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The road to hell is paved with good intentions.
European proverb

This we know: the earth does not belong to man; man belongs to the earth. All things
are connected like the blood that unites us all. Man did not weave the web of life; he
is merely a strand in it. Whatever he does to the web, he does to himself.

Chief Seathl, Puget Sound

Lo que nos inspira no son los premios, sino los principios. Lo que nos alienta es saber
que aqui no hay otro planeta de repuesto. Solo hay uno.

Berta Caceres, Honduras

Esta Tesis estd dedicada a Pablo, Miguel, Maria y Aida, y a la peque que esta a
punto de llegar.
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1.1. The microplastics crisis. Origin and risks.

In the current scenario of global change, emerging pollutants are one of the
major threats for their still impredictable effect in humans and ecosystems on the long
term. The list of those new pollutants is impressive accounting from antibiotics to
hormones to microplastics. These small pieces and fibers of plastic (Figure 1.1), often
invisible to the naked eye and ubiquous, are the core of this Thesis.

Figure 1.1. Photograph of microplastics collected from a beach.
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The ubiquity of microplastics is a paradigm today. Actually, there are two
elements common to all the ecosystems where life occurs: water and plastic. Small
plastic particles have been found from the fragile atmosphere of the highest mountains
(Bergmann et al., 2019; Zhang et al., 2020a) to the deepest abyssal trenches (Abel et
al., 2021). The dimension of this phenomenon is so big that the term microplastics
crisis was coined to designate such a large-scale invisible pollution three years ago
(Shen et al., 2020).

The origin of plastic is anthropogenic as it is that of the microplastics. Massive
production of plastics from crude oil started in the 50s of the 20" century for the
many advantages of this material: high strength-to-weight ratio, high moldability,
impermeability to liquids, resistance to physical and chemical degradation, and low
cost. For their resistance to degradation, they can persist as waste in the environment
for decades or even centuries. As a recent example of its utility and drawbacks, in the
COVID-19 pandemics plastic was essential for the production of hygienic masks and
hospital wear; though plastics use fell overall by 2.2% from 2019 levels, plastics
waste increased due to the use of protective personal equipment and single-use
plastics (OECD, 2022).

The predicted growth in plastic waste reaches a figure of 53 million Tm of
annual emissions by 2030 (Borrelle et al., 2020). The problem appears when plastic
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waste is not effectively managed. Global annual plastic waste has more than doubled,
from 156 Mt in 2000 to 353 Mt in 2019, the last year with data not affected by
COVID-19 pandemics. Almost two-thirds of all plastic waste comes from
applications with lifespans of less than five years: packaging (40%), consumer
products (12%) and textiles (11%). After taking into account losses during recycling,
only 9% of plastic waste was ultimately recycled, while 19% was incinerated and
almost 50% went to sanitary landfills. The remaining 22% was disposed of in
uncontrolled dumpsites, burned in open pits or leaked into the environment (OECD,
2022). After plastic objects enter in the ecosystems, they break by the action of wind,
running water or waves, also due to UV radiation. The products of such breakage are
progressively smaller plastic fragments, which are called microplastics when they are
smaller than 5 mm. When they are smaller than 1 micron, they are called nanoplastics
(Mariano et al., 2021). For simplification we will refer generically to microplastics,
knowing that the same reasoning to control them can be applied to nanoplastics.

In addition to the microplastics originated from large plastics breakage, there
are microparticles produced directly of a size smaller than 5mm, and particulate
emissions released from industrial production —plastic dust (Laskar & Kumar, 2019).
Microplastics are manufactured for addition in cleansers as abrasive; for personal care
products like whitening toothpaste and exfoliants; in form of microbeads to carry
medicaments and active principles in medicine and cosmetics; in clinical assays; in
roads and building paintings; as decorative glitter; and many other uses (Loganathan
& Kizhakedathi, 2023). Microplastics produced directly of that size are called primary
microplastics, in opposition to those obtained from fragmentation of larger plastics
that are called secondary microplastics (Yuan et al., 2022).

Although there are different technical solutions for the degradation or
conversion of microplastics into less problematic substances (like biorecycling,
photocatalytic conversion, hydrocraking; Tian et al., 2023), size does matter for the
real application of such techniques to solve currently widespread pollution. Being so
small, a significant part of microplastics can escape the water treatment plants (Kwon
et al., 2022). The same reason makes it too difficult to remove secondary
microplastics from the environment. While large plastics can be seen, picked, or
trapped, and removed from the environment, microplastics are simply invisible.
Although different methods have been assayed to date, like filtration, coagulation or
floculation, none has been proven totally efficient (Ahmed et al., 2022). Some assays
are looking for bioremediation using for example animals that are able to remove
microplastics from ocean waters (Corona et al., 2020), but their application at a large
scale is yet to be explored.

Microplastics as emerging contaminants are of big concern for scientists
because they are already threatening ecosystem and species functioning (Sharma et al.,
2023). The marine realm has been more studied because the ocean acts as a sink for
plastics and microplastics, that are transported by runoffs from landfills to the rivers
and by rivers to the sea. Thus, being principally produced in the land, the
microplastics end in the ocean (Shen et al., 2020). Besides harming ecosystem
functioning, microplastics are contributing to another global environmental threat:
climate change. Plastics have a significant carbon footprint, contributing 3.4% of
global greenhouse gas emissions throughout their lifecycle (OECD, 2022). In 2019
alone, plastics generated 1.8 billion tonnes of greenhouse gas emissions, with 90%
coming from their production and conversion from fossil fuels. Microplastics have a
share on this footprint. Being so small one could not imagine that microplastics are
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linked with climate change, but many models demonstrate they are contributing to
significant releases of greenhouse gases over time when they break smaller (Shen et
al., 2020), and especially they are a major threat to ocean carbon sequestration
because they reduce the rate of photosynthesis by marine phytoplankton (Sharma et
al., 2023).

While the environmental microplastics pollution and its globally negative
effects on the ecosystems are undeniable, its impact on humans is under discussion.
Some scientific voices claim microplastics have not proven to be dangerous for
humans yet. Wang et al. (2019) argued that there is a lack of robust data quantifying
the exposure levels of microplastics for humans, thus it is difficult to reasonably
evaluate the actual implications of microplastics to human health. The majority of
microplastics that enter the human body would be naturally expulsed, and for those
that may remain there are insufficient cause-effect evidences of health harming
(Brachner et al., 2020, Smith et al., 2018). Opposite to that, other scientific voices
recognize different adverse effects of microplastics that have been tested in animal
models (Koelmans et al., 2022; Prata et al., 2020). The most relevant effect
mechanisms, with a serious weight of evidence, are food dilution (inhibited food
assimilation or decreased nutritional value); internal physical damage; external
physical damage; and, with lower certainty, oxidative stress (de Ruijter et al., 2020).
In other animals, microplastics are known to produce a variety of other problems that
can be extrapolated to humans, such as DNA damage, carcinogenicity, and
developmental toxicity (Yuan et al., 2022). From those evidences experimentally
tested, researchers infer that the exposure to microplastics poses a credible risk for
human health, either inhaled and/or ingested.

Protecting oneself from microplastics is extremely difficult because they have
been found in all the human food types and drinking water sources analysed to date
(Singh et al., 2022); while hygienic masks might prevent microplastics inhalation,
humans still need to eat and drink. Being produced by humans, only humans can solve
this problem. It is time to adopt behaviors, as a society and individually, to stop this
emerging pollutant preventing its entrance in the ecosystems for the sake of human
and environmental health. This is the reason that justifies the present Thesis within the
Doctorate Program on Health Psychology.

1.2. The actors in the microplastics crisis

As a global challenge, the microplastics crisis scenario is complex and
involves the whole society. From their many uses and global applications, there are
important economic interests involved in the production of plastics and microbeads.
The revenue of the plastics industry is huge since global plastics production has been
grown relentlessly in the last decades. The plastics industry is vital for Europe’s
economy and its recovery plan and is one of the main actors in the microplastics crisis
(Figure 1.2). Together, the plastic raw materials producers, plastics converters,
plastics recyclers, and machinery manufacturers, represent a value-chain that employs
over 1.5 million people in Europe, through more than 55,000 companies, most of the
them SMEs, operating in all European countries. In 2019, these companies created a
turnover of over 350 billion euros and contributed to more than 30 billion euros to
European public finances (PlasticsEurope, 2020). Thus, multinational plastics
producers are main actors in microplastics scenarios, being fully aware of the
pollution derived from their materials. The organization Plastics Europe
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(https://legacy.plasticseurope.org/en), a pan-European association that represents
plastics manufacturers active in the European plastics industry, has launched the
Declaration for Solutions on Marine Litter to create a platform for action. They are
committing to adopt improvements to reduce the effects of ocean pollution, with six
objectives: Raising awareness, Research for facts, Promoting best practices, Sharing
knowledge, Enhanced recovery, Preventing pellet losses
(https://www.marinelittersolutions.com/). More specifically about microplastics, they
have also started the Operation Clean Sweep® for companies to sign a pledge to
prevent resin pellet, flake and powder loss (https://www.opcleansweep.eu/sign-up).
Raising awareness and sharing knowledge are directly related with this Thesis.

