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Abstract 
 
Plastics in the marine environment pose a threat to the environment, wildlife, and human health. 
Although marine plastic pollution has received more public attention in the last decades, little is known 
about the public opinion on marine plastic. Twitter provides an opportunity to gather large amounts of 
data related to public views and offers a medium for exploring the discourse around marine plastic and 
related topics and in turn, motivates behavioral change by means of public awareness campaigns. The 
current study examines the public discourse of marine plastic pollution by analyzing key topics 
mentioned in the online discussion and the sentiments in tweets associated with two public awareness 
campaigns. We identified 35 topics that are clustered in several key themes such as “action”, 
“environmental impact”, “human health”, “(plastic) products”, “science”, and “waste management”.   It 
is found that the emphasis of the discussion is on action-based behaviors. The sentiment analysis evoked 
by tweets associated with public awareness campaigns shows that the campaigns are more associated 
with negativity than positivety, and the most prominent used words are more problem-based than 
solution-based. The study concludes that Twitter provides a useful tool to analyze the communications 
and to assess the public discourse of environmental issues.  
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1. Introduction 
 

Global plastic production has grown exponentially and now reaches over 300 million tonnes each 
year (Plastics Europe, 2019). Its versatile nature can explain the increasing demand for this human-
made material as it is lightweight, cheap, flexible, and highly durable (Thompson et al., 2009). The use 
of plastic has many societal advantages. For instance, single-use plastic products such as straws, bottles, 
or shopping bags produce lower greenhouse gas emissions during transportation because plastic is 
lighter than most alternatives. Another significant benefit of plastic is that it facilitates the sterile 
transportation of drinking water, and plastic packaging also reduces food wastage as it prolongs the 
lifespan of fast expiring foods such as meat and vegetables (Andrady & Neal, 2009).   

However, massive amounts of plastic end up in landfills and aquatic environments due to poor 
waste management. It is estimated that plastic debris accounts for 60– 80% of marine litter, reaching 
90–95% in some areas (Xanthos & Walker, 2017). In 2018, over 14,5 million tonnes of plastic had 
entered the ocean (Wayman & Niemann, 2021). This is a reason for concern as researchers claim that 
plastics in marine surroundings harm the environment, wildlife, and human health (Thompson et al., 
2009).   

In response, marine plastics have received an increasing amount of public attention (UNEP, 
2016). Media play a significant role as they convey the message to the public with “shocking images of 
piles of trash on coastlines, marine mammals entangled in fishing nets, or seabird bellies filled with 
bottle caps and colorful shards of plastic” (Law, 2017, p. 206). In particular, the broadcasting of the 
Blue Planet documentary by the British Broadcasting Corporation (BBC) has drawn attention to marine 
plastic pollution and even set the United Kingdom’s (UK) political agenda as it contributed to spurring 
the government to tax single-use plastics (McNicholas & Cotton, 2019). Single-use plastics such as 
plastic bags and microbeads in cosmetics are recognized as a significant source of pollution. Many 
nations have adopted policies to ban the sale of plastic bags, charge customers for bags or generate taxes 
for stores who sell them (Xanthos & Walker, 2017). Campaigning against plastic microbeads in 
personal care products has even led to legislative bans and restrictions (Dauvergne, 2018). Scientists 
shared their research findings on the dangers of microbeads through social media. They informed the 
public of this toxic substance inside consumer products that daily disappears down household drains, 
makes its way into rivers, lakes, and oceans, and eventually ends up in fish, zooplankton, seabirds, 
whales, shellfish, and coral. These findings, in combination with actions of environmental activists, 
encouraged the United Nations Environment Programme (UNEP) to address microplastic pollution in 
cosmetics (UNEP, 2015), which convinced governments to ban microbeads and to push corporations 
to phase out the manufacture and sale of personal care products containing microbeads (Dauvergne, 
2018).  

Due to the effectiveness of social awareness in shaping and encouraging behavioral changes, this 
was incorporated as one of the steps in the “Roadmap for Sustainability” for policymakers in tackling 
marine plastic (UNEP, 2018b). Campaigns are often used to disseminate information using a range of 
media to promote environmental behavior. In particular, UNEP launched the CleanSeas campaign to 
create awareness for the use of disposable plastics, and since the start in February 2017, 63 countries 
have joined the campaign (UNEP, 2018a). Also, large corporations are responding to the movement 
as they are drawing up plans to phase out single-use plastics, shifting to recycled plastic for 
packaging, and working on more effective recycling, making this campaign the most prominent global 
compact for fighting marine litter (UNEP, 2018a). Illustrating the growing concern, UNEP launched 
another international campaign that addresses single-use and disposable plastics for consumer 
products called “Beat Plastic Pollution” (UNIDO, 2018).  
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Social media contributes to raising public awareness as it allows the public to share opinions and 
engage in debates on global issues, such as climate change (Mavrodieva et al., 2019). Research shows 
that online conversations on water and food consumption have resulted in more sustainable behavior 
(Orminski et al., 2021). Sharing images of individual solutions to plastic pollution such as reusable 
bottles and coffee cups and community activities such as beach cleans lead to more environmentally-
friendly behavior (Stafford & Jones, 2019).  

In particular, Twitter, a micro-blogging platform on which people post messages, known as tweets, 
is a popular channel for public discussions. It allows open communication between users in a maximally 
accessible way as users can follow each other unilaterally and according to interest. This is an important 
distinction from other social media platforms that focus more on mutual relationships and personal 
information exchange (Reyes-Menendez et al., 2018). Therefore, Twitter is commonly used as a source 
of information by researchers, governments, or companies to identify public opinion and sentiments, 
which in turn informs behavior interventions and policy measures (Pahl et al., 2017). As opposed 
to surveys and interviews, which can be susceptible to selection and response biases, Twitter provides 
an opportunity to understand the global online discussion. The stream of Twitter conversations might 
illustrate which topics are associated with marine plastic, which stakeholders are engaged, which 
solutions are proposed, and whether they are considered relevant or effective. These findings can be 
incorporated into the agendas of institutions, researchers, and policymakers, and companies’ strategies 
to mitigate the anthropogenetic issue of marine plastic pollution collectively.  

In order to explore the public discourse of marine plastic on Twitter, an exploratory analysis will 
be performed to submerge in online communication and understand the content of the discussions. The 
following steps will be undertaken during this study. Firstly, a literature review will be provided, 
introducing existing knowledge on marine plastic and perceptions of this issue and social media usage 
to measure general trends. Then, the conceptual framework will be presented, illustrating the research 
strategy and providing a guideline throughout the report. After that, the methodology section will 
describe the data, the undertaken cleaning tasks, and the steps performed for data analysis. Finally, the 
results will be summarized in the discussion, and recommendations based on our findings will be 
provided, after which a conclusion is drawn. 
 

2. Literature Review 
 

2.1. Marine plastic sources and impact 
Marine plastic is the accumulation of plastic debris in aquatic environments. The primary sources 

of this debris are land-based, from urban and storm runoff, sewer overflows, beach visitors, industrial 
activities, construction, illegal dumping, and inadequate waste disposal and management (IUCN, 2020). 
A study by Jambeck et al. (2015) has estimated the amount of plastic that has entered the ocean, and it 
was found that 5–28% of plastic waste produced in each country is at risk of entering the sea due to 
mismanagement. The vast majority of plastics have a petrochemical origin made from fossil oil and gas 
and derived from the polymerization of monomers resulting in synthetic organic polymers (Wayman & 
Niemann, 2021). When in contact with sunlight, macroplastic litter  (particle size: >5 mm) degrade into 
smaller parts such as microplastics (particle size: 1 mm to 5 mm) or even nano plastics (particle size: 
<1 mm) (Wayman & Niemann, 2021). The macroplastic particles are physical hazards for wildlife and 
can lead to entanglements, suffocation or drowning, and physical obstructions in throats or digestive 
tracts (Koelmans et al., 2014). The smaller particles accumulate during digestion and alter feeding 
behavior as the urge to eat is diminished and may be passed onto the receiving organism (Teuten et al., 
2009). These particles enter the food chain and, as a result, potentially harm humans. The precise impact 
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on human health remains uncertain, but it is claimed that plastic additives contain harmful chemicals 
(Thompson et al., 2009). Therefore, a potential danger might arise from consuming food products in 
contact with plastic or holding microplastic (Heidbreder et al., 2019). Additionally, the existence of 
plastics in the marine environment also presents several challenges that have economic consequences 
in terms of increased resources and expenditure necessary to remove marine litter. Stranded plastic 
along shorelines creates an aesthetic issue, which negatively impacts tourism, fisheries, aquaculture, 
and heritage values (Beaumont et al., 2019; Xanthos & Walker, 2017). 
 

