 2012). Hence, sediment at 104 cm
would have settled between 149 and 260 years ago (i.e., in 1855 to
1744). Observing micro fibers down to 104 cm does not indicate
that microplastics have been settling in sediment for 260 years.
Rather it raises concerns that the sediment cores were exposed
to micro fiber contamination either during collection or analysis.
We calculated the mean frequency of fibers in our samples pre-
1950s (i.e., plastic production) to estimate the fraction of fibers
from both field and laboratory contamination, which yielded
an estimate of up to 17.2 fibers (∼60%) per sediment sample
due to contamination, which is in line with the estimate of 21
fibers per sample, based on the intercept term in our linear
regression (Figure 4). As the exact date that plastic production
commenced in the Derwent Estuary is not known the values
from the predicted model will give a better estimation of past
microplastic levels in the sediment of the Derwent Estuary.

The fine structure of microplastics could enable them to
move deeper into the older sediment via mixing due to
bioturbation or water flows e.g., storm/flood events and direct
transport by animals. This downward transport should affect
all microplastic types, however, we only found micro fibers in
the older sediment. The high number of fibers observed in the
laboratory blanks indicates that the preventative contamination
measures employed during laboratory analysis were ineffective.
As we were unable to conduct our microscope analysis under
a fume hood, airborne fibers could be one point of sample
contamination. It is also possible that contamination occurred
during the field collection and slicing of the cores. The cores were
not originally collected for microplastic analysis. Hence, methods
to prevent microplastic contamination were not a component
of the field sampling program. We suspect contamination from
researcher’s clothing and equipment (i.e., synthetic fibers from
rope fragmentation; Thompson et al., 2004) or from airborne
microplastics (Dris et al., 2015) as the most likely contamination
sources. This points to a major issue with the common
opportunistic use of sediment samples to look for microplastics
in deep sea sediments and other places. The opportunistic nature
of sampling questions whether adequate procedures to prevent
microplastic contamination were undertaken. Samples in this
study and others should be interpreted with contamination in
mind as the results showed 20 micro fibers per 50 g of sediment
can be due to contamination alone.

Considerably fewer sheet, fragment, and bead microplastics
were observed than fibers (13% for these three categories
combined). These non-fiber plastics were all observed in
the upper sediment layers which suggests there was no
contamination issue for thesematerials. The lower counts of non-
fiber microplastics could indicate these microplastics are not a
common contaminant in estuaries. However, observer bias is
also a likely explanation. Microfibers may be more conspicuous
under a microscope due to their unique irregular bent filament
shape and commonly settling on top of the other filtered particles
(i.e., sediment granules, undigested biological matter, diatom
shells). Sheet, fragment, and bead microplastics may be harder to
detect as their shapes were more similar to those of undigested
plant material and sediment granules. Hence, they could be
underrepresented in counts from sediment cores.
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We found size class 63µm had the highest count of
microplastics in every sample but one. Eighty-five percent of
sediments in Elwick Bay are <63µm (Koehnken and Eriksen,
2004), reflecting a highly organically enriched depositional area.
As both sediments and microplastics are a similar size, it can
be inferred that the same forces act on sediment accumulations
and microplastics accumulation (Vianello et al., 2013). The high
frequency of 63µm microplastics in sediments is quite different
to the size distribution observed from net trawls of the ocean
surface. In net trawls, small microplastics (i.e., 100 to 63µm)
are not observed even though they are likely present on the
surface (Law et al., 2010; Eriksen et al., 2013). This discrepancy in
microplastic sizes may be largely due to the difference in sample
analysis (e.g., visual versusmicroscope identification) (van Sebille
et al., 2015) as it would be unlikely or impossible to observe
microplastics between 100 and 63µm solely scanning with the
naked eye.

CONCLUDING REMARKS

Our study shows that sediments are a useful record of past and
present plastic leakage from the waste stream into the marine
environment. This is not unlike samples from other parts of
the marine ecosystems, including the water column (van Sebille
et al., 2015), seabirds (Wilcox et al., 2015), and turtles (Schuyler
et al., 2014). Microplastics were present in all samples, even
in sediments dated from pre-plastic production. Based on our
estimates, current microplastic concentrations in sediment are
115 microplastics, and are increasing at an accelerated rate
of 1.208 microplastics per year. Generally speaking, however,
the frequency of plastics corresponded with the increase in

plastic production and coastal populations. The presence of
microplastics in the older sediments indicates there was possible
contamination during sampling or laboratory analysis, which is
an element that must be carefully considered when estimating
microplastics loads and their presumed ubiquity in the marine
environment.
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A B S T R A C T

Plastic production is increasing globally and in turn there is a rise of plastic waste lost into the coastal and
marine environment. To combat this issue, there is an increase in policies that target specific types of plastic
waste (such as microbeads and plastic shopping bags). Given that such anthropogenic waste have environmental
impacts, reduce the tourism income of an area and result in human health issues, identifying effective abatement
policies is imperative to reducing waste and litter before it enters the ocean. Within Australia, state and local
governments employ a plethora of policies, campaigns and strategies to target abatement and reduce litter and
waste inputs to the environment. Waste managers were interviewed from 40 local councils around Australia on
waste abatement strategies and investments implemented in their council. Generalised linear models (GLMs)
were used to compare outreach programs (such as ‘Don’t be a Tosser’, Clean Up Australia and Bin your Butts
cigarette campaign) and state-enacted policies (e.g. Plastic Shopping Bag Ban, Zero Waste Strategy and
Recycling Strategy) aimed at targeting human behaviour to reduce waste. Investments in campaigns led to larger
reductions of waste in the environment than did investment in policies. Illegal dumping, litter prevention, re-
cycling, education and Clean Up Australia programs all significantly reduced waste along a council's coastline.
Additionally, councils that invested in a coastal waste management budget had fewer littered or waste items on
the coastline within their jurisdictions.

1. Introduction

Littering (i.e. discarding any material intentionally or unin-
tentionally into the environment), is a relatively common form of illegal
behaviour which creates an enormous cost to society and environments
at local, regional, national and global scales. Land-based waste, such as
litter, pollutes the shores and waters of oceans [1], rivers [2–4], estu-
aries [5,6] and lakes [7,8]. Such waste has been shown to reduce
tourism revenue of regions [9,10] and is a threat to human health, via
flooding, increase in disease risk and potential transfer of chemicals
[11–14]. Plastic waste, in particular, entangles and is ingested by
aquatic and terrestrial species which can result in starvation and mor-
tality [15,16]. Seventeen percent of species affected by plastic waste
entanglement and ingestion are listed as threatened or near threatened
[15] and it is estimated by 2050 99% of all sea bird species will ingest
plastic [17]. In Ethiopia and Nigeria numerous cattle, sheep and goats
have plastic in their stomachs [18,19] and there are increasing cases of
terrestrial birds dying from plastic waste ingestion [20–22].

With an estimated 8.4 million tonnes of plastic waste entering the

oceans per year [23], the global problem of plastic waste is a significant
environmental concern for governments and the public. To combat the
damage from plastic waste, government and non- government organi-
sations invest in numerous waste abatement infrastructure, policies and
outreach programs (Fig. 1). Waste abatement strategies intervene at
different stages along the plastic waste pathway from production to
coastal deposition (Fig. 1). The conceptual map (Fig. 1) illustrates that
waste abatement policies commonly target plastic production and use
i.e. before the plastic becomes waste. Policies do not target plastic
waste once it has entered the environment; instead they aim to reduce
the quantity of plastic production and use, before it is likely to enter the
environment. In contrast, waste abatement outreach programs and in-
frastructure commonly target plastic waste before and after it has en-
tered the environment. These strategies try to prevent and remove
plastic waste from entering the environment and prevent coastal de-
position.

Anti-litter campaigns such as ‘Do the Right Thing’ [24] and ‘Neat
Streets’ [25] educate and encourage the public to improve their waste
disposal behaviour. Community programs such as the International
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Coastal Cleanup [26] and Keep America Beautiful [27] and citizen
science projects like Bravo et al. [28] encourage local community
members to be custodians of their environment by involving them in
beach clean up activities.

Waste management policy frameworks such as the National Waste
Policy in Australia and the EU Waste Framework Directive set guide-
lines and regulations that control varying waste and recycling streams
and minimise environmental pollution. More recently grass-root cam-
paigns such as ‘Beat the Microbead’ [29] and ‘Bye Bye Plastic Bags’ [30]
have pushed for legislation to focus on individual litter items that are in
high frequency in the environment. In Canada, the US, the UK and the
Netherlands legislation is underway to ban the manufacture of mi-
crobeads, commonly found in cosmetics [31]. Globally plastic bag
consumption has been progressively levied, such as in Ireland and
Australia, or completely banned, such as in Germany, India and nu-
merous countries in Africa [31,32].

Waste infrastructure focuses on containing waste before or whilst
transported through the environment. The placement of rubbish bins in
popular public areas, such as beaches and shopping malls, provides the
public with containers to dispose of their rubbish correctly. Gross pol-
lutant traps (GPTs) catch large litter items flowing along waterways
such as storm water drains and rivers. In the Derwent Estuary,
Australia, GPTs capture 136 t of litter per year [33] and in San Fran-
cisco Bay GPTs capture 44% of litter [34]. To remove large litter items
from popular beaches, councils often use large mechanical rakes towed
by tractors. For example, Cape Town runs an extensive beach raking
program [35] and an average of fifteen tonnes of litter per week is
raked off Bondi Beach in Sydney, Australia [36].

Since the 1970s littering has been illegal in all Australian states and
territories. Recently, litter and waste in the marine environment (i.e.
marine debris) has become a major concern for the Australian gov-
ernment. In 2003, marine debris was identified as a key threatening
process under the Australian Environment Protection and Biodiversity
Conservation Act 1999. In 2016, a Senate inquiry was conducted on the
threat of marine plastic waste in Australia [37]. Australian waste and
litter is managed by state governments in accordance with their re-
spective legislation, policies and programs. However, the local gov-
ernments are responsible for implementing and managing their re-
spective state waste strategies i.e. the collection of waste and recycling,
management and operation of landfill, delivery of awareness programs
and providing and maintaining waste infrastructure [38].

There are 560 local governments in Australia [39] who each im-
plement waste strategies to suit their socio-economic status, population
and geography. The diversity in local governments has led to their in-
vestment in a variety of waste abatement strategies to prevent plastic

waste. Unfortunately, the success of each strategy in preventing or re-
moving plastic waste from the coastline is unknown. The clean up of
litter costs Australia over one billion dollars annually, with approxi-
mately 80% of those costs paid by local and state governments [40].
Given these costs, efficient targeting of waste management funds to-
wards the most effective strategies will be a key feature in determining
their success in reducing plastic pollution.

To evaluate how effective various strategies are at reducing plastic
waste into the environment, the analysis compared the level of in-
vestment, and type of waste abatement policies and programs im-
plemented by local governments in Australia. The study asked: 1) What
level of investment of council budget reduces plastic pollution along
coastlines by the greatest amount; 2) What waste abatement strategies
reduce plastic pollution along coastlines by the greatest amount; and 3)
What specific waste abatement strategies are most effective at reducing
plastic pollution along Australia's coastline.

2. Materials and methods

2.1. Site selection

Questionnaires were carried out at the local council level drawn
from regions around Australia where coastal debris surveys took place
(Fig. 2). Sites were selected to span a wide range of debris densities and
council regions. Initially 52 councils were contacted, however inter-
views were completed with 40 councils around the country. Six sites
were chosen in New South Wales (NSW), Victoria (VIC), South Australia
(SA), Queensland (QLD) and Tasmania (TAS). Seven sites were chosen
in Western Australia (WA) to geographically represent the length of
Western Australia's coastline. Due to restricted access three sites were
surveyed in the Northern Territory (NT) [41]. Two of those sites in the
NT were subsequently removed from the study as they were situated in
the same council. One site in Tasmania was also removed. Hence, a
total 37 councils completed the questionnaire. Questionnaire results
were compared with debris densities from a national dataset on plastic
pollution loads along the coast at 100 km intervals from 2011 to 2013
[41].

2.2. Questionnaire

The waste manager from each focal council was contacted. Waste
managers were chosen based on the presumption that the person in this
role would provide the most accurate information on waste manage-
ment, council activities and waste abatement strategies in their council.
Managers were interviewed over the phone using the questionnaire (see
Supplementary information). The questionnaire was divided into three
sections. The first section covered general information about the
council (e.g. council population, surface area, coastline length). The
second section focused on information about waste management on
beaches within the council (e.g. number of rubbish bins at the beach,
frequency of beach cleaning, are there active clean up groups in the
council), any partnerships with other state associations or councils and
finally the amount of funding the council puts towards general waste
management and waste management specifically for coastlines. The
third section listed a series of legislations and policies, waste facilities
and outreach programs and asks whether they are present in the
council, if so, what are their names. All interviews were recorded and
kept for reference and to clarify any uncertainties. To enable prompt
responses, answers in the third section of the questionnaire were pre-
filled, where possible, based on information from the council website.
Interviewees checked pre-filled answers and modified or corrected
where required.

2.3. Statistical analysis

Council policies and programs were compared against patterns of

Fig. 1. The type and point of waste abatement interventions along the plastic waste
pathway. Thin arrows indicate the point of intervention, shapes indicate the type of in-
tervention and large arrows indicate the pathway flow.
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coastal debris. The generalised additive model (GAM) developed in
Hardesty et al. [41] was used to correct for the beach transect char-
acteristic covariates: shape, substrate, gradient, backshore type. All
subsequent analyses in this study were conducted on the residuals re-
sulting from the GAM used in Hardesty et al. [41], which in effect
measure the unexplained variation in coastal debris density.

Generalised linear models (GLMs) implemented in the R statistical
language (R Core Team 2013) were used to determine whether the level
of local council investment in waste management influences the
amount of debris found along the Australian coastline and whether the
type of investment (i.e. policies, facilities or outreach programs) is more
effective at reducing debris. A combination of GLMs and linear models
were used to determine which policies or programs explain the greatest
amount of variation in debris.

General linear models for level of local council investment in waste
management per council's population and length of coastline included
the terms: annual waste management budget (AU$), annual waste
management budget as a percentage of total annual council budget,
whether there is a specific waste management budget for coastlines
(absent or present), coastline waste management budget as a percen-
tage of total waste management budget, annual coastline waste man-
agement budget (AU$), council population and length of coastline
within the council (km). To determine the most parsimonious model the
Akaike's Information Criterion (AIC) scores were compared with the
null model.

The GLM for type of investment included the terms: total number of
outreach programs in each council, total number of waste facilities in
each council and total number of policies (state and local) within each
council. The model was run with every possible combination of terms.
To determine the most parsimonious model, AIC scores were compared
with the null model.

The linear model for which local council outreach program works
included: the presence of recycling programs, packaging programs,
plastic recycling programs, Clean Up Australia programs, electronic

waste programs, chemical waste programs, ‘Love Food, Hate Waste’
programs, National Recycling week, general clean-up program, reduce
reuse recycle program, plastic bags program, Keep Australia Beautiful
program, education program, illegal dumping program, litter preven-
tion program, REDcycle program, ‘Get it Sorted’ campaign, ‘Bin your
Butts’ campaign, home composting program, worm farming at home
program and the number of any campaigns/programs not listed in the
questionnaire. The StepAIC function in R was used to determine the
most parsimonious model.

3. Results

3.1. Questionnaire response success

All 37 councils were initially contacted with 34 councils (92%)
successfully responding to the questionnaire. Three councils (8%) did
not answer the phone or return any calls. For the three councils that did
not respond, data was taken from their website and latest report.

3.2. Waste management investment

The final investment model included the terms waste management
budget as a proportion of total council budget and the presence of a
specific coastal waste management budget per capita dollar (AIC =
372.9). Waste management budget as a proportion of total council
budget explained a greater variation in the data than coastal waste
management investment (Mean Effect Size in Table 1). This indicates
that the proportion of total budget spent on waste management in a
council will have a greater effect on reducing coastal pollution than
having a council budget specifically for coastal waste. The same results
were also shown in the single term GLMs with waste management
budget as a proportion of total council budget having a larger estimate
(Mean Effect Size = – 1.774; Table 1) than the coastal waste man-
agement budget per council population (Mean Effect Size = – 0.565;

Fig. 2. map showing location of the local councils in which survey sites are situated.
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Table 1). It is important to note that there was no effect of the amount
of coastal budget as either a proportion or as whole dollar value. Any
investment in a coastal waste budget showed a decrease in debris found
along a council's coast (Fig. 3).

We found waste management investment as a proportion of total
council budget led to a significant decrease in debris (p = 0.02). As the
waste management proportion of total council budget increased the
amount of debris along a council's coast decreased (Fig. 4). Ad-
ditionally, if a council waste management budget was greater than 8%
of the total council budget the amount of debris along their coast would
be less (Fig. 4). Interestingly, there was little change in debris densities
when investments were greater than 8% (Fig. 4). The coastal waste
management investment term was not significant (p = 0.059).

3.3. What waste abatement strategies work?

The best model included the total number of outreach programs and
waste facilities (AIC = 344.2; Table 2). The model was more parsi-
monious than the model that included total number of government
waste policies, facilities and programs. (Table 2; Ranges: Facilities =
1–17, Policies = 3–15, Programs = 1–17). The number of outreach
programs explained a greater amount of variation in the data than the
number of waste facilities and both terms led to a decrease in plastic
pollution along a council's coastline. (Mean Effect Size: Outreach = –
2.504, Facilities = – 1.391, Table 2). This suggests that outreach pro-
grams will lead to a greater decrease in plastic pollution than will waste
facilities, however a combination of both is best (Table 2). Neither term
is significant in the best model (Facilities p = 0.609 and Outreach p =

0.095), however, outreach programs was significant in the single term
model (p = 0.045). This could be due to insufficient degrees of freedom
to detect a significant result in the best model.

Table 1
Results from the GLM analysis of the council budget investment in coastal waste management and general waste management; and the final council waste management budget model (in
bold). Models are listed according to AIC score. The final model (i.e. most parsimonious) includes the terms coastal waste budget per council population and waste management budget as
a proportion of total council budget. Significant terms are indicated with a *.

Model terms Estimate Mean effect size Pr (> |t|) AIC Data ranges

Coastal Waste Budget ($)/Council population + −1.010 −0.802 0.059 369.7
Waste Budget as % of Council Budget −0.332 −2.753 0.024*
Coastal Waste Budget ($)/Council population −0.712 −0.565 0.172 395.2 $1.22–4.10
Coastal Waste Budget ($)/(Council population * Coastline length) −4.328 −0.282 0.329 396.1 0.006–0.556
Coastal Waste Budget ($) −1.957e−06 −0.296 0.359 396.2 $28,000–1,200,000
Coastal Waste Budget ($)/Coastline length −2.315e−05 −0.192 0.435 396.4 $62–114,615 per km
Coastal Waste Budget as % of Waste Budget −0.069 −0.155 0.503 396.6 0–29%
Presence of Coastal Waste Budget −2.520 −0.775 0.094 410.5 0–1
Waste Budget as % of Council Budget −0.214 −1.774 0.049* 529.4 0–22%
Waste Budget ($) −2.899e−08 −0.336 0.290 532.2 $19,000–93,200,000
Waste Budget ($)/(Council population * Coastline length) −0.061 −0.234 0.327 532.4 $0.02–37
Waste Budget ($)/Coastline length −4.525e−07 −0.155 0.394 532.6 $86–5,384,615
Waste Budget ($)/Council population −0.003 −0.503 0.488 532.8 $5–795
Null model 1.832 911.1

Fig. 3. The effect of a coastal waste budget (corrected for council population) on debris
observed on the Australian coastline. Each point represents one debris survey site.

Fig. 4. The effect of council waste management budget as a percentage of total council
budget on debris observed on the Australian coastline. As the waste management per-
centage increases the amount of debris observed decreases. Each point represents one
debris survey site.

Table 2
Results from the GLM analysis of what type of waste abatement strategy (i.e. outreach
programs, policies or waste facilities) councils should invest in. Models are listed ac-
cording to AIC score. The final model (i.e. most parsimonious) includes the terms total
number of waste facilities and total number of outreach programs per council. Significant
terms are indicated with a *.

Term combinations in
model

Estimate Mean effect
size

Pr (> |t|) AIC

Waste Facilities −0.044 −1.391 0.609 344.2
Outreach programs −0.191 −2.504 0.095
Waste Facilities −0.044 −1.391 0.619 345.9
Outreach programs −0.147 −1.927 0.318
Waste policies −0.136 −1.146 0.638
Waste Facilities −0.167 −5.279 0.074 406.7
Waste Facilities −0.174 −5.500 −1.848 408.6
Waste policies 0.095 0.801 0.403
Outreach programs −0.524 −6.869 0.045* 504.7
Outreach programs −0.765 −10.029 0.029 * 505.5
Waste policies 0.778 6.556 0.297
Waste policies 0.101 0.851 0.698 912.9
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3.4. In which specific outreach program strategy should councils invest?

The results from StepAIC showed a final model with the terms re-
cycling programs, illegal dumping programs and litter prevention pro-
grams was the most parsimonious (AIC = 495.02) (Table 3a). Recycling
programs and illegal dumping programs each significantly reduce waste
along a council's coastline (Table 3a), with recycling having a slightly
greater effect than illegal dumping (Estimates in Table 3a). Estimates
for all terms in the model are directly comparable as their covariate
data is binary (i.e. 1 or 0). The estimate for litter prevention programs
was positive and double that of recycling and illegal dumping
(Table 3a). Litter prevention programs was also significant (Litter Es-
timate = 14.08, P value = 0.00). This does not indicate that litter
prevention programs increase waste loads on a council's coastline, ra-
ther it suggests that litter prevention programs occur in areas where
waste accumulates (i.e. dirty areas).

The single term linear models all had higher AIC scores than the
final model presented in StepAIC (Table 3b). However, education pro-
grams and Clean Up Australia (CUA) programs were significantly cor-
related with waste reduction (Education p value = 0.006, CUA p value
= 0.012, Table 3b). The education program estimate was negative (–
7.615) indicating education programs reduce waste along a council's
coastline. The estimate for CUA was positive (6.719). Similar to litter
prevention programs, a positive estimate does not indicate CUA pro-
grams increase waste loads along a council's coastline. It suggest,

however that CUA programs only occur in areas with high levels of
waste mismanagement (dirty areas).

4. Discussion

Councils that invest in waste management and have a budget spe-
cifically for coastal waste management had less debris on their coast-
line. However, the size of the coastal investment does not make a dif-
ference. Generally speaking, councils that apply 8% or more of their
total budget towards waste management have lower waste loads on
their coastline. Providing funds for coastal waste management suggests
those councils are aware of the marine debris issue and are actively
trying to prevent it. In this study, investment in outreach programs in
combination with waste facilities was associated with a larger and more
predictable reduction in waste than investment in policies. For ex-
ample, educating a community on recycling and providing each
household with a recycling bin and kerbside collection service could be
affiliated with a reduction in coastal waste mismanagement.

Programs that target specific waste streams are effective in reducing
coastal waste. The study showed that implementing the combination of
recycling, litter prevention and illegal dumping (i.e. litter> 200 L)
programs into a council is the best at reducing waste on a coastline.
Recycling and litter prevention programs target the removal of waste
before it enters the environment (Fig. 1). The programs focus on edu-
cating the individual user on why and how to dispose of their waste
correctly. The results showed that councils who provide litter education
programs, have significantly less waste on their coastlines. Raising
public awareness through education programs is an effective way of
reducing marine debris as it creates a sense of environmental respon-
sibility in participants [28,42]. Education programs have shown to
successfully reduce waste in Europe [43,44], Malaysia [45] and the
USA [46]. For example, in the European initiative MARLISCO five of
the top eleven best practices included marine debris awareness pro-
grams [47].

Littering directly (via beach visitors) and indirectly (via transport by
wind and water) increases waste loads on a beach (Fig. 1). Hence, it is
expected that an anti-litter campaign, such as litter prevention, would
have a strong effect on reducing coastal waste loads. Illegal dumping
programs target waste disposed in the environment, typically far away
from coastal sites. Illegal dumping is suggested as a major indirect
driver of high coastal waste loads via transport by wind and water to
the coast [48]. Wetlands and creeks in urban margins in low socio-
economic regions have high waste loads [49], relative to other sites,
suggesting that material littered or dumped in these sites may be easily
transported to the coast during flooding events. This is supported by
Hardesty et al. [41] who found high levels of coastal debris near iso-
lated areas at urban margins, which they associated with illegal
dumping. The inclusion of both litter prevention and illegal dumping
programs by StepAIC indicates they are independent. Hence councils
that implement both an illegal dumping and litter prevention program
will see larger reductions in coastal waste than a council that just im-
plements one of the programs.

The presence of a clean up program was also significant (CUA p =
0.0129). Interestingly the model showed that the clean ups only happen
in dirty areas as the coefficient value was positive (6.719) i.e. councils
and groups target their clean ups on beaches that have high waste
loads. Clean ups have immediate aesthetic results however they routi-
nely focus on areas where waste accumulates i.e. a sink, not where
waste enters the coastal environment i.e. the source. The action of
picking up waste does not yield a net reduction in waste reaching the
marine system from the source. Hence, a dirty beach will need perpe-
tual cleaning unless the source of waste is reduced. This selection of
dirty beaches as sites for clean ups can also have implications if clean
ups are being used as a monitoring tool. When dirty sites are chosen for
clean ups, actual waste loads will be over-estimated. This is not to say
clean ups are not a useful tool. The waste collected from clean ups can

Table 3a
Most parsimonious model from StepAIC. The final model includes the terms; recycling
program, illegal dumping program and litter prevention program. Significant terms are
indicated with a *.