Figure 1.2. Overview of actors involved in the microplastics crisis.

Sciencell
MassiEmedia
Social@nedia
Environmentalist N
NGOs[ Policy-makersd]
b
IndividualsE:
Plastics@ndustryp Corporationsf

Besides plastics producers, other companies are involved in plastics
consumption and usage in different ways. Companies not related with plastics
production or transformation use plastics because they are convenient for packaging,
in coffee machines, in furniture and housewear. All corporations can act to prevent
microplastics pollution through the promotion of environmentally conscious practices
in their everyday life and amongst their workers, i.e., corporate environmental
responsibility (Dolzhenko & Churakova, 2022). This includes a variety of actions
from recycling and reusing plastic items to the use of alternative packaging employing
sustainable materials.
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As seen above, the science has much to say in the microplastics crisis. The
presence of microplastics in the environment, food, water and living organisms was
discovered by environmental researchers that had adequate tools for the observation
of those tiny particles. The first scientific publications about microplastics started in
1986, and until 2010 no more than 10 papers per year were published (Zhang et al.,
2020b). The rate of investigations started growing exponentially since then, covering
principally areas of natural sciences such as toxicology, environmental sciences
ecology, chemistry, engineering, and marine and freshwater biology (Zhang et al.,
2020b). Although early authors already recognized the need of psychosocial
approaches for the control of this then-perceived novel pollutant (Chang, 2015), very
little research had been done in this field by 2019, when the psychosocial research on
microplastics crisis was considered to be in its infancy (SAPEA, 2019).

Indeed, policymakers are crucial actors in the microplastics crisis. As
examples, USA President Obama signed the “Microbead-Free Waters Act” in 2015
(https://www.govinfo.gov/content/pka/BILLS-114hr1321enr/pdf/BILLS-
114hr1321enr.pdf); seven years later (on 30 August 2022), the European Commission
agreed a proposal to restrict the placing on the market of microplastics, including
where they are added to certain products
(https://ec.europa.eu/transparency/comitology-
register/screen/documents/083921/1/consult?lang=en). Pro-environmental laws like
single-use plastics and microbead bans are instruments that can serve for
microplastics control in some countries (Anagnosti et al., 2021; Patricio Silva et al.,
2020), although they are not equally useful everywhere. As an example, the top-down
policy implementation is not reducing microplastics burden in Africa (Deme et al.,
2022). Bottom-up strategies such as public-private cooperation has been proposed
instead as a good strategy for microplastics control. Promoting and incentivizing
shifts towards circular economy could be achieved through tax breaks, for example
for those companies that produce or recycle reusable bags as it happens in South
Africa (Deme et al., 2022). Although waste trade is regulated by the Basel Convention
(United Nations, 2018), counterexamples of bad practices could be exports of plastic
waste to third countries, which is a paradigmatic not in my backyard policy of
European and North American countries (van der Marel, 2022). At least in Europe
these practices are expected to be cut soon, since the EU Parliament has backed on
January 2023 the adoption of stricter rules for waste shipments
(https://www.europarl.europa.eu/news/en/press-room/202301131PR66627/waste-
shipments-meps-push-for-tighter-eu-rules, accessed on April 2023).

For many researchers, the individuals as consumer citizens are in the core of
the plastics and microplastics crisis (e.g., Henderson & Green, 2020; Marazzi et al.,
2020). They can make pro-environmental choices, like not littering and sorting waste.
As consumers they may decide what and how to buy: single-use plastic or reusable
goods, products with or without microplastics. As citizens they may get informed and
participate in environmental care, like clean-ups or campaigns to raise awareness
about plastics control. These individual behaviours are an important focus of
psychosocial research. Behaviors required to fight microplastics are not the same for
the primary and secondary ones. The most efficient behavior to stop pollution from
primary microplastics for individual consumers is not to buy products containing
plastic microbeads i.e., refusing consumption (Figure 1.3). Avoiding glitter seems to
be very easy because it is merely decorative and can be replaced for coloured
substances of vegetal origin, although the majority of consumers do not identify
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glitter as microplastics (Yurtsever, 2019). To stop secondary microplastics there are
only two possible ways: to stop consuming and employing plastic, and, if plastic is
used, to dispose it in a sustainable way that do not contribute to pollution anymore.

Between the science, the policy-makers and the individuals (Figure 1.2) there
Is the so-called third power: the mass media, and more recently the social media
(Sujata et al., 2019). For Schafer (2008), a growing number of mass media articles are
reporting on scientific knowledge; at the same time, an increasing number of societal
stakeholders comment on scientific knowledge in the media; and, reporting on
scientific knowledge is increasingly polarized, as the mass media both embraces and
criticizes scientific knowledge. In the microplastics crisis, media play a key role of
transmission of scientists’ knowledge and opinions because microplastics are invisible
and people gets the information about them from media (Schonbauer & Miller, 2021).
Volker et al. (2020) suggested that the narratives transported by the media trigger
public concerns, for example about microplastics in food, transforming an uncertain
risk into an actual risk. These authors explained it because the likelihood of harmful
consequences and knowledge gaps regarding the consequences are not presented in a
balanced way. On the positive side, the mismatch between few studies of
scientifically confirmed risk and widespread public perception of microplastics-
derived health risk, has been highlighted by Catarino et al. (2021) as an opportunity
for a more sustainable plastics economy.

Finally, environmental activists and NGOs have a role in the microplastics
crisis. Activists in environmental groups are generally better informed about
microplastics than other citizens that may see the problem very far (Anderson et al.,
2016). The support of NGOs in the promotion of recycling activities is advantageous
for the materialization of recycling behaviour (Sujata et al., 2019). Nielsen et al.
(2020) explained that in the plastics life cycle littering and pollution —at the end of the
cycle- are more likely to be understood as a societal problem in scientific literature
and suggested that it is partially due to the materiality of objects like microplastics.
For these authors, microplastics and other plastic objects make plastic politics tangible,
which is essential for mobilizing political action: they provide focal points for social
movements and NGOs targeting plastic consumption. Nielsen et al. (2020) called it
politicization of microplastics.

The four R’s hierarchy (reduce, reuse, recycle, recover) was proposed for
waste management (Prata et al., 2019). It can be expanded to the 10R imperatives
(Figure 1.3; see also Reike et al., 2018). At an individual level, refuse and repurpose
would be encouraged in addition to reduce, reuse and the first part of recycling, while
the rest of R-imperatives would be relevant for the plastics industry or related
corporations. To complete recycling the industry is also needed, because the majority
of consumers can sort plastic litter and dispose it in proper containers, but not
transform it into another good or material.
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Figure 1.3. The 10-R imperatives and actors to whom they may apply.

R’s Value Retention Options Main actor
RO Refuse: buying and consuming less plastics products. Consumer
R1 Reduce: reducing plastic usage. Consumer
R2 Resell/Reuse: reusing packaging & plastic objects. Consumer
R3 Repair: repair components when broken. Industry
R4 Refurbish: improving components of a product or building. Industry
R5 Remanufacture: using parts of discards in a new product. Industry
R6 Repurpose: reusing discarded good for another function. Industry / Consumer
R7 Recycling: obtaining secondary raw materials from a Industry /
post-consumer product. Consumer (litter sorting)
R8 Energy recovery: recovering energy treating plastics. Industry
R9 Re-mine: retrieving waste plastics by landfill mining. Industry

The complexity of actors makes the scenario to evolve rapidly, sometimes due
to conflicts involving two or more stakeholders, and sometimes to the demand of one
or more actors. To mention a few, the industry signed a statement on the single-use
plastics guidelines published by the EU Commission on 31 May 2021 (SUP
Directive) manifesting their concern about risks of fragmenting the Single-Market
during its transposition, and of unintended negative consequences for the consumers
e.g. compromising hygiene and safety, or increasing food wastes
https://issuu.com/plasticseuropeebook/docs/industry statement on_sup_guidelines_-

final (accessed on April 2023). In the USA, microbead bans were fought fiercely for
example in California, by Johnson & Johnson company, who argued that the ban was
too restrictive and inhibited innovation (Nielsen et al., 2020). Concerns over cross-
contamination caused by reusable containers and bags have been raised by the plastic
industry (Schnurr et al., 2018), leading to withdrawals or postponements of SUP bans
and fees. More recently, during COVID-19 pandemics, consumers' behaviour shifted
towards a significant increase of demand for food packaging, mostly driven by
hygiene concerns (Jribi et al., 2020). As a consequence, some governments delayed
SUP bans (e.g., some Canadian provinces, some states in the U.S., the United
Kingdom and Portugal), while others reintroduced SUPs and even banned the use of
reusable alternatives (e.g., the states of Massachusetts and New Hampshire in the
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U.S.). Patricio Silva et al. (2020) underlined the need to reinforce plastic reduction
policies and to implement them into action without delays. Improved communication
has been emphasized to help all stakeholders develop effective solutions to mitigating
plastic waste and indirect sources of microplastic pollution (Onyena et al., 2021).