2.2. Public role and perceptions 
Considering the sources and impacts of marine plastic pollution, and since the entire production 

and application of plastic is of human origin, human action is necessary to tackle the plastic problem 
(Löhr et al., 2017). Solutions to marine plastic can be broadly divided into four categories: preventive, 
mitigating, removing, and behavior-changing (Chen, 2015). For instance, a prevention method would 
be the reuse and recycling of waste, while mitigating instruments would be the implementation of litter 
disposal regulations. Removal solutions include clean-up actions, and generally, behavior-changing are 
educational campaigns. For all solutions, various societal actors such as consumers, producers, 
policymakers, and industries are needed to succeed. Although many technical approaches have been 
developed, including the production of biodegradable alternatives or advanced recycling procedures, 
behavioral interventions are also necessary to comprehensively tackle the plastic problem (Heidbreder 
et al., 2019).  

People’s individual behavior due to commonly accepted social norms and habits are among the 
key factors causing plastic usage and the high volume of plastic litter in the environment (Marazzi et 
al., 2020). Consequently, the demand for plastic is still increasing as plastic is still the most common 
type of packaging (Xanthos & Walker, 2017). Hence, people must change behavior to produce 
significant shifts in social practices and to reduce plastic consumption.  

As public awareness plays a vital role in shaping public opinion and encouraging behavioral 
changes, many studies have investigated the public perceptions towards marine plastic. A study in 2009 
found that only 3.1% of survey participants in the UK perceived marine litter as a pressing issue 
(Fletcher et al., 2009). A more recent study involving 32,000 respondents across 21 countries indicates 
that 70% of respondents believe the marine environment is under threat from human activities, and 45% 
believe the danger is serious (Lotze et al., 2018). Similarly, an online survey in Australia found that 
plastic in the ocean had the highest mean rating for seriousness out of nine environmental issues, 
followed by two other issues relating to plastic waste production and disposal (Dilkes-Hoffman et al., 
2019).  

 While these studies suggest that public awareness of the global issue has been increasing over the 
last decade, some factors potentially hinder effective collective and individual action. First, there 
appears to be no universally shared sense of collective responsibility (McNicholas & Cotton, 2019). A 
study investigating the perceived responsibility for marine litter removal found that a total of 46.9% of 
respondents believed they were themselves responsible for litter reduction (Kusumawati et al., 
2020). According to Campbell et al. (2014), the general opinion is that beach waste is only at the hands 
of beach users or people dropping litter, and 25% of respondents that admit to littering feel no associated 
guilt with their actions as they perceive that they are not personally implicated by their 
littering, as littering in public spaces does not generally affect them (Campbell et al., 2014).  

Another critical factor is that knowledge and understanding of the global environmental issue are 
lacking. Hartley et al. (2018) found that most participants did recognize marine litter as a threat to the 
planet but seemed to think that most litter did not originate from land but was released directly into the 
ocean (Hartley et al., 2018) Additionally, a survey showed that only 26% of the respondents had heard 
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of microplastics before taking the survey, and the majority were somewhat unfamiliar with 
microplastics. However, when informed of the possibility that microplastics may affect human health, 
75% of respondents became worried and were willing to change their behavior (Deng et al., 2020). In 
contrast, a recent study by Forleo & Romagnoli (2021) found that generally, people were aware of the 
issue of microplastics. Still, there was no widespread knowledge about the proper separate disposal of 
plastics. In addition, this study found that there were knowledge issues about plastic sources and 
possible adverse effects. This highlights the need to increase the knowledge of the marine plastic waste 
issue amongst the general public. 

 
2.1. Campaigns 
Education can play a meaningful role in increasing individuals’ awareness. It improves knowledge 

about the primary marine litter sources and effects and can even increase the willingness to adopt more 
litter-reducing behaviors (Torres et al., 2019). It was found that recycling behavior was strengthened 
when information campaigns were added to the implementation of recycling schemes as it increased 
awareness, knowledge, and self-reported disposal behavior in residential university students (Cheung 
et al., 2018). Hence, public communication campaigns are a powerful tool to inform and motivate 
people to change their behavior.  

In order to address the global issue of marine plastic pollution, two large campaigns, “Clean Seas” 
and “Beat Plastic Pollution,” have been launched by UNEP. The objectives of both campaigns are to 
encourage people to refuse single-use plastics, choose reusable packaging, and change to sustainable 
packaging and products. In addition, #BeatPlasticPollution aims to motivate its audience to support 
policy solutions (Stockholm Environment Institute, 2017).  

The CleanSeas campaign was launched in 2017. The year 2022 was set as a deadline for 
eliminating significant sources of marine litter by engaging the governments, the general public, and 
the private sectors to target the production and consumption of non-recoverable and single-use plastic. 
There have been strong outcomes in terms of government support, with 63 countries having joined the 
campaign. A number of these governments have taken action or have made substantive commitments 
to take action. India, for example, made an ambitious pledge in June 2018 to eliminate all single-use 
plastics by 2022 (Tibbet et al., 2019). Large corporations are also responding to the movement as they 
are drawing up plans to phase out single-use plastics, shift to recycled plastic for packaging and work 
on more effective recycling. For instance, Nestlé, Unilever, and McDonald’s have made pledges to 
make all its plastic packaging 100 percent recyclable or reusable by 2025. Due to the involvement of 
this many actors, this campaign is the largest global compact for fighting marine litter (UNEP, 2018a). 

In 2018, the theme of World Environment Day, an annual event organized by UNEP to focus 
attention on various environmental challenges, was #BeatPlasticPollution (Sidhu & Desai, 2018). This 
event initiated the launch of a global campaign to reduce plastic pollution (UNFCCC, 2018). The 
#BeatPlasticPollution campaign encourages people to commit social media to replace their single-use 
plastic products with reusable alternatives and then “tag” their friends and spread the message within 
24 hours. The campaign has gained massive attention as the theme has found resonance in various 
celebrities and environmental activists. 

 
 
 
 
 
 
 



 8 

 

2.2. Framing 
Framing is critical in environmental communication as it shapes audiences’ attitudes and 

perceptions, both about the ecological issues themselves as on recommended behaviors (Pelletier & 
Sharp, 2008). This is particularly important with complex problems that may not be directly observable 
or explainable in person because people rely more heavily on exterior sources for information, such as 
the media (Keller & Wyles, 2021). According to Hart (2011), representing an environmental issue with 
an episodic or thematic frame may affect predispositions towards the issue. An episodic frame of an 
environmental issue provides a relatable story or a case study, and a thematic frame provides general 
trends and information. For instance, in terms of marine plastics, the media primarily focuses on 
emotional imaging to draw the reader’s attention (Koelmans et al., 2014). Although episodic framing 
may engage the reader, there needs to be a balance between episodic and thematic framing. This may 
better portray the more comprehensive picture necessary to understand the issue, and support policies 
beyond individual behavioral change (Keller & Wyles, 2021).  

The communication of problem frames compared to solution frames has also been studied in which 
problem-severity frames aim to create a sense of urgency for emerging problems, and solution frames 
suggest the value of individual or collective action (Kolandai-Matchett & Armoudian, 2020). While 
problem-severity frames are effective for less salient environmental issues, solution frames might be 
more effective for more salient problems that people are already concerned about, as communicating 
viable solutions affirm the potential impact of individual action (Obermiller, 1995). The severity of an 
environmental issue resulting from disseminating the problems can overwhelm and lead to inaction. 
This indicates that communication of solutions rather than problems might be more effective for 
behavior change. 

In addition, communication of emotional frames can be effective as emotions motivate 
environmental behavior (Kolandai-Matchett & Armoudian, 2020).  In particular, positive emotions 
encourage pro-environmental behavior. For instance, using positive emotions in an intervention to break 
people’s consumption patterns was a predictor for the willingness to maintain a reduction of plastic 
consumption (Heidbreder & Schmitt, 2020). In addition, emotional appeals reinforcing enthusiasm 
about nature-protection significantly influenced environmental attitudes (Searles, 2010). Negative 
emotions have been used to convey a sense of urgency for action. Still, effects have been positive when 
supplemented with additional information or impact on animals, but fatalism and disengagement have 
also been observed (Kolandai-Matchett & Armoudian, 2020).  Therefore, a combination of positive 
framing and providing solutions are necessary to encourage pro-environmental behavior. 
 

2.3. Social media analysis 
Social media is defined as “the collection of websites and web-based systems that allow for mass 

interaction, conversation, and sharing among members of a network.” (Hill et al., 2013). In 2020, over 
3.6 billion people were using social media worldwide, and it is predicted that it will be 4.41 billion in 
2025 (Clement, 2020). The widely use of social media provides an opportunity to analyze worldwide 
communication. In particular, Twitter is a popular social media platform that was founded in 2006. The 
social network allows users to interact via messages with people around the world. These messages are 
known as tweets and they are limited to 140 characters. According to recent data, Twitter has around 
261 million monthly active users worldwide (Loureiro & Alló, 2020). In a study by Pilăr et al. (2019), 
a communication analysis on Twitter has been performed to identify main topics of communication-
related to hashtag #sustainability to understand social, cultural, and environmental issues about people’s 
perception of sustainability. It was concluded that Twitter is vital in communicating environmental 
issues (Pilăr et al., 2019). Additionally, Twitter has been proven to be very effective in climate change 
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campaigns that promote online activism to encourage, educate, and motivate people to react to the 
various issues raised by climate change (Proskurnia et al., 2016).  