Model equation Terms Estimate Pr (> |t|) AIC

lm(formula = GAM.S.residuals
~ recycling program +
illegal dumping program
+ litter prevention
program, data =
PolicyDataFull)

Recycling −7.620 0.003509* 493.080
Illegal
Dumping

−6.118 0.032817*

Litter
Prevention

14.081 0.000383*

Table 3b
Results from the single term linear model analyses on the different kind of outreach
programs implemented across the interviewed councils. Significant terms are indicated
with a *. Models are ordered according to AIC score, with the most parsimonious model
first. ‘Other Outreach programs’ include any program implemented by a council that was
not listed in the questionnaire.

Type of outreach program Estimate Pr (> |t|) AIC

Plastic Recycling −4.117 0.228 507.374
Home Composting −4.384 0.246 507.484
Worm Farming at Home −4.089 0.415 508.196
Packaging −3.423 0.447 508.290
Keep Australia Beautiful −1.406 0.682 508.713
REDcycle −2.805 0.705 508.739
Recycling −2.805 0.705 508.740
Get it Sorted 0.484 0.940 508.882
Bin your Butts 0.484 0.940 508.882
General Clean up −4.544 0.128 527.129
National Recycling Week −4.064 0.195 527.769
Plastic Bags Ban −2.806 0.309 528.458
Education −7.615 0.006 * 542.527
Clean Up Australia 6.719 0.012 * 543.682
Illegal Dumping −5.394 0.062 546.415
Litter Prevention 6.715 0.055 548.148
Love Food, Hate Waste −3.837 0.225 548.559
Reduce, Reuse, Recycle −4.299 0.131 554.670
Chemical Waste −2.506 0.129 588.484
Electronic Waste −2.981 0.056 594.037
Other Outreach programs −1.014 0.301 616.783
Null 1.832 0.032 * 911.109
Total number of Programs −0.027 0.902 913.090
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be used to identify the potential pollution sources [50–52]. Clean ups
also create a sense of beach custodianship and encourage participants
question their littering behaviour by educating them on the issue of
marine debris [28,53]. For example, the damage plastic waste causes to
the environment and local businesses and the money it costs councils to
remove the waste. Unfortunately, clean ups can also have a contrary
effect on the public. If the public witness their local beach routinely
cleaned they may continue to litter as there is someone cleaning up
after them [54].

5. Conclusion

This study demonstrates that integrated solutions are best at redu-
cing coastal waste loads in Australia. A model including recycling, litter
prevention and illegal dumping programs was better at reducing waste
loads than any single term model. The inclusion of recycling, litter
prevention and illegal dumping in the final model could indicate the
major sources of waste along Australian coastlines. Councils with illegal
dumping programs, litter prevention programs and recycling programs
had significantly less waste along their coasts than councils without
those programs. Additionally, councils who invest at least 8% of their
budget towards waste management and focus a proportion of that
budget towards coastal waste management will also have less waste on
their coastline.
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A B S T R A C T

Environmental harm from plastic pollution partly results from compliance failure at the individual level. Three 
prevalent non-compliant motivations for polluting plastics include economic gains, ignorance of the rules and 
unlikely penalization from inadequately enforced rules. Given compliance is primarily the responsibility of local 
waste management, we conducted interviews to gain insights to the factors driving changes in the crucial on- 
ground controls of plastic pollution. We expand on non-compliant motivations and provide a theoretical 
framework to test the aforementioned. We show that compliance strategies are strongly driven by state judicial 
and economic controls, specifically new plastic legislation and levies. Furthermore, the priorities of waste 
managers and the socio-economics and population density of their constituents drove changes in local man-
agement efforts. Our findings support the view that the growing global attention on plastic pollution shapes not 
only what happens at a state level, but also importantly on-ground at the local level.   

1. Introduction

Land-based sources of mismanaged plastic waste are major contrib-
utors to plastic pollution observed in the terrestrial (Hurley et al., 2020; 
Rillig 2012), coastal (Hardesty et al., 2016; Schwarz et al., 2019) and 
marine environments (Jambeck et al., 2015; Lebreton et al., 2017), with 
an estimated eight million metric tonnes of plastic pollution entering the 
marine environment each year (Jambeck et al., 2015). Plastic pollution 
in the environment causes serious harm to livelihoods (Priyanka and 
Dey 2018; Rajmohan et al., 2019), economies (Jang et al., 2014; McIl-
gorm et al., 2011) and wildlife (Teuten et al., 2009; Wilcox et al., 2016). 
As mismanaged plastic waste generation is predicted to triple by 2060 
(Lebreton and Andrady 2019), finding effective strategies to reduce 
plastic pollution before it reaches the environment and its associated 
harms is a global concern. 

The global focus on plastic pollution in the environment has shifted 
over the past decade from raising public awareness of the issue to global 
campaigns (UNEP 2018) and commitments (UNEA 2019c) to improve 
waste management and actively reduce plastic pollution. Although in-
ternational and national governments enact legislation that address 
plastic pollution reduction, it is primarily the responsibility of municipal 
governments to implement strategies that fulfil the legislative directives. 
The choice of strategy and place of intervention selected to fulfil 

national waste management objectives can vary greatly between 
municipal governments (Willis et al., 2018). This differentiation and 
divergence of waste management strategies between municipalities 
provides a useful domain to study the underlying drivers behind the 
policy decisions made at these local levels. 

Waste management and plastic pollution prevention has largely been 
studied from the perspective of the physical intervention points pollu-
tion prevention strategies can target, such as household disposal and 
collection systems or retrieval of pollution in the environment (Alhassan 
et al., 2020; Willis et al., 2018; Xevgenos et al., 2015). However, to 
understand why a municipality has implemented or modified its plastic 
pollution prevention strategies, we address the issue from the perspec-
tive of theories explaining non-compliant behaviour. Specifically, we 
address three non-compliant motivations behind why someone does not 
comply with municipal waste management and prevention systems and 
discards plastic waste into the environment. Previous studies reviewed 
(non)compliance in the Australian waste industry (Greenfield 2009; 
White and Heckenberg 2014) and identified three primary motivations 
for non-compliant behaviour.  

• Economic motivations: the non-compliant behaviour allows people
to make a profit or save their money or time;
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• Norms and awareness motivations: people do not have knowledge of
laws, do not know how to comply with the laws or believe others do
not; and

• Lack of enforcement motivations: non-compliant people do not think
they will be caught, and laws are not adequately enforced.

We view these three motivations for non-compliant behaviour as key
target audiences municipal governments can apply management stra-
tegies to prevent plastic pollution. Taking this view, we develop a 
framework that expands on each motivation and applies a well- 
established human behaviour theory that could explain how manage-
ment efforts reduce plastic pollution from a target audience. We apply 
economic rationality theory (Becker 1968) to economic motivations, 
situational crime prevention theory (Clarke 1980) to lack of enforce-
ment motivations and theory of planned behaviour (Ajzen 1991) to 
norms and awareness motivations (hereafter crime prevention and 
planned behaviour). 

Previous work have used these behaviour theories to investigate 
waste and recycling behaviours. For example, planned behaviour has 
been used to determine consumer willingness to recycle (Arli et al., 
2019) and the intentions of consumers to use plastic bags (Sun et al., 
2017). Crime prevention and economic rationality theories have been 
used to investigate illegal waste activities (Andreatta and Favarin 2020; 
Sahramäki and Kankaanranta 2017; Tompson and Chainey 2011). 
However, our study is the first to look at these three theories together, 
and in the context of plastic pollution and compliance. We define each 
behaviour theory in the framework and provide an example of how a 
pollution prevention strategy targets the behaviour. 

Economic rationality: assumes people attempt to obtain the greatest 
possible satisfaction from the money and time resources available when 
making a decision. The rationality concept considers the economic and 
temporal costs and benefits of an activity (in this instance, appropriately 
disposing waste) and its alternatives (inappropriately disposing waste). 
This framework does not consider subjective factors such as emotions, 
that can influence the decision-making process. Strategies that target 
economic rationality remove and/or create economic barriers and in-
centives. For example, container deposit schemes provide an incentive 
for the container to be discarded appropriately (Oosterhuis et al., 2014). 

Situational crime prevention: is an attempt to minimise crime by 
reducing environmental and social cues/opportunities that increase an 
individual’s motivation to commit a crime, regardless of an offender’s 
motivation or intent (Clarke 1980). For example, increasing surveillance 
at popular waste dumping sites or increasing the availability of rubbish 
bins can reduce the opportunity to inappropriately discard waste 
(Schultz et al., 2011). 

Theory of planned behaviour: suggests a person considers three com-
ponents when deciding how to behave. Firstly, personal attitude toward 
the behaviour; whether people have a favourable or unfavourable 
evaluation of the behaviour. Secondly, subjective norm; the perceived 
social pressure to perform or not perform the behaviour. Finally, 
perceived behavioural control; the perceived capacity to perform the 
behaviour, considering past experiences and anticipated obstacles (i.e. 
how easy or difficult do people think the behaviour will be for them to 
perform) (Ajzen 1991). Strategies that target planned behaviour can 
provide information to ensure an individual’s evaluation of the intended 
“good” behaviour (correctly discarding waste) is favourable, provide 
equipment and instructions to show how easy the proposed behaviour is 
to achieve and provide information that demonstrates that everyone in 
your community or in-group likes the behaviour. 

We test the proposed non-compliant behaviour theory framework in 
a case study of Australian municipal governments to answer the 
following three questions. First, which non-compliant behaviours/mo-
tivations do municipal governments target in their pollution prevention 
strategies? Second, has that focus shifted over a six-year period during 
which global awareness of plastic pollution has increased substantially? 
Finally, can we elucidate the likely factors driving the shift in focus? 

2. Methods

2.1. Have municipal pollution prevention strategies changed?

To determine whether municipalities have changed their pollution 
prevention strategies we approached the same municipalities that 
participated in a previously conducted study (Willis et al., 2018) which 
looked at the success of waste management policies, infrastructure and 
outreach programs at reducing plastic waste in 2013. Of the 37 original 
municipalities interviewed in 2013, 32 agreed to participate in this 
subsequent study. The participating municipalities spanned the six 
coastal states of Australia and spanned a range of income levels and 
population densities. Waste managers from each municipality were 
interviewed in 2019 using a questionnaire that matched the question-
naire used in the previous study (Willis et al., 2018) (available at 
https://research.csiro.au/marinedebris?ddownload = 1525). Questions 
focused on the different policies, infrastructure and outreach programs 
that municipalities have implemented to manage waste and pollution in 
their environment. All interviews were completed within a six-month 
period by a single interviewer. Retrospective data collection and data 
imputation were used to address missed responses in the 2013 surveys 
(Supplementary Notes 1). 

2.2. Calculating the change in municipal pollution prevention strategies 

The following scoring method was used to calculate the change in 
pollution prevention strategies from 2013 to 2019 for each municipality. 
A score of 0 was given if a strategy was present in 2013 and 2019 (i.e. no 
change); a score of − 1 was given if a strategy was present in 2013 but 
not 2019; a score of +1 was given if a strategy was present in 2019 but 
not 2013. 

2.3. How have municipalities changed their pollution prevention 
strategies? 

We categorised each municipal pollution prevention strategy ac-
cording to the non-compliant behaviour and corresponding theory(s) it 
targets. If a strategy targeted more than one behaviour theory, we put it 
in the intersection between two and counted it in both (Fig. 1; de-
scriptions of each strategy are available in Supplementary Table 1). We 
determined the change in the number of pollution prevention strategies 
a municipality had in each behaviour theory by adding the scores 
calculated in section 2.2. For example, Municipality 22 had three 
pollution prevention strategies categorised as crime prevention with 
scores of − 1, − 1, +1 and two pollution prevention strategies categorised 
as economic rationality with scores of +1, +1. Hence, the change in the 
number of strategies categorised as crime prevention for Municipality 22 
was − 1 and the change in strategies categorised as economic rationality 
was +2. The changes in number of strategies in crime prevention, eco-
nomic rationality and planned behaviour categories, for each munici-
pality, were used as the response variables in the statistical analysis. 

2.4. Statistical analysis to determine why municipalities have changed 
their pollution prevention strategies 

From the interviews with waste managers in 2013 and 2019 we 
developed three possible hypotheses for what factors are driving mu-
nicipalities to change where they target their pollution prevention 
strategy efforts. For example, understanding what factors are causing 
Municipality 22 to decrease their pollution prevention efforts away from 
crime prevention and increase their efforts towards economic rationality 
to reduce non-compliant waste behaviours.  

H1) The change in effort is explained by a municipality changing its 
collaborators in waste management and pollution prevention. 

K.A. Willis et al.
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Fig. 1. A Venn diagram displaying the framework of which non-compliant behaviour theory each municipal pollution prevention strategy targets. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Box 1 
Predictor terms corresponding to each hypothesis to test what factors drive municipalities to change their pollution prevention strategy efforts 
from 2013 to 2019. 

H1: Waste Management Collaboration  
- The change in the number of state organisations the municipality collaborates with regarding waste and pollution.
- The change in the number of regional organisations the municipality collaborates with regarding waste and pollution.
- The change in the number of other municipalities the municipality collaborates with regarding waste and pollution.
H2: Population and Socio-economic Status
- The change in socio-economic status. Taken from the 2011 and 2016 Australian census data, respectively, using the index of relative socio- 

economic advantage and disadvantage score (ABS 2011; ABS 2016).
- The change in population density, capita/km2.
H3: Pollution Prevention Priority
- The change in waste levy, $/tonne. The waste levy is a fee a municipality pays to their state government for every tonne of waste that enters

landfill.
- The change in the proportion of the municipality’s total budget directed to waste management and pollution prevention (%).
- The change in how much of a priority the manager perceives waste and plastic pollution issues to be. Measured by the number of active

programs and discussion a municipality has on pollution prevention strategies. Likert scale from 1 to 5.1 = no active programs or discussion on
implementing a program, 5 = many, very active programs in municipality.

- The change in number of existing state-wide laws regarding waste management and pollution prevention.
- The presence/absence of a current municipal waste management strategy.

K.A. Willis et al.
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H2) The change in effort is explained by changes to a municipality’s 
population and/or socio-economic status.  

H3) The change in effort is explained by a municipality changing how 
much it prioritises waste management and plastic pollution. 

We identified the interview questions that corresponded to each 
proposed hypothesis (presented in Box 1) and used the answers to these 
questions as the predictor variables in our subsequent analysis. 

To determine what factors are driving municipalities to change 
where they focus their pollution prevention efforts, our analysis used a 
single model that simultaneously tested all three responsevariables 
against the three hypotheses, using the predictor variables that corre-
sponded to each hypothesis presented in Box 1. We used a single 
generalised additive model (GAM) from the mgcv package (Wood 2006) 
with a multivariate normal distribution in the statistical program R (R 
Core Team 2020). A multivariate normal distribution allows multiple 
response variables to be analysed in a single model which includes both 
the changes in the three response variables and the covariance among 
them in those changes. Regression weights were included in the GAM to 
account for the variation in imputed observation data in the analysis 
(Supplementary Notes 1). 

The most complex model involved simultaneously testing each 
response variable against every predictor variable (i.e. the single GAM 
included the response variable for the change in the number of strategies 
per municipality categorised as crime prevention tested against every 
variable in Box 1, the response variable for the change in the number of 
strategies per municipality categorised as economic rationality tested 
against every variable in Box 1 and the response variable for the change 
in the number of strategies per municipality categorised as planned 
behaviour also tested against every variable in Box 1). 

The most parsimonious model was selected using backward stepwise 
model reduction by sequentially removing non-significant predictor 
terms (alpha = 0.05) until only significant predictors remained (Marra 
and Wood 2011; Wood et al., 2016). The covariance matrix from the 
most parsimonious model is interpreted to determine how planned 
behaviour, crime prevention and economic rationality change relative to 
one another. 

3. Results

3.1. How have municipalities changed their pollution prevention 
strategies? 

Each of the 32 municipalities surveyed changed the number and 
focus of their pollution prevention strategies across the six-year period. 
Sixty percent of municipalities added new strategies mostly targeting 
planned behaviour, 20% of municipalities added new strategies mostly 
targeting economic rationality and 20% of municipalities added new 
strategies mostly targeting crime prevention. Between the first and 

second surveys, 56% of municipalities removed most strategies targeting 
economic rationality, 26% municipalities removed most strategies tar-
geting crime prevention and 18% of municipalities removed strategies 
that targeted planned behaviour. 

3.2. What factors have driven municipalities to change their pollution 
prevention strategies? 

Overall, we found that changes to a municipality’s population den-
sity, socio-economic status (i.e. hypothesis 2) and how much the mu-
nicipality prioritises waste management and plastic pollution (i.e. 
hypothesis 3) were driving municipalities to change their pollution 
prevention strategies. 

The changes in municipal strategies that focus on planned behaviour 
were best explained by changes in the proportion of budget directed 
towards waste management, waste levy, state-wide legislation and 
socio-economic status. The best fit model (Table 1) explained 34.6% of 
the deviation in the data. The changes in municipal strategies that 
focused on crime prevention were best explained by changes in the 
proportion of budget directed towards waste management and the 
population density. The changes in municipal strategies that focused on 
economic rationality were best explained by changes in waste levies, 
state-wide legislation and socio-economic status within the 
municipality. 

In municipalities where the waste levy increased, there was a cor-
responding decrease in the number of strategies focussed on planned 
behaviour and economic rationality (Fig. 2, column 1). Where state- 
wide legislation increased, municipalities increased the number of 
strategies focussed on planned behaviour and economic rationality 
(Fig. 2, column 2). We found that municipalities whose socio-economic 
status decreased also showed a decrease in the number of strategies 
focussed on planned behaviour and an increase in the number of stra-
tegies that focussed on economic rationality (Fig. 2, column 3). Mu-
nicipalities that increased the proportion of their budget allocated to 
waste were likely to shift the focus of their pollution prevention stra-
tegies towards planned behaviour and crime prevention (Fig. 2, column 
4). Finally, in municipalities where the population density decreased, 
the number of strategies focussing on crime prevention increased (Fig. 2, 
column 5). 

Changes in waste levy and state-wide waste legislation had the 
biggest effect on how a municipality changed their strategies regarding 
planned behaviour and economic rationality (Table 1, mean effect size). 
A change in the municipality population density had the largest effect on 
how a municipality changed their crime prevention strategies (Table 1, 
mean effect size). 

We found a relatively stronger positive relationship between planned 
behaviour and economic rationality strategies than between planned 
behaviour and crime prevention, or between crime prevention and 
economic rationality strategies (Table 2). This indicates that if a 

Table 1 
Results from the GAM analysis of the best fit model. **α = <0.01, ***α = <0.001.  

Response Variable Parametric 
Coefficient 

Estimate Mean Effect 
Size 

Standard 
Error 

z value p value (>|z|) Range 

Increase in the number of theory of planned behaviour 
strategies 

Intercept 4.767  0.511 9.325 <2x10-16 ***  
Waste budget % 0.138 0.181 0.045 3.070 0.002 ** − 13.13–16.99 
Waste levy − 0.031 − 1.469 0.008 − 3.912 9.14x10-5 *** 0–86.5 
State legislation 1.881 1.058 0.375 5.015 5.31x10-7 *** 0–2 
Socio-economic 0.089 − 0.136 0.021 4.277 1.90x10-5 *** − 43–23 

Increase in the number of situational crime prevention 
strategies 

Intercept 2.179  0.233 9.349 <2x10-16 ***  
Waste budget % 0.088 0.115 0.028 3.187 0.001 ** − 13.13–16.99 
Population density − 0.006 − 0.144 0.002 − 3.432 0.001 *** − 195–448 

Increase in the number of economic rationality 
strategies 

Intercept 2.413  0.374 6.462 1.03x10- 

10 
***  

Waste levy − 0.016 − 0.752 0.006 − 2.866 0.004 ** 0–86.5 
State legislation 1.084 0.609 0.254 4.266 1.99x10-5 *** 0–2 
Socio-economic − 0.052 0.079 0.014 − 3.585 0.001 *** − 43–23  
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municipality increased their focus on planned behaviour strategies, they 
would increase their focus on economic rationality strategies more than 
crime prevention strategies. In turn, if a municipality increased their 
focus on economic rationality strategies, they would increase their focus 
more on planned behaviour strategies than crime prevention strategies. 

4. Discussion

Around the world, the primary management and collection of waste/
pollution is controlled from a local level, whether it be informal waste- 
pickers (Moreno-Sánchez and Maldonado 2006) or formal kerbside bin 
collections. These local operations are responsible for implementing 
on-ground strateiges to fulfil pollution legislation and targets set by 
international and national governments. As such, the prorities of local 
pollution prevention and management strategies are at the mercy of and 
must respond accordingly to changes in their national legislation and 
funding. Hence, it was not particularly surprising to observe that the 
plastic waste/pollution management priorities of municipalities driven 
by top-down controls from state government regulatory and economic 
directives (i.e. hypothesis 3) had the strongest effect on the changes 

municipalities made to strategies that targeted planned behaviour and 
economic rationality. The international attention on single-use plastic 
pollution (UNEA 2019a) and efforts to meet Sustainable Development 
Goal targets (UNEA 2019b) (in particularly SDG14.1- prevent and 
significantly reduce marine pollution, and SDG12.5- substantially 
reduce waste generation through prevention, reduction, recycling and 
reuse), has seen a surge in national and state governments implementing 
legislation to ban and phase out single-use plastic products (Karasik 
et al., 2020; Xanthos and Walker 2017). Australia is no exception to this 
trend. During the six-year study period, three states implemented a 
plastic shopping bag ban (NRA 2018) and three states implemented a 
container deposit scheme (ABC 2020). Plastic bag bans and container 
deposit schemes target the economic rationality and planned behaviour 
non-compliant motivations of individuals (Fig. 1). The advancement of 
state-wide bag bans and container deposit schemes likely explains why 
increases in state legislation drove increases of economic rationality and 
planned behaviour focused strategies in municipalities (Fig. 2). 

In addition to judicial measures, national and state governments 
shape local level strategies through economic instruments, such as 
subsidies or taxes. In the Australian case study, we found waste levies 
drove changes in municipal prevention strategies. Waste levies are a fee 
state governments charge municipal governments for every tonne of 
material that is discarded into landfill. The levy acts as an incentive for 
municipalities to invest in strategies that reduce material entering 
landfill (e.g. recycling programs), thereby reducing the overall levy cost 
on a municipality’s budget. However, when a state increases the levy 
price, municipalities may not have accounted for this levy increase in 
their budgets. Municipalities may have to acquire the extra funding 
needed by foregoing funds invested in implemented pollution preven-
tion strategies irrespective of whether they had low success or uptake in 
the community. This reallocation of funding could be driving the 
observed decline of strategies in municipalities with increasing waste 
levies (Fig. 2, column 1). 

In addition to state government pressures driving changes in local 

Fig. 2. Partial effect and standard errors of each parametric predictor variable on the change in the number of strategies targeting theory of planned behaviour (TPB, 
first row), economic rationality (ER, second row) and situational crime prevention (SCP, third row) when all other predictor variables (coloured columns) are held at 
their mean. Predictor variables indicated by colour. A small amount of error was introduced to distinguish overlapping data points in plot. n.s. = non-significant 
relationship. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Table 2 
Covariance matrix for the three response variables included in the final model. 
Values in the matrix can be used to assess the relative strength of the linear 
relationship between each pair of variables as all three variables were measured 
on the same scale.   

Theory of Planned 
Behaviour 

Situational Crime 
Prevention 

Economic 
Rationality 

Theory of Planned 
Behaviour 

8.349 – – 

Situational Crime 
Prevention 

3.630 4.079 – 

Economic 
Rationality 

4.000 3.181 4.979  
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pollution prevention strategies, the wealth and education of local con-
stituents plays a key role in how municipalities control pollution (i.e. 
hypothesis 2). We found municipal socio-economics and pollution pre-
vention priorities at the local level significantly influenced how mu-
nicipalities control pollution, whereas changes in their collaborative 
effort did not have a demonstrable effect (i.e. hypothesis 1). Socio- 
economic factors have been found to play a substantial role in an in-
dividual’s decision making (Gifford and Nilsson 2014; Pepper and Nettle 
2017), with monetary incentives demonstrably affecting waste disposal 
and pollution reduction strategies (Schuyler et al., 2018; Thomas et al., 
2019). Such incentives tend to be particularly effective in lower 
socio-economic regions (Schuyler et al., 2018). We found municipalities 
whose socio-economic status dropped over the six-year period increased 
the number of strategies targeting the economic rationality of their 
populace (Fig. 2, column 3). Simply put, as wealth drops and financial 
resources become scarcer, a financially rewarding choice becomes more 
desirable. In turn, as wealth increases and financial resources become 
ample, money is no longer a limiting resource. Thus, relatively small 
financial gains, such as those from container deposits, may no longer 
play as big a role in decision making. This may indicate why munici-
palities whose socio-economic status increased over the six-year period 
decreased the number of economic rationality targeted strategies and 
increased the number of strategies that target non-financial drivers of a 
person’s decision making (Fig. 2, column 3). 