1.3. Psychosocial perspectives and tools on microplastics
research.

From the invisibility of this emerging pollutant and the complexity of the
actors involved, the psychosocial aspects related with microplastics are a novel,
underexplored field in between social psychology, environmental psychology, and
communication sciences. An overview of the process that an individual, organization
or corporation will have to follow to act against microplastics, and the factors
involved in that process, is summarized in Figure 1.3.

First comes understanding. To know about microplastics, the individual has to
hear and understand scientific messages based on facts, generally transmitted via mass
and/or social media, disentangling them from opinions of environmentalists, the
industry, politicians, and the own interpretations of journalists.

After knowledge and understanding of microplastics comes the awareness of
their consequences (risk perception) to put a sign, generally negative or disfavourable,
on microplastics pollution (attitude).

Then motivations to act will be needed. Even if we know what are
microplastics and are aware that they may be harmful for the humans and the
environment, to change our behavior we require something more. We have to care
about the environment and our health (if we don’t care, why acting? — personal or
corporate norms, environmental concern), convince ourselves that we can do
something useful (locus of control), that because our actions matter (self-efficacy) we
should act (behavioral intention); that us, our neighbors and families will benefit from
our action (psychological distance) and the society where we live approves them
(social norms); and/or that we are responsible for the environment (sense of self
responsibility, intertwined with personal norms).

Depending on our principles, personal experience, interests and relationships
with the nature, some reasons will be more important than others for us to change our
behavior.
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Figure 1.4. Psychosocial and other factors recognized from relevant literature to
be involved in the microplastics crisis.
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The complex process of social psychology described above is explained from
several psychosocial theories that should be seen not as opposite but complementary.
One of the most widely applied in the recent field of microplastics is the Theory of
Reasoned Action (Ajzen & Fishbein, 1980) and its further development as the Theory
of Planned Behavior (Ajzen, 1991; Ajzen, 2002; Ajzen & Madden, 1986). These
theories that are main pillars of this Thesis and will be explained in Chapters 3-7.
Briefly, after knowing an environmental challenge the individual behavioral intention
is determined by subjective norms, attitude, and perceived control. A couple of
examples from countries of different cultures where the applicability of the Theory of
Planned Behavior was confirmed were the individualistic USA and the collectivistic
Thailand. Attitude and behavioral control influenced significantly the intention to
purchase clothes without microfibers in the USA (Nam et al., 2017). The Theory of
Planned Behavior was extended by Mohiuddin et al. (2018) adding values, social
norms, and feelings of guilt in Thailand.

In the Value-Belief-Norm theory, which is clearly related with the extension
of the Theory of Planned Behavior proposed by Mohiuddin et al. (2018), pro-
environmental behavior is predicted from values, awareness of consequences,
ascription of responsibility, and personal norms (Chen, 2015; Stern, 2000). Henderson
and Green (2020) validated this theory for plastics consumption behavior that
increases microplastics: when plastic was valued as hygienic (thus positive) its
consumption was not reduced, even for people aware of plastics pollution.

The effect of the psychological distance (the shorter the more important), the
risk perception (the higher the more important) and the sense of self-responsibility or
feelings of guilt (the more the higher likelihood to act) were confirmed for the
intended control of microplastics in different studies (e.g., Herweyers et al., 2020;
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Jeong et al., 2021; Soares et al., 2021; Wang et al., 2020; more examples in Chapter
3). However, the perceived risk was not significant in the results obtained by Deng et
al. (2020), leaving a question mark —perhaps due to cultural differences between
countries— for this factor.

The importance of the media highlighted by Volker et al. (2020) and
Schonbauer and Miller (2021) is also supported by psychosocial theories. The Social
Cognitive Theory (Bandura, 1991), where social factors affect the operation of the
self-regulatory system, and the Cultivation Theory (Gerbner et al., 2002), where it is
explained how television contributes to viewers’ conception of social reality, have
emphasized the role of communication in disseminating norms to a social group. In
the last decade, the usage of social media has been added to this scenario as a source
of information as seen above, but also as a way of learning social norms about
environmental issues (Sujata et al., 2019).

Psychosocial research about the microplastics crisis has employed a variety of
tools, aligned with the methods common in environmental psychology. Explained in
Chapter 3, some of them are briefly commented next.

Surveys (online or face to face) have been the most commonly employed
method of psychosocial research about microplastics. In the Chapter 3 of this Thesis
there is detailed information about the target participants, the countries where that
type of research had been carried out by 2021, and the conclusions obtained from the
different surveys. To mention a few examples: Abate et al. (2020) in Norway, Choi
and Lee (2018) in Korea, Deng et al. (2020) in China, Didegah et al. (2018) in Canada
and Denmark, Misund et al. (2020) in Germany, Norway and Portugal, or Nam et al.
(2017) in the USA. Original online surveys were also designed and conducted in this
Thesis (Chapters 5 and 6).

The awareness about the microplastics crisis has been explored through mental
models. Mental models explain how people see environmental issues and can guide
policy support and individual behavior in response to environmental challenges like
plastics pollution (Phelan et al., 2020). In the microplastics crisis, a mental models
approach based on free associations has been applied in Norway to investigate the
public understanding of microplastics, revealing differences between genders, age and
educational levels in the ways of thinking about microplastics. Female and young
respondents would think more about microplastics sources, and those with a higher
educational level would think more on possible solutions (Felipe-Rodriguez et al.,
2022).

Focus groups has been another approach employed by several researchers. As
an example, Henderson and Green (2020) explored the understanding of plastics and
microplastics pollution in the UK working with groups of people from a variety of
social backgrounds and emphasized the central role of media storytelling to bring the
plastic pollution to public attention. Images of animals suffering from plastics
pollution were vividly recalled by the participants, that also emphasized the credibility
of scientists, communicators and some popular environmentalists. Another example
was Anderson et al. (2016) study. Working with focus groups, they found that for the
majority of the society microplastics lacked immediacy and visibility, with the
exception of environmentalists. The importance of communications with the public
and the industry was the concluding remark of these authors.

Finally, only a few experimental studies had been conducted at the beginning
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of this Thesis, aimed at evaluating interventions to successfully promote pro-
environmental behaviours towards microplastics. The majority were based on
interventions where the subjects were exposed to information about microplastics
pollution and its sources, like Chang (2015) in her investigation about the refusal of
products with microplastics in the USA, Cammalieri et al. (2020)’s intervention to
increase the awareness about microplastics in Italy, or Raab and Bogner (2020) to
make microplastics visible for German children.

1.4. Knowledge gaps in the field of study

For the novelty of this emerging pollutant there were and still are many gaps
to fill in the study of psychosocial aspects involved in its control. When this Thesis
started in 2020, as commented above the social research about the microplastics crisis
was recognizedly in its infance (Onyena et al., 2021; SAPEA, 2019; Voélker et al.,
2020). The psychosocial research landscape was still undefined, and to depict it was
the first task of the present Thesis (Study 1, Chapter 2).

In 2020, little was known about the geographical width of psychosocial studies
on microplastics. The relative importance of knowledge, sense of responsibility,
personal and social norms had been studied only in a handful of countries. The
cultural aspects —how collectivists and individualist cultures were approaching this
difficult, invisible enemy? - had not been tackled yet. The second task of this Thesis
was to conduct a meta-analysis to understand the state of the art in this field, with a
focus on the geographical and cultural coverage of the studies published so far, and on
the psychosocial aspects and theories involved (Study 2, Chapter 3). From the results
of that meta-analysis, it was expected to identify new gaps and research needs to
further undertake original research to fill in those gaps.

The map of actors and their respective weight on microplastics control was
still unclear at the beginning of this Thesis. Some actors were certainly understudied.
What was the role of mass media? In one of the few studies describing media foci in
the field of microplastics, Volker et al. (2020) discussed how science contributes to
the media discourse but have not explored the universality of this phenomenon being
their study focused on UK newspapers. In Germany, where there is clear mismatch
between the scientific risk and the public risk perception of microplastics (Kramm et
al., 2022), the risk seemed to be emphasized in media discourses only at the beginning
of the studied period (by 2010), but after 2015 risk assessments diverged because
voices from different actors were heard (Schonbauer & Miiller, 2021); moreover, the
individual responsibility of the consumer was accentuated by media over time. From
these two examples in Europe, there is a clear knowledge gap about the role of media
in the public perception of microplastics, especially at a global scale. It was addressed
in the third task of this Thesis (Study 3, Chapter 4).

The United Nations Sustainable Development Goal #14 is “Conserve and
sustainably use the oceans, seas, and marine resources for sustainable development”.
As explained above, there is no doubt the plastics pollution is hampering that goal.
Misdisposed single-use plastics are responsible for a big proportion of the
microplastics that harm currently marine species (Wayman & Niemann, 2021). Many
people use ocean resources not only for food, but also for energy, transport, sport,
leisure; so, developing a feeling of attachment to and responsibility for the oceans that
have been coined as marine citizenship (McKinley & Fletcher, 2012). Despite a
considerable number of studies about the enormous threat of single-use plastics for
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the ocean (Chassignet et al., 2021), the relationship between the marine citizenship
and the single-use plastics consumption and recycling had not been sufficiently
investigated. The four task of this Thesis (Study 4, Chapter 5) was to address this
topic in countries from regions with different loads of marine plastics pollution, using
online survey methodology.