In particular, machine learning techniques provide the opportunity to understand Twitter users’ 
discourse. For instance, Latent Dirichlet Allocation (LDA) is conducted to analyze online conversations 
regarding COVID-19 (Xue et al., 2020). Due to this approach, a total of salient 11 topics are identified 
and then categorized into ten themes that gain insight into the discussion trends. Although not performed 
on Twitter data, a study by Keller and Wyles (2021) applies LDA to analyze which topics in the context 
of marine plastics are being discussed in the four leading UK online newspapers. The authors identified 
36 topics, which were grouped into three themes: marine plastics as the primary focus, sustainability as 
the primary focus, and other topics. The findings of the study contribute to understanding the present 
and future shape of public opinion. This is particularly important since public opinion informs behavior 
intervention and policy measures that aim to mitigate this global issue (Keller & Wyles, 2021). 

Additionally, Twitter has demonstrated to be an excellent platform to perform sentiment analysis. 
Sentiment analysis, or opinion mining, is a method in which people’s opinions, sentiments, attitudes, 
and emotions toward certain subjects or entities are analyzed using computational linguistics and natural 
language processing (Indurkhya & Damerau, 2000). Analyzing public acceptance and support for 
specific strategies or policies is often done by sentiment analysis. It has proved to be effective as many 
studies have applied this method to measure the public sentiment on Twitter towards various social 
issues, such as vaccination (Salathé & Khandelwal, 2011) and the COVID-19 pandemic (Müller et al., 
2020), gun violence (Wang et al., 2017) and marihuana legalization (Cavazos-Rehg et al., 2015). In 
essence, sentiment analysis involves retrieving topic-based comments published on Twitter. User 
opinions expressed in these comments can be analyzed using the models developed with machine 
learning and natural language processing (Reyes-Menendez et al., 2018).  

The topic-based comments are grouped by using Twitter hashtags, which are words or phrases 
prefixed by the “#” symbol. The use of hashtags enables users to participate in the broader conversation 
(Chisholm & O’Sullivan, 2017). Similarly, this allows researchers to analyze specific topics and 
identify user sentiment. For instance, a study by Palomino et al., 2016 used Twitter to determine public 
opinion through the analysis of hashtags and to study the feelings expressed in the discourse related to 
the nature-deficit disorder and other nature-health concepts. In a study by Kim et al., 2020, sentiment 
analysis analyzes the public sentiment towards solar energy on Twitter. Tweets specific to solar energy 
were filtered and classified into positive, neutral, or negative sentiment using a sentiment classification 
model. In line with this research,  Loureiro and Alló (2020) assess the feelings and emotions in Twitter 
messages towards climate change and energy issues in the United Kingdom and Spain in order to 
evaluate different preferences and concerns about energy policies. They find that renewable energy 
sources are associated with positive perceptions and coal with negative, whereas heterogeneous 
preferences are present in nuclear energy. This type may be relevant to understand public reactions and 
preferences towards mitigation and adaptation policies across countries (Loureiro & Alló, 2020). 
Therefore, Twitter is an essential platform for communication of environmental issues and provides an 
opportunity to assess important topics and sentiments which reveal the public discourse towards a 
particular issue.   

In conclusion, a myriad of research has been performed to study marine plastics and their potential 
dangers, the perception towards the global issue, and environmental communication. Additionally, 
plenty of studies have used social media analysis to analyze public discussions on social issues and 
strategies or policies, contributing to developing solutions, interventions, and changing behavior. 
However, a social media analysis has never been used to explore marine plastic perceptions and 
campaigns to encourage the public to reduce plastic consumption. 
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3. Research Strategy 
 
The objective of this research is to understand the public discourse towards marine plastic on Twitter. 
Due to the lacking research in this specific area, the current study aims to address this research gap by 
creating a clear understanding of the public perception towards marine plastic on Twitter. In the present 
paper, we use online communication to investigate how people respond to the marine plastic issue and 
which sentiments are evoked in tweets associated with two public awareness. The findings might be 
used to inform policies for public awareness campaigns in an attempt to counter the negative impacts 
of marine plastic pollution. The following sections will present the research questions and the research 
strategy applied to answer the research questions.  

3.1. Research Questions 
 
What is the public discourse on Twitter towards marine plastic pollution? 

- Which key topics are mentioned in Tweets about marine plastic? 
- What sentiments are associated with different marine plastic awareness campaigns? 
- How can the findings be used to inform public awareness campaigns? 

3.2. Conceptual framework  
In an attempt to answer the research questions, the following conceptual framework is established 
(Figure 1).  The public discourse regarding marine plastic is analyzed by using Twitter data. After 
collecting the data,  the data needs to be cleaned in order to eliminate irrelevant data.  For the data 
analysis, two separate research methods will be used. The first method will help us to understand the 
key topics in the current discussion. As the study by Xue et al. (2020),  topic modeling is used to 
discover salient topics in the collection of tweets. This will contribute to our understanding of the 
present shape of public opinion. The second method is sentiment analysis; similarly to the study by 
Loureiro and Alló (2020), the sentiments and emotions in Twitter messages are assessed in order to 
evaluate different emotions. The sentiment analysis will be performed on tweets within the scope of 
two large public awareness campaigns launched by UNEP to determine which emotions are used. The 
findings of both analyses will be used to establish a recommendation for a public awareness campaign 
that aims to address behavioral change and promote environmental behavior. In turn, this will affect the 
public discourse on marine plastic. 

 
Figure 1: Conceptual Framework 
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4. Methodology 
4.1. Data description 
The current study uses Twitter data provided by Hogeschool van Amsterdam (HvA) in the context 

of a marine plastic scoping study. From March 10 to December 15, 2020, approximately 12.2 million 
tweets are collected via Digital Methods Initiative – Twitter Capturing and Analysis Toolset (DMI–
TCAT). This toolset allows one to freely capture and analyze tweets from the microblogging service 
Twitter (Borra & Rieder, 2014). With DMI – TCAT, social media data can be quickly sorted by 
algorithms to find users or items of importance on Twitter and eventually processed for network 
analysis and visualization in applications such as Gephi, R, Excel, or SPSS (Groshek et al., 2020). The 
dataset is acquired by composing a query in which hashtags relating to marine plastic are considered 
(see Appendix A). The query retrieves all tweets containing these query elements in the mentioned 
period. However, since the majority of tweets do not consider marine plastic, a second search query 
within the retrieved data set is set up with the words “marine,” “ocean,” “sea,” or “river.” In addition, 
the tweets are filtered for only English tweets. For the final dataset, only tweets are considered, which 
are posted from July 21, 2020, to December 15, 2020. This resulted in a data set of 642.338 tweets from 
427.539 distinct users. The obtained tweets are populated in a single database (CSV file) containing the 
tweet and Twitter user information. The database includes the username, tweet text, time of a tweet, 
and retweet count, and various information about the user such as the user description, tweet count, and 
follower count. If specified by the user, the location is also included, which is rarely the case.  

 

4.1. Data cleaning 
To make sure only relevant tweets are considered in the analyses, the Twitter dataset is cleaned. 

Irrelevant tweets that concern “plastic surgery” including words as surgeon, surgery, and surgeries, and 
“Chelsea” are removed since it was discovered that plastic fans are associated with Chelsea FC football 
fans. Furthermore, empty tweets and tweets from users suspected of being a Twitterbot (i.e., fake 
Twitter accounts that mimic human behavior) are deleted. An online tool is used to detect bot-like 
activity.1 Eliminating all irrelevant tweets (N = 51,489), the final dataset considers 590,849 tweets from 
393,778 distinct users. 
 

4.2. Data analysis 
Prior to the content analysis, an exploratory data analysis is conducted to obtain an overview of 

the main characteristics of the data. During the research period, the Twitter activity is examined, 
exploring the temporal variability of the data and searching for popular tweets and tweets containing an 
external weblink. Furthermore, the key hashtags and important users are collected. To investigate the 
relationship between the hashtags and the mentioned users,  the open-source graph visualization 
platform Gephi is used, which is a tool developed for exploratory data analysis and social network 
analysis as it reveals underlying patterns of the data in graphs and networks (Gephi.org, 2017).  

To understand the public opinion on Twitter towards marine plastic, we first summarize the main 
content of the conversations, using word clouds and frequencies of words. Then, a machine learning 
approach is applied to perform topic modeling and sentiment analysis in R, as described in the following 
sections. Table 1 provides an overview of the research object, the methodology applied, and the research 
aim. 