In addition to economic benefits, people can be motivated to change 
their behaviour when they think ‘it is right thing to do’ (the behaviour 
aligns with their personal values) (Schwartz 1973) or ‘it is what 
everyone else does’ (it is the socially accepted behaviour or social norm) 
(Farrow et al., 2017). Strategies that target social norms or personal 
values are more successful at establishing pro-environmental and 
compliant behaviours when compared with financially motivating 
strategies (Steg et al., 2014). This success was attributed to the occur-
rence of people reverting back to their original behaviour if the strength 
of an economic motivation was removed or lessened (Dikgang et al., 
2012; Steg et al., 2014). If a municipality’s populace is less motivated to 
adopt a behaviour by a financial strategy, (e.g. if the overall wealth of 
the populace is high), then targeting the social norms and personal 
values of the community may be more successful at motivating the 
adoption of a particular behaviour, particularly if the goal is long term 
change. Additionally, compared to lower socio-economic areas, people 
of higher socio-economic status are shown to be more future-oriented 
and prioritise investing in future rewards over immediate gains (Pep-
per and Nettle 2017). Hence, wealthier people are less likely to be 
swayed by immediate financial benefits (Pepper and Nettle 2017). This 
could explain why a municipality with increasing socio-economic status 
may preferentially implement strategies that promote the value and 
future benefits of a behaviour, such as a healthy clean environment (i.e. 
strategies that target the planned behaviour non-compliant motiva-
tions), over strategies with immediate economic gains, such as saving 10 
cents when you return a beverage container (i.e. strategies that target 
the economic rationality non-compliant motivations). 

We found that when a municipality’s budget for waste management 
increased they would increase the number of strategies they had tar-
geting planned behaviour and crime prevention (Fig. 2, column 4). This 
suggests that when a municipality’s waste management funding in-
creases they are not necessarily investing the extra funding into pre- 
existing strategies, but rather, implementing new strategies. During 
our six-year study period we found a third of all municipalities had 
added illegal dumping and littering enforcement strategies and report-
ing hotline programs. These programs target both planned behaviour 
and crime prevention non-compliant motivations and have shown to be 
highly successful at reducing plastic pollution in the environment (Willis 
et al., 2018). Currently, 80% of all surveyed municipalities had an active 
illegal dumping enforcement and reporting hotline program as of 2019. 
By implementing illegal dumping and litter reporting hotlines and 
assigning resources towards enforcing littering and illegal dumping 

legislation, municipalities are increasing the risk of individuals being 
caught when they engage in antisocial behaviour. Higher public 
compliance can be generated when the certainty of a law being enforced 
is increased (Houston et al., 2006). However, if the severity of the 
penalty is too low it may offset the cost of being caught and a person may 
still choose to behave illegally (Seror and Portnov 2020). 

Lastly, municipalities implemented more crime prevention strategies 
if their population density had declined over the six-year period. Local 
population declines can be driven by a decline in major employers of 
residents in the municipality (Rieniets 2009), as well as rural-urban and 
counter-urban migrations. For example, population declines in Detroit, 
Michigan were partly driven by the decline in the manufacturing in-
dustry (Guerrieri et al., 2012). Declining populations may be associated 
with an increase in disused, vacant lots and buildings, and a decrease in 
natural surveillance (the number of “eyes on the street” (Loukaitou-si-
deris 1999)). The increase in disused sites and decreasing number of 
‘observing public’ provide at least a partial explanation for increases in 
non-compliant behaviour such as littering (Bateson et al., 2015; Keizer 
et al., 2008). Perhaps this helps explain why municipalities increased the 
number of strategies that targeted prevention of illegal disposal of waste 
when their population declined (Fig. 2, column 5). 

5. Conclusions

The frequent and widespread occurrence of plastic pollution has
triggered a range of pollution prevention strategies to be developed and 
trialled (Karasik et al., 2020). We found that municipal governments are 
shifting their pollution prevention strategy targets from economic ra-
tionality and situational crime prevention to theory of planned behav-
iour. Moreover, we found that all of the municipal governments are 
increasing their overall effort to address plastic pollution and imple-
menting improvements to waste management practices. Our second and 
third hypotheses that changes in municipal pollution prevention stra-
tegic efforts are driven by a municipality’s population density, 
socio-economic status and how much they prioritise waste management 
and plastic pollution prevention were proven true. However, we did not 
find any support for our first hypothesis that changes in municipal 
strategic efforts are driven by who a municipality collaborates with 
regarding waste management and pollution prevention. The shifts in 
strategies by municipal governments appear to be strongly driven by 
regulatory and financial pressures, with municipalities not only shifting 
their pollution prevention strategies in response to such pressures, but in 
some instances also shrinking the number of strategies – likely due to 
financial pressure. Both state judicial and economic controls seem to 
shape municipal pollution compliance strategies. This finding supports 
the notion that the growing global attention on plastic pollution and 
waste management over the past decade helps shape what happens 
on-ground at a local level. In addition the socio-economic status of local 
constituents and the priorities of municipalities drove changes in the 
pollution prevention strategy efforts. 

This work highlights that the theories of planned behaviour, eco-
nomic rationality and situational crime prevention can successfully 
identify how municipalities target their pollution prevention strategies. 
The framework also proved useful in measuring the changes in effort a 
municipality makes to reduce non-compliant behaviour associated with 
pollution. The methods and findings herein can guide policymakers and 
managers to identify and manage other non-compliant activities that 
cause environmental harm. 
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Supplementary Material  

Supplementary Notes 1: Regression weights, retrospective data collection and imputation 

Retrospective Data Collection: In 2013 some managers did not answer every question in the survey 
regarding the presence/absence of specific waste management strategies. A total of 257 questions 
were unanswered across surveys from all municipalities from a possible 1312 answers. To resolve 
these missed survey questions, we conducted retrospective data collection and data imputation. We 
searched municipality annual reports, financial reports and media released in 2013 to determine 
whether a strategy was absent or present in a municipality in 2013. We assumed a strategy was 
absent in 2013 if the strategy was absent in 2019 and it was not mentioned in any 2013 media 
releases, municipality annual reports and financial reports. Additionally, we asked waste managers 
during their 2019 survey to estimate the duration strategies in 2019 had been present in the 
municipality. If a 2019 strategy was present in the municipality for more than 5 years, we assumed 
the strategy was also present in 2013. These methods resolved 196 of 257 (76%) missed responses.  

Regression weights and Imputation: Multivariate imputation by chained equations using the 
predictive mean matching method was used to resolve the remaining 61 missed questions (4.65% 
from 1312 possible answers). Five independent imputations were conducted using the MICE package 
(van Buuren and Groothuis-Oudshoorn 2011) in the statistical program R (R Development Core Team 
2020). Each imputation resulted in one dataset. These five datasets were then amalgamated and 
analysed as a single dataset, with 5 possible answers for each question-municipality combination. 
For responses that did not require imputation, all 5 answers were drawn from the original data, with 
each one getting a regression weight of 1/5. For answers that were imputed, each answer could 
differ but did not always, depending on the outcome. Again, each response got a 1/5 weighting. We 
then aggregated duplicate responses, adding the regression weights for the duplicates. Thus, for 
observations without imputation had a weight of 1. Observations that contained an imputation had 
a weight proportional to the frequency of the particular outcome for that imputation across the set 
of 5 replicate imputations. For example, a regression weight of 0.60 (i.e. 3/5) was given when three 
of the five independent imputations calculated the same value for the same missed question in a 
municipality’s survey. 

 

Supplementary Table 1: Description of each waste prevention strategy and the non-compliant 
behaviour theory the strategy targets, as shown in the framework (Figure 1 of the manuscript).     
TPB = Theory of planned behaviour, SCP = Situational crime prevention, ER = Economic rationality.  

Strategy Category Description 

Container deposit legislation ER TPB State-wide program that provides financial incentive to 
return beverage containers to designated collection 
points. Individuals receive 10 cents per returned 
container. The program is presented as a positive 
behaviour as it reduces the amount of waste in the 
environment. 

Beach cleaning by municipality (rake, 
hand) 

SCP Municipality staff clean beaches of litter by mechanical 
rake and/or by hand 

Rubbish bins at beaches SCP ER Provision of rubbish bins at beaches at convenient 
locations (either in the carpark, on the sand or along the 
foreshore) 



45 

Recycling bins at beaches SCP ER Provision of recycling bins at beaches at convenient 
locations (either in the carpark, on the sand or along the 
foreshore).  

Public bins on street SCP ER Provision of rubbish bins in popular used areas of the 
municipality such as the central business district.  

Curbside waste collection ER Curbside bin collection of general waste, destined for 
landfill, provided to households and commercial 
businesses within the municipality.  Collection fee 
included in property rates. 

Curbside recycling collection ER Curbside bin collection of comingled recycling (paper, 
metal, plastic, glass) or single material recycling bins (i.e. 
only paper, only glass) provided to households and 
commercial businesses within the municipality.  
Collection fee included in property rates. 

Curbside FOGO collection ER Curbside bin collection of food organics and garden 
organics (FOGO) provided to households and commercial 
businesses within the municipality.  Collection fee 
included in property rates.  

Public recycling guide TPB Recycling guide for residents. Guide that states which 
items can go into which recycling bin, FOGO bin, green 
waste bin. Often also include details of what items can be 
disposed free of charge to waste transfer stations. Guide 
available online or pamphlet given to each household.  

Recycling program TPB Educating residents on how and where to recycle items. 
National Recycling Week TPB National event held in November organised by Planet Ark 

(Planet Ark 2019). Promotes recycling initiatives and 
benefits. 

Reduce packaging TPB Program to encourage residents to reduce the number of 
products they buy in packaging. Program often focus on 
promoting Plastic Free July 
https://www.plasticfreejuly.org/ and ways residents can 
reduce packaging such as buying in bulk, reusable coffee 
cups, BYO containers. Promote businesses within the 
municipality that provide reduced packaging options 

Plastic recycling program TPB Program focused specifically on recycling plastic items. 
Soft plastics are a common focus. Promote collection 
points for plastics that cannot be placed in comingle 
recycling bins. 

Clean Up Australia Day SCP TPB National annual event held in March . Volunteers collect 
and record litter all around Australia. These records are 
entered into a national database. Municipalities 
commonly provide free disposal of collected litter and a 
sausage sizzle for volunteers. 
http://www.cleanup.org.au/au/ 

Keep Australia Beautiful TPB National organisation  that works in collaboration with 
municipalities. Organisation hosts Tidy Towns (litter-free) 
awards, conducts litter audits and area adoption 
programs to encourage residents to keep an area litter-
free. Organisation also provides grants to implement 
waste minimisation infrastructure and strategies. 
https://kab.org.au/ 

https://www.plasticfreejuly.org/
http://www.cleanup.org.au/au/
https://kab.org.au/
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Electronic waste program ER TPB Free disposal of certain electronic items at waste transfer 
stations. Promotion the correct way to dispose of 
electronic items.  

Chemical waste program ER TPB Free disposal of certain chemical items at waste transfer 
stations or annual day where residents can drop off 
chemicals they are storing at home. Promote the correct 
way to dispose of chemical items. 

General clean-up program SCP TPB Litter clean-up event hosted and supported by the 
municipality. Events often centred around cleaning up 
litter before storm/cyclone seasons and in 'land for 
wildlife' properties. 

Littering hotline SCP TPB telephone hotline for residents to report littering. Option 
to include identifiable information of perpetrator. E.g. 
license plate or car registration. 

Illegal dumping hotline SCP TPB telephone hotline for residents to report illegal dumping. 
Option to include identifiable information of perpetrator. 
E.g. license plate or car registration.  

Litter and illegal dumping signage SCP ER TPB Permanent and temporary signage erected throughout 
the municipality stating that littering or illegal dumping is 
prohibited and minimum monetary fine if caught.  

Loyalty card program ER TPB Residents are given discounts or free garden mulch for a 
certain number of green waste drop offs at waste 
transfer station. Program promotes residents to dispose 
of their green waste at the transfer station and not 
illegally dump it.  

Bin program ER TPB Audits of curbside bins to determine correct recycling by 
residents. Awards given to ‘most improved’ and ‘best 
overall’. Provision of free bin latches to residents to 
minimise waste escaping curbside bins. 

Food waste program TPB Program to minimise food waste generated by 
households and the quantity of food waste that enters 
general waste bins. E.g. tips for residents on how to 
reduce food waste such as recipes and composting.  

Sorting waste program TPB Educate residents to sort and secure their trailers and 
vehicles transporting household waste before arriving at 
a transfer stations or landfill. Emphasis on sorting items 
into recyclables and landfill categories to minimise the 
amount of waste entering landfill.   

Waste to art program TPB Community art competition and exhibition of art made 
from waste disposed at the local waste transfer station. 
Events to raise awareness on waste reduction.  

Business waste program ER TPB Program to encourage and support businesses to recycle 
more and reduce the amount of waste they produce.  
Often occurs when the municipality waste levy is 
expected to increase. 

Green waste program ER TPB Program to promote free green waste disposal at waste 
transfer station or the introduction of a curbside garden 
waste bin. Garden waste includes grass clippings, 
branches but not food waste. In some municipalities the 
program objective is to minimise any loose branches 
around the municipality before storm/cyclone season.  
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Event waste program ER TPB Provide support for events to encourage recycling and 
reduce littering during the event. E.g. provide bins for 
event, or discount fee to dispose of event waste.  

Second-hand goods program ER TPB Promote events that sell second-hand, used items over 
new items. E.g. clothes-swap, garage-sale-trail event. 

Clean Marina program SCP TPB Accreditation program for marinas(Marina Industries 
Association 2020). Part of the accreditation is to maintain 
a litter-free marina and provide bin facilities for vessel 
owners to dispose of waste from their vessels. 

Home composting program  ER TPB workshops run or supported by municipality to teach 
residents how to compost their kitchen and garden 
organics at home. Some municipalities provide compost 
bins to residents at a discounted price to encourage 
home composting. 

Reduce reuse recycle program TPB program to encourage residents to reduce their waste, 
reuse items and invest in reusable items, and recycle 
items correctly.  

REDcycle TPB Soft plastic packaging collection program (REDcycle Pty 
Ltd 2017). Collection points at major supermarkets and 
community centres.  REDcycle is a private company that 
collects the material. Collection points are promoted by 
municipality.  

School education program TPB programs to educate school students on correct recycling 
behaviours, tours of recycling facilities, education on 
waste hierarchy and recycling competitions for schools 
and students. Programs often organised by a Waste 
Education Officer (working at municipality or regional 
level) 

Illegal dumping surveillance SC The use of covert cameras or CCTV to identify illegal 
dumpers. Cameras placed in popular illegal dumping 
areas.  

Illegal dumping enforcement SC ER Local Laws department, environmental officers and 
rangers patrol and issue fines to identified illegal 
dumping citizens. 

Littering enforcement SC ER Local Laws department, environmental officers and 
rangers patrol and issue fines to identified littering 
citizens.  

Litter avoidance program TPB Awareness and education program to deter littering from 
occurring. Can focus on general litter or target specific 
items, activities. E.g. cigarette litter or roadside littering. 

Shopping bag ban ER The provision of plastic shopping bags <35 microns is 
banned. Thicker plastic bags are available from some 
businesses for a small fee (AU$0.15) 

Curbside hard waste collection ER Commonly an annual or twice-yearly event of bulky 
waste curbside collection by the municipality. Hard waste 
are large items that cannot fit or restricted in the general 
waste curbside bin. E.g. furniture, white goods, steel. 
Collection is commonly included in property rates and 
additional collections can be organised for a fee 

 



48 

References 

Marina Industries Association (2020) International Clean Marina Program. 
https://www.marinas.net.au/industryprograms/international-clean-marina-program. 
Accessed 30/04/2020  

Planet Ark (2019) National Recycling Week. Planet Ark. https://recyclingnearyou.com.au/. Accessed 
30/04/2020 

R Development Core Team (2020) R: A language and environment for statistical computing, R 
Foundation for Statistical Computing, Vienna, Austria. Retrieved from http://www.R-
project.org  

REDcycle Pty Ltd (2017) REDcycle. https://www.redcycle.net.au/. Accessed 30/04/2020  
van Buuren S, Groothuis-Oudshoorn K (2011) mice: multivariate imputation by chained equations in 

R, Journal of Statistical Software 45:1-67 doi:10.18637/jss.v045.i03 

https://www.marinas.net.au/industryprograms/international-clean-marina-program
https://recyclingnearyou.com.au/
https://www.redcycle.net.au/


 

49 
 

 

Chapter 5 – Local waste management successfully reduces 

coastal plastic pollution 

 

 



Chapter 5- Local waste management reduces coastal pollution 

50 
 

Local waste management successfully reduces coastal plastic pollution 

Abstract 

Regardless of where plastic pollution originates, the management choices and interventions made at 

the on-ground local level are crucial to the global success of reducing plastic pollution. Reduced 

plastic consumption and volumes of plastic pollution have been observed in communities with 

plastic bans, taxes, incentives, and educational programs. However, currently there is no 

quantitative framework that connects local on-ground actions to measurable reductions of plastic 

loads in the nearby coastal environment. We developed a model that tested whether changes in 

municipal waste management efforts and investments corresponded to a decrease in coastal plastic 

pollution across the continent of Australia. Changes in management strategies that encouraged local 

stewardship of coastal areas and provided services that make correctly discarding of waste easy 

were correlated with a reduction in local coastal litter/plastic pollution. Without reviewing and 

updating of waste management strategies and investment in the community, municipalities risk a 

rise in coastal plastic pollution and its associated harms growing in their jurisdictions and beyond. 

Our work can guide the transformational shifts and extraordinary efforts required by current and 

future management and policymakers to meaningfully reduce plastic pollution at local and 

ultimately global scales. 

Introduction 

Plastic waste and subsequent pollution accumulates in terrestrial, marine and freshwater 

environments (Chiba et al. 2018; Hoellein et al. 2014; Imhof et al. 2013; Sruthy and Ramasamy 

2017). Once in the environment, this pollution can affect economic productivity (McIlgorm et al. 

2011; Rajmohan et al. 2019), degrade aesthetic values (Jang et al. 2014), and harm wildlife through 

entanglement and ingestion (Roman et al.; Teuten et al. 2009). As attention and action to mitigate 

plastic pollution grows worldwide, international and national governing bodies are mobilizing efforts 

to effectively manage and reduce the growing plastic waste entering the environment (Arroyo 

Schnell et al. 2017; Karasik et al. 2020; UNEA 2019; UNEP 2011). Unfortunately, current waste 

management systems are not sufficient at controlling plastic waste (Jambeck et al. 2015), with many 

high-income countries exporting their waste to low-income countries, predominantly in East Asia 

and Pacific, that do not have adequate capacity to manage the imported waste appropriately 

(Brooks et al. 2018; Law et al. 2020).   
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No matter where plastic pollution originates, it is primarily collected and controlled locally, through 

either formal or informal systems, or some mixture of the two (Jambeck et al. 2018; Moreno-

Sánchez and Maldonado 2006). Hence, the management choices and interventions made at these 

local scales are crucial to the global success of reducing plastic waste leaking to the environment. 

Previous work has found that where there are beverage container schemes or outreach programs in 

combination with the provision of adequate waste infrastructure, lower volumes of coastal plastic 

pollution occur in the surrounding area (Schuyler et al. 2018; Willis et al. 2018). Others have found 

that bans and/or taxes on single-use plastic items and educational campaigns are successful at 

changing behaviours and result in reducing plastic pollution (Hartley et al. 2015; Heidbreder et al. 

2019; Poortinga and Whitaker 2018; Thomas et al. 2019). However, currently the field lacks a 

quantitative model that connects local on-ground actions to measurable reductions of plastic 

pollution in the coastal environment. We provide the first large-scale, synoptic assessment of 

changes in local waste management efforts and whether these changes have made a measurable 

reduction in coastal plastic pollution.  

In this paper, we build upon our previous work (Willis et al. 2021) that approached municipal 

management of plastic pollution from the perspective of theories explaining non-compliant 

behaviour. Research on compliance in the waste industry (Greenfield 2009) identified three common 

motivations, grounded in human behaviour theories, for individuals (not) to comply with municipal 

waste management systems. Economic motivations are those where the non-compliant behaviour 

allows someone to make a profit or save their money or time, corresponding to the theory of 

economic rationality (Becker 1968). Norms and awareness motivations are those where someone 

does not know what the rules are, how to comply, or believes other do not, corresponding to the 

theory of planned behaviour (Ajzen 1991) (planned behaviour onwards). Lack of enforcement 

motivations are those where the consequences for performing the non-compliant behaviour do not 

deter the behaviour from occurring, corresponding to the theory of situational crime prevention 

(Clarke 1980) (crime prevention onwards). We viewed these motivations as principal targets for a 

municipality to direct their management efforts to reduce plastic pollution. Our previous work found 

municipalities focused their management efforts on norms and awareness motivations (i.e. planned 

behaviour) (Willis et al. 2021). However, it is currently unknown whether these management 

changes are successfully controlling and resulting in a reduction of the volume of plastic pollution 

entering the environment. 

In this paper, we use these three behavioural theories to characterize how thirty-two Australian 

municipal governments have targeted their waste management interventions, and how those 

targeting strategies have changed between 2013 and 2019. We then compare these strategies and 
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their changes to the change in plastic pollution along the coasts of these thirty-two municipal 

government areas over the same period to evaluate how effective these strategies are and identify 

which underlying behavioural approaches generate the greatest reduction in pollution. 

Methods 

Coastal Litter Surveys 

We assembled a repeated survey dataset measuring coastal pollution across thirty-two Australian 

municipalities in 2013 (Willis et al. 2018) and again in 2018-19. The 2018-19 surveys were conducted 

within one week of their original 2013 sampling date to ensure any variation in coastal litter 

deposition between surveys due to season was minimised. In 2018-19 surveys, five extra sites in 

each municipality were surveyed to capture any geographical and population variation in sites within 

the same municipality. The additional five sites were selected using random stratified sampling so 

that all sites were equally spaced, and the full extent of the municipality’s coastline was represented. 

If a coastal site was inaccessible, the next closest accessible site was surveyed, which in some 

instances was the next randomly selected coastal site. In those instances, only four or five sites were 

surveyed across the municipality’s coastline.  

Coastal litter surveys were completed following the methodology described in Hardesty et al. (2017) 

and in the Supplementary Notes 1.  

Municipal Waste Management Interviews and Variables 

Waste managers from each municipality were interviewed using the questionnaire (available at 

https://research.csiro.au/marinedebris?ddownload=1525) and methods described in Willis et al. 

(2021). The questionnaire asked waste managers about the waste management strategies, including 

policies, infrastructure, and outreach programs, currently active in the municipality. All interviews 

were completed within a six-month period by a single interviewer, and all interviews were recorded 

(with permission) to ensure transcription of information was accurate. To quantify if or how a 

municipality had changed their waste management strategy efforts from 2013 to 2019, all waste 

management strategies were divided into seven categories using a framework of the three 

behaviour theories and their intersections presented in Willis et al. (2021) (Figure 1). In each of the 

seven categories, each municipality was given a score for the number of strategies they retained and 

gained from 2013 to 2019. For example, Municipality 12 gained two strategies for the intersection 

category between crime prevention and economic rationality and retained three strategies in the 

planned behaviour category. Splitting municipal strategy efforts into retained or gained allowed us 

https://research.csiro.au/marinedebris?ddownload=1525
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to examine whether keeping efforts and investments in current strategies was more valuable than 

investing in new strategies.    

 

Figure 1. A Venn diagram displaying the framework of which behaviour theory and linked 
motivation, each municipal pollution prevention strategy targets. Taken from Willis et al. (2021).  

 

Statistical Analysis 

2013 litter loads  

2013 plastic litter loads were predicted for the five additional coastal sites surveyed in each 

municipality in 2019. Plastic litter loads were predicted using a generalised additive model (GAM) 

generated from the 2013 coastal litter survey data previously collected (see Hardesty et al. (2017)). 

To make predictions from the 2013 coastal data, the most parsimonious set of predictor variables 

were determined from a set of environmental, geographic and survey detection parameters 

(Supplementary Table 1). The GAM was fitted using a Tweedie distribution from the mgcv package 
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(Wood 2011)  in R version 4.0.2 (R Core Team 2020). A spatial correlation smooth term was included 

using transect location as the spatial term. A continuous spatial feature for the mainland of Australia 

and a separate feature for the island state of Tasmania was fitted using a cyclic spline based on the 

geographic centre of each island land mass (Hardesty et al. 2017). Transect length was treated as an 

offset term. The most parsimonious model was selected by AIC (Burnham and Anderson 2002) using 

the dredge function in MuMIn package (Barton and Anderson 2002). As ten models were within 

Δ2AIC of the best model, model averaging was computed using the model.avg function in MuMIn 

(Barton and Anderson 2002; Burnham and Anderson 2002).   

To account for the variation in accuracy for each predicted litter load from 2013 in further analyses, 

we used the ratio of the expected value of the predicted litter load and the standard errors on the 

predicted litter loads as regression weights in the subsequent analyses. Hence, predictions with a 

small standard error compared to their predicted litter load were given a regression weight close to 

one and predictions with a large standard error compared to their predicted litter load were given a 

regression weight close to zero. All sites that had observed 2013 litter loads were given a regression 

weight of one.  