Nielsen et al. (2020) stated that the scientific literature on plastics pays
insufficient attention to how the plastic is bound up with our dominant systems of
production and consumption, thus facilitating and maintaining societies of
disposability and overconsumption. They highlighted the need to study and confront
the systemic, large-scale economic and political arrangements, as well as the
governing norms and practices, which stabilize unsustainable patterns of production
and consumption. To address this research need, this Thesis focused on the effect of
legislations about microplastics beads on the public willingness to control
microplastics (Study 5, Chapter 6). A multinational online survey was conducted in
countries with different laws on microplastics bans.

From the scarcity of experimental studies on behaviors related with
microplastics emissions, it was clear that this was a big research gap. Pahl and Wyles
(2017) emphasized the need for experimental quantitative approaches comparing
randomised groups to study cause—effect relations in the field of behaviors conducent
to microplastics control. In this Thesis an experiment based on randomized groups
exposed to different nudges was conducted (Study 6, Chapter 7).

Best practices of ethics in research were carefully followed with the permit of
the competent Committee of Research Ethics of Asturias Principality, reference
CEImPA:2021.116. Regarding the presentation of the six studies that compose the
Thesis, they follow the structure of academic articles. Specific departure hypothesis
and expectations are provided in each study. The methodology employed is described
study by study as well.
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1.6. Objectives / Objetivos

The main objective of the Thesis was the identification of behaviors and

strategies that drive the control of microplastics in the current global scenario. The
specific objectives were:

i)

vi)

To identify current problems, proposed solutions, and research needs about
psychosocial aspects of the microplastic crisis using mismatches between
perspective articles and reviews as a source of information.

From the analysis of current literature, to identify main psychosocial
frameworks involved in the microplstics crisis and determine how they
could be applied in the mitigation of that global environmental crisis, from
the analysis of current literature.

To investigate intercultural differences in how and when mass media
introduce microplastics issues into the public discourse.

Being plastics pollution one of the main sources of microplastics, to
explore how marine citizenship (sea frequentation and the feeling of
responsibility for the ocean) influences the consumption of single-use
plastics (SUP) in countries with different social norms about SUP: Mexico
and Spain.

To reveal possible differences between Mexico and Spain on the behavior
and behavioral intentions about microplastics control, having Mexico a
much stricter legislation than that of Spain regarding microplastics bans.
To determine if the online exposure to nudges (images plus short
sentences) related with microplastics is sufficient to promote the
willingness to adopt R-behaviors for their control, and what type of image
subjects are more efficient.

22



El objetivo principal de esta Tesis doctoral es la identificacion de conductas y

estrategias que conduzcan al control de microplasticos en el escenario global actual.
Los objetivos especificos son:

i)

vi)

Identificar los problemas, soluciones propuestas y necesidades de
investigacion actuales sobre los aspectos psicosociales de la crisis del
micropléstico, mediante un analisis de discordancia entre articulos
prospectivos y revisiones como fuente de informacion.

Mediante el analisis de fuentes bibliograficas actuales, identificar los
principales marcos psicosociales implicados en la crisis del microplastico,
y determinar como podrian aplicarse a la mitigacion de dicha crisis.
Investigar diferencias interculturales respecto a como y cuando introducen
los medios de comunicacion los problemas del micropléastico en el discurso
public.

Siendo la contaminacion por plasticos una fuente principal de
microplasticos, explorar como la ciudadania maritima (frecuentar el mar y
sentirse responsible de él) influencia el consumo de plésticos de un solo
uso en paises con distintas normas sociales al respecto: México y Espafia.
Desvelar posibles diferencias entre México y Espafia en la conducta e
intencion conductual sobre el control de microplasticos, teniendo México
una legislacion mucho maés estricta sobre la prohibicion de microplasticos.
Determinar si la exposicion online a nudges (imagenes mas frases cortas)
relacionadas con microplasticos basta para promover la intencién de
adoptar conductas R para su control, y qué tipo de tematica es mas eficaz.
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CHAPTER 2

STUDY 1: WHAT WE NEED TO KNOW.
PSYCHOSOCIAL RESEARCH IN THE
FIELD OF MICROPLASTICS

Publication:

Garcia-Vazquez, E., Garcia-Ael, C., & Topa, G. (2021). On the
way to reduce marine microplastics pollution. Research
landscape of psychosocial drivers. Science of the Total
Environment, 799, 149384.
https://doi.org/10.1016/].scitotenv.2021.149384.
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2.1. Abstract

Current human lifestyle generates enormous amounts of plastics and microplastics
that end in the ocean and threaten marine life. Exposure to microplastics seems to
threaten human health too. Although the degree of damage is not clear yet,
precautionary approach urgently requires a change of societal habits. The objective of
this study was to discover emerging issues of priority for psychosocial investigation.
For this we have compared the landscape research of Reviews with that of
Perspectives articles of the last decade, to identify mismatches that unravel still
understudied subjects. Results revealed that circular economy is a focus in
Perspectives but is not main topic of current psychosocial research. Regarding the
actors involved in the change towards circular economy, although companies are
priority in Perspectives current research is focused on consumers. Results suggest the
need for more efforts on the investigation of corporative responsibility in the way to
stop microplastics pollution.

2.2. Introduction

The first target of the UN Sustainable Goal 14 “Life below water” is the
significant reduction of marine pollution of all kinds, including plastics debris.
Microplastics pollution undermine this desired goal. The current microplastics crisis
could be defined as a sustained increase of small plastic particles (< 5mm) in the air
(Zhang et al., 2020), soil (Xu et al., 2020) and water worldwide (Li et al., 2020).
These particles come from the degradation of larger plastics, fibers from plastic
clothes and fabrics (secondary plastics) or are produced in purpose for scrubs, hygiene
products, cleaners and others (primary microplastics).

The problem is especially complex when one takes into account its global
dimension (Hale et al., 2020). Solutions must be taken urgently because the impacts
of microplastics in nature are enormous, as we will see below, and also because
human health is at stake: inhaling and eating microplastics and their adhered
compounds may produce from inflammatory responses to cancer (reviewed by De la
Torre, 2020). Being produced by humans, microplastic accumulation can be stopped
by humans only, as long as they change their consumption habits and behavior. One
could expect interventions aimed at societal behavioral changes to be a priority, but
research on psychosocial aspects involved in the microplastics crisis is still in its
infancy (SAPEA, 2019). This study will try to contribute to identify main actors and
psychosocial intervention strategies that need urgently further research using reviews
and perspective articles as source of information.

2.2.1. Actors and psychosocial determinants in the microplastics crisis

Actors in the microplastics crisis are indeed humans. Plastic and microplastics are
produced by industry because consumers buy and use them, and vice-versa. Used
plastics, and microplastics wastes, end in the oceans because citizens and companies
do not dispose litter properly, sometimes because there are no public facilities to
easily dispose waste, and/or because existing facilities (like landfills or wastewater
treatment plants, WWTP) do not have adequate technology to prevent microplastics to
enter the environment (Freeman et al., 2020). Microfibers, that are the most abundant
type of microplastic in the ocean, are shed from textiles and clothes and transported
by wind currents through the atmosphere, being finally deposited on seawater - the
majority by rainfall (Roblin et al., 2020). They also come from laundry for the lack of
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tertiary treatments in WWTP (De Falco et al., 2019). Thus at least companies,
consumers and managers are directly involved in the production and emission of
microplastics. Indirect actors like politicians are responsible of spending public
money in technology for waste treatment, and also of the design and application of
more or less strict legislation to prevent plastic pollution, including the promotion of
circular economy or restrictions to single-use plastics using levies and bans (Da Costa
et al., 2020).

Psychosocial issues involved in the microplastics crisis are as diverse as the actors.
Consumers are perhaps the main direct responsible of microplastics pollution, but
they are often unaware of the existence of microplastics in the products they buy. For
the unnatural condition of microplastics and their adverse effects on flora, fauna and
human health, perhaps consumers would avoid products of personal hygiene and
cleaners with microplastics - if they were aware of them (Chang, 2015); although
many consumers would not but microplastics-free product if they have to pay more
for them (Misund et al., 2020). Secondary plastics are a different issue because they
originate from larger plastics, but consumer awareness would be also essential.
Despite its many qualities that make plastic convenient, like lightness and cheapness,
consumers would probably reduce the use of plastic if they knew that it often ends in
microplastics (Deng et al., 2020). Thus, knowledge and awareness of risks posed by
microplastics would be, in principle, useful to change consumer’s behavior.