 
 

 
1 https://botometer.osome.iu.edu/ 
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Table 1: Overview of the data analysis 

 
 

4.2.1. Topic Modelling 
Topic modeling is a commonly used machine learning-based text mining technique that 

analyses text to identify hidden semantic structures within a given selection of documents (Lee et al., 
2021). A document is represented as a probabilistic distribution over topics, and each topic is a 
probabilistic distribution over words. In this case, the observed variable deduces invisible variables and 
consequently finds out the topics in the textual dataset and the probabilities that each word will be 
included in each topic. Based on the assumption that if a document is about a particular topic, it can be 
expected that words related to that topic would appear in the document more often than in a text which 
covers another topic. For instance, the term “bone ” will appear more often in documents about dogs, 
whereas “meow” will appear in documents about cats. Latent Dirichlet allocation (LDA) is a generative 
probabilistic model introduced by Blei et al. (2003) for topic modeling. It is presented as a generative 
probabilistic model of a corpus which represents documents as random mixtures over latent topics, 
where each topic is characterized by a distribution over words (Blei et al., 2003). It is an “unsupervised” 
machine learning method because it does not require prior knowledge or training data that have been 
pre-classified by humans. Therefore, it is a suitable method for unstructured data, such as Twitter data, 
and has also been widely used in a large variety of research activities to study how the opinions on 
Twitter can be clustered and analyzed to uncover tendencies and hidden topics (Lee et al., 2021; Xue et 
al., 2020). 

For topic modeling, additional data cleaning has to be performed in R, using tm package 
(Feinerer, 2020). The usernames, punctuation, and weblinks are removed, words are converted to 
lowercase, and whitespace is stripped. Words are stemmed to provide an overview of the frequency of 
the expression. For instance, recycling and recycle are both captured by the stem “recycl.” Furthermore, 
the retweets and duplicates are removed, and any words that occurred in less than ten tweets or belonged 
to a list of stopwords, which are words that do not add meaning to a sentence. For example, the words 
like the, he, have, etc. Lastly, the terms plastic, marine, ocean, sea, and river are removed from the 
analysis as these are equivalent to the search query and are expected to be prevalent in the Twitter 
discussion. This leads to the total amount of 133,938 original tweets that are considered for the topic 
analysis. 

The R package ‘topicmodels’ is used (Grün et al., 2021). Beforehand, one must select the 
parameters α and β and the number of topics (K). The result of the analysis depends on the setting of 
these parameters. For instance, a smaller α results in a distribution in which a document mainly consists 
of a few topics. In comparison, a larger α results in a document consisting of several topics of similar 

Object of analysis Methodology Research aim 
All content of tweets 

(N = 590,849) 
Exploratory data 
analysis 
 

Summarizing the main characteristics of the dataset 

All original tweets 
(N = 133,938) 

Topic modelling 
(LDA) 
 

Mapping of semantic clusters to explore important 
topics in the discussion 

All tweets containing 
#CleanSeas  

(N = 1,468) or 
#BeatPlasticPollution 

(N = 12,725) 

Sentiment 
Analysis (NRC 
Word-Emotion 
association 
Lexicon)  
 

Classifying the sentiments expressed in tweets 
associated with two large marine litter awareness 
campaigns 

 



 13 

weight. In addition, the larger the value of β, the higher the similarity between the topics, while the 
smaller the value of β, the more distinct the topics are (Griffiths et al., 2004; Lee et al., 2021; Sun & 
Yin, 2017). Consistent with the topic model described by Griffiths et al. (2004), the parameter α is set 
at 50/K and β at 0.1, and the number of simulations at 1000.  One of the most important variables to be 
determined is the number of topics.  No commonly accepted rule for analytically determining this 
number for a given corpus has emerged so far apart from performing a search over different topic 
numbers and comparing the results of the different models (Lee et al., 2021).   

To validate the performance of each model, the data is split into train and test sets (0.75 and 
0.25), which means 75 % of the data is randomly assigned to the training set and the remaining 25% is 
assigned to the test set. The LDA models will be trained based on the training data with a different 
number of topics (2,4,8,16,32,64,128), and at last, the performance of the models will be assessed using 
the new, “unseen” data which is provided by the test set. The evaluation of the performance of the 
different models is done by using the perplexity score, which is a statistical measure that determines to 
what extent a probability model represents the held-out test data and is often used to evaluate topic 
models (Grün & Hornik, 2011). In general, a lower perplexity correlates with better model performance 
(Indurkhya & Damerau, 2000). Figure 1 presents the obtained perplexity score per model. In addition 
to the perplexity evaluation measure, the coherence of the different numbers of topics is closely 
investigated to make sure that the words in each topic also make sense to the “human eye.” Considering 
both, a number of 35 topics is selected. 
 

 
Figure 2: Perplexity score per number of topics 

 

4.1.1. Sentiment Analysis 
Sentiment analysis classifies text into one of the sentiment polarities: positive or negative. Since 

the dataset is too large to do this manually, we employ natural language processing (NLP) tools to assess 
the sentiment evoked by the different Tweets. In particular, we use the lexicon developed by the 
National Research Centre Canada (NRC), denoted as EmoLex (Mohammad & Turney, 2013). The NRC 
Emotion Lexicon contains a list of English words and their associations with eight basic emotions 
(anger, fear, anticipation, trust, surprise, sadness, joy, and disgust) and two main sentiments (negative 
and positive). These emotions are classified using Plutchik’s wheel of emotions (Plutchik, 1980). In 
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this lexicon, the association of emotions to words was done manually by crowdsourcing using 
Amazon’s platform Mechanical Turk. The large dictionary contains over 14,000 words and 25,000-
word senses2 and has therefore been used in many studies to analyze the sentiments in a large corpus of 
text (Loureiro & Alló, 2020; Mohammad & Turney, 2013). 

To explore the sentiment expressed in the two large public awareness campaigns, tweets associated 
with #CleanSeas and #BeatPlasticPollution are collected from the dataset. The tweets are also cleaned 
in R, using tm package (Feinerer, 2020) and the usernames, punctuation, and weblinks are removed, 
words are converted to lowercase, and whitespace is stripped. This resulted in a total of 1468 tweets 
from 1,235 distinct users that have used the #Cleanseas hashtag and a total of 12,725 tweets from 9,510 
different users that have tweeted #BeatPlastiPollution.The #CleanSeas campaign had 207 tweets with 
unique content, and #BeatPlasticPollution had 1477 original tweets within the timeframe of July 21th,, 
2020 to December 15, 2020. Tweets that contained both campaign hashtags are not considered for 
further analysis.  

The sentiment analysis is performed in R using the tidytext library (Erickson & Robinson, 2021), 
which matches the sentiment of tweets that used #CleanSeas or #BeatPlasticPollution with the NRC 
lexicon. In a binary fashion, each word is categorized into categories of positive, negative, anger, 
anticipation, disgust, fear, joy, sadness, surprise, and trust. 

5. Results 
 

In the following section, the findings of the current study are summarized. First, the results of the 
exploratory data analysis will be presented, along with the main characteristics of the dataset. This 
obtains an overview of the tweet statistics, daily activity, key hashtags, and most mentioned users and 
retweets. Secondly, the results of the content analysis are provided. Common words are visualized using 
word clouds and a frequency table. Then, the topic models give insight into the main topics of the 
discussion. Lastly, the sentiment analysis illustrates the sentiment evoked by the public awareness 
campaigns.  

5.1. Descriptive results 
The frequency of tweets is presented in Table 2. The total amount of tweets sums up to 590,849, 

of which 40.7% refer to an external weblink. A percentage of 31.4% of the tweets contain a hashtag, 
and 71.6% of the tweets are retweets. Retweets are reposts of original tweets (28.4%) of another Twitter 
user and are marked with “RT”. The majority of tweets (85.1%) contain a mention to a particular Twitter 
user.  
 

 
2 Technical details and the entire list of classification of words and associated emotions can be found at the NRC website 
(https://saifmohammad.com/WebPages/NRC-Emotion-Lexicon.htm).   
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Table 2: Tweet Statistics 

 

5.1.1. Twitter activity 
Figure 2 illustrates the trends of the daily tweets and distinct users concerning marine plastic in 

the second half of 2020. The red curve represents the number of distinct users, while the blue curve 
represents the marine plastic-related tweets. The lines are similar as apparently, each tweet is posted by 
a different user. The orange and green lines represent the location and geolocation of the Twitter user, 
but this information is often not retrieved due to the users' privacy settings. Considering the Twitter 
daily activity, the discussion of marine plastic on Twitter exhibits temporal variability. This can partially 
be explained by major news events. As mentioned above, a total of 240,476 tweets refer to an external 
weblink. A large portion of these external links contains news articles. In July, articles on marine plastic 
pollution in primary news sources such as Bloomberg, The Guardian, BBC, and CNN appeared. As 
shown in Table 5 (Appendix C),  the news article “How Big Oil Misled The Public Into Believing 
Plastic Would Be Recycled”, released on September 11, appears 4450 times in the dataset and might 
explain the high peak. Additionally, there are tweets that received tremendous attention and have been 
sent again by other accounts without any modification (Table 3).  
 