Changes in plastic pollution along the coast of Australia 

The difference in plastic pollution loads from 2013 to 2019 was used as the response variable in the 

analysis to determine what potential factors are driving the changes in plastic pollution loads. We 

first accounted for any environmental and surveyor detection variables (i.e. those variables that are 

independent to what waste management occurs in the municipality) that could affect the change in 

plastic loads around the Australian coastline (Supplementary Table 2). The variables were fitted 

using a GAM in the mgcv package (Wood 2011) with a normal distribution. A spatial correlation term 

using transect location was fitted using a cyclic spline and separate spatial features for the mainland 

of Australia and Tasmania. The most parsimonious model was selected by AIC (Burnham and 

Anderson 2002) using the dredge function in MuMIn (Barton and Anderson 2002). This best set of 

environmental and surveyor detection predictor variables were then used as a foundation model 

that investigated what municipal waste management variables accounted for any unexplained 

variance observed in the changes in litter load (Supplementary Table 2). The municipal waste 

management variables were added to the foundation model and the most parsimonious set of 

predictor variables was selected using backward stepwise model reduction by sequentially removing 

non-significant predictor terms (alpha = 0.05) until only significant predictors remained (Marra and 

Wood 2011; Wood et al. 2016). 

Results  
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2018-19 coastal litter surveys 

A total 563 transects were surveyed across 183 sites in 32 municipalities in 6 states. A total 3552 

litter items were counted, ranging from 0 – 98 items per transect, with a median of 2 items and an 

average density of 0.113 items/m2. Transect lengths ranged from 2.5 – 180 m with a median of 28 m. 

Almost three-quarters (71%) of all litter items observed along the coast of Australia were plastic, 

with 43% of all items comprised of hard plastic. The remaining non-plastic litter items included glass 

(18%), paper (5%), metal (3%), brick (2%); with 1% of the total items recorded consisting of cloth, 

batteries, and magnets.   

Predicting 2013 litter loads 

The best model from the 2013 analysis (Supplementary Table 3) explained 56% deviance in the 

distribution of plastic litter around the Australian coastline. The best model included the following 

terms: the spatial correlation smooth variable, Australian state where survey took place, land use 

class given to location where survey took place, mean onshore Stokes drift forcing the day and 

month before survey took place, mean onshore wind forcing the day and 6-months before survey 

took place, shape, substrate colour, population within 1 km radius of survey and backshore 

vegetation type. Predicted litter loads resulting from the best model showed that the predicted 

standard errors increased in proportion to the predicted litter loads.   

Changes in litter loads along the coast of Australia 

On average, plastic litter loads along the Australian coastline decreased by 29 percent or 1.48 items  

per transect (median: -0.306, range: -63 – 97 items) from 2013 to 2019 (average density decreased 

by 0.034 items/m2). The model with only the spatial term explained 6.8% of the variation in plastic 

litter loads. After correcting for the environmental and surveyor bias variables, the model explained 

27.4% variation. Substrate colour, survey weather conditions, the type of access to the site, 

population within 1km radius of the site, gradient, number of parking spaces at the site (proxy for 

number of visitors), the difference in the amount of onshore wind forcing the month prior to the 

survey and the difference in the amount of onshore Stokes drift forcing the month and week prior to 

the survey were all significant in determining the changes in plastic litter loads (Table 1)(Figure 2). 

The final model including the significant environmental and surveyor bias variables and the 

significant municipal waste management variables explained 34% of variation in the data (Table 1). 

Plastic litter along the coastline of a municipality decreased if the municipality increased the number 

of strategies retained and gained from 2013 that only targeted Situational Crime Prevention (Figure 

3). If a municipality gained more strategies that targeted both Situational Crime Prevention and 
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Theory of Planned Behaviour or if they retained more strategies that only targeted Economic 

Rationality, then the amount of plastic litter along their coastline also decreased over the six-year 

period (Figure 3). Municipalities that improved the quality of waste education and management 

information provided on their website or had a budget allocation for coastal waste management 

also showed a decrease in plastic litter on their coastline from 2013 to 2019 (Figure 4).  

Municipalities also had a decrease in plastic litter loads on their coastline if the proportion of their 

waste management budget allocated to coastal waste management increased or if the waste levy 

the municipality had to pay increased (Table 1)(Figure 4).  

Municipalities experienced an increase in plastic litter along their coastline if they increased the 

number of strategies gained from 2013 that only targeted Theory of Planned Behaviour (Figure 3) 

and if they had a waste management strategy in 2013 but did not have one in 2019 (Table 1) (Figure 

4).  

The mean effect size for each waste management variable (Table 1) showed that the number of 

economic rationality strategies a municipality retained had the biggest effect on the change in 

plastic litter loads along the coast, followed by the increase in waste levy a municipality has to pay 

and the number of theory of planned behaviour strategies a municipality gained. The presence of a 

coastal waste budget and the proportion of the waste budget assigned to coastal waste 

management had the smallest effect on nearby coastal litter loads.   

Table 1. Results from the GAM analysis with the best set of environmental, surveyor bias and waste 

management effort variables for changes in litter load along the Australian coastline from 2013 to 

2019. Significant terms are indicated with a *. CP = crime prevention, ER = economic rationality, PB = 

planned behaviour.  

Covariable 
Coefficient 
value 

Standard 
Error 

t value P value 
Mean 
Effect 
Size 

Environmental and surveyor bias variables 

(Intercept) 23.949 3.717 6.443 1.61 x 10-10 *     
Number of parking spaces -0.089 0.011 -7.841 8.76 x 10-15 * -0.801 
Site gradient -0.648 0.367 -1.768 0.077 -1.296 
Onshore Stokes drift month 
before 1059.619 200.158 5.294 

1.39 x 10-7 *   -0.068 

Onshore Stokes drift week before -677.240 90.118 -7.515 1.01 x 10-13 *  -0.119 
Onshore wind Month before -0.701 0.212 -3.307 0.001*         0.252 
Population within 1km difference -0.024 0.003 -7.114 1.79 x 10-12 *  -0.003 
Access Type     
Boat only -20.988 6.024 -3.484 0.001*         
Paved footpath -3.127 2.361 -1.325 0.185  
Hiking Trail -3.377 2.280 -1.481 0.139  
Unpaved footpath -3.642 2.379 -1.531 0.126  
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Substrate colour     
Cream -0.412 0.825 -0.500 0.617  
Grey -0.568 1.023 -0.556 0.578  
Orange -0.291 1.466 -0.199 0.842  
Red -9.332 2.179 -4.282 1.98 x 10-5 *  
Yellow 4.727 1.729 2.734 0.006 *    
Survey weather     
Drizzle -12.576 2.748 -4.576 5.15 x 10-6 *   
Overcast -7.350 1.013 -7.257 6.55 x 10-13 *  
Rain 1.032 2.309 0.447 0.655  

Municipal waste management variables 

Waste levy difference -0.172 0.037 -4.696 2.91 x 10-6 *  -7.837 
Coastal budget % of waste budget 
difference -0.433 0.161 -2.688 

0.007 *           0.301 

Presence of coastal budget -6.056 1.409 -4.299 1.83 x 10-5 *  -0.373 
CP strategies retained -2.936 1.058 -2.774 0.006 *          -2.039 
CP strategies gained -4.653 0.920 -5.058 4.80 x 10-7 * -2.854 
ER strategies retained -3.653 0.630 -5.801 8.13 x 10-9 * -10.572 
PB strategies gained 1.896 0.462 4.106 4.27 x 10-5 * 4.591 
PB CP strategies gained -2.406 0.599 -4.016 6.25 x 10-5 * -3.379 
CP ER strategies retained 1.445 0.801 1.804 0.071 4.097 
Quality of information on website -2.525 0.935 -2.699 0.007 *          -1.718 
Presence of a municipal waste strategy 

Neither year 2.511 2.281 1.101 0.271  
Only present in 2013 9.763 2.905 3.361 0.001*           
Only present in 2019 2.399 1.430 1.678 0.094        

Spatial Smooth Terms 

Term Estimated df Reference df F P value  

Tasmania 5.742 8 4.489 8.79 x 10-7 *   
Mainland of Australia 7.182 8 13.344 < 2 x 10-16 *   
Note: corner contrasts were used for factor variables, thus one level of each factor is included in the intercept term as the reference level. The 
reference levels are: Access type – four-wheel-drive vehicle only, Substrate colour – brown, Survey weather – clear, Presence of a municipal 
waste strategy – present in both years. 
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Figure 2. Effect of the environmental and surveyor bias variables and 95% confidence intervals included in the final GAM model on the difference in plastic 

litter loads observed on coastal sites surveyed around the Australian continent. Plots are: number of parking spaces at site, access type, substrate colour, 

survey weather, difference in onshore Stokes drift forcing a week and month before survey, difference in onshore wind forcing a month before survey and 

difference in population within 1 km of survey site. Plots created using packages mgcViz (Fasiolo M. et al. 2018) and ggplot2 (Wickham 2016) in R.
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Figure 3. Effects of municipal waste management strategic variable changes on plastic litter loads along the coastline of Australia. Plots created using 

packages mgcViz (Fasiolo M. et al. 2018) and ggplot2 (Wickham 2016) in R. Red lines indicate 95% confidence interval. CP = crime prevention, ER = economic 

rationality, PB = planned behaviour.  



Chapter 5- Local waste management reduces coastal pollution 

60 
 

Figure 4. Effect of municipal waste management strategy and budget priorities on plastic litter loads along their coastline. Plots created using packages 

mgcViz (Fasiolo M. et al. 2018) and ggplot2 (Wickham 2016) in R. Red lines indicate 95% confidence interval. 
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Discussion 

Decision-makers need a playbook of effective plastic reduction strategies – one that they can trust- 

to meaningfully reduce plastic pollution. We have empirically shown that the management choices 

made by municipal waste managers and policymakers could be linked to reductions of plastic 

pollution in the environment. Discovering the policy and management approaches that are most 

effective in reducing coastal litter is imperative knowledge for the success of future plastic pollution 

reduction strategies.  

Exponential growth in plastic production and subsequent waste are predicted over the next decade 

(Lebreton and Andrady 2019). It is crucial decision-makers implement local on-ground formal and 

informal waste management systems that will effectively manage waste and minimise the harm it 

causes to livelihoods, economies, and natural environment. We framed local waste management 

according to three well established theories of human behaviour (planned behaviour, crime 

prevention and economic rationality theory) to elucidate where municipal governments are 

targeting their waste management efforts to reduce waste and thereby identify which underlying 

behavioural approaches could generate the greatest reduction in pollution. To address this research 

question at a continent-wide scale, we developed a quantitative model that aimed to connect 

changes in Australian municipal waste management efforts with measurable decreases of plastic 

pollution in the nearby coastal environment.  

We found, plastic pollution along the coastline of Australia has on average decreased over the past 

six years, suggesting the change in waste management efforts made by municipal governments 

could be driving the measurable reductions. However, our study shows that not all municipal 

management changes are equally effective. Municipalities that increased efforts in strategies that 

targeted the personal and social norms of their community (i.e. planned behaviour targeted 

strategies) showed not to have corresponding decreases in their coastal plastic pollution compared 

to municipalities that did not invest in new strategies. In this study, investments in community 

awareness and education programs on plastic pollution, waste and recycling did not appear to 

effectively manage the exponential growth in plastic waste over the past six-years and  potentially 

led to increased volumes of plastic pollution along the coast. This could indicate that these planned 

behaviour targeted programs are not reaching the correct audience, e.g. litterbugs visiting or 

residing in the community, or that the programs are not successfully maintaining the desired change 

in behaviour (i.e. reducing plastic waste and pollution). Raising awareness of an issue alone does not 

always drive people to take action (Dilkes-Hoffman et al. 2019; Easman et al. 2018), however 
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providing them with the tools or infrastructure that reduce barriers to make the desired behaviour 

change can be successful (Bartolotta and Hardy 2018; Willis et al. 2018). 

Retaining and maintaining efforts in strategies targeting economic motivations had the biggest effect 

on decreases in coastal plastic pollution. In this research, strategies targeting economic motivations 

consisted of kerbside waste and recycling collections and bans/taxes on plastic shopping bags (blue 

section of Figure 1). Retaining a higher number of these household waste collection services, i.e. a 

higher number of separate waste stream collection services, appeared to be a key way municipalities 

could be managing the rise in plastic waste over the study period and thereby successfully reducing 

plastic pollution in their jurisdiction. Household collection services make it easy for community 

members to separate and discard their waste correctly. Separating waste streams allows 

municipalities to target valuable waste materials, reduce contamination of recyclable materials and 

reduce the volume of material lost to landfill. For example, ~45% of Australian household waste is 

organic material (A.Prince Consulting Pty Ltd 2015; KESAB Environmental Solutions 2014; 

Sustainability Victoria 2014), a profitable resource when turned into compost which many Australian 

municipalities have taken advantage of with the provision of an organic waste bins commonplace in 

many municipalities (Blue Environment Pty Ltd 2018). Reducing waste volumes entering landfill is a 

priority for many waste managers around Australia (K Willis 2019, pers. comms.) as lower volumes 

mean the municipality pays less waste levy fees, a fee charged by state governments for every tonne 

of waste that enters landfill. Our research showed that increases in waste levies had the second 

largest effect on decreases in coastal plastic pollution (Table 1). This could suggest waste levy 

increases are driving municipalities to look at their waste management system differently. Rather 

than seeing waste management as a collection and landfill dumping system, they are now looking at 

waste separation and improvement in recycling and where revenue can be made from different 

waste streams. 

In addition to the success of economic investments in reducing coastal plastic pollution, we found 

the more effort municipalities directed towards reducing environmental and social cues for people 

to dump or litter waste could have brought about success (Figure 3). Clean-up programs and 

surveillance programs that directly involve community members (orange section of Figure 1) and/or 

municipal staff (red section of Figure 1) could be successful at reducing plastic pollution. Involving 

community members to maintain the well-being of their local environment likely increases the 

stewardship of coastal areas by local residents either in the form of active removal of pollution or 

exertion of social pressure to discard waste correctly via dumping and littering report hotlines. A 

litter/dumping report hotline can create a “panopticon effect” (Galič et al. 2016) within the 

community, and create the feeling that there are many watching eyes that will report any littering or 
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dumping activities (Bateson et al. 2015; Loukaitou-sideris 1999). Previous research on coastal plastic 

pollution in Australia have suggested high plastic pollution loads are correlated with intentional 

dumping (Hardesty et al. 2017; Willis et al. 2018). Our work shows that policy solutions that address 

this source of pollution could correspond to significant decreases in coastal plastic pollution.  

It is unlikely that clean-up programs directly reduce coastal plastic pollution, as recovering pollution 

from the coast does not yield a net reduction of waste from its source. However, clean-ups could be 

indirectly reducing pollution from the source into the environment. Participating in a clean-up event 

gives participants a first-hand experience of the connection between the causes of plastic pollution, 

such as a person’s poor waste disposal habits, and the damage plastic pollution has on the 

environment. This experience could motivate participants to improve theirs, and exert social 

pressure on others to improve, plastic consumption and disposal behaviour (Bravo et al. 2009), 

thereby leading to less pollution in their local environment.  

Finally, our results point to the potential need for municipalities to continually adapt their waste 

management strategies to the social and environmental nuances of their community if they want to 

successfully decrease plastic pollution. Municipalities that did not update their waste strategy or 

who removed their budget for coastal waste management was correlated with more coastal litter or 

‘dirtier coastlines’ over the six-year study. However, municipalities that improved information about 

waste management on their website and increased coastal waste budgetary efforts showed 

significant correlation with decreases in plastic pollution along their coastline. 

While these actions may affect coastal pollution directly, via providing information and resources for 

the community, they also likely indicate the level of priority of the issue to both the municipality 

staff and residents. This suggests that municipalities that are focused on the issue of plastic pollution 

on their coastlines likely implement a myriad of activities, many of which may not have been 

captured in our study. However, overall municipalities that focus on the issue can make substantial 

improvements in the levels of pollution in their jurisdictions. Anecdotally, our interviews bore this 

observation out – municipalities with engaged waste management staff, who were aware of the 

plastic pollution problem, generally had the largest reductions of plastic pollution in our study.  This 

is particularly encouraging, as it suggests that proactive municipalities can tackle a seemingly 

insurmountable environmental challenge and make major progress in a period as short as six years.  

The conclusions and interpretations drawn from this study’s results should be taken with some 

caution. The change in coastal litter loads within each municipality was partially based off 

predictions. We did our best to include the accuracy of these predictions in the subsequent analyses 

but acknowledge that our methods are not perfect but hopefully account for a significant level of 
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uncertainty. We also acknowledge that our study measured a substantial number of strategies 

implemented by local waste managers, however, we did not capture the myriad of activities local 

managers implemented to reduce plastic pollution. Nor did we capture the myriad of reasons why 

local managers/municipalities have chosen to change their management strategies. These 

unmeasured activities could be playing a major role in reductions of coastal plastic pollution we 

observed in this study and further research is required.   

Conclusion 

Both local and global governance responses and corresponding management are required to 

effectively manage plastic pollution (Vince and Hardesty 2017). Although plastic pollution is a global 

problem, our research shows that decisions made at the on-ground local management levels could 

be crucial to successful reductions of coastal plastic pollution at a continental scale. Encouraging 

local stewardship of coastal areas and providing services that simplify waste disposal  are key 

strategies that could reduce plastic pollution locally in Australia and could also be applied in other 

coastal contexts around the world. The types of political systems, local governance capabilities and 

levels of decision-making and resourcing could influence the implementation of these strategies in 

other coastal countries. With frequent review and updating of waste management strategies and 

investment in the community, municipalities are more likely to see a local reduction in plastic 

pollution and its associated harms significantly reducing along their coasts and beyond (Barnes et al. 

2009). As current research emphasises the extraordinary efforts required globally to meaningfully 

reduce plastic pollution (Borrelle et al. 2020), this work can guide the transformational shifts 

required by future management and policy efforts towards strategies that are correlated with 

successful reductions in coastal plastic pollution. The quantitative model developed in this study, 

alongside framing waste management strategies from compliance theory perspectives, proved 

useful in gaining a deeper understanding of why particular strategies could successfully reduce 

coastal litter. This model and framing could be used to determine the success of a range of 

management strategies in other contexts, such as illegal fishing (Oyanedel et al. 2020) or water theft 

(Loch et al. 2020). 

Acknowledgements 

We thank the staff from the many municipalities around Australia who contributed information used 

in the analyses herein. We thank the Ngarrindjeri People, Lands & Progress Association and the 

South Australian National Parks and Wildlife Service for access and assistance with data collection 

along The Coorong. We thank the volunteers; Thomas Willis, Arianna Olivelli, Ben French, Dan 



Chapter 5- Local waste management reduces coastal pollution 

65 
 

Fruehauf, Eav Brennan, Calum Cunningham and Kaely Kreger. We thank CSIRO Oceans & 

Atmosphere, the NESP Marine Biodiversity Hub and the Centre for Marine Socioecology, University 

of Tasmania for supporting this project.  

References 

A.Prince Consulting Pty Ltd (2015) ACT NOWaste Domestic Waste Audit. Sydney, Australia 
Ajzen I (1991) The theory of planned behavior Organizational Behavior and Human Decision 

Processes 50:179-211 doi:https://doi.org/10.1016/0749-5978(91)90020-T 
Arroyo Schnell A, Klein N, Gómez Girón E, Sousa J (2017) National marine plastic litter policies in EU 

Member States: an overview IUCN, Brussels, Belgium viii+64pp 
Barnes DK, Galgani F, Thompson RC, Barlaz M (2009) Accumulation and fragmentation of plastic 

debris in global environments Philos Trans R Soc Lond B Biol Sci 364:1985-1998 
doi:10.1098/rstb.2008.0205 

Bartolotta JF, Hardy SD (2018) Barriers and benefits to desired behaviors for single use plastic items 
in northeast Ohio's Lake Erie basin Marine Pollution Bulletin 127:576-585 
doi:10.1016/j.marpolbul.2017.12.037 

Barton KP, Anderson DR (2002) Model selection and multimodel inference: a practical information-
theoretic approach. 2nd Edition edn. Springer-Verlag, New York 

Bateson M, Robinson R, Abayomi-Cole T, Greenlees J, O'Connor A, Nettle D (2015) Watching eyes on 
potential litter can reduce littering: evidence from two field experiments PeerJ 3:e1443 
doi:https://doi.org/10.7717/peerj.1443 

Becker GS (1968) Crime and Punishment: An Economic Approach Journal of Political Economy 
76:169-217 doi:https://doi.org/10.1086/259394 

Blue Environment Pty Ltd (2018) National Waste Report 2018. Department of Environment and 
Energy, Victoria, Australia 

Borrelle SB et al. (2020) Predicted growth in plastic waste exceeds efforts to mitigate plastic 
pollution Science 369:1515-1518 doi:10.1126/science.aba3656 

Bravo M, de Los Angeles Gallardo M, Luna-Jorquera G, Nunez P, Vasquez N, Thiel M (2009) 
Anthropogenic debris on beaches in the SE Pacific (Chile): results from a national survey 
supported by volunteers Mar Pollut Bull 58:1718-1726 doi:10.1016/j.marpolbul.2009.06.017 

Brooks AL, Wang S, Jambeck JR (2018) The Chinese import ban and its impact on global plastic waste 
trade Science Advances 4:eaat0131 doi:10.1126/sciadv.aat0131 

Burnham KP, Anderson DR (2002) A practical information-theoretic approach. Model selection and 
multimodel inference, 2nd ed. Springer, New York.  

Chiba S et al. (2018) Human footprint in the abyss: 30 year records of deep-sea plastic debris Marine 
Policy 96:204-212 doi:https://doi.org/10.1016/j.marpol.2018.03.022 

Clarke RVG (1980) Situational Crime-Prevention - Theory and Practice British Journal of Criminology 
20:136-147 doi:https://doi.org/10.1093/oxfordjournals.bjc.a047153 

Dilkes-Hoffman LS, Pratt S, Laycock B, Ashworth P, Lant PA (2019) Public attitudes towards plastics 
Resources, Conservation and Recycling 147:227-235 doi:10.1016/j.resconrec.2019.05.005 

Easman ES, Abernethy KE, Godley BJ (2018) Assessing public awareness of marine environmental 
threats and conservation efforts Marine Policy 87:234-240 
doi:https://doi.org/10.1016/j.marpol.2017.10.030 

Fasiolo M., Nedellec R., and GY, N WS (2018) Scalable visualisation methods for modern Generalized 
Additive Models ArXiv preprint arXiv:1809.10632. 