Companies that produce microplastics are main actors too, but most studies to
date have not been directly focused on them. Indeed, if conventional plastics were
replaced for other materials of similar properties microplastic emissions would stop.
For this, the environmental sustainability of the alternative materials throughout all
their life cycle — from cradle to grave- must be carefully assessed before proposing
them. However, acquiring new technologies and finding new niches of providers and
customers is difficult and has a cost for the company; these are main objective barriers
for sustainable plastic management by the private sector (Dijsktra et al., 2020). In face
of the control of plastic waste, companies prefer recycling rather than reusing and
reducing (Rhein & Stréter, 2021); such preferred option encompasses fewer changes
for the company but is less environment-friendly because plastic waste is produced
anyway. Adopting environmental innovation behavior has a larger effect on
environmental than on economic performance in a firm (Long et al., 2017), but on the
other hand, having a green image is important and promotes changes towards
environmental sustainability. Firms that adopt green product and green process
innovation have a better financial performance if they have a green image (Xie et al.,
2019). For Lasrado and Zakaria (2020), in addition to a green organizational culture,
regulations, rewards, and incentives ensure that green initiatives will be implemented
in organizations; this implies costs for the companies but at the same time the
potential benefit of promoting a green image. Thus, there is a plethora of factors
influencing corporate behavior that could affect, positively or negatively, the emission
of microplastics.

2.2.2. Contextual settings: sources, sinks and dimensions

The microplastic crisis is multidimensional and has profound international
implications. Prata et al. (2021) highlighted microplastic contamination as a problem
of public health and social justice. They interpret the accumulation of microplastics as
a symptom of large public health problems, like lack of wastewater treatment
infrastructures that affects countries and continents unequally being Africa the most
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affected. In a recent review about the efficacy of wastewater treatment plants for the
retention of microplastics around the world there was no one single example from
Africa (Hamidian et al., 2021).

In the spatial dimension, sources are everywhere, and ocean sediments are the
ultimate sinks of microplastics (Hale et al., 2020). Sources of microplastics are all the
elements and tools partially or totally made of plastic that are employed in practically
every economic and population sector: agriculture, fishing, transport, industry; large
urban concentrations and small villages in all the continents. Used plastics and
microplastics produced in land, if not properly collected, recycled and treated, end in
the watercourses and go to the sea; expectation is that the plastic making its way into
the ocean doubles by 2025 (e.g., Jambeck et al., 2015; Usman et al., 2020). In the
ocean, where microplastics finally accumulate, they can be found from the abyssal
plains (Abel et al., 2021) to the remote Antarctica (Sfriso et al., 2020). Microplastic
ocean pollution implies a threat for living beings from bacteria to fish (Ajith et al.,
2020), and is endangering some fishing resources already (Ferreira et al., 2018).

In the psychological dimension, at least two aspects are important. One is related
with the use of natural spaces. Ocean microplastic pollution can be a source of
psychological discomfort for human users and visitors. In their study in Canada,
Engel et al. (2021) found at least 282 different ways in which people imagine the
ocean, from which the five most frequent were beautiful, fishing, cold, pollution and
vast. Ocean images correlate with emotion, cognitions and pro-environmental
behaviors (Engel et al., 2021); a polluted image produces negative emotions. On the
other hand, the society perceives the risk derived from microplastics, especially those
present in food and seafood (Catarino et al., 2020). For some authors, risk perception
has been alimented by some sectors like media and environmentalists with
insufficient proofs of real harmful effects of microplastics on human health (Volker et
al., 2020). However, the diverse undeniable damages caused by microplastics in other
organisms of all taxonomic levels (de Sa et al., 2018) strongly support the idea of real
risk for humans.

2.2.3. Control attempts: legislation, policies and psychosocial interventions

Today, efficient, and practical solutions to clean up microplastics pollution from
the environment, in particular from the oceans, have not been invented yet. What can
be done is prevention, control of emissions and mitigation measures like technical
improvements in WWTP (e.g., Hamidian et al., 2021; Masia et al., 2020). There are
several initiatives to control microplastic pollution at national and international levels
through policies and legislation. The production of primary microplastics is banned or
limited in some countries (e.g., Dauvergne, 2018); the United Nations Environment
Program (UNEP) has passed non-binding resolutions on marine microplastics that
perhaps merged with other instruments could speed up the control of this global
stressor (Tiller & Nyman, 2018). All strategies applied for the control of plastic waste
contribute indirectly to control microplastics, cutting the source of secondary
microplastics that is plastic waste. An example is the EU directive on single-use
plastics (European Union, 2019); another is the UNEP initiative called Clean Seas, a
platform to connect individuals and stakeholders for catalysing a change needed to
reduce marine litter around the world (https://www.cleanseas.org/, accessed July
2021). On the other hand, the international waste trade is regulated in the Basel
Convention (United Nations, 2018).  Researchers currently discuss plastics
governance, which, although it is not easy, seems to be possible. Public will, effective
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policies and coordination to work on global, national, local, and individual levels are
needed to manage marine plastics (Vince & Hardesty, 2018). Tessnow-von Wysocki
and Le Billon (2019) identify key elements to be employed in international treaty
designs to cut down marine plastics pollution, like the adoption of principles of
common but differentiated responsibilities, or linking pollution to international
plastics trade, amongst others. Raubenheimer and Urho (2020) propose a global
extended producer responsibility scheme to apply the Polluter Pays Principle on the
management of plastic pollution at a global level.

Indeed, these top-down initiatives will be efficient only if they are accompanied
by individual and corporate behaviour of microplastics prevention. Reality shows that
illegal dumping and uncontrolled plastic waste are sadly occurring at high levels in
developed (Law et al., 2020) and developing countries (Bundhoo, 2018). For the key
role of individual behaviour in the production of uncontrolled plastic waste,
microplastics pollution could be diminished using interventions at psychosocial level,
however, these are still extremely scarce. In the literature only a few examples can be
found of intended behaviour changes to reduce microplastics. Behavioural intention
changes are produced after exposure to information about microplastics impacts in
children (Raab & Bogner, 2020), university students (Cammellieri et al., 2020;
Chang, 2015), and general public (Deng et al., 2020). Exposure to this type of
information also increases the intention of purchasing green clothes (Nam et al., 2017)
or devices to prevent microplastics escapes from laundry (Herweyers et al., 2020).

The complexity of this multidimensional subject would require solutions
involving many actors. The collaboration of different population sectors seems to be a
best practice for the purpose of microplastics mitigation. Prata et al. (2021) suggest
stakeholders to introduce their day-to-day experience to the challenges posed by
microplastics and provide guidance in mitigation measures like beach cleaning.
Multidisciplinary teams are essential to obtain relevant data because the impacts of
microplastics are a cascade that affects the interdependent systems of environmental,
biotic, and human health (Prata et al., 2021).

For tackling a subject as complex as the psychosocial aspects of the microplastic
crisis, such as the relationship between sea and human health, Short et al. (2021)
highlighted the need of systematic reviews. Systematic review methods can provide
the highest levels of robust evidence, so policymakers are best informed in decision-
making and able to assess timely policy needs. Here we will use existing reviews and
perspective articles. Reviews are articles where current research is compiled and
summarized, while perspectives or focus articles generally intend to identify emerging
topics within a field that deserves special attention, for their novelty or because they
have not been sufficiently explored yet.

2.2.4. Objectives and departure hypothesis

The main objective of this study was to identify current main problems, proposed
solutions, and research needs about psychosocial aspects of the microplastic crisis,
using mismatches between perspective articles and reviews as a source of information.
For this we carried out an analysis of research landscape based on the use of relevant
terms, their frequency and connections, and a comparison between the topics tackled
by each type of article. We expected to find priority emerging topics in perspective
articles, while the subjects that are really investigated would appear in reviews. The
mismatch will indicate what are the most urgent research needs and directions.
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2.3. Methods
2.3.1. Literature search

PRISMA methodology (Mohrer et al., 2009) was the basis to find relevant
reviews and perspective articles about psychosocial issues in the microplastics crisis.
Limits to geographical location, publication year or language were not applied,
although the search was done in English. Date of search was April 2021. Online
databases consulted were ERIC, Google Scholar, PsycINFO, PubMed, ScienceDirect
and Social Sciences Citation Index, plus a manual forward search and a backward
search from references cited in selected reviews.

We used the following search terms: Microplastics, microfibers, microbeads,
MP (acronym of microplastics), pollution, psychology, psychosocial, review,
perspectives, focus. We used the Booleans “AND” and “AND/OR” to retrieve
principally reviews and perspective articles containing both psychological and
environmental subjects. The terms “microplastics”, “psychology”, and “review” or
“perspectives” were employed simultaneously in all searches. Considering the
enormous volume of recent articles about microplastics published in environmental
sciences were tried to follow a conservative search strategy in order to exclude
information limited to the environmental point of view. For this, the Boolean terms
used in search were: “AND” for at least one microplastic-related and one psychology-
related terms were employed, to retrieve as many as possible relevant references;
“AND/OR” when multiple terms referred to any of the two main topics (microplastics
and/or psychology) were employed together in the same search.

Quality filters for eligibility were:

1) Peer reviewed academic articles or reports issued by internationally recognized
institutions like Academies, FAO, UN, UNESCO.
2) Admissible study designs: reviews, perspectives, focus articles.

3) Topics being researched: any psychosocial trait and any type of microplastic.
4) Time range: no limits were set.

5) Language: no limit was set, but the search was done in English thus most
articles retrieved were in English.

6) Article status: published or accessible online in the journal website ahead
publication.