 
Figure 2: Twitter activity 

 

 

 Frequency Percentage (%) 

Original tweets 168,012 28.4 

Tweets with links 240,476 40.7 

Tweets with hashtags 185,527 31.4 

Tweets with mentions 502,812 85.1 

Retweets 422,837 71.6 

Tweets in total 590,849 - 
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Table 3: Top three most retweeted tweets 

 
 

5.1.2. Hashtags 
The topics of discussion are indexed by Twitter users through hashtags (keywords) embedded 

in tweets. In total, 185,527 hashtags were used in tweets. Top hashtags are shown in Table 3 (Appendix 
B) and are generally marine plastic-related. The most frequent terms are generic such as “plastic 
pollution”, “plastic”, “pollution”, and other problem-related: “microplastic”, “covid19” or solution-
oriented: “sustainability”, “circulareconomy”, “recycle” and “innovation”. The majority of hashtags are 
related to climate action and behavior such as “breakfreefromplastic”, “plasticfreeamazon”, 
“endplasticpollution”, and “breakingtheplasticwave”. The hashtags “BeatPlasticPollution” and 
“CleanSeas” are associated with public awareness campaigns launched by UN agencies.  

5.1.3.  Mentioned Users 
Twitter users can link their tweets to other users through mentioning another Twitter user, 

including a retweet, whereby creating conversations. The majority of tweets in our database have a 
mention (85.1%). Appendix Table 4 presents the 50 top Twitter users, which as a group are mentioned 
in 20% of all retweets. Three Twitter users, Oceana, UNEP, and Amazon are individually mentioned in 
at least 1% of all retweets. While Oceana and UNEP advocate for ocean conservancy, Amazon is a 
global multinational corporation. Tweets mentioning Amazon mainly mention the corporation for the 
abundant plastic usage, asking for the company to go plasticfree. The network, Figure 3 illustrates the 
top mentioned users (orange) in relation to the top 50 hashtags (blue). The top 30 mentioned users have 
a bigger node size as they occur more often in the discussion. Different stakeholders are present in the 
debate around marine plastic on Twitter, such as governmental organizations, such as the European 
Commission (EU_ENV), NPOs (Oceana), and NGOs (Greenpeace), private firms (Amazon, Nestlé, 
PepsiCo, and Coca Cola). 

Additionally, media platforms are also mentioned, such as Youtube and news sources such as 
CNN, The Guardian, National Geographic, New York Times, BBC News. Also, public figures as Inger 
Andersen, Greta Thunberg, and Joe Biden are included in the network. Overall, large international 
climate advocacy organizations (e.g., Oceana, WWF, and Greenpeace), smaller environmental NGOs 

 

Date Username Frequency 
of retweets 

Tweet text 

September 10, 
2020 

@Xanabon 55,025 “Good morning, plastic straws didn’t turn the 
sky red, the capitalist ruling class ignoring 
climate research for 3 decades turned the sky 
red” 
 

November 1, 
2020 

@monsterswaltz 22,189 “Glitter is one of the most contaminating 
plastics in the ocean, that eventually comes 
back to us of course, it even does damage in 
factories when it already spreads in the air. 
Don’t do this please, just don’t!” 

 
July 23, 2020  @pewenvironment 3972 “Reducing the flow of plastic into the ocean is 

better for: The environment, The economy, 
The global community  
#BreakingThePlasticWave” 
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(Surfers against Sewage, Blue Planet Society, and Plastic Pollution Coalitions), and UN-related Twitter 
users (UNEP and Inger Andersen) prevail the most among the online Twitter discussion. 
 

 
Figure 3: Network graph showing top mentioned users (orange) and top 50 hashtags (blue) 

5.2. Topic Modelling 
 

Word clouds are an effective way of showing the most predominant terms in a corpus of text. 
Figure 4 presents the word cloud and the frequency of the most prevalent terms in the data set. The font 
size of the keywords in the word cloud is proportional to their frequencies in the Twitter data set, as 
indicated by the frequency table. Similar to the key hashtags analysis, the word cloud reveals the 
importance of the problem-related terms such as “microplastic”, “waste”, “plasticpollution”, and the 
solution related such as “recycling”, “reduce” and “reuse”. However, words as “research” show the 
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occurrence of science-related discussion on Twitter in terms with marine plastic. Also the words 
“covid” and “mask”, reveal the presence of the global pandemic in the talks. The following section will 
assess the topics more in-depth. 
 
 

 
Figure 4: Word cloud and corresponding frequency table 

5.2.1.  Latent Dirichlet Allocation 
 

The findings of the LDA topic modeling approach in order to explore the underlying structures 
of the main content are summarized in in Table 2. A total of 35 distinct clusters of topics are determined 
and for each topic, the top 5 keywords per topic are depicted. Based on these keywords, the 35 topics 
were manually grouped into seven larger themes: action, environmental impact, human health, (plastic) 
products, science, waste management and other topics. The latter will not be considered for further 
analysis. For the remaining themes, the names are selected through discussion and analyzing the content 
of the keywords for each topic. Additionally, the findings are compared to the topic and themes names 
described in Keller & Wyles (2021). Some words overlap in different topics, which is a characteristic 
of topic modeling as opposed to other “clustering” methods because topics used in natural language 
could also have some overlap in terms of words. The prevalence of the topics is determined by assigning 
each tweet to a particular topic and measuring how many times the topic occurs in the Twitter database. 

Most topics in the Twitter discussions are designated to the theme “action”, in which the main 
subject of topics is behavior related. Twelve different topics are identified, which all motivate the reader 
to take action. The keywords reveal that a number of different solutions to marine plastic pollution are 
discussed in the topics. For instance, the use of single-use plastics such as straws is covered in relation 
to reducing and banning disposable products. Recycling, beach cleans and making products from 
biodegradable materials are suggested in the tweets. Some tweets describe the urgency of the matter 
time and that it is necessary to take immediate action: “Our plastic problem is out of control. This 
#PlasticFreeJuly, let’s choose a future with cleaner communities and oceans through refusing single-
use plastics. Demand companies to take action NOW”. 

The second theme in the online discussion is “environmental impact”, discussing the impact of 
marine plastic pollution and on humans, the planet, and ecosystems. This theme contains seven different 
topics that consider the threats of the toxic chemicals in water released from plastics. The presence of 
large oil spills in the ocean and the production of plastic from oil, and the radiated carbon emissions are 
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debated. However, most tweets are related to the threats for marine wildlife suffering from entanglement 
or ingestion of marine litter, including seabirds, turtles, seals, sea lions, whales, and fish: “More than 5 
trillion (with a t) pieces of plastic trash are in the ocean, threatening sea turtles and other wildlife” and 
“...Recycling plastics is costly and mostly lands in landfill anyway, where it releases highly toxic 
chemicals. In the oceans, it picks up bacteria and metals, breaks down into microplastic which then 
poisons marine life.” 
 Human health is also a relevant subject in the Twitter discussion and primarily relates to the 
negative consequences of air pollution. The theme consists of two topics which discuss how the 
production of plastic contributes to climate change and air pollution and the effects of air pollution in 
large cities in China: “Air pollution in China kills 4.2 million with the respiratory disease each year 
and maybe the ninth leading cause of death and disability in the world… “. Additionally, the 
combination of air pollution and COVID-19 are considered to have a detrimental effect on health: “Air 
pollution in heavy industrial areas …. add to #Covid19 spread and deaths. Wait, what? Yep, pollution 
damages lungs, makes us more susceptible to infection and severe outcomes.” 

Seven topics are assigned to the presence of plastic products found in aquatic environments, 
such as food packages, plastic bags, and even toys. The Covid-19 pandemic is also present in the 
discussion due to the vast increase of disposable plastic products such as facemasks and gloves. In 
addition, plastic products from vehicles are discussed as being a source of plastic pollution. “With 194 
Billion Masks and Gloves Used Monthly, New Wave of Pollution Hits Oceans and Beaches” and “One 
of the biggest sources of pollution is nonpoint source pollution, which occurs as a result of runoff. 
Nonpoint source pollution can come from many sources, like septic tanks, vehicles, farms, livestock 
ranches, and timber harvest areas. #OceanConservation “ 

Yet, another theme in the discussions is science-related. Three topics mention estimations of 
the number of plastics. In particular, many tweets refer to research on new findings of microplastics in 
marine environments and their potential harm.  Two examples of tweets are “Seafood Study Finds 
Plastic in 100% of Samples of Seafood” 3 and “Study finds Microplastic in Atlantic Ocean ‘could weigh 
21 million tonnes’”4.  