Galič M, Timan T, Koops B-J (2016) Bentham, Deleuze and Beyond: An Overview of Surveillance 
Theories from the Panopticon to Participation Philosophy & Technology 30:9-37 
doi:10.1007/s13347-016-0219-1 

Greenfield R (2009) Examining motivations for non-compliance: waste disposal project vol 
November, 2009. Queensland, Australia 

https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.7717/peerj.1443
https://doi.org/10.1086/259394
https://doi.org/10.1016/j.marpol.2018.03.022
https://doi.org/10.1093/oxfordjournals.bjc.a047153
https://doi.org/10.1016/j.marpol.2017.10.030


Chapter 5- Local waste management reduces coastal pollution 

66 

Hardesty BD, Lawson TJ, van der Velde T, Lansdell M, Wilcox C (2017) Estimating quantities and 
sources of marine debris at a continental scale Frontiers in Ecology and the Environment 
15:18-25 doi:10.1002/fee.1447 

Hartley BL, Thompson RC, Pahl S (2015) Marine litter education boosts children's understanding and 
self-reported actions Mar Pollut Bull 90:209-217 doi:10.1016/j.marpolbul.2014.10.049 

Heidbreder LM, Bablok I, Drews S, Menzel C (2019) Tackling the plastic problem: A review on 
perceptions, behaviors, and interventions Science of The Total Environment 668:1077-1093 
doi:https://doi.org/10.1016/j.scitotenv.2019.02.437 

Hoellein T, Rojas M, Pink A, Gasior J, Kelly J (2014) Anthropogenic litter in urban freshwater 
ecosystems: distribution and microbial interactions PLoS One 9:e98485 
doi:10.1371/journal.pone.0098485 

Imhof HK, Ivleva NP, Schmid J, Niessner R, Laforsch C (2013) Contamination of beach sediments of a 
subalpine lake with microplastic particles Curr Biol 23:R867-868 
doi:10.1016/j.cub.2013.09.001 

Jambeck J et al. (2018) Challenges and emerging solutions to the land-based plastic waste issue in 
Africa Marine Policy 96:256-263 doi:https://doi.org/10.1016/j.marpol.2017.10.041 

Jambeck JR et al. (2015) Plastic waste inputs from land into the ocean Science 347:768-771 
doi:https://doi.org/10.1126/science.1260352 

Jang YC, Hong S, Lee J, Lee MJ, Shim WJ (2014) Estimation of lost tourism revenue in Geoje Island 
from the 2011 marine debris pollution event in South Korea Mar Pollut Bull 81:49-54 
doi:https://doi.org/10.1016/j.marpolbul.2014.02.021 

Karasik R et al. (2020) 20 Years of Government Responses to the Global Plastic Pollution Problem: 
The Plastics Policy Inventory. Nicholas Institute for Environmental Policy Solutions, Duke 
University, Durham, NC 

KESAB Environmental Solutions (2014) Kerbside Waste Audit: City of Burnside. South Australia 
Law KL, Starr N, Siegler TR, Jambeck JR, Mallos NJ, Leonard GH (2020) The United States’ 

contribution of plastic waste to land and ocean Science Advances 6:eabd0288 
doi:10.1126/sciadv.abd0288 

Lebreton L, Andrady A (2019) Future scenarios of global plastic waste generation and disposal 
Palgrave Communications 5:6 doi:https://doi.org/10.1057/s41599-018-0212-7 

Loch A, Pérez-Blanco CD, Carmody E, Felbab-Brown V, Adamson D, Seidl C (2020) Grand theft water 
and the calculus of compliance Nature Sustainability doi:10.1038/s41893-020-0589-3 

Loukaitou-sideris A (1999) Hot Spots of Bus Stop Crime Journal of the American Planning Association 
65:395-411 doi:https://doi.org/10.1080/01944369908976070 

Marra G, Wood SN (2011) Practical variable selection for generalized additive models Computational 
Statistics & Data Analysis 55:2372-2387 doi:https://doi.org/10.1016/j.csda.2011.02.004 

McIlgorm A, Campbell HF, Rule MJ (2011) The economic cost and control of marine debris damage in 
the Asia-Pacific region Ocean & Coastal Management 54:643-651 
doi:https://doi.org/10.1016/j.ocecoaman.2011.05.007 

Moreno-Sánchez RDELP, Maldonado JH (2006) Surviving from garbage: the role of informal waste-
pickers in a dynamic model of solid-waste management in developing countries 
Environment and Development Economics 11:371-391 
doi:https://doi.org/10.1017/s1355770x06002853 

Oyanedel R, Gelcich S, Milner‐Gulland EJ (2020) Motivations for (non‐)compliance with conservation 
rules by small‐scale resource users Conservation Letters doi:10.1111/conl.12725 

Poortinga W, Whitaker L (2018) Promoting the Use of Reusable Coffee Cups through Environmental 
Messaging, the Provision of Alternatives and Financial Incentives Sustainability 10 
doi:10.3390/su10030873 

R Core Team (2020) R: A language and environment for statistical computing vol Vienna, Austria 

https://doi.org/10.1016/j.scitotenv.2019.02.437
https://doi.org/10.1016/j.marpol.2017.10.041
https://doi.org/10.1126/science.1260352
https://doi.org/10.1016/j.marpolbul.2014.02.021
https://doi.org/10.1057/s41599-018-0212-7
https://doi.org/10.1080/01944369908976070
https://doi.org/10.1016/j.csda.2011.02.004
https://doi.org/10.1016/j.ocecoaman.2011.05.007
https://doi.org/10.1017/s1355770x06002853


Chapter 5- Local waste management reduces coastal pollution 

67 

Rajmohan KVS, Ramya C, Raja Viswanathan M, Varjani S (2019) Plastic pollutants: effective waste 
management for pollution control and abatement Current Opinion in Environmental Science 
& Health 12:72-84 doi:https://doi.org/10.1016/j.coesh.2019.08.006 

Roman L, Schuyler Q, Wilcox C, Hardesty BD Plastic pollution is killing marine megafauna, but how do 
we prioritize policies to reduce mortality? Conservation Letters n/a:e12781 
doi:https://doi.org/10.1111/conl.12781 

Schuyler Q, Hardesty BD, Lawson TJ, Opie K, Wilcox C (2018) Economic incentives reduce plastic 
inputs to the ocean Marine Policy doi:https://doi.org/10.1016/j.marpol.2018.02.009 

Sruthy S, Ramasamy E (2017) Microplastic pollution in Vembanad Lake, Kerala, India: The first report 
of microplastics in lake and estuarine sediments in India Environmental Pollution 222:315-
322 

Sustainability Victoria (2014) Victorian Statewide Gabage Bin Audits: Food, Household Chemicals and 
Recyclables. Sustainabilty Victoria, Victoria, Australia 

Teuten EL et al. (2009) Transport and release of chemicals from plastics to the environment and to 
wildlife Philos Trans R Soc Lond B Biol Sci 364:2027-2045 
doi:https://doi.org/10.1098/rstb.2008.0284 

Thomas GO, Sautkina E, Poortinga W, Wolstenholme E, Whitmarsh L (2019) The english plastic bag 
charge changed behavior and increased support for other charges to reduce plastic waste 
Frontiers in Psychology 10 doi:https://doi.org/10.3389/fpsyg.2019.00266 

UNEA (2019) Protection of the marine environment from land-based activities vol UNEA4. UNEP, 
Nairobi 

UNEP (2011) The Honolulu Strategy: A global framework for prevention and management of marine 
debris.  

Vince J, Hardesty BD (2017) Plastic pollution challenges in marine and coastal environments: from 
local to global governance Restoration Ecology 25:123-128 doi:10.1111/rec.12388 

Wickham H (2016) ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag, New York 
Willis K, Hardesty BD, Wilcox C (2021) State and local pressures drive plastic pollution compliance 

strategies Journal of Environmental Management 287:112281 doi:
https://doi.org/10.1016/j.jenvman.2021.112281 

Willis K, Maureaud C, Wilcox C, Hardesty BD (2018) How successful are waste abatement campaigns 
and government policies at reducing plastic waste into the marine environment? Marine 
Policy 96:243-249 doi:https://doi.org/10.1016/j.marpol.2017.11.037 

Wood SN (2011) Fast stable restricted maximum likelihood and marginal likelihood estimation of 
semiparametric generalized linear models. Journal of the Royal Statistical Society (B) 73:3-36 

Wood SN, Pya N, Säfken B (2016) Smoothing Parameter and Model Selection for General Smooth 
Models Journal of the American Statistical Association 111:1548-1563 
doi:https://doi.org/10.1080/01621459.2016.1180986 

https://doi.org/10.1016/j.coesh.2019.08.006
https://doi.org/10.1111/conl.12781
https://doi.org/10.1016/j.marpol.2018.02.009
https://doi.org/10.1098/rstb.2008.0284
https://doi.org/10.3389/fpsyg.2019.00266
https://doi.org/10.1016/j.jenvman.2021.112281
https://doi.org/10.1016/j.marpol.2017.11.037
https://doi.org/10.1080/01621459.2016.1180986


Chapter 5- Local waste management reduces coastal pollution 

68 

Supplementary Material 

Supplementary Notes 1. Description of coastal litter surveys. Survey sheets can be found at 

https://research.csiro.au/marinedebris/resources/).  

Transects ran from the low water mark up to two metres into the backshore vegetation. Every piece 

of litter was recorded one metre either side of the transect line from an upright position with the 

head tilted down. Litter was recorded by material type, litter item and if the litter item was a 

fragment or whole item. The first transect started 100m from the point of access onto the coastal 

site. Three transects were surveyed per site. If no litter was observed in the first three transects then 

additional transects were surveyed until litter was observed or a total of six transects were surveyed. 

The following attributes were recorded at each coastal site: latitude and longitude coordinates, date, 

time of day, visible distance, number of people at the site, current weather, current wind speed and 

direction, date of the last clean-up to have occurred at the site, type of access to site, number of bins 

on coast and in the parking lot, how clean the coastal site appears at first glance, any evidence of 

rubbish dumping, any evidence of recent activities that could influence litter distribution.  

The following attributes were recorded at each transect: transect length, number of surveyors, date, 

latitude and longitude coordinates at the start and end of the transect, start and end time of survey, 

distance from start of transect to dominant debris/wrack line, gradient, substrate type, substrate 

colour, backshore type, shape, aspect when facing the open ocean, any evidence of rubbish 

dumping, any evidence of recent activities that could influence litter distribution.  

https://research.csiro.au/marinedebris/resources/
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Supplementary Table 1. Predictor variables included in the 2013 analysis to predict 2013 litter loads 

for sites that were not originally surveyed in 2013. Mean onshore wind and Stokes drift forcing were 

calculated following methods described in Olivelli et al. (2020).

Variable and description Data Type Range / Levels 

Geographical variables 

Australian State survey took place Factor Queensland, New South Wales, Victoria, 
Tasmania, South Australia, Western 
Australia, Northern Territory. 

Land use class given to area survey 
took place. Classified by the Catchment 
Scale Land Use of Australia dataset 
developed by the Department of 
Agriculture, Fisheries and Forestry 
(Australian Collaborative Land Use and 
Management Program (ACLUMP) 
2015).  

Factor dryland cropping, dryland horticulture, 
grazing modified pasture, grazing native 
vegetation, land in transition, nature 
conservation, other minimal uses, other 
protected areas, rural residential, urban 
intensive uses, terrestrial water bodies. 

Socioeconomic status using the index 
of relative socio-economic advantage 
and disadvantage score(ABS 2011). 

Continuous 662 – 1093 

Distance site is to nearest road Continuous 0.02 – 90.35 km 
Transect length Continuous 2 – 1860 m 

Environmental Variables 

Gradient Ordinal 
(5-point scale) 

1 = <1 m, 2 = 1-2 m, 3 = 2-4 m, 4 = 4 – 8 m, 5 
= >8m of vertical gain 

Population within 1 km radius Continuous 0 – 3080 people 
Population within 20 km radius Continuous 0 – 879747 people 
Substrate type Factor rock slab, boulders, gravel, fine sediment 
Backshore type Factor dunes, forest, mangrove, pasture, shrubs, 

tussock grass, natural or man-made wall. 
Beach shape Factor convex, straight, concave 
Average onshore wind forcing day 
before survey 

Continuous -9.57 - 12.36 m/s

Average onshore wind forcing week 
before survey 

Continuous -8.30 - 8.56 m/s

Average onshore wind forcing 6 
months before survey 

Continuous -4.43 - 4.08 m/s

Average onshore Stokes drift forcing 
day before survey 

Continuous 0 - 0.12 m/s/degree 

Average onshore Stokes drift forcing 
week before survey 

Continuous 0 - 0.05 m/s/degree 

Average onshore Stokes drift forcing 6 
months before survey 

Continuous 0 - 0.04 m/s/degree 

Surveyor Bias Variables 

Substrate colour Factor Dark (red, brown) , light (yellow, cream, 
white) 
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Supplementary Table 2. Variables included in the 2019 analysis. Mean onshore wind and Stokes drift 

forcing were calculated following methods described in Olivelli et al. (2020). ER = economic 

rationality theory, CP = situational crime prevention theory, PB = theory of planned behaviour.

Variable and description Data Type Range / Levels 

Surveyor Bias Variables

Weather at time of survey Factor clear, drizzle, overcast, 
rain 

Wind speed at time of survey Ordinal  
(6-point scale) 

0, <10, 10 – 24, 25 – 49, 
50 – 65, >65 km/h 

Substrate colour Factor brown, cream, grey, 
orange, red, yellow 

Environmental Variables 

Gradient Ordinal 
(5-point scale) 

<1 m, 1-2 m, 2-4 m, 4 – 8 
m, >8m of vertical gain 

Mean Onshore Wind Forcing day before survey 
(difference 2013-19) Continuous -12.01 - 11.73 m/s

Mean Onshore Wind Forcing week before 
survey (difference 2013-19)  Continuous -8.13 - 7.55 m/s

Mean Onshore Wind Forcing month before 
survey (difference 2013-19) Continuous -4.74 - 5.14 m/s

Mean Onshore Stokes drift forcing day before 
survey (difference 2013-19) Continuous -0.037 - 0.110

m/s/degrees
Mean Onshore Stokes drift forcing week before 
survey (difference 2013-19) Continuous -0.014 - 0.039

m/s/degrees
Mean Onshore Stokes drift forcing month 
before survey (difference 2013-19) Continuous -0.003 - 0.014

m/s/degrees
Difference in population within 1km of survey 
site Continuous -60 – 850 people

Difference in population within 20km of survey 
site Continuous -731 – 64922 people

Number of people at site at time of survey Continuous 0 – 100 people
Number of parking spaces at site (proxy for how 
many visitors the site receives) Continuous 0 – 290 parking spaces

Type of access to site Factor 
Boat only, 4WD only, 
paved path, unpaved 
path, hiking trail 

Difference in municipality population density Continuous -195 – 447 people/km2

Difference in municipality socioeconomic status 
using the index of relative socio-economic 
advantage and disadvantage score(ABS 2011; 
ABS 2016) 

Continuous -43 – 23

Municipal Waste Management Variables 

Change in marine debris as a priority for the 
municipality 

Ordinal 
(4-point scale) 

very low, low, medium, 
high priority 

Presence of a municipal waste management 
strategy  Factor 

Present in both years, in 
neither year, only in 
2013, only in 2019 

Change in proportion of total budget allocated 
to waste management Continuous -13.13 – 16.99 % of total

budget
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Change in the presence of a coastal waste 
budget in municipality  

removed budget = -1, no 
change = 0, added a 
budget = 1 

Change in proportion of waste management 
budget allocated to coastal waste management Continuous -29 – 6.05 % of total 

waste budget 
Change in quality of waste management 
information provided on municipality website  

Ordinal 
(4-point scale) 

poor, medium, good, 
great 

Change in waste levy municipality pays Continuous 0 – 86.5 AU$/tonne 
Difference in the total number of waste 
strategies a municipality has implemented Continuous -2 – 18 strategies  

Number of strategies the municipality retained 
from 2013 that only targeted ER Continuous 0 – 5 strategies 

Number of strategies the municipality gained 
from 2013 that only targeted ER Continuous 0 – 2 strategies 

Number of strategies the municipality retained 
from 2013 that only targeted PB Continuous 1 – 7 strategies 

Number of strategies the municipality gained 
from 2013 that only targeted PB Continuous 0 – 10 strategies 

Number of strategies the municipality retained 
from 2013 that only targeted CP Continuous 0 – 2 strategies 

Number of strategies the municipality gained 
from 2013 that only targeted CP Continuous 0 – 2 strategies 

Number of strategies the municipality retained 
from 2013 that target both CP and ER  Continuous 1 – 5 strategies 

Number of strategies the municipality gained 
from 2013 that target both CP and ER Continuous 0 – 4 strategies 

Number of strategies the municipality retained 
from 2013 that target both CP and PB Continuous 0 – 4 strategies 

Number of strategies the municipality gained 
from 2013 that target both CP and PB Continuous 0 – 3 strategies 

Number of strategies the municipality retained 
from 2013 that target both ER and PB Continuous 0 – 4 strategies 

Number of strategies the municipality gained 
from 2013 that target both ER and PB Continuous 0 – 5 strategies 

Number of strategies the municipality retained 
from 2013 that target both ER, PB and CP Continuous 0 – 1 strategy 

Number of strategies the municipality gained 
from 2013 that target both ER, PB and CP Continuous 0 – 1 strategy 

 

Supplementary Table 3. Results from the model averaged 2013 coastal litter analysis. Significant 

terms are indicated with a *. 

Covariate Coefficient 
value 

Standard 
error 

Adjusted 
standard 
error 

P value 

Intercept  2.809 1.056 1.059 0.008 * 
Population within 1 km radius   0.069 0.081 0.081 0.392 
Mean onshore Stokes drift day before 0.325 0.068 0.069 0.000 * 
Mean onshore wind day before -0.255 0.081 0.081 0.002 * 
Mean onshore Stokes drift month before 0.010 0.054 0.054 0.851 
Mean onshore wind 6 months before -0.005 0.030 0.030 0.879 
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State in Australia

Northern Territory -9.678 1.438 1.442 2.0 x 10-16 * 
Queensland 1.618 0.789 0.792 0.041 * 
South Australia -3.829 1.132 1.136 0.001 * 
Tasmania -5.920 0.913 0.916 2.0 x 10-16 * 
Victoria -2.199 0.719 0.721 0.002 * 
Western Australia -10.052 1.319 1.323 2.0 x 10-16 * 
Land use

Horticulture -0.364 1.224 1.228 0.767 
Grazing modified pastures -0.079 0.834 0.837 0.925 
Grazing native vegetation 0.622 0.542 0.543 0.253 
Land in transition 0.931 0.682 0.684 0.174 
Nature conservation -1.052 0.690 0.692 0.129 
Other minimal use 0.597 0.495 0.496 0.229 
Other protected areas -1.563 1.00 1.007 0.121 
Rural residential -0.382 0.625 0.627 0.542 
Urban intensive uses 1.133 0.544 0.545 0.038 * 
Terrestrial water bodies 0.341 0.509 0.510 0.504 
Backshore Type

Forest -0.793 0.676 0.677 0.242 
Mangrove -0.182 0.650 0.652 0.779 
Grass - pasture 0.720 0.494 0.495 0.146 
Grass - tussock 0.021 0.201 0.201 0.916 
Shrub 0.134 0.205 0.205 0.515 
Natural and man-made wall 0.501 0.345 0.346 0.147 
Beach Shape

Beach shape convex -0.174 0.289 0.290 0.549 
Beach shape straight -0.113 0.187 0.187 0.546 
Substrate Colour

Light colours (yellow, cream, white) 0.159 0.206 0.206 0.438 
Spatial smooth terms 

Tasmania 

Segment 1 -0.499 0.391 0.393 0.204 
Segment 2 -0.125 0.707 0.709 0.859 
Segment 3 -0.344 0.639 0.642 0.592 
Segment 4 -0.126 0.659 0.654 0.848 
Segment 5 1.082 0.513 0.515 0.036 * 
Segment 6 1.279 0.435 0.436 0.003 * 
Segment 7 0.754 0.421 0.421 0.074 
Segment 8 0.287 0.435 0.436 0.510 
Mainland of Australia 

Segment 1 -1.963 0.432 0.434 6.0 x 10-6 * 
Segment 2 -4.869 1.089 1.092 8.2 x 10-6 * 
Segment 3 -6.523 1.411 1.415 4.0 x 10-6 * 
Segment 4 2.692 0.656 0.658 4.3 x 10-5 * 
Segment 5 3.018 0.619 0.621 1.2 x 10-6 * 
Segment 6 4.638 0.590 0.592 2.0 x 10-16 * 
Segment 7 6.506 0.627 0.629 2.0 x 10-16 * 
Segment 8 4.280 0.429 0.430 2.0 x 10-16 * 
Note: corner contrasts were used for factor variables, thus one level of each factor is included in the intercept term as the reference level. The 
reference levels are: State – New South Wales, Land use – Dryland cropping, Backshore vegetation – dune, Substrate colour – dark, Beach 
shape – concave. Spatial smooth parameters were averaged across models for each segment between knots used to construct the smooth. 
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Abstract: Bottled water is one sector of the beverage industry that has recently experienced substantial
growth. The littering of plastic water bottles and the carbon emissions produced from bottled water
production results in harmful effects on the environment. To reduce the harm of bottled water
production and litter, government and non-government organisations have implemented litter
abatement and behavioural change strategies targeting bottled water consumption and subsequent
loss of bottles to the environment. Our study evaluated the success of one of these strategies, which is
a filtered water refill station, implemented along the Brisbane River in Queensland, Australia. We
found plastic bottle litter decreased after a water refill station was put into operation. However, given
the location of the refill station, we suggest the behavioural change strategy employed did not reach
its full potential. We highlight factors that could be employed to achieve maximum benefits when
implementing similar behavioural change strategies.

Keywords: river; behavioural change; plastic bottle; litter; water refill station; waste minimisation

1. Introduction

Plastic litter is present in nearly every environment on the land and in the sea. Plastic can become
litter from its point of production such as microbeads in plastic factory waste water [1,2], during use
such as a fishing net breaking free from its anchor [3] and disposal, such as from littering [4,5]. Plastic
litter has shown to be harmful to wildlife via entanglement and ingestion [6,7], to economies [8–10]
and, potentially, to human health [11–13]. Plastic production is predicted to double within the
next 20 years [14] with the amount of plastic escaping into the environment anticipated to increase
accordingly [15–17].

The driver of increased plastic production is the constant growth in demand and consumption of
plastic products. One area in which this rapid growth occurs is the beverage industry, particularly
bottled water. One million plastic bottles are consumed every minute, with consumption expected
to increase by 20% by 2021 [18]. In the United States, bottled water is becoming the most consumed
packaged beverage by volume [19]. In Australia, bottled water is predicted to be the fastest growth
sector in the beverage industry [20] with Australians spending more than half a billion dollars per year
on bottled water [21]. This increased consumption has been linked to the preconception by consumers
that bottled water is healthier, more convenient, and tastier than tap water [21–23]. That rationale is
illusionary, however [24], with tap water often demonstrated to be ‘cleaner’ or less contaminated than
that sold in bottles.
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In Australia where the majority of people have the luxury of safe-to-drink, high-quality tap water,
an estimated 10% of water consumption is derived from bottled water [25]. This widely consumed
mass commodity is associated with non-trivial environmental costs. For example, the production
and transportation of bottled water contributes to human-derived climate change. Plastic beverage
containers account for 30% of the global demand of polyethylene terephthalate (PET) production [26]
and bottled water production and transport accounted for almost half a million barrels of oil and more
than 60,000 tons of greenhouse gas in 2014 in Australia alone [22].

Furthermore, plastic beverage bottles are a commonly littered item. Of all litter found during
clean-ups, on land, and on coasts, plastic beverage containers are in the top three most littered items.
For example, plastic bottles were the third most littered item in 2018 in the International Coastal
Cleanup [27] and the second most littered item in 2017 by Clean Up Australia [28]. These littered
bottles not only make an area aesthetically unappealing with potential negative effects on tourism
revenues but can also cause harm to wildlife [29,30].

The increasing supply and demand for portable cold filtered water (i.e., bottled water) [19,20] is
linked with consumers either unintentionally losing or intentionally littering the plastic bottle into the
environment. The littering of plastic bottles can be viewed as a negative externality to the supply and
demand of cold filtered water. For instance, how a plastic bottle is disposed of does not directly affect
the price and quantity of bottled water that producers supply or that consumers demand. To reduce the
externality of plastic bottle litter, governments have developed policies, regulations, and infrastructure.
Non-government organisations (NGOs) have developed consumer outreach strategies that target
plastic bottle consumption and disposal. Using a supply-demand curve [31], the consumption of
portable cold filtered water (i.e., bottled water) can be represented alongside the different strategies
used to reduce its consumption and subsequent disposal (Figure 1). For example, a plastic bottle ban is
a policy strategy that can reduce bottle litter by removing the supply of plastic bottles (containing water)
to the consumer. Alternately, promoting the benefits of reusable drink bottles is a public outreach
strategy that reduces the consumer demand for bottled water.

Selecting the right strategy for the desired audience is critical for the strategy to reach the desired
outcome of fewer plastic bottles entering the environment. For example, a campus-wide bottle ban in
Allegheny College, Pennsylvania, would not successfully reduce bottle litter in the campus since the
majority of bottled water consumed on campus was purchased off-campus [32]. This highlights the
importance of gaining an in-depth understanding of the target population’s current behaviours when
designing a behavioural change strategy.

In Queensland, Australia, almost three billion beverage containers are used each year and they
are consistently among the most frequently littered items in the state [33]. In the Brisbane River itself,
beverage containers are the number one littered item, which comprises 22% of all items recorded [34].
To reduce bottle litter in the Brisbane River, an independent natural resource management organisation,
Healthy Land and Water (HLW), instigated a behavioural change strategy by installing filtered water
refill stations in litter ‘hot spots’ (i.e., areas along the Brisbane River that have the highest density of
litter) and ran a public awareness campaign on litter in the Brisbane River.

In this paper, we looked at the success of this single-use plastic behavioural change strategy
and ask how to best apply such a strategy. We approach the research question from a socio-ecology
lens to determine if a behavioural change strategy can solely reduce the amount of litter entering a
riverine environment. HLW provided daily clean up data [34] to determine whether installing free
water refill stations at designated litter hot spots resulted in a significant reduction in plastic bottle
litter found in the Brisbane River. We describe the survey design and discuss the success of the chosen
strategy based on analysis of daily litter data. We also present suggestions on relevant factors to
consider when designing a behavioural change strategy. We conclude with suggestions of regulatory
and non-regulatory strategies government and non-government organisations could use to encourage
“better” behaviour by consumers not motivated to switch to the pro-environment alternative.
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Figure 1. The supply (blue) and demand (red) of portable, cold, filtered water (bottled water) and
the different policy, infrastructure, and public outreach strategies used to reduce its consumption and
subsequent disposal. Each strategy decreases either the supply or demand of bottled water and, hence,
shifts the curve to the left, thereby shifting the point of equilibrium from pre-strategy quantity and
price (E1, Q1, P1) to post-strategy quantity and price (E2, Q2, P2). For example, promoting the benefits
of reusable drink bottles to consumers will reduce consumer demand for bottled water. Less bottled
water is demanded by consumers even though the price of bottled water has stayed the same.

2. Materials and Methods

To determine whether water refill stations were successfully decreasing the number of plastic
bottles littered in the Brisbane River and two of its tributaries, surveys of litter floating on the river
surface and deposited on the river banks were conducted. Litter surveys were completed by HLW
contractors using the clean-up method described in Section 2.2.

2.1. Study Area and Go2Zone Campaign

The behavioural change strategy and associated study were carried out in Brisbane, which is the
capital city of Queensland, Australia. Brisbane has a population of 2.4 million [35] and is situated
along the Brisbane River in the south-east coastal area of the state (Figure 2). Three community surveys
conducted by HLW identified litter as the number one factor that negatively affects waterway health in
the southeast Queensland region (in 1997, 2010, and 2015) [34]. In addition, plastic beverage bottles
are the most abundant litter item found in the Brisbane River based on the 10 years of weekly river
clean-ups [34]. These two factors led HLW to implement a behavioural change strategy to reduce
plastic bottle litter in the Brisbane River. On 30 September 2018, the HLW social enterprise Go2Zone
was official launched. Go2Zones are a range of water refill stations that dispense free chilled water and
reusable water bottles (at a cost) (www.go2zone.com.au). An initial four machines were installed in late
2017 and early 2018 as a pilot before more than 100 machines were installed in southeast Queensland in
late 2018. In conjunction with the installation of Go2Zones, the HLW enterprise and clean-up program
were featured multiple times on prime-time commercial television in Queensland.
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Figure 2. Map of survey block (Block ID) and water refill station installation locations in the Brisbane
River in Queensland, Australia. Block Dist in the table indicates the distance each block is from the
analysed installation point (negative values = upstream, positive values = downstream, i.e., −9 = 9
blocks upstream of the installation point). NCI = Norman Creek installation, UQI = education institute
installation, SBI = body corporate installation, and BCI = Breakfast Creek installation. Note: section of
the river between block 13 and 18 was not surveyed.