Exclusion criteria were (in addition to a failure to comply with the inclusion
criteria above):

1) Conference communications.

2) Books without peer-review.

3) Unpublished theses and dissertations.

4) Articles published in popular science magazines.

5) Articles published in media and social media.

6) Articles in repositories ahead peer-review (e.g., arXiv).

2.3.2. Data collection
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The data of the studies included in this article were extracted into a form
organized in spreadsheet format. The following data were collected from each eligible
article:

1) Digital object identifier (DOI).

2) Internet link where the article can be found.

3) Authors.

4) Year.

5) Journal, book or e-book.

6) Title.

7) Summary of the objectives (one to three sentences).

8) Main psychosocial issues considered.

9) Type of article (review or perspectives). For this we classified the articles as

Reviews or Perspectives following the self-denomination made by the authors
(i.e., when the article is explicitly classified as a review or a perspective
article in the title, abstract or by the journal).

10) Number of references employed.

11) Summary of conclusions (one to three sentences).

12) Summary of recommendations (one-two sentences).

13) Key words.

14) Abstract.

2.3.3. Risk of bias in individual studies

No bias risk assessment was carried out because this study was based on
published, peer-reviewed reviews and perspectives articles that do not contain original
new data. In addition, this subject is very novel, and the number of available studies is
limited.

2.3.4. Analysis of research landscape

To visualize the subjects’ landscape of reviews and perspective articles, we
did a cluster analysis of relevant terms following an expanded version of Klingerhofer
et al. (2020) keyword analysis, using the free software VOSviewer (van Eck &
Waltman, 2010). This type of analysis relies first on the identification of relevant
terms, then on determining the relationships between them, and finally on the visual
representation of the results in a network map. The relevance of a term indicates how
representative it is of specific topics covered by a text. Relevance is calculated from
the frequency of that term and also for its proximity — location in the same text - to
other relevant terms. Words with a low relevance score are either infrequent or, on the
contrary, very frequent and interspersed throughout different texts. So, they tend to be
of a general nature and not representative of any specific topic.

A network map contains the relevant terms (= items) and the links between
them. A link is a connection or a relation between two items. Links indicate how
strong is the association between two items, for example how frequently they co-
occur in a series of texts or articles. In a network map, the labels that represent the
items may be proportional in size to the relevance of the items. The width of links
may be proportional to the strength of the link between two items.

A cluster is a set of items included in a map. In VOSviewer clusters do not
overlap. The items within a cluster are more closely related to each other than to the
other clusters — for example, they may tend to go together in a group of texts or
articles, but not in others. In a network map, clusters may be represented by different
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colors.

Klingerhofer et al. (2020) employed only keywords in their analysis. Since
some perspective articles do not have accompanying keywords, here titles, abstracts
and keywords —if present- were considered. The relevance of a term is calculated from
Van Eck and Waltman (2011), and an item may belong to only one cluster (van Eck
& Waltman, 2010). We employed the options “total link strength” (the total strength
of the links of an item with other items) and minimum strength lines of 1 to create a
network-based map in the free software VOSviewer version 1.6.15 (van Eck &
Waltman, 2010). The following settings were applied: binary counting, four or three
minimum occurrences of a term, and 70% of most relevant terms selected.

2.3.5. Analysis of the coverage of emerging topics

As seen above, psychosocial issues involved in microplastic pollution are yet
understudied. Emerging topics insufficiently covered with scientific data to date were
identified from the comparison between relevant terms of reviews and perspective
articles. A three-step analysis of key words, titles and abstracts was done.

In the first step we identified relevant terms employed in each type of article
(reviews and perspective articles separately) using the VOSwiever software (Van Eck
& Waltman, 2010); as above, but considering two minimum occurrences of a term
instead of four or three, in order to enrich the number of relevant terms —given the
small number of perspective articles found. Binary counting was applied. Common
words like analysis, chapter, country, study or solution, and synonymous (those with
fewer occurrences) were excluded.

In the second step, the extracted terms were classified in any of the main
categories mentioned in the Introduction above. They were categorized as Policy
(legislations, bans, responsibilities), Actors (consumers, producers, polluters),
Mitigation tools (recycling, responsible consumption), Psychosocial issues
(knowledge, risk perception), Problems (pollutants, environmental risks), Scope
(physical settings affected by microplastics) or Sources (sources of microplastics).

In the third step, a comparison between the two types of articles for the
distribution of relevant terms in categories was done. Discrepancies between reviews
(a compilation of what has been done) and perspective articles (generally dealing with
emerging subjects) indicate future directions and urgent research needs. We used
contingency Chi Square test — confirmed with exact Fisher’s test, and Cramer’s V to
estimate the effect size. SPSS © version 26 was employed.

2.4. Results
2.4.1. Overview of literature search results

Using all the search terms with Boolean “AND” yielded only 26 raw results,
only four of them meeting the selection criteria. Using a combination of “AND” and
“AND/OR” Boolean a total of 84 results were found from which 22 (26.2%) met the
required criteria (Table 1), being reviews, perspective or focus articles referred to any
type of microplastic and psychological view at the same time. Articles focused on
general plastic or litter objects that mentioned microplastics only as a potential risk
were not retained.
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Step Criteria Retained Excluded
Initial search  Online databases (71) & other sources (13) 84 None yet

First filter Duplicates and non-related 73 11
Second filter  Peer-reviewed and/or authoritative source 63 10
Third filter Reviews/perspectives articles 31 32
Fourth filter Microplastics & Psychological issues 22 9

Table 2.1. Flow table summarizing the selection process, showing the number of
articles retained and excluded in each step.

Fourteen articles fully assessed were reviews and eight were perspective
articles (Table 2.2). Before 2017, only one perspective article was found. Starting in
2017, the number of reviews increased linearly and indeed significantly, being much
steeper than the increase of perspective articles (Figure 2.1). In April 2021 (month 4'),
there were already two reviews and one perspective article that accomplished the
strict criteria required in this study, demonstrating the sustained interest of the
academy for this topic.

Figure 2.1. Cumulative number of articles fully assessed in this study, by type
(review or perspectives). Equations of the linear trendlines and their R? values
are displayed in the chart.
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The articles retained in this study were published in 16 journals and three peer-
reviewed online books (Supplementary Table 2.1). Journals publishing more than one
of these papers were the International Journal of Environmental Research and Public
Health (two articles) and Marine Pollution Bulletin (two articles). Some articles were
published in journals of wide international impact like Proceedings of the National
Academy of Science USA, Nature Communications, Environmental Pollution or
Global Environmental Change, while other journals had a geographical (Scientific
African) or ecosystem-specific focus (Marine Pollution Bulletin, Water). The number
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of articles reviewed that appear in the bibliography ranged between 15 and more than
200 (Table 2.2). However, it must be noted that after analyzing their content only a
few references contained data about psychological issues directly related with
microplastics, as we will see below. The majority of references in all the papers
examined were related with behavior about plastics and general trash, and with pro-
environmental and sustainable behavior.

2.4.2. Main psychosocial issues of microplastics identified from the selected articles

Table 2.2 shows the objectives, main topics and psychosocial aspects
specifically tackled in the articles analyzed. As expected from the network map in
Figure 2.2, regulation and governance —actually the difficulty of governance- have
been the direct focus of many articles. Lam et al. (2018) put the focus on consumers’
individual responsibility, while Mitrano and Wohlleben (2020) studied how public
demands determine microplastics governance approaches in different countries.
Landon-Lane (2018) and Eriksen et al. (2018) explored the important role of
corporations in microplastics governance. Abalansa et al. (2020) pointed at different
economic sectors to be involved in the search of solutions.

More directly related with psychosocial issues, the association between
perception and risk perception was the main interest of Soares et al. (2020) and
Usman et al. (2020). Since microplastics are invisible, the global problem is not seen
and the risk is not perceived (Soares et al., 2020). These authors think that the
objective transmission of knowledge is difficult precisely because the threat is unseen.
As commented by Kramm and Volker (2018), stakeholders and consumers may not
perceive the risk of MP emission derived from their practices, so they do not feel
responsible of MP pollution. In her article about the new global risk posed by marine
microplastics, Katsnelson (2015) commented that the public concern starts when
microplastics are made visible. Usman et al. (2020) showed in their review that, while
the majority of studies tackle environmental risks, consumers are more concerned by
the microplastics present in food whose risk is more easily perceived.

Several authors explored barriers to behavior change regarding microplastics.
Dauvergne (2018) pointed at distancing the emitters (consumers, corporations) and
the problem (plastic waste and microplastics), exporting waste to third countries, as a
common practice. It is a way to put the problem out of sight and shift the
responsibility of proper disposal elsewhere. The same strategy was mentioned by
Kramm and Volker (2018) -although they were more interested in risk perception- in
relation to different groups of interest: corporations, consumers and policy-makers
have different risk perception of microplastics and put the responsibility of reducing
them on the shoulders of other groups. Angnunavuri et al. (2020) investigated barriers
to the change of consumer’s behavior in developing countries, with a focus in Africa
(Table 2.2). Related with waste exports, Stoett and Omrow (2021) pointed at the legal
and illegal movements of large waste quantities between countries as global
impediments to eco-friendly attitudes. The business associated with waste imports
encompasses what the authors call eco-violence, hampering the efforts of safe
recycling behavior in both donor and recipient countries.