Lastly, the issue of waste management in Asia is reflected in the discussions on in two topics. 
Notably, China is mentioned as dumping tons of plastic in the oceans. As a result of negligent waste 
management, the Great Pacific Garbage Patch is floating in the Pacific Ocean.   

“Have we stopped shopping our recycling to China only to be dumped into the sea? We need 
to reimagine and recreate our recycling industry here in America.” And “The largest such gyre is the 
Great Pacific Garbage Patch—a vast floating mass of mostly toxic, non-biodegradable plastics and 
suspended particles of chemical sludge, around twice the size of Texas, circulating in the currents of 
the North Pacific Ocean.” 
 
Table 4: Overview of topics and themes within the marine plastics discussion 

Themes Topic & 
Prevalence 

Keywords 

Action  
 
 

Topic 4 
(4.2%) 

One, year, time, now, action 

Topic 5 
(3.7%) 

Single-use, straws, ban, reduce, reuse 

 
3 https://www.ecowatch.com/seafood-study-plastic-contamination-2646982206.html?rebelltitem=1#rebelltitem1 
4 https://www.bbc.com/news/science-environment-53786555 
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Topic 6 
(3.5%) 

Beach clean, bottles, litter, washed up, coast  

Topic 7 
(3.1%) 

Recycle, trash, bin, landfills, throwout 

Topic 8 
(3.0%) 

Recycle, waste, bin, collect, now 

Topic 15 
(2.4%) 

Recycle, made, biodegradable, material, product 

Topic 18 
(2.7%) 

Plasticpollution, plasticfree, zerowaste, climateact, planet  

Topic 19 
(2.6%) 
  

Help, recycle, save, clean, reduce 

Topic 24 
(1.7%) 

Need, people, problem, can, time 

Topic 28 
(1.8%) 

Waste, problem, solution, help, action 

 Topic 31 
(2.9%) 

Support, sign, act, protect, stop 

 Topic 33 
(3.3%) 

Join, talk, watch, discuss, learn 

Environmental 
impact 

Topic 1 
(4.9%) 

Climatechange, human, earth, nature, global 

Topic 3 
(3.6%) 

Impact, life, health, ecosystem, threat 

Topic 10 
(4.8%) 

Fish, turtle, animals, kill, whale 

Topic 16 
(2.9%) 

Water, sewage, chemicals, lake, toxic 

Topic 22 
(1.9%) 

Microplastics, fish, eat, food, water 

Topic 30 
(1.9%) 

Oil, spill, issue, bad, pollution 

Topic 34 
(2.9%) 

Energy, carbon, emissions, oil, industries  

Human health  
 
 
 
 

Topic 26 
(1.7%) 

Air, covid, research, death, health 

Topic 32 
(2.4%) 

China, air, disease, cities, cause 

(Plastic) 
Products 
 

Topic 2 
(5.4%) 

Seat, cover, car, chair, toilet 

Topic 11 
(2.5%) 

Bag, packages, shop, store, buy 

Topic 13 
(2.4%) 

Facemask, covid, disposable, gloves, pandemic 
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Topic 14 
(2.7%) 

Seal, bag, use, contain, wrap 

Topic 17 
(2.9%) 

Driver, car, road, bus, vehicle 

Topic 20 
(2.5%) 

Seal, bag, packages, food, box 

Topic 25 
(2.5%) 

Toy, blue, made, ball, model 

Science 
 

Topic 21 
(2.1%) 

Year, million, ton, waste, estimate 

Topic 27 
(2.2%) 

Research, read, science, data, develop 

Topic 35 
(3.4%) 

Studies, research, microplastic, seafood, found 

Waste 
management 
 

Topic 9 
(3.2%) 

Waste, India, China, dump, Asia 

Topic 23 
(1.3%) 

Great Pacific, garbage, trash, floating, island 

Other 
 

Topic 12  
(2.9%) 

People, Trump, stop, think, know 

Topic 29 
(2.1%) 

F*ck, sh*t, love, think, see 

 

5.3. Sentiment Analysis 
The findings of the sentiment analysis concerning the tweets about the public awareness 

campaigns #CleanSeas and #BeatPlasticPollution are presented in Figure 6. The results show a clear 
difference between the campaigns in terms of sentiments. #CleanSeas contains a relative equally 
amount of positive (22.5%) and negative (23.6%) terms, while #BeatPlasticPollution has more negative 
(29.1%) than positive (12.4%) terms. In terms of the associated emotions, #CleanSeas scores higher on 
trust, joy, and anticipation, which are all positive emotions. On the contrary, #BeatPlasticPollution 
scores higher negative emotions such as fear, disgust, and anger. This is also revealed by the word 
clouds (Figure 5). According to the NRC lexicon, red represents words with a negative association, and 
blue represents words with a positive association. Illustrated by the word cloud, tweets related to the 
#CleanSeas campaign have proportionally more positive words such as “innovative”, while tweets 
related to the #BeatPlasticPollution campaign have relatively more negative words. Both word clouds 
reveal the importance of the word “waste”,  and other words are more related to the problem related 
terms instead of solutions. To further inspect the sentiment analysis results, Appendix D Tables 8 and 
9 illustrate the amount of words assigned to each sentiment and provide examples of words relating to 
each sentiment.  

Below are two example tweets from UNEP: “Can you make a musical instrument out of plastic 
waste? Or a trendy new piece of clothing? This could be a great activity to teach your kids about the 
plastic pollution menace. Tag #CleanSeas, #StayHome & @UNEP with your creations!” and  “8 
million tonnes of plastic enter our oceans every year, harming hundreds of marine species.   On 
Sunday’s #WhaleSharkDay, find out from @UNEP’s @andersen_inger how you can help 
#BeatPlasticPollution” 
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Figure 3: Word Cloud of #CleanSeas Campaign (left) and #BeatPlasticPollution Campaign (right)                   

 
 

 
Figure 4: Sentiment Analysis of #CleanSeas Campaign and #BeatPlasticPollution Campaign 
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6. Discussion 
The findings from the different analyses offer a contribution to our understanding of the dynamics 

of the public discourse regarding marine plastic on Twitter. By exporing the stream of Twitter 
conversation,  we found that factors such as media outlets influence the Twitter activity. Using a 
quantitative text analysis approach, 35 different topics are distinguished, indicating that there is a wide 
variety of topics present in the online discussion. Based on the keywords mentioned in the distinct 
topics, they are grouped into key themes. The themes include “action”, “environmental impact”, 
“human health”, “plastic products”, “science”, and “waste management”. While proposing the first 
Twitter analysis exploring perceptions of marine plastic pollution, there are several consistencies with 
the findings from Keller and Wyles (2021). 

Firstly, there appears to be an awareness of the threats of marine plastic pollution, and there is a 
focus on behavior-based solution which is also confirmed with the key hashtags. Twelve topics were 
assigned to the action theme, suggesting that this is a prominent discussion topic. Some solutions are 
mentioned, such as short-term solutions: banning single-use plastics, beach cleans, awareness-raising 
and long term solutions in line with a circular economy including recycling, reusing and reducing (Löhr 
et al., 2017). The concept of the “zero waste” emerged, which encourages people to avoid waste by 
reducing consumption, reusing and repairing products (Song et al., 2015). However, as a possible result 
of incomplete knowledge biodegradable alternatives for regular plastic items is mentioned, posing a 
number of difficulties. According to Vegter et al. (2014), some biodegradable materials only degrade 
under specific circumstances (e.g., high temperatures) or cannot be combined with traditional plastic 
items and considered contaminants in recycling facilities. Other biodegradables may fragment at a high 
rate, resulting in microplastics, and packaging labeled biodegradable may lead to increased littering 
(Vegter et al., 2014).  

Secondly, numerous topics mention a variety of plastic products, demonstrating that people are 
discussing the cause of the issue. However, only a selection of items is mentioned as perhaps they have 
become most apparent. On the one hand, this is beneficial as it can raise awareness for certain plastic 
products and potentially reduce the amount of those products entering the ocean. On the other hand, 
only a few exemplary products receive attention, while less visible items also contributing to marine 
pollution are not considered (Villarrubia-Gómez et al., 2018).  

Thirdly, most topics demonstrate “episodic framing”, instead of “thematic” framing. While 
episodic framing engages readers by presenting case studies and relatable stories, the thematic frame 
provides general trends and information about an issue (Hart, 2011). For instance, the public is strongly 
affected by the powerful visual of turtles injured by plastic straws, influencing the media to focus more 
on the effects of plastic on marine life. However, other aspects might be overlooked as they provide a 
convenient truth that distracts us from the need for more radical changes to our behavioral, political and 
economic systems, which will help address larger marine environmental issues, as well as the cause of 
plastic pollution, which is overconsumption (Stafford & Jones, 2019).  