The pilot Go2Zones were installed at four areas in Brisbane that were identified by HLW as litter
hot spots. Each area targeted a different audience. The first Go2Zone was installed in a local small
business owners’ area located on Norman Creek (NCI, Figure 2). The second was installed at a sporting
grounds located on Breakfast Creek (BCI, Figure 2). The third and fourth Go2Zones were located along
the Brisbane River, with one installed in a body corporate area (SBI, Figure 2) and the other installed at
an education institute (UQI, Figure 2). The first Go2Zone was installed at NCI on 25 November 2017,
BCI on 10 April 2018, and SBI and UQI were installed on 10 April 2018.

2.2. Data Collection

The river and tributaries were divided into two-kilometer long blocks along the river’s course.
Four blocks were surveyed upstream and downstream of each Go2Zone installation, which created
a total of eight blocks surveyed for each Go2Zone installation (Figure 2). Each block was surveyed
once before and once after each Go2Zone was installed. Surveys were completed between 27 October
2017 to 11 April 2018. Contractors did not conduct their regular weekly clean-up in the Brisbane River,
Norman Creek, and Breakfast Creek 30 days prior to the first litter survey and recommenced their
regular clean-up activity after the last litter survey was completed.

Each item of litter collected was recorded using set categories on a litter tally sheet designed by
HLW (Supplementary File S1). Categories included bottles (glass, plastic coke branded, plastic water,
and other plastic), plastic pieces, plastic bags, plastic food wrap, aluminum cans, waxed paper cartons,
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and other items such as needles, coolite (plastic foam such as polystyrene), aerosol cans, and industrial
wrapping. The following was also recorded for each survey: date of survey, block number, water or
land survey, start and end time of survey on each block, start and end latitude and longitude of each
block, skipper of boat, and number of surveyors. This information was used to establish survey effort
and account for any surveyor bias.

2.2.1. Land Surveys

Land surveys to count and remove litter were completed in each survey block at selected locations
where the natural river bank could be accessed. Large sections of the river bank had restricted access
by urban development (canals, walls) and dense vegetation (mangroves, reeds). Two to five surveyors
completed land surveys using a clean-up method [36]. Surveyors were positioned side-by-side across
the width of the river bank, (i.e., from the water’s edge up to the crest of the river bank). In this
formation, surveyors would then walk slowly in one direction collecting and recording all litter
they observed.

2.2.2. Water Surveys

Water-based surveys to identify, count, and remove floating debris were completed from a
motorized dinghy (3.8 m, 6 hp). Two surveyors motored at a maximum of 5 knots in the centre of the
river channel in the survey block and looked for floating litter on both sides of the boat. If floating
litter was observed, the boat would leave the centre and motor to collect and record information about
the litter removed. The boat then returned to the centre of the block if no additional floating litter
was observed from the last observed item. Surveyors would continue looking for litter while the boat
returned to the centre of the block. Collected litter was stored in large bags for later disposal. Water
surveys were completed on the rising tide to maximise access up creeks. Due to shallow water levels
in the upper section of both Breakfast and Norman creeks, only one block upstream was surveyed for
Breakfast Creek (block 17, Figure 2). Within Norman Creek water surveys could only be completed
from two kilometres downstream of the installation point, i.e., Block 10 (Figure 2).

2.3. Statistical Analysis

Analysis were completed in the statistical program R [37] using generalised additive models
(GAMs) in the mgcv package [38] with a tweedie distribution. Separate analyses were completed for
water and land surveys. The statistical analyses tested four potential explanations for litter reduction
in the Brisbane River: (1) local variation in litter loads between survey blocks, (2) an overall decrease in
litter before and after the water refill station was installed, (3) spatial variation in litter loads between
upriver and downriver survey blocks, and (4) a localised decrease in litter post installation in survey
blocks neighbouring the refill station.

Model Arrangement

The analysis used three different litter categories to determine the success of the behavioural
change strategy including the total litter load (all litter items observed), total number of plastic water
bottles, and total number of plastic bottles (a combined category of all water, coke, and other plastic
bottles). The strategy was deemed successful if any of the selected litter categories decreased after
the installation of a water refill station. Models for each litter category included the following terms:
unique survey block name (block ID) and an interaction between the distance a survey block was
from the installation point (block distance). Whether the survey occurred before or after a water refill
station was installed (NCI) as a smooth term. Block distances were given a negative value if they were
upstream from the installation point and a positive value if they were downstream (Figure 2: inset
table). The upstream and downstream values are relative to one another since the Brisbane River is
tidal. Hence, no block is strictly upstream or downstream since litter floating in each block has the
potential to travel upstream or downstream into adjacent blocks.
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The following covariates were analysed in each model with the following assumptions,

1. More littering may occur on school or public holidays as more people frequent recreation areas
around the river,

2. On hotter days, more people will purchase water and, hence, there is a higher probability that
littering may occur, and

3. Higher rainfall will result in more litter entering the river via waterways or drain networks than
days with no rainfall.

Each litter model was run with every possible combination of terms and the most parsimonious
model was determined using the Akaike Information Criterion (AIC) score [39]. The best model was
selected if it had the lowest AIC score and if that score was at least two units lower than the next best
model AIC score.

3. Results

Due to a timing error, the post installation surveys were completed before all four water refill
stations were installed. This resulted in only the NCI refill station (Figure 2) to be included in the
analysis. The most parsimonious model for each litter type in water and land surveys included both
block ID and the before/after interaction term. Daily temperature, daily rainfall, and public/school
holiday did not influence the amount of litter. Models that included mean daily temperature, total
daily rainfall, and public/school holiday in any combination were worse than the null model (Tables 1
and 2).

Table 1. Best land GAM compared to the null and resulting AIC scores.

Model Covariates AIC

Total Litter
block distance × NCI, block ID 483.415

NULL 512.178

Plastic Water Bottle
block distance × NCI, block ID 273.401

NULL 305.576

Plastic Bottle
block distance × NCI, block ID 314.898

NULL 365.065

Table 2. Best water GAM compared to the null and resulting AIC scores.

Model Covariates AIC

Total Litter
block distance × NCI, block ID 302.656

NULL 337.755

Plastic Water Bottle
block distance × NCI, block ID 150.937

NULL 174.864

Plastic Bottle
block distance × NCI, block ID 183.918

NULL 219.808

To visualise how litter quantities changed along the river, relative to the position of the survey
with respect to the water refill station, we used our best statistical model to predict the difference
between pre-installation and post-installation litter loads. To standardise the data for the geographical
location, we adopted the survey block nearest the median litter load value. We predicted the change in
total litter load (Figure 3A), total plastic bottle litter, and plastic water bottle litter (Figure 3B) on the
river surface before and after the Go2Zone was installed (Figure 3). A negative value along the y-axis
indicates there was more litter collected in the post-installation surveys than in the pre-installation
surveys. A negative value along the x-axis indicates survey blocks that are upstream of the Go2Zone
installation location. Hence, the bottom left corners of each graph are survey blocks upstream of the
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Go2Zone that had more litter collected in the post-installation surveys than the pre-installation surveys.
Figure 3 shows that all types of litter along the river start to steadily decrease downstream of the
Go2Zone (0 on the x axis).
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3.1. Litter along the Banks of the Brisbane River

3.1.1. Total Litter Load on Land

The number of litter items found in the land surveys almost halved after the behavioural change
strategy. A total of 20,946 litter items were observed before and 10,844 items of litter were observed
after the water refill station was installed, which was normalized for the survey effort.

The best model included the interaction term and block ID (Table 1). We found the total litter load
along the river banks decreased after NCI was installed. The amount of litter observed in a survey
block also decreased as distance to the river mouth decreased (Figure 4A, Figure 2: inset table). The
model revealed nine of the survey blocks had significantly lower total litter loads after the water refill
station was installed (Supplementary File S2). However, only one of the blocks with significantly lower
litter loads was downstream of the installation (block 11, Supplementary File S2). This suggests the
water refill station may have only had a localised effect (i.e., blocks nearest to the installation point) on
the amount of litter found along the river banks. The finding also points to potential opportunities for
improvement to the strategy intervention (see Section 4.3 below).
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3.1.2. Plastic Water Bottle Litter on Land

A total of 775 plastic water bottles were observed before and 592 plastic water bottles were
observed after the installation of a water refill station. Overall, the number of plastic water bottles
slightly increased along the banks of the Brisbane River as distance to the river mouth decreased
(Figure 4B). This suggests that there was no broad-reaching spatial effect from installing the water refill
station on the water bottle litter along the river bank. Plastic water bottle loads significantly changed
in four survey blocks after the NCI water refill station was installed (Supplementary File S2). However,
the model interaction term was not statistically significant, which suggests that the water refill station
did not affect the amount of plastic water bottle litter found along the river banks.

3.1.3. Total Plastic Bottle Litter on Land

A total of 1964 plastic bottles were observed before and 1392 plastic bottles were observed after the
installation of a water refill station. Again, we found that the number of plastic bottles along the river
banks increased as distance to the river mouth decreased (Figure 4C). Plastic bottle litter significantly
changed in seven survey blocks after the water refill station was installed (Supplementary File S2).
Similar to the plastic water bottle model, the interaction term was not significant. This suggests the
installation of a water refill station did not significantly affect the amount of plastic bottle litter found
along the river banks.

3.2. Litter Floating on the Brisbane River

3.2.1. Total Litter Floating on the River

The number of litter items found in the water surveys increased slightly but non-significantly
after the installation of a water refill station. A total of 2262 items of litter were observed before and
2460 items were observed after the installation of a water refill station.

The final model included the interaction term and block ID (Table 2). The model showed that
total litter load on the river surface decreased further downstream of the survey block (i.e., closer to
the river mouth) (Figure 5A). The total amount of litter floating on the river significantly changed
in eight survey blocks after the water refill station was installed (Supplementary File S2). As the
model interaction term was statistically significant, the change in litter loads could be attributed to the
water refill station installed at NCI. The survey blocks directly downstream of the installation point in
Norman Creek (block 10) and the Brisbane River (block 13, 18) had significantly less litter after the
installation, whereas the blocks directly upstream of the mouth of Norman Creek in the Brisbane River
did not change (block 7–9) (Figure 3A). This could suggest the water refill station had a localised effect
on littering.
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Figure 5. Total litter load (A), plastic water bottle load (B), and plastic bottle load (C) observed in
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(NCI). Dotted lines indicate 95% confidence intervals.

3.2.2. Plastic Water Bottle Litter Floating on the River

A total of 105 plastic water bottles were observed before and 102 plastic water bottles were
observed after the installation of a water refill station. The final model included the interaction term
and block ID, based on the AIC score (Table 2). The model showed that plastic water bottle loads
on the river surface decreased the further downstream the survey block (Figure 5B). Plastic water
bottle litter significantly changed in three survey blocks after the NCI water refills station was installed
(Supplementary File S2, Figure 3B). However, the interaction term was not statistically significant
(p-value > 0.05), which suggests that the installation of a water refill station did not have a strong effect
on the decrease in plastic water bottle litter observed in this study.

3.2.3. Total Plastic Bottle Litter Floating on the River

A total of 253 plastic bottles were observed before and 244 plastic bottles were observed after the
installation of a water refill station. The final model included the interaction term and block ID (Table 2).
The model showed that plastic bottle loads on the river surface decreased the further downstream the
survey block (Figure 5C). This indicates that plastic bottle litter was influenced by the installation of the
water refill station (Figure 3B). Plastic bottle litter significantly changed post-installation in six survey
blocks (Supplementary File S2). A localised effect of the water refill station could also explain why a
significant change in plastic bottle litter was observed in the Norman Creek directly downstream of
the refill station in block 10 but not observed in the Brisbane River directly upstream of the Norman
Creek mouth in block 9 (Figure 1).

4. Discussion

4.1. Litter along the Banks of the Brisbane River

The land analysis showed that plastic water bottle litter load did not change whereas the total
litter load slightly decreased and the plastic bottle load slightly increased after the Go2Zone installation.
This suggests that, although total litter loads decreased downstream of the Go2Zone and after the
refill station was installed, the decrease of all litter cannot be attributed to a decrease in plastic bottle
litter. A major source of rubbish observed on the river banks is direct littering. The large amount of
riparian vegetation, particularly mangroves, along the river could act as a trap for rubbish during
flood events but also act as a barrier preventing rubbish from the land from entering the waterway.
This combination of a trap and barrier could cause the river bank to be a sink for litter. As such, once
litter has entered the bank vegetation, very little is released into the waterway itself. This litter sink
characteristic of a river bank could explain why there was very little change in litter loads observed
in this study. Litter clean-ups and large flood events are the main source of litter removal along the

82



Sustainability 2019, 11, 5232 10 of 17

Brisbane River banks [34]. Neither a major rain and flooding event nor a local litter clean-up took place
during the survey period. Hence, it is not unexpected that litter loads did not substantially change.

4.2. Litter Floating on the Brisbane River

The analysis of litter within the Brisbane River showed that the total litter, plastic water bottle
litter, and plastic bottle litter loads on the river surface decreased downstream of the Go2Zone and after
the Go2Zone installation (Figures 3 and 5). This suggests that the Go2Zone was successful at changing
consumer behaviour from purchasing bottled water to the environmentally-friendly alternative of
refilling a reusable bottle, at least at a local level. Bartolotta and Hardy [40] found increasing water
refill stations was the preferred method to encourage the use of a reusable bottle instead of plastic
beverage bottles. This change could have also influenced the consumer to follow other behaviours
such as not littering [41].

Our analysis showed total litter and total plastic bottle litter decreased in survey blocks directly
downstream but not in survey blocks directly upstream of the refill station, which again, points to a
localised effect on human behaviour. Perhaps, consumers closer to a refill station (block 10) choose
the environmentally-friendly option more than consumers who are further away from a refill station
(blocks 7–9). However, the greatest decrease in litter was not observed in the downstream survey block
closest to the refill station (block 10) but in the downstream survey blocks closer to the river mouth
(blocks 13 and 18). If the Go2Zone was the sole reason for the decrease in litter, then perhaps, the
greatest decrease in litter would be observed closest to the Go2Zone (block 10) with a smaller decrease
in litter observed further downstream from the Go2Zone (in block 13 and 18). Since this pattern was
not observed, it is likely that other factors are also influential. For example, the HLW social marketing
campaigns such as the television feature of people cleaning the river of plastic bottles could have
resulted in a change in consumer behaviour [42]. In advertisements, consumers view the damage a
plastic bottle can cause to the environment, and, hence, this may be changing their behaviour more
generally, including using the water refill option at the Go2Zone. Uehara and Ynacay-Nye [43] found
that, the more information provided to consumers on pro-environmental behaviour, the more willing
the consumers were to use and pay for a water refill station.

The decrease in litter further downstream could also be attributed to the changing riparian
vegetation, urban population, land use, and tidal flux across the study region. Urban population
density and recreational areas decrease toward the river mouth. Hence, there is a lower probability
of littering occurring and entering the waterway in those less densely populated areas [44–46].
Additionally, riparian vegetation density is higher in Norman and Breakfast Creek and in the upper
reaches of the river compared to the lower reaches near the river mouth. The denser vegetation may
trap litter entering the river system and prevent it from floating further downstream [47]. Lastly, tidal
fluxes move litter up and down the river. However, there is an overall net downward movement
(drainage) toward the river mouth and ocean. Hence, litter hotspots further downstream could be
accumulating more litter than hotspots upstream since the downstream hotspots are receiving litter
locally and from a larger upstream river extent than upstream hotspots. Therefore, a bigger effect
of litter decreasing after the water refill station installation would be observed in the downstream
hotspots compared to the upstream hotspots.

4.3. Go2Zone Success

4.3.1. Location, Location, Location

The Go2Zone was located in a litter hot spot area. Hot spots are not necessarily the source of
litter entering the environment but rather where litter accumulates from human, water, and wind
transportation [48–50]. HLW aimed to reduce plastic bottle litter by providing an alternative source of
cold water in an area where plastic bottle litter accumulates, rather than in an area of bottled water
purchases. Hence, the current location of the Go2Zones is likely providing water to consumers who
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already have cold water, whether it be in a reusable bottle or a single-use plastic water bottle [23,51].
For the Go2Zones to maximise their impact as an intervention opportunity, they may be better placed
where consumers purchase bottled water, which is the main point of bottled water supply and demand.
A suggested alternative location of a Go2Zone that targets the point of supply/demand would be next
to vending machines or convenience stores where people commonly buy bottled water (Figure 6).

Sustainability 2019, 11, x FOR PEER REVIEW 11 of 19 

4.3. Go2Zone Success 

4.3.1. Location, Location, Location 

The Go2Zone was located in a litter hot spot area. Hot spots are not necessarily the source of 
litter entering the environment but rather where litter accumulates from human, water, and wind 
transportation [48–50]. HLW aimed to reduce plastic bottle litter by providing an alternative source 
of cold water in an area where plastic bottle litter accumulates, rather than in an area of bottled water 
purchases. Hence, the current location of the Go2Zones is likely providing water to consumers who 
already have cold water, whether it be in a reusable bottle or a single-use plastic water bottle [23,51]. 
For the Go2Zones to maximise their impact as an intervention opportunity, they may be better placed 
where consumers purchase bottled water, which is the main point of bottled water supply and 
demand. A suggested alternative location of a Go2Zone that targets the point of supply/demand 
would be next to vending machines or convenience stores where people commonly buy bottled water 
(Figure 6).  

Litter hot spots are a common location choice for the establishment of interventions. For 
example, beach raking and volunteer clean-ups target the dirtiest beaches and litter traps on drains 
that target the dirtiest waterways [52,53]. While such activities and interventions successfully remove 
litter from the environment, they do not address the leakage problem at the source location [54]. To 
effectively reduce the overall quantity of litter entering the environment, interventions that prioritise 
source reduction over the clean-up of litter will have greater harm minimisation. For example, 
reusable shopping bags and food containers, ‘The Last Straw’ campaign (www.laststraw.com.au), 
are successful source reduction strategies. 

 

Figure 6. Graphical representation of Healthy Land and Water strategy location of water refill stations 
at litter hotspots and the recommended location based on multiple transport modes people use and 
places where they commonly purchase bottled water. For example, convenience stores on the way to 
work or school, and vending machines at public transit stations are common places where bottled 
water is purchased. Installing water refill stations at these targeted areas will provide consumers with 
a free alternative supply of cool filtered water and hopefully prevent them from purchasing bottled 
water at a store. 

 = recommended location  = original location     = litter hotspot 

Figure 6. Graphical representation of Healthy Land and Water strategy location of water refill stations
at litter hotspots and the recommended location based on multiple transport modes people use and
places where they commonly purchase bottled water. For example, convenience stores on the way to
work or school, and vending machines at public transit stations are common places where bottled
water is purchased. Installing water refill stations at these targeted areas will provide consumers with
a free alternative supply of cool filtered water and hopefully prevent them from purchasing bottled

water at a store.

Sustainability 2019, 11, x FOR PEER REVIEW 11 of 19 

4.3. Go2Zone Success 

4.3.1. Location, Location, Location 

The Go2Zone was located in a litter hot spot area. Hot spots are not necessarily the source of 
litter entering the environment but rather where litter accumulates from human, water, and wind 
transportation [48–50]. HLW aimed to reduce plastic bottle litter by providing an alternative source 
of cold water in an area where plastic bottle litter accumulates, rather than in an area of bottled water 
purchases. Hence, the current location of the Go2Zones is likely providing water to consumers who 
already have cold water, whether it be in a reusable bottle or a single-use plastic water bottle [23,51]. 
For the Go2Zones to maximise their impact as an intervention opportunity, they may be better placed 
where consumers purchase bottled water, which is the main point of bottled water supply and 
demand. A suggested alternative location of a Go2Zone that targets the point of supply/demand 
would be next to vending machines or convenience stores where people commonly buy bottled water 
(Figure 6). 

Litter hot spots are a common location choice for the establishment of interventions. For 
example, beach raking and volunteer clean-ups target the dirtiest beaches and litter traps on drains 
that target the dirtiest waterways [52,53]. While such activities and interventions successfully remove 
litter from the environment, they do not address the leakage problem at the source location [54]. To 
effectively reduce the overall quantity of litter entering the environment, interventions that prioritise 
source reduction over the clean-up of litter will have greater harm minimisation. For example, 
reusable shopping bags and food containers, ‘The Last Straw’ campaign (www.laststraw.com.au), 
are successful source reduction strategies. 

Figure 6. Graphical representation of Healthy Land and Water strategy location of water refill stations 
at litter hotspots and the recommended location based on multiple transport modes people use and 
places where they commonly purchase bottled water. For example, convenience stores on the way to 
work or school, and vending machines at public transit stations are common places where bottled 
water is purchased. Installing water refill stations at these targeted areas will provide consumers with 
a free alternative supply of cool filtered water and hopefully prevent them from purchasing bottled 
water at a store. 

 = recommended location  = original location    = litter hotspot = recommended location

Sustainability 2019, 11, x FOR PEER REVIEW 11 of 19 

4.3. Go2Zone Success 

4.3.1. Location, Location, Location 

The Go2Zone was located in a litter hot spot area. Hot spots are not necessarily the source of 
litter entering the environment but rather where litter accumulates from human, water, and wind 
transportation [48–50]. HLW aimed to reduce plastic bottle litter by providing an alternative source 
of cold water in an area where plastic bottle litter accumulates, rather than in an area of bottled water 
purchases. Hence, the current location of the Go2Zones is likely providing water to consumers who 
already have cold water, whether it be in a reusable bottle or a single-use plastic water bottle [23,51]. 
For the Go2Zones to maximise their impact as an intervention opportunity, they may be better placed 
where consumers purchase bottled water, which is the main point of bottled water supply and 
demand. A suggested alternative location of a Go2Zone that targets the point of supply/demand 
would be next to vending machines or convenience stores where people commonly buy bottled water 
(Figure 6). 

Litter hot spots are a common location choice for the establishment of interventions. For 
example, beach raking and volunteer clean-ups target the dirtiest beaches and litter traps on drains 
that target the dirtiest waterways [52,53]. While such activities and interventions successfully remove 
litter from the environment, they do not address the leakage problem at the source location [54]. To 
effectively reduce the overall quantity of litter entering the environment, interventions that prioritise 
source reduction over the clean-up of litter will have greater harm minimisation. For example, 
reusable shopping bags and food containers, ‘The Last Straw’ campaign (www.laststraw.com.au), 
are successful source reduction strategies. 

Figure 6. Graphical representation of Healthy Land and Water strategy location of water refill stations 
at litter hotspots and the recommended location based on multiple transport modes people use and 
places where they commonly purchase bottled water. For example, convenience stores on the way to 
work or school, and vending machines at public transit stations are common places where bottled 
water is purchased. Installing water refill stations at these targeted areas will provide consumers with 
a free alternative supply of cool filtered water and hopefully prevent them from purchasing bottled 
water at a store. 

= recommended location = original location = litter hotspot = original location

Sustainability 2019, 11, x FOR PEER REVIEW 11 of 19 

4.3. Go2Zone Success 

4.3.1. Location, Location, Location 

The Go2Zone was located in a litter hot spot area. Hot spots are not necessarily the source of 
litter entering the environment but rather where litter accumulates from human, water, and wind 
transportation [48–50]. HLW aimed to reduce plastic bottle litter by providing an alternative source 
of cold water in an area where plastic bottle litter accumulates, rather than in an area of bottled water 
purchases. Hence, the current location of the Go2Zones is likely providing water to consumers who 
already have cold water, whether it be in a reusable bottle or a single-use plastic water bottle [23,51]. 
For the Go2Zones to maximise their impact as an intervention opportunity, they may be better placed 
where consumers purchase bottled water, which is the main point of bottled water supply and 
demand. A suggested alternative location of a Go2Zone that targets the point of supply/demand 
would be next to vending machines or convenience stores where people commonly buy bottled water 
(Figure 6). 

Litter hot spots are a common location choice for the establishment of interventions. For
example, beach raking and volunteer clean-ups target the dirtiest beaches and litter traps on drains 
that target the dirtiest waterways [52,53]. While such activities and interventions successfully remove 
litter from the environment, they do not address the leakage problem at the source location [54]. To 
effectively reduce the overall quantity of litter entering the environment, interventions that prioritise 
source reduction over the clean-up of litter will have greater harm minimisation. For example, 
reusable shopping bags and food containers, ‘The Last Straw’ campaign (www.laststraw.com.au), 
are successful source reduction strategies. 

Figure 6. Graphical representation of Healthy Land and Water strategy location of water refill stations 
at litter hotspots and the recommended location based on multiple transport modes people use and 
places where they commonly purchase bottled water. For example, convenience stores on the way to 
work or school, and vending machines at public transit stations are common places where bottled 
water is purchased. Installing water refill stations at these targeted areas will provide consumers with 
a free alternative supply of cool filtered water and hopefully prevent them from purchasing bottled 
water at a store. 