The role of media in the transmission of scientific knowledge to the general
public was the focus of several articles. Several articles commented the role of media
in the poor transmission of scientific knowledge about microplastics (Schnurr et al.,
2018), doing it in not always balanced ways that contribute to exaggerate the
perception of associated risks (Catarino et al., 2021; Usman et al., 2020; Volker et al.,
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2020) or diminishing the current knowledge in ecological risks while emphasizing
preoccupation for microplastics in food (Rist et al., 2018).

Mitigation of microplastics employing psychosocial tools for consumers’
behavior change has been the main subject of several reviews (Giri, 2021; Lohr et al.,
2017; Pahl & Wyles, 2017; SAPEA, 2019). Solutions would include campaigns
against plastics (Penca, 2018) and glitter (Yurtsever, 2019), and for the use of
recycled products (Prata et al., 2019).
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Table 2.2. Summary of the articles retained in this study. MP: microplastics; SDG, Sustainable Development Goals. NRef:
number of references cited in the article. Key psychosocial factors considered in the article are marked in bold italics.

Reference Obijective Main topic -I_S{Eg;f NRef Conclusions relevant for psychosocial interventions
Assess causes and . . . -
Abalansa : . Engagement measures such as technology, cleaning, awareness creation, enacting policies
effects of marine MP Engagement Review 179 - ; AR :
et al. 2020 pollution and regulations will reduce upstream pressures like littering and poor recycling.
Angnunav | Review the causes and | Knowledge Little knowledge and awareness of microplastics determines consumer behaviour in
uri et al effects of MP in the & consumer Review 192 developing countries, especially in Africa. International cooperation in research and
2020 African environment behaviour intervention policies is needed.
Catarino et Analyse the rela}tlon Risk . The public perceives microplastics as a serious environmental and health risk, which is not
between MP risk . Review 89 - T . " .
al. 2021 . . perception entirely supported by scientific evidence, but has motivated political action.
evidences & perception
Analysis of plastic . . - . . .
Dauvergne pollution governance Governance Review 110 Corporations advocate for self-regu_latlon and consumer respon5|bll_|ty. Distancing of plastic
2018 failure waste (exporting waste) is still seen as an option.
Discuss stakeholder Scientific observations of MP pollution will press policymakers to regulate industry. This can
Eriksen et costs and benefits of Stakeholder . only be promoted convincing stakeholders, from knowledge and sense of justice, to engage in
s Perspective 119 . . o - . s I
al. 2018 MP mitigation in a engagement the prevention of primary MP production, integrating environmental and social justice in
social justice context plastic production.
Analyse contemporary | Awareness, Lack of environmental awareness and resistance to change are highlighted are impediments
Giri 2021 strategies to improve stakeholder Review >200 to a better water quality, especially in developing countries. Communication, environmental
river water quality engagement education, training, and awareness will improve waste management and environmental ethics.
Katsnelson | Start tackling MP in a MP as a . Marine microplastics crisis, perceived as less problematic than global problems like coastal
. . Perspective 21 X L . .
2015 rigorous way global risk erosion or CO; emissions - only when plastics are made visible people are concerned.
. . MP management and policy decisions informed from risk perception by different interest
Kramm & | Understanding social- . o . ; .
M Risk . groups. Responsibilities are often shifted elsewhere. Some voices do not regard plastics as the
Volker ecological implications . Review 71 I ; ) . . .
perception source of the problem but rather their improper disposal; other voices emphasize the design of
2018 of MP . . .
the plastic material, and yet others target consumer behavior.
Lam et al. Explore strategies to Prevention . Consumers play a major role in the generation of plastic waste. Thus, responsible waste
develop plastic & Review 107 A - . . . .
2018 R handling is the social awareness and behaviour to accomplish an effective recycling scheme.
legislation governance
Landon- Potential of corporate | Governance Review 49 Corporations are responsible to stop MP emissions, following sustainable plastics industry
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Lane 2018

social responsibility to
manage plastic use

principles. Biodegradable plastics recommended to prevent MP. Corporate social
responsibility as corporate behaviour beyond regulation, from environmental awareness.

Lohr et al zozisrlwg':en:g:?r?éer]lggt?i Preggnct;lon, Perspective 87 Reduction of marine litter & MP requires changing consumer behaviour about primary &
2017 g P . P secondary MP. Sustainable Development Goals 6.3, 11.6, 14 are involved.
& MP perspective
. . Policy development and industrial practices are affected by consumer voice and behaviour.

Mitrano & . . - Regulation . L . : .

Discussing restrictions - . From concern to action, activism drive real (or perceived) change. Differences between

Wohlleben & public Perspective 71 . ! X . . .

to MP countries in regulations, and for public demands. Microplastic hazards are uncertain, and
2020 demands . . L
actions are not similarly prioritized by all actors.
Qualitative methods recommended to explore new areas of research. Quantitative approaches
Pahl & To guide future social | Psychosocial to test the role of perceived risk, values, social norms for behaviour. Experimental
Wyles research to mitigate tools for Review 51 quantitative approaches to study cause—effect relations. Communications and interventions
2017 environmental MP. mitigation should be based on scientific insights into human thought and behaviour and evaluated
systematically.
Prevention
Penca Explore EU.S Plastics frqm . Political strategy in the EU to change plastics treatment to circular economy. MP are
Strategy environmental | policies & Perspective 15 . ; :
2018 . considered. Includes ban to MP & campaigns for consumers to refuse plastic products.
consequences campaigns -
EU focus
Discuss how to Prevention -
Prata et al. . . consumer . Circular economy is necessary, but needs consumers to change their behaviour in order to
improve plastics . Review 152 .
2019 behaviour use recycled products and to discard properly used ones
management
change
Proliferation of opinion misrepresenting scientific facts, limited public knowledge and risk
MP and the . . . .
. . L . perception of MP, may be perceived as temporally or spatially distant, unnatural &
SAPEA EU Academies advice society: Perspective . ] . .
. : >200 | unnecessary. Keys to change attitude towards MP: Concern, perceived behavioural control,
2019 on MP psychosocial | & Review - : - : -
aspects identity, values, attitudes, emotions and personal and social norms, knowledge, and
P awareness.

Schnurr et Discuss actions to Knowledge Review >200 Lack of public knowledge, education & awareness - poor transmission of scientific results.
al. 2018 reduce plastic & awareness Arguments against plastic bans - environmental impacts of paper & cloth bags- overlooked.
Soares et D'S.CUS§ transmission of Risk . Difficult transmission of knowledge because MP are invisible, thus risk is not perceived: an

scientific information . Perspective 103 S - -
al. 2020 about MP perception invisible global problem without a global solution yet.
Stoett & Explore agential & Recycling . The global movement for safer recycling behaviour is hampered by increased illegal waste
. . . . Perspective 69 . . . . .
Omrow structural violence in impediment, exports / imports in some countries. Conceptualizing the pollution of the commons (oceans,
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2021 transboundary global lakes, air) as a form of transnational ecoviolence may help us formulate a clearer
movements of waste governance understanding of our concerns.
Compare knowledge of . Risk in scientific papers is often focused on environmental risks. No current policy to monitor
Usman et . . Risk . - S : . L
MP in marine - Review 145 and regulate microplastics in commercial foods meant for human consumption, whose risk is
al 2020 . perception : -
environment vs food perceived higher by people.
Investigate how MP . Most scientific studies frame MP risks as hypothetical or uncertain, while most media articles
Volker et o . Risk . . . X .
risk is treated in Review 74 imply that risks of MP exist, and harmful consequences are highly probable. Wrong
al. 2020 . . outreach - L . e .
science and media transmission of scientific knowledge increases public risk perception.
. Glitter as an aesthetic need and psychologically fun - unconscious use by unaware
Yurtsever Explore MP risk . . ).
: . Awareness Review 95 consumers. Most people have no knowledge or awareness about the glitters’ impact on the
2019 derived from glitters

environment.
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2.4.3. Landscape of topics in reviews and perspective articles

Applying a threshold of 4 occurrences, the network created from the 18
relevant terms extracted from the 818 words identified in texts, keywords and
abstracts of these papers showed three clusters (Figure 2.2). The central terms were
“policy” (close to “plastic”, “production” and “solution”, and connected with
“microplastic”, “effect”, “risk” and “source” in the red cluster), “human health”
(together with “waste” in the blue cluster), and “society” and “regulation” (together
with “problem”, “use of plastics”, “stakeholder”, “plastic pollution” and “industry”).
This map of clusters summarizes the essential of this collection of articles. Policy,
society, regulation and human health are central while the word “consumer” or
psychosocial terms do not appear. The network could read like this: “Policies about
plastic production and sources will offer solutions to the risk of microplastics effects
in the marine environment,” (red cluster), “and of waste in human health...” (blue
cluster; solution is close to waste), “...while plastic pollution derived from the use (of
plastic) by stakeholders is a societal problem to be tackled from industry regulation”
(green cluster). The picture depicted here shows a top-down approach to the risks of
microplastics and plastic pollution, led by policies and regulations rather than by
individual awareness or behavior. Industry regulation would solve the problem of
plastic pollution, and policies about plastic production would solve microplastics risks
in the marine environment.