Furthermore, there is a limited reference to the responsibility of producers or retailers. We found 
that in the top 30 mentioned users, few corporations were addressed except for Amazon and Coca Cola. 
Mostly, large international climate advocacy organizations, smaller environmental NGOs, and UN 
agencies are referred to. The focus was also on Coca Cola in a frequently reposted news article 
(Appendix C Table 7), as the company was named as the top plastic polluter for the third time next to 
Pepsi and Nestlé, which leads to believe the company is a key actor in the discussion. Although Coca 
Cola is responsible for generating large quantities of marine plastic, we can never analyze one actor in 
isolation, as the problem is always embedded within larger socio-economic structures. To implement 
change in key aspects of the marine plastic issue, such as plastic use and disposal, engagement is needed 
from a wide range of stakeholders (Zorpas & Lasaridi, 2013) 



 24 

Different from the literature, we found themes of science and human health which cover the aspects 
of the discussion of marine plastic in which scientific studies are mentioned and the negative impacts 
of air pollution. The tweets related to air pollution were initially not considered relevant to marine 
plastic pollution, as the tweets mostly discussed the negative health impacts of air pollution in 
combination with COVID-19. However, considered the increased single-use plastic and its contribution 
to plastic pollution due to the pandemic (Patrício Silva et al., 2021), the topic is taken into account.  

Another difference is the topics regarding waste management, in which mainly Asian countries are 
mentioned as being responsible for dumping waste in the oceans. Although Asian countries generate 
large quantities of plastic waste, they have also received enormous amounts of plastic from the rest of 
the world. Asia imported 74% of the plastic waste in the world in 2016, and the mainland of China 
imported the most plastic waste until 2017. Still, the overall waste treatment in Asia is considered 
unsatisfactory (Liang et al., 2021). This finding also suggests knowledge issues on waste management 
practices.  

The findings of the sentiment analysis of the public awareness campaigns-related content suggest 
that the tweets within the scope of both campaigns contain more negative words than positive words. 
This might be explained by a strong association with the harms of marine plastic pollution, which is 
often how the environmental issue is portrayed as in the media (Koelmans et al., 2014). Tweets using 
#BeatPlasticPollution contain more negative words, whereas the tweets using #CleanSeas also contain 
cheerful words. The results also indicate that for both campaigns, the most frequently used words are 
problem-related and not solution-related.  

Overall, #BeatPlasticPollution contains more retweets, which is contradictory as multiple studies 
suggest that messaging solutions with positive emotions are more effective in encouraging behavior. 
The usage of more negative words in the tweets could explain the number of retweets as negative 
emotions convey a sense of urgency (Kolandai-Matchett & Armoudian, 2020), and therefore readers 
might feel the urge to retweet the message. Although the number of retweets does not comprehensively 
measure the campaign's effectiveness in terms of observed behavioral change, these campaigns might 
not be successful in encouraging behavior change based on the findings of literature. Therefore, the 
following section will provide recommendations that might improve the effectiveness of a public 
awareness campaign.  

6.1. Recommendations 
As mentioned before, Twitter provides a unique platform for global communication, making it an 

effective medium to encourage, educate, and motivate people. Framing adequately is hereby essential  
as it shapes audiences’ attitudes and perceptions about the environemental issues and the recommended 
behaviors. Based on the findings from the literature, we establish recommendations for public 
awareness campaigns to promote pro-environmental behavior on Twitter. Firstly, the campaign should 
be concentrated on providing a message to increase the reader’s knowledge on the issue and the negative 
impacts of the problem as this positively impacts behavior. Secondly, the campaign should aim to 
engage the reader so that the individual feels a sense of responsibility and that the problem is also 
relevant to them. Thirdly, to encourage pro-environmental behavior it is necessary to specify which 
solutions are relevant and to make clear what actions they can undertake to make a difference. In 
addition, positively framing the message improves the effectiveness. Lastly, while negative sentiment 
in a tweet might receive a higher amount of retweets resulting in a more extensive reach, positive 
reinforcement is correlated with pro-environmental behavior. Depending on the specific issue, a suitable 
framing method should be considered.  
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6.2. Future research 
Due to the limited scope, the current study provides an exploratory overview of the public 

discourse towards marine plastic on Twitter. While the present study elaborates on different aspects of 
the discussion providing interesting insights into the online trend, there are a few limitations. First, it is 
important to note that Twitter is not always reflective of the general population and public opinion. 
More social media platforms could be included to provide a more detailed overview of online 
communication and public opinion. Another potential interference with the research is the presence of 
Twitterbots. Though accounted for, there is no guarantee they have all been eliminated from the dataset 
as they mimic human behavior. Additionally, tweets contain a lot of noisy words, complicating data 
analysis and interpretation of the outcomes. The content analyses do not account for emoticons, context-
specific language, or irony in the expressions and conversations on Twitter. These limitations could be 
addressed by using more advanced technologies and the use of deep learning techniques. Lastly, the 
current dataset does not include the locations of many Twitter users. Future research may look into 
whether geographical locations influence the perspectives on marine plastic pollution in terms of topics 
and sentiments. In particular, the perceptions of urban and coastal regions might differ. This may 
provide an opportunity for policymakers to understand public attitudes and establish policies 
accordingly. Additionally, more research needs to be conducted on plastic reduction campaigns, while 
taking into account that specific Twitter users, the number of followers, or specifics about the tweets 
such as the tweet length or the number of hashtags may also affect the popularity of a tweet and 
influence the effectiveness of a campaign. 
 

7. Conclusion 
 

The current study demonstrates that the public discourse of marine plastic can be explored by means 
of analyzing Twitter data. Since this is the first time that Twitter data has been used to analyze the 
public opinion and perceptions of marine plastic pollution, the study delivers an exploratory overview 
of the global trends of the online communication. The quantitative text analysis portrays that the 
emphasis of the discussion is on action-based behaviors. The sentiment analysis shows that the 
campaigns are more associated with negativity than positivety, and the most prominent used words are 
more problem-based than solution-based. Generally, there seems to an awareness of the threats of 
marine plastic pollution. Public awareness is important to achieve behavioral change which is necessary 
to tackle marine plastic pollution. In order to promote behavioral change, Twitter can either be used to 
explore the public discourse to assess the public opinions but also to disseminate knowledge and 
solutions to promote pro-environmental behavior. Future research needs to be conducted to gain more 
insights in the marine plastic discussion and more specifically explore the effectivess of plastic 
reduction campaigns in order to verify the results of the current study. Recommendations are provided 
to use positive communication to promote solution-based behaviors in public awareness campaigns as 
they proven to be effective in tackling the global tragedy, that is marine plastic pollution. 
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Appendices  
 
Appendix A 
 
DMI-TCAT Query 
microplastics, microplastic, plasticsoup, zwerfafval,plastic, plasticbottle, airpollution, 
waterpollution, noplastic, noplasticbags, plasticfree, zeroplastic, nomoreplastic, plasticwaste, 
saynotoplastic, nosingleuseplastic, nosingleuse, plasticwhale, endplasticpollution, 
plasticscircularityindex, rawplasticsrevolution, recycle, recycling, reuse, plasticpollution, 
pollution, sustainableliving, savetheplanetsavetheearth, oceanpollution, plasticfreefuture, 
earthday, biodegradable, zerowaste, plastics, wasteless, biobased, singleuseplastic, 
stopmetplastic, plasticsoupfoundation, beatthemicrobead, dopperbottle, bubble_barrier, 
thegreatbubblebarrier, plasticwhale, theplasticwhale, plasticwhalefoundation, jointhepipe, 
plasticfreejuly, returntooffender, thenewrawplastic, eatlessplastic, plasticscircularity, 
circularusageofplastics, newplasticseconomy, microbeads, zeroplasticinside, lookforthezero 
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Appendix B 
 
Table 5: Top 50 Hashtags 

Frequency Hashtag 

44054 plasticpollution 

29564 plastic 

14621 pollution 

13154 plasticfree 

13154 microplastics 

12764 breakfreefromplastic 

11220 sustainability 

10226 airpollution 

9322 ocean 

7805 oceans 

7746 covid19 

7292 environment 

7088 beatplasticpollution 

7008 climatechange 

6247 circulareconomy 

6215 plastics 

6177 climateaction 

6069 plasticfreeamazon 

5990 recycle 

5433 innovation 

5122 endplasticpollution 

4806 microplastic 

4387 recycling 

4344 plasticwaste 

4045 cleanseas 
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3979 breakingtheplasticwave 

3751 sdgs 

3675 climate 

3482 endplasticwaste 

3350 plasticfreejuly 

3262 useless 

3259 wasteless 

3224 sustainable 

3080 zerowaste 

3059 waste 

3020 singleuseplastic 

2911 switchtoclothbags 

2712 amazon 

2570 marine 

2464 plasticpollutes 

2447 biodiversity 

2365 plasticfreeseas 

2121 endsewagepollution 

2036 fishing 

2024 climateemergency 

2015 biodegradable 

2014 inthenearfuture 

2014 dobetter 

1978 reuse 

1924 research 
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Table 6: Top 30 Mentioned Users 