= recommended location = original location    = litter hotspot = litter hotspot. Vectors in
figure from Freepik.com.

Litter hot spots are a common location choice for the establishment of interventions. For example,
beach raking and volunteer clean-ups target the dirtiest beaches and litter traps on drains that target
the dirtiest waterways [52,53]. While such activities and interventions successfully remove litter from
the environment, they do not address the leakage problem at the source location [54]. To effectively
reduce the overall quantity of litter entering the environment, interventions that prioritise source
reduction over the clean-up of litter will have greater harm minimisation. For example, reusable
shopping bags and food containers, ‘The Last Straw’ campaign (www.laststraw.com.au), are successful
source reduction strategies.

4.3.2. To Refill or Not to Refill?

Considering not only the supply and demand of a targeted product but also considering the time
and location of the desired alternative behaviour/product for the consumer to switch to is an important
component of behavioural change campaigns. An intervention will succeed at reducing plastic bottle
litter if it decreases the costs and increases the benefits of the desired behaviour, such as not purchasing
bottled water or littering plastic bottles in the environment [42]. With Go2Zones, the consumer receives
the benefit of saving money because using the water refill station is free. However, the location of the
Go2Zones may have increased a barrier for the consumer since the consumer needed to travel further
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Kathryn Willis
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to use the Go2Zone than to purchase a bottle of water. If a consumer needs to travel a further distance
or spend a longer time to use the Go2Zone compared to buying bottled water, then the consumer is
less likely to swap to the desired environmentally-friendly option [42,55]. For the Go2Zone to achieve
maximum success, refill stations will ideally require no more effort as buying a bottle of water. An
example of a successful strategy is a reusable coffee cup. The consumer using a reusable coffee cup
needs to travel the same distance and spend the same amount of time purchasing a coffee as a consumer
using a single-use coffee cup. Hence, it requires no additional effort for a consumer to transition to
the environmentally-friendly option (although the consumer must bring the cup). Additionally, the
consumer’s environmentally-friendly choice is often rewarded with a cash incentive (discount) on
their coffee purchase (https://responsiblecafes.org/).

4.4. Encouraging “Better” Behaviour by Consumers not Motivated by Pro-Environment Strategies

How can regulatory and non-regulatory organisations reduce litter by those consumers who do
not switch to the environmentally-friendly alternative? Non-government organisations (NGO), like
HLW, can generate public support through campaigns and other efforts to motivate or even compel
governments and the industry to implement strategies that reduce littering. Extended producer
responsibility (EPR) programs and circular economy approaches are two strategies that industries
could adopt to reduce plastic bottle litter [56,57]. For example, in response to an NGO identifying
Nestlé as a major source of plastic pollutants [58], Nestlé announced that it would shift toward a
circular economy by changing all packaging to being entirely recyclable or reusable by 2025 [59].
Another example is the EU circular economy strategy, which includes EPR as an essential part of waste
management that the industry must abide and implement [60]. Industry actions recognise the plastic
pollution issue but do not change or take responsibility for the disposal of products. Moreover, the
change to recyclable materials will not result in a reduction in the production of plastic products, nor
will it encourage the change in consumer behaviour to dispose responsibly or consume less. NGOs
and special interest groups are increasingly pressuring industries to include reduction, reuse, and
responsible disposal of plastic in their corporate policies [56,61,62], which effectively reduces plastic
litter from an industry and consumer level.

An option for regulatory organisations, such as governments and local councils, could be to
prohibit the production or sale of the undesirable product (such as the sale of water in single-use plastic
bottles). Bans have shown to be successful at reducing commonly littered items from the environment
and waste stream [63,64] with bottle bans as a particularly popular choice in universities [65,66].
However, a ban may not always be the most appropriate choice. First, a ban does not encourage a
litterer to stop littering. It only limits the number of products available to be lost to the environment.
For example, a campus-wide bottle ban was not a viable option to reduce bottle litter at Allegheny
College because the majority of bottled water was purchased off-campus [32]. Second, a ban can lead to
more undesired behaviours such as increasing the consumption of sugary beverages and, consequently,
not limiting the quantity of plastic bottles becoming waste [67].

Another option is improving the location and availability of rubbish bins in litter hot spot areas.
Littering frequency increases as distance to a rubbish bin increases and in areas without rubbish
bins [68,69]. Increasing access to rubbish bins in an area can discourage others from littering in that
same area since people litter less in clean areas compared to littered areas [70–73]. Additionally,
incorporating anti-littering signage in litter hot spot areas or on rubbish bins can also reduce littering.
Litter signage that appeals to personal norms that activate an altruistic behaviour or signage that uses
persuasive communication have shown to be successful at reducing littering [74–77] and, in some
cases, even encourage the picking up of litter [78].
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Lastly, implementing economic incentives such as deposit-refund schemes has been shown to
reduce littered materials, such as plastic bottles, in the environment [79–82]. In both Australia and
the United States, states with container deposit legislation (CDL) had a lower proportion of beverage
containers found in coastal debris surveys than states without a CDL. In addition to cleaner public
spaces, CDLs can be more cost effective compared to other waste management practices [81]. In
Queensland, 12 months after the installation of the first Go2Zone, a CDL was implemented. Presently,
all Australian states, except Victoria, will implement a CDL by 2022. This growing implementation of
CDLs by governments demonstrates the value of incentives for reducing litter in the environment.

5. Conclusions

This study highlights the importance of decreasing the barriers to and increasing the benefits
from a desired behavioural change strategy. A strategy may not succeed if consumers are required
to travel further or spend more time to use the desired pro-environmental choice over the original
less-desired choice. Our study found installing a water refill station could decrease the amount of
plastic bottle litter in a localized area. However, we suggest implementing where impact can be
maximised to reduce single-use plastic bottle consumption and subsequent littering. For example,
supplying a water refill station where consumers purchase bottled water was compared to placing a
station where consumer’s dispose of plastic bottles, which was found to reduce single-use plastic bottle
consumption and subsequent littering. Furthermore, the awareness campaign, which occurred in
conjunction with the installation of the water refill station, may have influenced a consumer’s choice to
litter a plastic bottle more than solely providing the refill station. Awareness campaigns in conjunction
with infrastructure have been shown to reduce local litter [54]. In addition to awareness campaigns,
the use of nudges and education can be adopted to extend the impact water refill stations, which can
shift the consumer social norm toward pro-environment alternatives [41,83,84].

Water refill stations are an increasingly popular waste reduction strategy across the globe with
stations implemented in the U.K. (https://refill.org.uk/), North America (https://findtap.com/), south-east
Asia (https://refilltheworld.com/map/), and Africa (https://www.idropwater.com/). Considering the
placement of stations and the intervention strategy to drive uptake and behavioural change will be key
to achieving their maximum benefit as an additive strategy for reducing litter.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/11/19/5232/s1.
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General Discussion 

The effects of changing municipal waste management strategies on coastal 

plastic pollution 

Investigating changes in municipal government waste management strategies at a national scale has 

revealed new insights into the mechanisms by which local on-ground management efforts are 

reducing coastal plastic pollution. Globally, government, industry, and societal efforts to reduce the 

exponential rise in plastic production, consumption and subsequent pollution are growing. Research 

into the success of local or municipal government efforts to reduce plastic pollution, however, are 

understudied even though they are the predominant administrators of waste management systems 

across the world. Possibly, a gap persists because many plastic pollution management strategies 

have been recently implemented and there is a shortage of effort placed on recording plastic 

pollution baseline measurements before a strategy is implemented. This thesis is the first to 

quantitatively assess the success of municipal waste management strategies together at a national-

wide scale and is the first to analyse plastic pollution reduction strategies from a compliance 

motivation perspective. The main findings of  the thesis are described below.  

1. The historical rate of plastic pollution entering the Australian coastal and marine 

environment matches the trend in global plastic production. This suggests a causal link 

between the amount of plastic we produce and consume with the amount that enters the 

environment.   

Chapter Two showed that historically, plastic pollution has been accumulating in the Australian 

marine environment in line with global plastic production (Willis et al. 2017). This finding matches 

global studies that show there is a strong link between the amount of plastic produced, consumed 

and subsequently released into the environment (Jambeck et al. 2015). Hence, the more plastic that 

is produced, more tends to be found in the environment.  

2. In 2013, municipalities that had illegal dumping, litter education and recycling programs 

implemented with waste infrastructure had lower coastal litter loads. This suggests the 

potential causes/sources of plastic pollution in Australia are littering, dumping and poor 

recycling practices. 

Chapter Three highlighted the need for governments to select a combination of interventions rather 

than focussing efforts on isolated programs to reduce plastic pollution. Municipalities that had 

implemented a combination of waste management outreach programs and infrastructure had lower 
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coastal litter loads, with illegal dumping, litter education and recycling programs having the greatest 

effect (Willis et al. 2018). This suggests that illegal dumping, littering and poor recycling efforts are 

major contributors to coastal litter in Australia and strategies that specifically target those sources 

would likely result in major reductions of coastal litter loads (Hardesty et al. 2017; Willis et al. 2018).  

3. Since 2013, municipalities have responded to the global trend of increasing plastic 

pollution by directing their waste management efforts towards addressing the non-

compliant motivations for inadequately disposing of waste.  

4. Changes to the local population density, socio-economic status, waste management 

budget, state legislation and waste levy price have driven shifts in how municipalities 

manage their waste and reduce plastic pollution.  

Chapter Four built upon the findings of Chapter Three and framed waste management interventions 

from the perspective of targeting non-compliant motivations for an individual to inappropriately 

discard plastic waste (i.e. litter or illegally dump waste). Three non-compliant motivations were 

identified, and a framework was developed that applied well-established behavioural theories to 

each motivation. This non-compliant behaviour framework was used to characterise how Australian 

municipal governments have targeted their waste management strategies. All municipalities were 

empirically shown to shift and increase their efforts towards reducing the cues and benefits all three 

motivations. Largest efforts shifted towards strategies that targeted the social pressure, personal 

attitude and behavioural control of individuals littering (i.e. strategies that were grouped in the 

planned behaviour theory) (Willis et al. 2021). These shifts were largely driven by changes in 

municipal population density, socio-economics status, waste levy, state legislation and waste 

management budget (Willis et al. 2021).  

5. Increasing efforts in planned behaviour targeted strategies did not correspond to 

reductions in plastic pollution, suggesting planned behaviour efforts alone cannot manage 

the increase in plastic pollution.  

6. Increasing efforts that target both planned behaviour and crime prevention, as well as 

increasing efforts that target economic rationality do reduce plastic pollution in the 

coastal environment.  

Interestingly, Chapter Five showed that as plastic pollution grew in Australia, increased efforts in 

planned behaviour strategies were insufficient to adequately manage the growing waste. 

Consequently, these municipalities had more litter on their coastlines, even when accounting for 

how many people live in the area, local infrastructure networks and coastal environmental variables 
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such as onshore wind and Stokes drift forcing. Maintaining and increasing efforts in reducing 

economic, environmental, and social opportunities for inadequately discarding waste (i.e. economic 

rationality and crime prevention frameworks) can reduce coastal litter loads. Programs such as 

household waste collection services and shopping bag levies were shown to have the biggest effect 

on reducing the amount of coastal litter, as well as litter reporting hotlines and clean-up programs 

also resulting in significant reductions of coastal litter.  

7. Tailoring strategies to the environmental and social context of the community is key to

maximising their impact.

Chapter Six demonstrated the importance of identifying and targeting the appropriate location and 

audience before implementing a litter reduction intervention to ensure the impact of the 

intervention is maximised. For example, in the case study presented, water refill stations could have 

had a greater impact on reducing plastic bottle litter if placed where people purchase bottled water, 

rather than where plastic bottle litter accumulates (Willis et al. 2019).   

Non-compliance motivation frameworks as a tool for identifying and reducing 

the causes of plastic pollution  

Current plastic pollution reduction literature has focussed on the policies, infrastructure/ 

technologies and outreach programs that currently exist (Adam et al. 2020; Clayton et al. 2020) and 

providing guidance on what strategies a government should select (Alpizar et al. 2020). However, 

these studies lack quantitative data to support the selection of one strategy over the other or the 

means to investigate why a strategy is working or how to maximise its impact. This thesis took a 

unique approach of identifying what non-compliant motivations of inadequate waste disposal waste 

managers were targeting with their strategies. The research developed quantitative frameworks and 

models that connected local on-ground actions to measurable reductions of plastic pollution in the 

nearby coastal environment. Fortunately previous research had identified common motivations for 

non-compliance in the Australian waste industry (Greenfield 2009). Great length was taken to 

ensure that appropriate frameworks were chosen– for example, those that best corresponded to the 

underlying drivers of the identified motivations – but it is acknowledged that each motivation and 

framework are imperfect. Although this thesis is not the first to use behaviour change, crime or 

economic theories to research waste management strategies, no research has previously looked at 

all three theories together or in the context of compliance. Previous work has used the theory of 
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planned behaviour to determine consumer willingness to recycle (Arli et al. 2019) and their intention 

to use plastic bags (Sun et al. 2017). Crime script analysis (Cornish 1994) has been used to identify 

motivations and solutions of illegal dumping (Sahramäki and Kankaanranta 2017; Tompson and 

Chainey 2011) and evolutionary game theory (Smith and Price 1973) has been previously applied to 

determine the impact of government strategies on the willingness to recycle plastic waste (Wang et 

al. 2020).

Empirically testing waste management strategies from a non-compliance motivation framework 

allowed the thesis investigations to develop a deeper understanding of how waste managers are 

shifting the focus of their waste management strategies (Chapter Four) and where governments 

could target their efforts to reduce the causes of pollution in their region (Chapter Five).  

The non-compliant motivations and theories analysed in this thesis were relevant to Australia and it 

is acknowledged that there could be different underlying motivations driving non-compliant 

behaviour in other countries. Determining the non-compliant motivations and behaviour theories 

needs to be considered if future research aims to apply this work across different geopolitical 

contexts. For example, a legitimacy-based motivation framework (Levi et al. 2009) or a rational 

choice framework (Cornish and Clarke 1987) could be applied if the motivation was that individuals 

found waste disposal rules unfair or inappropriate. Identifying and understanding what motivates 

individuals/businesses within a region to inadequately discard their waste will allow managers to 

strategically target that cohort of polluters to maximise their efforts and reduce pollution entering 

the environment. 

Currently, literature and policy decision-making to control and reduce plastic pollution has centred 

on identifying the individual items or plastic products that are most littered in the environment and 

subsequently targeting reduction strategies towards those items (Adam et al. 2020; Alpizar et al. 

2020; Clayton et al. 2020). This popular approach has resulted in many national and sub-national 

governments targeting their reduction efforts towards commonly littered, single-use plastic 

products that have sustainable alternatives, or are deemed unnecessary (Karasik et al. 2020), such as 

plastic take-away food containers, shopping bags, coffee cups and beverage bottles (Schnurr et al. 

2018). These efforts are effective in removing the targeted items from supply to consumers and 

subsequent waste stream (Schnurr et al. 2018). However, this decision-making approach exclusively 

reduces the products available for someone to litter but does not alter the behaviour of littering. By 

identifying the non-compliant littering motivations that waste managers target, the thesis has 

demonstrated how waste management strategies can reduce plastic pollution by minimising the 

opportunity and motivation for littering to occur. Future research and management efforts that 
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include both specific plastic products and identifying non-compliant motivation targets into their 

decision-making to reduce plastic pollution will likely lead to better outcomes. The inclusion of both 

approaches could be fundamental to maximising the success of plastic pollution interventions 

worldwide.  

Future management of plastic pollution and maximising the impact of local 

efforts 

The thesis provided evidence for the success (or otherwise) of different waste management 

strategies that are currently implemented by Australian municipalities to reduce the causes and 

pathways of plastic pollution. Chapter Five found coastal litter loads can be reduced by strategies 

that decrease economic, environmental, and social opportunities for inadequately discarding waste, 

such as reporting hotlines and household waste collection (i.e. strategies that are grouped in either 

economic rationality, or situational crime prevention, or the intersection between crime prevention 

and planned behaviour segments of the non-complaint behaviour framework). Chapter Six found 

water refill stations can reduce beverage container litter (Willis et al. 2019).  

How can the future management of plastic waste and pollution apply these successful strategies to 

maximise the impact of local efforts? At which point can local waste managers intervene with these 

successful strategies to reduce plastic along the pathway from its production to it becoming 

deposited on the coast? To illustrate where these strategies can intervene to maximise their effect, 

and what infrastructure, policy and outreach programs are required to implement the strategy, the 

plastic pathway introduced in Chapter One has been redrawn with the successful strategies revealed 

in Chapters Five and Six (Figure 1, Chapter 7). Each strategy is described below by the non-compliant 

behaviour theory the strategy targets, the point the strategy could intervene along the plastic 

pathway to maximise its impact, and what infrastructure, policy or outreach program are required to 

use for each strategy (Table 1). 
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Figure 1. The plastic pollution pathway redrawn with municipal waste management strategies that 

were shown to successfully reduce plastic waste and pollution, and where the strategies could 

intervene along the pathway to maximise their impact.  

Placing the successful strategies along the plastic pathway shows that future management could 

maximise local efforts that effectively reduce plastic leaking to the environment by intervening at 

multiple points along the pathway, rather than focusing all efforts on a single intervention point 

(Figure 1). Additionally, each strategy along the pathway is a coupling of either infrastructure, policy, 

or outreach program, with most interventions a combination of outreach program and 

infrastructure. The findings from Chapter Three suggest that strategies which are a combination of 

infrastructure and outreach are the best at reducing plastic pollution (Willis et al. 2018). For each 

stage along the plastic pathway, a description is given for how future management can use each 

successful strategy to reduce plastic waste and pollution.  



Chapter 7- General Discussion 

98 
 

Table 1. Examples of successful municipal waste management strategies in Australia that were 

identified in this thesis, the non-compliance behaviour theory framework that each strategy targets, 

the point the strategy intervenes along the plastic pollution pathway and the infrastructure, policy or 

outreach program required to use for each strategy. 

Waste 
Management 

Strategy 

Non-compliant 
Behaviour Theory 

Pathway 
Intervention point 

Type of strategy and Usage 

Water refill 
stations 

Economic 
rationality Plastic use 

Infrastructure: water refill stations 
installed at places where people 
purchase bottled water such as beside 
convenient stores or transport stations. 
  
Outreach program: to promote the 
benefits of refilling your water bottle 
and reducing single-use plastics.  

Plastic Bag 
Ban/Levy 

Economic 
rationality Plastic use 

Policy: legal framework to monitor 
compliance and administer penalties. 
 
Outreach program: communicate policy 
and promote benefits of reusable bags 
and reducing single-use plastics. 

Household waste 
collection 

Economic 
rationality Plastic waste 

Infrastructure: formal or informal waste 
collectors and vehicles to collect and 
deliver waste to facilities. 
 
Outreach program: to communicate 
service and promote benefits of sorting 
waste streams. 

Illegal dumping 
surveillance 

Situational Crime 
Prevention Littering  

Policy: legal framework to monitor 
compliance and administer penalties.  
 
Infrastructure: staff and surveillance 
cameras. 

Reporting 
Hotlines  

Situational Crime 
Prevention + 
Theory of Planned 
Behaviour 

Littering 

Infrastructure: online or telephone 
reporting platforms; staff to manage 
and pursue reports.  
 
Outreach program: communicate and 
promote hotline in community and that 
litterers will be caught.   

Clean-ups 
involving 
municipal staff 
and / or 
community 
members 

Situational Crime 
Prevention + 
Theory of Planned 
Behaviour 

Transport to the 
ocean and coastal 
deposition 
 

Infrastructure: receptacles for collected 
waste and recycling. Transport of waste 
and recycling to facilities.  
 
Outreach program: to gain community 
participation in the clean-up events and 
promote stewardship of the local 
environment.  
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Successfully reducing plastic at its use stage can be achieved by using water refill stations and plastic 

bag bans/levies (Figure 1). Refill stations and bag bans/levies are part of the theory of economic 

rationality approach to change people’s behaviour. Water refill stations and plastic bag bans/levies 

directly impact the supply of plastic products to consumers. Water refill stations provide consumers 

with a sustainable replacement to purchasing water in a plastic bottle. When refill stations are 

located where consumers purchase bottled water, they will directly compete with the supply of 

bottled water by providing a free alternative (Willis et al. 2019). Combining the provision of refill 

stations with an outreach program that uses persuasive information, such as the benefits of refill 

stations, and targets the social norms of consumers (e.g. everyone else is using the refill stations), 

will maximise the impact the refill stations could have on reducing plastic bottle litter (van der 

Linden 2015).  

Plastic bag bans and levies reduce plastic bag litter by restricting the supply of bags to consumers. 

They have been successful in multiple countries (Schnurr et al. 2018; Xanthos and Walker 2017) and 

could have a policy spill over effect on consumers to have greater support for other levies that 

reduce avoidable single-use plastics (Thomas et al. 2019).  

Successfully reducing plastic at its waste and disposal stage can be achieved by using as household 

waste and recycling collection services (Figure 1). Household collection services are part of the 

theory of economic rationality approach to change people’s behaviour. Whether formal systems, 

using specialised trucks and kerbside receptacles, or informal systems, using waste pickers with 

carts, or some combination of the two, my findings show that these services can have the biggest 

effect on reducing plastic waste from entering the environment (Chapter Five). Providing a 

household service reduces the effort required to discard waste correctly and reduces the 

opportunity for individuals and businesses to dump their waste as they do not need to transport 

their waste, recycling, or organic matter to a designated facility. Combining this service with 

outreach programs that communicate the benefits of sorting waste into landfill, organics and 

recycling streams could minimise compostable and recyclable materials entering landfill and thereby 

reduce the overall waste levy cost for a municipality.  

Successfully reducing plastic when it is littered (or inadequately discarded) can be achieved by using 

illegal dumping surveillance and reporting hotline strategies (Figure 1). Both strategies are part of 

the theory of situational crime prevention and theory of planned behaviour approaches to change 

people’s behaviour. Surveillance and hotline strategies reduce plastic pollution by penalizing those 

who litter or dump their waste into the environment. Illegal dumping surveillance commonly uses 

the footage from cameras hidden in popular dumping locations to identify perpetrators. Whereas, 
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hotlines rely on community members to report on dumping and littering activity and record any 

identifying information of perpetrators that could lead to a conviction. Promoting both strategies in 

the community could reduce future plastic pollution by creating a panopticon effect (Galič et al. 

2016). Such an approach may prevent current and new individuals from dumping as it creates the 

feeling you are always being watched (Bateson et al. 2013; Bateson et al. 2015) and if you dump you 

will be caught.  

Successfully reducing plastic when it is transported to the ocean and deposited on the coast can be 

achieved by using community litter clean-ups that either involve municipal staff, community 

members or both (Figure 1). Clean-ups are part of the situational crime prevention and theory of 

planned behaviour approaches to change people’s behaviour. Clean-up activities do not yield a net 

reduction in plastic pollution entering the environment, though they are excellent community 

engagement, awareness raising and local custodianship opportunities. However, maintaining clean 

public spaces, such as beaches and parks, could reduce the probability of littering occurring in the 

area as littering is a social contagion (i.e. littering is more likely to occur in an already litter area 

compared to a clean area (Al-mosa et al. 2017; Keizer et al. 2008)). Clean-ups are very popular 

events around the world (Ocean Conservancy 2017) that have mobilized a global community to 

reduce plastic in the environment and promote the issue of plastic pollution. In addition to 

removing plastic from the environment, municipal clean-ups, particularly volunteer-based events, 

could reduce plastic pollution by increasing participant litter-reducing behaviour (Hartley et al. 

2015) and increasing the likelihood of adopting other pro-environmental behaviours (Seymour et al. 

2018).   

Tailoring strategies to the environmental and social nuances of the community 

This thesis showed that to successfully manage and mitigate pollution, is it not only important for a 

municipality to select the right type of strategy but also to tailor the strategy to the environmental 

and social nuances of their community. Chapter Four demonstrated that Australian municipalities 

are indeed adapting their waste management strategies to their community population density and 

socio-economic status. Whereas, Chapter Six gave a particularly compelling example of how 

misinterpreting the service and location of a strategy can lead to an intervention not reaching its 

maximum potential. In this case, water refill stations, that provide an alternative supply of water to 

bottled water, were implemented where plastic water bottles were littered, not purchased.  
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The strategies presented (Figure 1) have the potential to succeed in other countries and contexts if 

they are tailored to the environmental and social nuances of the community. For example, 

household waste collection services that are provided using specially designed trucks and kerbside 

receptacles, like in Australia, would not work well in countries where the existing urban 

infrastructure, such as roads and dwellings, does not accommodate the equipment. Instead,  

household collection services could be provided using alternative transportation and receptacles 

that suit the urban infrastructure. For example, in Pune, India, the organisation SWaCH provides 

household waste collection services using waste-pickers with carts that fit through the narrow roads 

of settlements. This service has substantially reduced the amount of litter in Pune 

(https://swachcoop.com/).  

Another example is tailoring water refill stations to the community context to reduce plastic 

beverage container litter. The Go2Zone refill stations highlighted in Chapter Six could only work in 

communities where infrastructure such as water plumbing systems exist. Refill stations that use 

rainwater harvesting systems, such as those developed by Abundant Rain in Liberia 

(https://www.abundantrain.com/), could work in communities where town water plumbing is not 

available. Both systems provide citizens with an alternative source of drinking water and reduce the 

consumption of single-use plastic beverage containers and sachets.  

Creating a community of custodians and watchdogs to reduce plastic pollution  

Drawing from the findings in Chapter Five, a final consideration for local waste managers who are 

trying to reduce plastic pollution in their area is to implement strategies that engage custodians and 

watchdogs within the community. Custodians are community members who value and take pride in 

personally caring for their local environment or supporting organisations that care for the 

environment. Municipalities could create custodianship by hosting and supporting local clean-up 

events, such as Clean Up Australia Day (Clean Up Australia 2017) or the International Coastal Clean 

Up (Ocean Conservancy 2017) or by supporting organisations and events that engage participants 

with the benefits of a clean and healthy environment, such as Landcare restoration projects 

(https://landcareaustralia.org.au/) or the Healthy Land and Water river catchment health report 

card (https://reportcard.hlw.org.au/). Watchdogs are community members who guard the health 

and cleanliness of their local area by reporting any incidents of littering and dumping. Municipalities 

might support watchdogs by providing littering or illegal dumping reporting hotlines and 

subsequently promote any convictions resulting from the reports. This promotion could discourage 

https://swachcoop.com/
https://www.abundantrain.com/
https://landcareaustralia.org.au/
https://reportcard.hlw.org.au/
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people from littering or dumping and encourage other members to become watchdogs. Engaging 

watchdogs and custodians in the community could also promote the social norm that inadequately 

discarding waste is not liked or tolerated in the community.   

How can State, National and International governing bodies support local 

solutions to reduce plastic before it becomes pollution?  

Coordinated action is required from international governing bodies down to local waste 

management teams to effectively reduce plastic pollution. A global approach to reducing plastic 

pollution will involve all levels of governing bodies and waste management systems to continually 

communicate and support each other (da Costa et al. 2020). State, National and International 

governing bodies could support local efforts by:  

• Supporting the establishment of household waste services or including the services as a

requirement for every community, if appropriate. In many contexts, supporting both formal

and informal waste management systems would be necessary to ensure success.

• Provide ongoing financial support for the continuation of short-term grant-funded strategies

that are empirically shown to reduce plastic consumption and pollution. Beach cleanliness

has been directly related to budget funding (Portman et al. 2019; Willis et al. 2018),

indicating that managers are interested in obtaining more funding to keep the coastal

environment clean. This funding could potentially come from revenue raised from waste

levies or similar. For example, a third of the revenue raised from the New South Wales waste

levy is spent on waste and environmental programs through the Waste Less, Recycle More

initiative (Audit Office of New South Wales. 2020). This initiative focuses on funding projects

that provide new or enhanced waste infrastructure such as recycling facilities but could also

be used to fund the continuation of education programs that make people recycle more or

encourage them to change behaviour and litter less.

• Give local managers flexibility to adapt current and future state- and national-wide

management strategies to the social and environmental context of their community. The

flexibility to adapt strategies to local social, cultural, and environmentally appropriate

approaches could increase the impact the strategy has in the community.

• Ensure any new or restrictive policy changes in one area do not redirect waste to another

area. Ensure local managers appropriately reduce their waste and do not transport their

waste to communities who do not have enough facilities to manage increased waste
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volumes. This may be easier to achieve on an island nation like Australia than a nation 

surrounded by multiple geopolitical borders like Germany.   

Limitations and Future Research 

This thesis has contributed to filling significant knowledge gaps that had hampered municipal waste 

management efforts. Further research areas arising from results presented in this thesis are briefly 

discussed below. This research did not focus on the implementation, monitoring and maintenance 

costs of each strategy. However, findings in Chapters 3 – 5 found that the amount of money a 

municipality invests in waste management can play a significant role in how successful their waste 

strategies are at reducing coastal plastic pollution. Budgets and financial investments are an 

important consideration for local management as they have limited financial and staffing resources. 

For example, successful strategies could be prohibitively expensive for local managers to implement 

or maintain. Due to the limited available time managers had to participate in an interview (for 

example, many managers required permission from their boss to take time out from their regular 

paid work to participate in this study) only a select number of questions and details could be asked 

during the interviews. I recognised this time limitation and chose not to focus my research on the 

implementation and maintain costs of each strategy. However, it is an important gap in knowledge 

and an entire thesis could be dedicated to it. Future research that addresses the initial and ongoing 

costs of strategies to determine which are best for local managers to implement so that they get the 

‘biggest bang for their buck’ (i.e. the largest reductions in litter per dollar) would be beneficial. 

During interviews with municipal waste managers, many mentioned they could only implement new 

strategies if they received external funding like a grant. Once the grant money ended, the strategy 

would be removed regardless of whether it was successful. Future research could investigate pro-

environmental behaviour change studies to determine what styles of strategies and implementation 

could establish and retain new behaviours, such as better waste disposal behaviours, over a short-

term period when funding may be removed (for example, work that evaluates the effectiveness of 

nudges (Rivers et al. 2017)). This thesis used 32 local governments within Australia across a 6-year 

period as the research domain to achieve its stated objectives. A substantial amount of time and 

effort was needed to collect data from each local government and many more local governments 

were approached during the data collection but did not have time to participate in the study. A 

sample size of 32 local governments could be considered too small to have enough statistical power 

to rigorously test the research objectives in each chapter. However, we randomly selected local 

governments to ensure the full range of variation in local government wealth, coastline length and 

population within Australia was incorporated in the studies. Including the full range of variation 
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within Australian local governments, allowed the analysis to partially include the variation that 

would exist if all Australian local governments were included in the analysis. Finally, this thesis 

demonstrated that targeting strategies towards the causes of plastic pollution rather than specific 

plastic items could be an effective approach to reduce plastic pollution loads in the environment. 

Generalised additive and linear models were used to reveal correlations between the sources of 

plastic pollution, waste management strategies and reductions in plastic along the pollution 

pathway. Future research that looked at using causal inference (Pearl and Mackenzie 2018), such as 

structural equation modelling (Grace et al. 2012), to investigate the causal links between pollution 

source reductions and waste management strategies would undoubtedly provide useful insights.  

Concluding Remarks 

Reducing plastic pollution and its associated harms is an enormous challenge that current efforts 

cannot effectively manage (Borrelle et al. 2020). Rapid, transformational shifts are required by all 

levels of government, industry and consumers to see significant reductions in the amount of plastic 

produced, consumed and discarded (Lau et al. 2020).This thesis presented multiple lines of much-

needed empirical evidence as well as an accompanying framework that local waste management 

efforts, although quite variable, have made clear advances in reducing plastic pollution leaking into 

our coastal and marine environment. The plastic pollution pathway (Figure 1, Chapter 7) illustrated 

how different types of interventions are interconnected and the need for governments to select a 

combination of interventions rather than focussing on isolated efforts.  

Local efforts need to target strategies towards reducing nuisance single-use plastic products that 

have durable, reusable alternatives and reducing the causes of plastic pollution in the community. 

The thesis showed that using theoretical frameworks can be a useful tool to understanding the 

underlying drivers behind the causes of plastic pollution and determining what strategies could be 

used to target those causes and reduce pollution. For example, Chapter Five highlighted that 

strategies which minimise the opportunity and motivation to litter and dump waste significantly 

reduced plastic pollution along the coastline of Australia. Successful management and mitigation of 

plastic pollution will require local management efforts to adapt and tailor waste management 

strategies to the environmental and social context of their community.   

Local initiatives and management efforts alone will not be sufficient to curtail the current global 

plastic pollution crisis. However, by incorporating and supporting successful formal and informal 

local management strategies into international and national strategies, a multi-level approach would 

undoubtedly contribute to substantially reducing plastic usage and pollution at a global scale. 
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Coupling such a multi-level governance approach with private industry action and technological 

innovation could also play an important role in effectively reducing plastic waste, before it leaks to 

the environment (Schmaltz et al. 2020; Vince and Hardesty 2017; Vince and Hardesty 2018).  
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Appendix 1 
Chapter 3 Supplementary Information. Waste management questionnaire used when interviewing 

Australian municipal waste managers in 2013.  

Questionnaire: Integration of the 
local waste management around the 
marine coastal debris in Australia 

This project is a follow up study of a national marine debris project conducted in 2013 that aimed to 
identify the threats marine debris poses to wildlife. For this project, our goal is to determine how 
effective council waste management is at reducing plastic pollution into the marine environment 
and how council waste management has changed in the past 5 years? This year marine debris survey 
sites sampled in 2013 will be re-sampled. Surveys will measure the type and quantity of marine 
debris observed.  We are recontacting those councils who participated in the 2013 questionnaire 
and asking people to provide us with more details about the current waste management within their 
council.  

General information about the council 

Name of Council:  

Name of respondent:  

Role:  

Tel: 

Email address:  

Date:  

Population of the council:  

Surface area:  

Length of the council along the coast:  

Region:  

Population of the region: 
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General information about the waste management within the council 

on beaches 

Considering the waste management legislation and policies within your state, your council could 
adopt several attitudes and run different programs dealing with the coastal debris issues, how 
relevant do you think coastal debris issues are to your council/region?  

1: No attention and concerns  

2: Minor attention, but not active programs  

3: Ongoing attention, but active programs not running at this time 

4: Major attention and active programs running at this time  

5: Really active programs, excellent management  

Name of the site CSIRO have seen within your council: 

Identification of the place: latitude: longitude: 

These questions are relevant to see what is done concretely within your council on the beaches to 
avoid marine debris:  

• Presence of bins on the beaches (on the sand or on the car parks)?  Yes No 

If yes, how many per beach? 

Or  [0;5]   [5;10]   [10;15]  [15;20]  [20;25] 

Is there is one defined, what is the distance between 2 bins? 

• Presence of recycling bins on the beaches?  Yes No 

If yes, how many per beach?  

Or   [0;5]   [5;10]   [10;15]   [15;20] [20;25] 

Is there is one defined, what is the distance between 2 bins? 

• Is there cleaning days on the beaches within your council?  Yes No 

If yes, what is the frequency? 

• Is there any active coastal cleaning group?
• Are there river traps within your council?  Yes No 
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Partnerships 

• Do you work in collaboration with some state associations?  Yes No 

If yes, which one(s)? 

• Do you work in collaboration with other councils?  Yes No 

If yes, which one(s)? 

• Are you a council member of a regional association/organization?  Yes No 

If yes, which one(s)? 

Funding for the waste management within the council 

• What is the fraction of the budget within your region/council area which goes towards
waste management?

 .....AUS$? or .....%? 

• Is there something for the coastlines especially?

If yes, how much? (this would include river traps and bins at beaches) 

.....AUS$?  or  .....%?  

We have tried to find the legislations, actions and programs within your council concerning the 
waste management. The information collected is presented in the following table, have we missed 
anything? Is there any gap? 

Legislation and policies 

Example of policies and strategies Name of the 
legislation, the 
strategy or the policy 

Description, document 
or link 

Waste Legislation 

Regional’s waste and recycling strategy 

Council’s waste management strategy 

Zero waste strategy 
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Container deposit legislation 

Litter strategy 

Marine Litter Strategy 

Others 

Waste facilities 

Waste facilities Within the council level 

Waste collection Household waste collection 

Commercial waste collection 

Industry waste collection 

Kerbside collection 

Waste management calendar 

Purchase bins 

Loyalty card 

Rubbish tips 

Street bins 

Waste Disposal Waste depot station, how many? 

Waste transfer station, how many? 

Waste Recycling Waste Recycling Station, how 
many? 

Domestic 

School 

Industry/Commercial 

3 bins, colours... 

Paper and cardboard recycling 

Plastic recycling 

Kerbside recycling 

Guide for recycling 

Waste Hotline 

Green Waste, Composting and Worm Farming 

Other Facilities 
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Programs and actions 

Programs Presence of the 
program or the action 
within the council 

Name of the program 
or the action 

Description, document 
or link, if new 

Recycling program 

Packaging program 

Plastics Recycling 

Clean Up Australia Day 

Electronic Waste 

Chemical Waste 

Love food, hate waste 

National recycling 
week 

General Clean-up 

Reduce, reuse, recycle 

Plastic bags 

Keep Australia 
Beautiful 

Education 
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Illegal Dumping 
(information, 
surveillance, active 
enforcement) 

Litter Avoidance 

REDcycle program 

Other campaigns 
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Appendix 2 
Waste management questionnaire used when interviewing Australian municipal waste managers in 
2019.  

Questionnaire: Waste management 
around Australia’s coastline 

This project is a follow up study of a survey carried out as part of CSIRO’s national marine debris 
project (2011-2014). The results from that first project can be found 
https://www.sciencedirect.com/science/article/pii/S0308597X17305171 . This follow up study has a 
goal of evaluating how effective council waste management is at reducing plastic pollution into the 
marine environment. Furthermore, as the survey takes place 5 years after the initial study, we are 
interested in asking Has, and if so, how has council waste management changed since 2013? 
Coinciding with this questionnaire, coastal debris survey sites sampled in 2013 will be re-sampled. 
The surveys will measure the type and quantity of marine debris observed.  We are contacting the 
councils who participated in the 2013 survey and asking them to answer the same questions we 
asked 5 years ago, along with asking additional questions about current waste management within 
their council areas.  

Respondent General Information 

Name: Click here to enter text. Council: Click here to enter text. 

Role: Click here to enter text. Phone: Click here to enter text.  

Email: Click here to enter text. Date: Click here to enter text. 

Referral (if applicable): Click here to enter text. 

Council General Information 

Population: Click here to enter text. Area (km2): Click here to enter text. 

Coastline Length (km): Click here to enter text. Region Name: Click here to nter text. 

Population of region: Click here to enter text. Annual Budget ($): Click here nter txt. 

https://www.sciencedirect.com/science/article/pii/S0308597X17305171
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For CSIRO Office Use 
Name of site CSIRO surveyed within the council: Click here to enter text. 

Latitude: Click here to enter text. Longitude: Click here to enter text. 

General information about the waste management within the 

council 

Considering the waste management legislation and policies within your state, how relevant do you 
think coastal waste/marine debris issues are to your council? (Please tick) 

☐No programs, little discussion starting a program

☐No programs, lengthy discussion starting a program

☐Some programs, but not currently active

☐Some active programs

☐Many, very active programs

The following questions are about the waste management your council has on beaches: 

• Presence of rubbish bins on the beaches (on the sand or in the car parks)? ☐   Yes  ☐   No

If yes,  how many per beach?  Click here to enter text. 

• Presence of recycling bins on the beaches (on sand or in the carparks)? ☐Yes  ☐No

If yes,  how many per beach? Click to enter text. 

• Are there beach cleaning days within your council?  ☐  Yes ☐ No

If yes,  what is the frequency? Click here to enter text. 

• Are there any active coastal cleaning group (please circle)?  ☐  Yes ☐ No

If yes, how many? Click here to enter text., who are they? Click here to enter text. 

• Are there river traps within your council? ☐ Yes ☐ No

If yes,  how many rivers? Click here to enter text. 
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Debris Monitoring 

Does your council record information on litter or marine debris (e.g. surveys or monitoring)?  

☐ Yes ☐ No

If yes,  start date and frequency of recordings? Click here to enter text. 

Are the data kept within the council? ☐  Yes  ☐ No

If no,  who keeps the data? Click here to enter text. 

Partnerships 

With reference to your council’s waste management,  

Do you work in collaboration with any state associations? ☐ Yes ☐ No

If yes,  which one(s)? Click here to enter text.  

Do you work in collaboration with other councils? ☐ Yes ☐ No

If yes,  which one(s)? Click here to enter text. 

Are you a council member of a regional association/organisation? ☐   Yes ☐ No

If yes,  which one(s)? Click here to enter text. 

Waste management funding within the council 

What fraction of the budget within your council goes towards waste management? 

 Click here to enter text.$AU?       or       Click here to enter text.%? 

Is there a specific coastal waste management budget?    ☐   Yes  ☐ No

If yes,  how much? (this would include river traps and bins at beaches) 

Click here to enter text. $AU?       or       Click here to enter text. %?  

Policies, Facilities and Outreach Programs 

We have tried to find the policies, facilities and outreach programs concerning waste management 
within your council. The information collected is presented in the following tables. 

Have we missed anything? Please fill in any gaps/errors. 
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Legislation and policies (only complete row if policy is present in council) 

*********  Please scroll down to Waste Facility Table ********* 

 
Name of policy or 

legislation 

Start Date? 
Date it was 
updated? 

Description, document or link 
Specific 

Budget (Y/N)?       
$ Amount? 

Outreach Officer (Y/N)?  
Tasks of Officer? 

Level of Staffing 
(0-0.5 FTE*; 0.5-1 

FTE; >1 FTE) 

Waste Legislation 
      

Regional’s waste and 
recycling strategy 

      

Council’s waste 
management strategy 

      

Zero waste strategy 
      

Container deposit 
legislation 

      

Litter strategy 
      

Marine Litter Strategy 
      

Plastic Shopping Bag 
Ban 

      

Plastic Shopping Bag 
Fee 

      

Other 
      

*FTE = Full time equivalent 
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Waste facilities (only complete row if facility is present in council) 

Response 
Required 

Within the council 
Waste collection 

Commercial business Waste Collection Y/N 

Household Waste Collection Y/N 

Industry Waste Collection Y/N 

Kerbside Collection 
Y/N 

(How often?) 

Public Kerbside Collection Calendar Y/N 

Hard Waste Collection regular Y/N 

Hard Waste Collection on demand, notification Y/N 

Rubbish Tips 
Y/N 

(How many?) 

Street Bins 
Y/N 

(How many?) 

Waste Disposal 

Waste Transfer Station 
Y/N 

(How many?) 

Waste Depot Station 
Y/N 

(How many?) 

Waste Recycling 

Waste Recycling Station (MRF: Mixed recycling 
facility) 

Y/N 
(How many?) 

Domestic Y/N 

School Y/N 

Industry/Commercial Y/N 

Three Bin Recycling 
(i.e. not one bin mixed recycling) 

Y/N 
(What colours?) 

Paper and Cardboard Recycling Y/N 

Plastic Recycling Y/N 

Kerbside Recycling 
Y/N 

(How often?) 

Public Guide for Recycling, where? Y/N 

Green Waste 

Green Waste Collection regular 
Y/N 

(How often?) 

Green Waste Collection on demand, notification Y/N 

Composting Y/N 

Worm Farming Y/N 

Waste Recovery 

Gross Pollutant Traps 
Y/N 

(How many?) 

Beach Raking, How many beaches? 
Y/N 

(How often?) 

Other Facilities Y/N 

*********  Please scroll down to Waste Program Table ********* 
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Outreach programs (only complete row if program is present in council) 

 
Present in 
the council 

(Y/N)? 

Name of 
program 

Description, document or link 
Program 

Funding in $ or 
% of budget? 

Devoted staff 
to program 

(Y/N)? Tasks of 
staff? 

Year 
Implemented  

Level of Staffing 
(0-0.5 FTE; 0.5-1 

FTE; >1 FTE) 

Recycling program 

       

National recycling 
week 

       

Reduce Packaging 
program 

       

Specifically Plastics 
Recycling 

       

Clean Up Australia 
Day 

       

Keep Australia 
Beautiful 

       

Electronic Waste 
Program 

       

Chemical Waste 
Program 
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Present in 
the council 

(Y/N)? 

Name of 
program 

Description, document or link 
Program 

Funding in $ or 
% of budget? 

Devoted staff 
to program 

(Y/N)? Tasks of 
staff? 

Year 
Implemented 

Level of Staffing 
(0-0.5 FTE; 0.5-1 

FTE; >1 FTE) 

General Clean-up 

       

Reduce, reuse, recycle 
Program 

       

Soft Plastics / 
REDcycle program 

       

Reduce Plastic bags 
Program  

       

School Education 
Program 

       

Illegal Dumping: 
Active Surveillance 
(e.g. cameras) 

       

Illegal Dumping: 
Active enforcement 
(e.g. a taskforce, 
arranged relationships 
with police) 

       

Litter Enforcement: 
Active enforcement 
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Present in 
the council 

(Y/N)? 

Name of 
program 

Description, document or link 
Program 

Funding in $ or 
% of budget? 

Devoted staff 
to program 

(Y/N)? Tasks of 
staff? 

Year 
Implemented 

Level of Staffing 
(0-0.5 FTE; 0.5-1 

FTE; >1 FTE) 

Litter Hotline Program 
in council 

Litter Avoidance 
program 

Illegal Dumping 
Hotline 

Litter or Illegal 
Dumping Road Signs, 
with fines 

Other campaigns 

Loyalty Card 

Bin Program (FOGO, 
audits, bin latches etc) 

Love food, hate waste 

********* end of survey ******
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Appendix 3 
Supplementary File S1. Litter survey sheet used by HLW contractors. 

Crew Survey Block Block Start Point Block End Point Time (e.g. 1300hrs) 

Date Skipper Picker Block 
Number 

Bankwalk 
or On 
Water 

Latitude Longitude Latitude Longitude Start End 

Litter Tally Sheet 
Glass Bottles Coke Plastic Water Plastic Sharps Cont 

Plastic Bottles Plastic Bags Plastic Pieces Needles 

Food Wraps Cans Cartons Misc 

Coolite Aerosols Industrial Wrapping 



Appendix Four- Chapter Six Supplementary Files 

123 

Supplementary File S2. Results from GAM land and water analysis. Yellow shading indicates survey blocks upstream of the NCI water refill station 

installation. Grey shading indicates statistical significance.   

Land Analysis 

Total Litter Plastic Water Bottle Plastic Bottle 

Block ID Estimate Std Error Pr (>|t|) Estimate Std Error Pr (>|t|) Estimate Std Error Pr (>|t|) 

1 5.571 0.833 3.44e-05 *** 1.524 0.964 0.142 2.940 0.720 0.002 ** 

2 2.865 0.671 0.001 ** 2.892 0.762 0.002 ** 2.958 0.569 0.001 *** 

3 3.096 0.687 0.001 *** 3.771 0.788 0.001 *** 3.465 0.588 0.001 *** 

4 3.363 0.715 0.001 *** 3.654 0.831 0.001 ** 3.465 0.620 0.001 *** 

5 0.494 0.845 0.571 1.221 0.891 0.198 0.811 0.666 0.249 

6 1.117 0.872 0.226 1.547 0.958 0.135 1.298 0.715 0.097 .  

7 1.354 1.075 0.234 0.195 1.184 0.872 0.293 0.883 0.746 

8 2.651 1.094 0.034 *  0.976 1.284 0.463 0.649 0.959 0.512 

9 1.169 1.056 0.292 -0.532 1.211 0.669 -1.547 0.904 0.115 

10 2.345 1.506 0.148 0.626 1.775 0.731 0.222 1.324 0.870 

11 4.441 1.337 0.007 ** 2.292 1.641 0.190 1.890 1.224 0.151 

12 3.934 1.143 0.005 ** 2.989 1.392 0.054 .  2.637 1.039 0.028 *  

13 2.298 1.331 0.112 -0.231 1.605 0.888 -1.324 1.199 0.293 

14 2.210 1.030 0.055 .  2.151 1.208 0.102 1.982 0.901 0.050 .  

15 2.354 0.958 0.032 *  2.248 1.118 0.069 .  2.044 0.834 0.032 *  

16 2.528 0.890 0.016 *  2.020 1.034 0.077 .  1.719 0.772 0.048 *  

17 3.396 0.811 0.002 ** 3.271 0.956 0.005 ** 2.770 0.714 0.003 ** 

18 2.458 1.408 0.109 -0.221 1.710 0.900 -1.033 1.277 0.436 

Interaction term  
(blockdist * NCI) 0.034 * 0.981 0.532 
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Water Analysis 

Total Litter Plastic Water Bottle Plastic Bottle 

Block ID Estimate Std Error Pr (>|t|) Estimate Std Error Pr (>|t|) Estimate Std Error Pr (>|t|) 

1 4.200 0.480 1.07e-05 *** 1.152 0.696 0.132 1.730 0.565 0.014 *  

2 -0.188 0.360 0.615 0.225 0.516 0.673 -0.053 0.381 0.893 

3 -0.306 0.394 0.458 -0.044 0.579 0.941 0.006 0.459 0.990 

4 0.198 0.421 0.649 0.034 0.637 0.959 0.370 0.518 0.494 

5 2.177 0.429 0.001 *** 2.542 0.616 0.003 ** 2.533 0.513 0.001 *** 

6 1.305 0.498 0.028 *  2.165 0.706 0.013 * 2.337 0.599 0.004 ** 

7 0.308 0.677 0.660 0.788 0.989 0.446 0.808 0.935 0.410 

8 1.312 0.720 0.102 2.641 1.006 0.026 * 2.625 0.880 0.015 *  

9 0.870 0.821 0.317 1.413 1.200 0.269 1.403 1.153 0.255 

10 2.720 1.036 0.028 *  1.946 1.580 0.249 3.339 1.388 0.039 *  

13 2.786 1.127 0.036 *  2.258 1.703 0.217 2.930 1.587 0.098 .  

14 1.204 0.675 0.108 1.177 0.996 0.268 1.592 0.865 0.099 .  

15 1.504 0.610 0.036 *  1.665 0.892 0.095 . 1.825 0.773 0.043 *  

16 1.530 0.551 0.022 *  1.611 0.807 0.077 . 1.584 0.705 0.051 .  

17 1.643 0.492 0.009 ** 0.930 0.747 0.245 1.665 0.618 0.025 *  

18 2.309 0.956 0.039 *  2.218 1.393 0.146 2.530 1.175 0.059 .  

Interaction term  
(blockdist * NCI) 0.017 * 0.099 . 0.037 * 