Frequency Mentioned users Official Name of User/Organization 

14835 Oceana Oceana 

10421 UNEP United Nations Environment Programme 

5637 Amazon Amazon.com, Inc. 

4012 Wef World Economic Forum 

3332 sascampaigns Surfers agains Sewage 

3189 4ocean 4Ocean 

2893 Seasaver Blue Planet Society 

2893 PlasticPollutes Plastic Pollution Coalition 

2527 Andersen_inger Inger Andersen 

2420 circulareconomy Ellen MacArthur Foundation 

2374 UN United Nations 

2315 WWF World Wildlife Fund 

2112 brkfreeplastic #Breakfreefromplastic 

1907 TheOceanCleanup The Ocean Cleanup 

1892 aplastic_planet A Plastic Planet 

1685 EU_ENV European Commision for Environment 

1595 Mcsuk The Marine Society 

1561 pewenvironment Pew Environment Group 

1560 Guardian The Guardian 

1435 ChelseaRochman Chelsea Rochman 

1386 CitytoSea_ City to Sea 
 

1355 OurOcean Ocean Conservancy 

1279 GretaThunberg Greta Thunberg 

1227 MarineGOfficial Marine Trebaul 

1225 IUCN International Union for Conservation of Nature 

1132 WHO World Health Organization 

1065 PlasticOceans Plastic Oceans International 
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1029 UNBiodiversity UN Biodiversity Convention 

926 SeasAtRisk Seas At Risk 

923 CocaCola The Coca-Cola Company 
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Appendix C 
 
Table 7: Ten most discussed news events on Twitter 

Date Frequency Source Name Content 
09/11 4450 National 

Public 
Radioi 

“How Big Oil Misled 
The Public Into 
Believing Plastic 
Would Be Recycled” 

Large companies mislead the public 
by saying that plastic waste is 
recycled, while this is not the case 
due to the high cost of recycling in 
comparison with low costs of new 
plastic. Analysts expect plastic 
production to triple by 2050. 
 

07/23 
 

1391 Bloombergii “Ocean Plastic 
Pollution Is on Track 
to Triple By 2040” 

The annual flow of plastics into our 
oceans is on a trajectory to triple 
over the next 20 years, but a new 
report outlines dramatic but 
achievable steps that could stem the 
flow by as much as 80%. 
 

12/9  1256 The 
Guardianiii 

“Human-made 
materials now 
outweigh Earth’s 
entire biomass – 
study” 

Human activity including production 
of concrete, metal, plastic, bricks and 
asphalt has brought the world to a 
crossover point where human-made 
mass – driven mostly by enhanced 
consumption and urban development 
– exceeds the overall living biomass 
on earth. 
 

10/5 1179 The 
Guardianiv 

“More than 14m 
tonnes of plastic 
believed to be at the 
bottom of the ocean” 

Ocean sediment analysis suggests 
there could be more than 30 times as 
much plastic at the bottom of the 
world’s ocean than there is floating 
at the surface. 
 

08/18 1052 BBCv “Microplastic in 
Atlantic Ocean 
‘could weigh 21 
million tonnes’” 
 

Scientists have found that there are 
12-21 million tonnes of tiny plastic 
fragments floating in the Atlantic 
Ocean. 
 

07/23 928 The 
Guardianvi 

“Plastic waste 
entering oceans 
expected to triple in 
20 years” 
 

Research shows that plastic waste 
flowing into the oceans is expected 
to nearly triple in volume in the next 
20 years, while efforts to stem the 
tide have so far made barely a dent in 
the tsunami of waste. 
 

12/07 865 The 
Guardianvii 

“Coca-Cola, Pepsi 
and Nestlé named 
top plastic polluters 
for third year in a 
row” 
 

Coca-Cola, PepsiCo and Nestlé have 
been accused of “zero progress” on 
reducing plastic waste, after being 
named the world’s top plastic 
polluters for the third year in a row 
by Break Free From Plastic in its 
annual audit. 
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07/21 808 BBCviii “River Thames’ 

severely polluted 
with plastic” 
 

The River Thames has some of the 
highest recorded levels of 
microplastics for any river in the 
world; scientists have estimated that 
in certain places 94,000 
microplastics per second flow down 
the river. 
 

08/17 803 Scientific 
Americanix 

“COVID-19 Has 
Worsened the Ocean 
Plastic Pollution 
Problem” 
 

A drastic increase in use of masks 
and gloves, plus a decline in 
recycling programs, is threatening 
the health of the seas. 
 

07/23 740 CNNx “All-female round 
the world voyage 
hunts for pollution 
hotspots” 
 

EXXpedition is a series of all-
women sailing voyages. During the 
expeditions, Emily Penn’s team 
investigates the abundance of plastic 
and toxic chemicals, studies its 
distribution in the world’s waters, 
and addresses possible impacts on 
human health. 
 

 
 
  



 40 

 
Appendix D 
 
 
Table 8:Results of  Sentiment Analysis on #CleanSeas Campaign 

 
Sentiment   Term frequency Percentage (%) Example terms 

Anger   258   2.74 Combat 
Death 
Destroying 
Madness 
Painful 
Sinister 

Anticipation 1,003 10.65 Adventure 
Develop 
Foresight 
Prepare 
Strive 
Tomorrow 

Disgust 1,133 12.03 Decompose 
Garbage 
Pollution 
Rotten 
Sewage 
Toxic 

Fear 408 4.33 Avoid 
Harmful 
Menace 
Perish 
Prevent 
Threatening 

Joy 517 5.49 Beautiful 
Charity 
Excellent 
Exciting 
Favourite 
Fun 

Negative 2,223 23.61 Cigarette 
Litter 
Unsustainable 
Tangled 
Expired 
Debris 

Positive 2,118 22.49 Action 
Contribution 
Giving 
Hospitality 
Innovate 
Join 

Sadness 363 3.85 Deadly 
Destroying 
Harmful 
Mistake 
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Painful 
Victim 

Surprise 144 1.53 Art 
Break 
Different 
Estimate 
Guess 
Hope 

Trust 1,250 13.27 Clean 
Partnership 
Protect 
Science 
Teach 
United 

 
Table 9: Results of  Sentiment Analysis on #BeatPlasticPollution Campaign 

Sentiment   Term frequency Percentage (%) Example terms 
Anger   6,033  6.76 Accused 

Atrocity 
Demand 
Hit 
Killing 
War 

Anticipation 3,393 3.80 Accelerate 
Fate 
Improve 
Launch 
Opportunity 
Production 

Disgust 13,563 15.20 Blatant 
Contamination 
Immoral 
Rash 
Revolting 
Unnatural 

Fear 11,245 12.61 Alarming 
Devastating 
Hazard 
Monster 
Pandemic 
Scourge 

Joy 3,973 4.45 Happy 
Holiday 
Inspired 
Precious 
Proud 
Treasure 

Negative 25,956 29.10 Awful 
Ban 
Disconnect 
Failing 
Illegal 
Tired 

Positive 11,101 12.44 Passionate 
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Promising 
Sincere 
Solution 
Special 
Working 

Sadness 5,986 6.71 Damage 
Disability 
Discourage 
Injured 
Lost 
Worse 

Surprise 1,409 1.58 Different 
Revolution 
Surprised 
Unforeseen 
Unique 
Vanished 

Trust 6,548 7.34 Lord 
Engaging 
Committed 
Guarding 
Believe 
Pledge 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
i https://www.npr.org/2020/09/11/897692090/how-big-oil-misled-the-public-into-believing-plastic-would-be-
recycled 
ii https://www.bloomberg.com/news/articles/2020-07-23/plastic-pollution-in-oceans-to-triple-by-2040-harming-
climate 
iii https://www.theguardian.com/environment/2020/dec/09/human-made-materials-now-outweigh-earths-entire-
biomass-study 
iv https://www.theguardian.com/environment/2020/oct/06/more-than-14m-tonnes-of-plastic-believed-to-be-at-
the-bottom-of-the-ocean 
v https://www.bbc.com/news/science-environment-53786555 
vi https://www.theguardian.com/environment/2020/jul/23/plastic-waste-entering-oceans-triple-20-years-research 
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vii https://www.theguardian.com/environment/2020/dec/07/coca-cola-pepsi-and-nestle-named-top-plastic-
polluters-for-third-year-in-a-row 
viii https://www.bbc.com/news/science-environment-
53479635#:~:text=The%20River%20Thames%20has%20some,as%20the%20Danube%20and%20Rhine. 
ix https://www.scientificamerican.com/article/covid-19-has-worsened-the-ocean-plastic-pollution-problem/ 
x https://edition.cnn.com/2020/07/23/world/emily-penn-exxpedition-ocean-plastic-scn-spc-intl/index.html 