Figure 2.2. Network map created from relevant terms occurring at least four
times in titles, keywords, and abstracts of the selected articles, using VOSviewer
software. Terms are connected by links that represent their co-occurrence in
articles and texts. Links’ width is proportional to their strength.
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Applying a threshold of 3 occurrences psychosocial terms appear in three of
the five clusters (Figure 2.3): “behavioural sciences” as a central word in the red
cluster with microplastics, intervention and single use plastic; “corporate social
responsibility” and “recycling behavior” in the green cluster together with stakeholder
and words related with the environment like agriculture (a source of microplastics),
water quality and marine environment; “risk perception” and “uncertainty” together
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with public, regulator and primary microplastics in the blue cluster. In addition, the
term “(consumer) demand” — shared by psychology and economy- appears in the
purple cluster with production and waste. Summarizing, in the analyzed articles
important psychosocial issues related with stakeholders (green cluster) are those
related with producer responsibility and consumer behavior (specifically recycling).
The novelty of the threat is reflected in the blue cluster where risk perception linked
to uncertainty, in the same cluster with science. The red cluster represents solutions,
where behavioural sciences are central to design interventions against single-use
plastics that in the articles examined are an important source of microplastic pollution.
In the purple cluster it seems that consumer demand would determine production (of
plastic and microplastics) thus be an ultimate cause of waste (Figure 2.3). Finally, in
the yellowish cluster human health risk would be associated to both land and water,
important recipients of plastics and microplastics.

In the two networks plastics and plastic pollution appear in addition to
microplastics. Indeed, microplastics are plastic, and the spontaneous production of
microplastics from larger plastics, often of single use, has been reflected in the
network map of Figure 3.

Figure 2.3. Network map built from relevant terms occurring at least three times
in titles, keywords, and abstracts of the selected articles. VOSviewer software
was employed.
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2.4.4. Emerging psychosocial issues in the microplastics crisis

The analysis of relevant terms with at least two occurrences showed different
foci in reviews and in perspective articles, with 38 and 18 terms respectively (Table
2.3). Ten psychosocial terms not overlapping in reviews and perspectives were
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directly identified in the list: awareness, corporate social responsibility, uncertainty,
microplastics perception, risk perception, consumption, recycling (reviews);
knowledge, understanding, responsible consumption (perspectives). The last term
implies that “consumption” was qualified as “responsible” as a way of mitigation;
thus, we classified primarily that term in the category of Mitigation, and secondarily
as Psychosocial since the context was mitigation of the problem. Similarly, we
classified “recycling” primarily in Mitigation for its context in the articles; recycling
can be either an individual behavior and/or a corporate, national or regional strategy
to mitigate plastic waste. The rest of terms were classified in a single category.

The five most relevant terms in perspective articles (28% of these articles)
described problems (microplastics, plastic pollution), a mitigation strategy (circular
economy), waste as microplastics source and society as the main actor. The rest of
relevant terms found in perspective articles were very far from these five (Table 2.3).
In review articles, the 28% most relevant articles (first 10 in the rank) included: a)
three psychosocial terms (corporate social responsibility, uncertainty, consumption),
b) two actors (public, consumers of plastic), ¢) two policy measures (bans and levies
to plastic products), d) three terms related with policy (levy, bans, policy
effectiveness) and €) one problem (marine plastic pollution) as one source (landfills)
(Table 3). It is worth noting that in the category of “Actors” the terms were
principally related to individual consumers (Public, Consumers...), science and
politics (Regulators), but no one was referred to the industry.

Few terms were shared in the two lists: plastic pollution, marine pollution, risk,
negative (= adverse) effect, consumption (with the adjective “responsible” in
perspective articles), and waste (Table 2.3). Plastic pollution and global marine
pollution were in the first quartile of the two lists; but some of these terms were not
formulated identically nor occupied similar positions in the rank. For example, the
term “negative effects” (of microplastics) was qualified by the adjective “possible”
only in the list of perspective articles; the term “waste” was second with a high
relevance (3.44) in the list of perspective articles, and 25" with only 0.98 relevance
score in the list produced from review articles. Many terms containing the word “risk”
appeared in the list derived from reviews, but only one term appeared in perspective
articles list (Table 3). Science (here classified as an actor, as scientific knowledge and
its transmission is fundamental in the microplastics crisis) appeared only in the word
list of the reviews.
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Table 2.3. Relevance of terms (minimum 2 occurrences) selected from abstracts,
keywords and titles of the perspectives and review articles analyzed.

PERSPECTIVES REVIEWS
Term Relevance Category Term Relevance Category
Corporate social
Microplastics 3.8 Problem responsibility 2.01 Psychosocial
Waste 3.44 Source Public 1.55 Actor
Plastic pollution 3.31 Problem Uncertainty 1.5 Psychosocial
Circular economy 3.18 Mitigation Levy 1.46 Policy
Society 3.16 Actor Ban 1.46 Policy
Environment 0.15 Scope Policy effectiveness 1.46 Policy
Consumer (of) plastic
Current knowledge 0.12 Psychosocial product 1.41 Actor
Effective action 0.12 Mitigation Marine plastic pollution 1.39 Problem
Global marine pollution 0.12 Problem Landfill 1.3 Source
(Societal) initiative 0.12 Mitigation Human consumption 1.3 Psychosocial
Possible adverse effect 0.12 Problem Ocean 1.28 Scope
Possible intervention 0.12 Mitigation Microplastic risk 1.26 Problem
Profound understanding 0.12 Psychosocial Political action 1.19 Policy
Responsible Mitigation,
consumption 0.12 psychosocial Risk assessment 1.19 Policy
Risk 0.12 Problem Consumer 1.14 Actor
Solid basis (of
evidence) 0.12 Mitigation Microplastic pollution 1.14 Problem
Source 0.12 Source Pressure 111 Problem
Mitigation,
Worldwide 0.12 Scope Recycling 1.07 psychosocial
Public risk perception 1.07 Psychosocial
Exposure 1.05 Problem
Science 1.02 Actor
Perception 1.02 Psychosocial
Strategy 1 Policy
Risk 0.99 Problem
Waste 0.98 Source
Complexity 0.96 Problem
Legislation 0.8 Policy
Land 0.79 Source
Regulator 0.73 Actor
Awareness 0.72 Psychosocial
Single use plastic 0.71 Problem
Water quality 0.61 Problem
Human activity 0.6 Source
Food 0.48 Scope
Agriculture 0.48 Source
Plastic pollution 0.48 Problem
Human health risk 0.45 Problem
Negative effect 0.29 Problem
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As expected from the results shown in Table 2.3, the two types of studies
differed significantly in the distribution of terms in the seven categories considered
(Actors, Mitigation tools, Policy, Problems, Psychosocial issues, Scope and Sources):
%2 (7.2) = 14.06 with p = .03; Fisher’s exact test with p = .026 < .05, adequate Cramer’s
V = 0.448. The category Problems contained the majority of relevant terms in review
articles (31.6% of the terms) and the category Policy was the second one (Figure 2.4).
In contrast, terms related with Mitigation were the most abundant in perspective
articles (33.3%). Thus, reviews were focused on risks and policies, while perspectives
would focus principally on solutions not so much based on regulations. Although
Penca (2018) and Mitrano and Wollehben (2020) considered policies and regulations
in their articles (Table 2.2), terms categorized as Policy did not reach enough
relevance to appear in the list generated from perspective articles (Figure 4). Some
terms included in the category of Mitigation in the list of perspective articles were
quite ambiguous, such as societal initiative and possible intervention, but the highly
relevant circular economy, individual responsible consumption and solid basis (of
evidence) as a requirement for mitigation actions pointed at quite clear mitigation
strategies.

Figure 2.4. Frequency of relevant terms in different categories for reviews and
perspective articles found in the present study.
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Focusing on terms related with psychosocial issues, the list produced from
perspective articles had (current) knowledge and (profound) understanding (Table
2.3). In reviews, relevant terms were corporate social responsibility, the first word in
the list (Table 2.3), then uncertainty (that would represent the opposite to the concept
of profound understanding), consumption, risk perception, knowledge and awareness.
Individual responsible consumption appeared in perspectives’ instead of the corporate
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responsibility of the reviews’ list, but in the reviews the word “consumer” appeared
twice, implying their role as actors in the microplastics crisis.

Summarizing, real research reflected in the reviews has focused on individual
and corporate responsibility about microplastics, while what seems to be needed from
the relevant terms in perspective articles is new, efficient initiatives based on solid
bases of understanding. The main relevant term that appeared in perspectives but not
in review articles was circular economy (Table 2.3). Individual responsible
consumption would be an emerging solution, and the need of a deeper understanding
and solid bases for action against microplastics were also emphasized. While the
whole society is the actor that emerges from perspectives, emphasizing the
multifaceted aspects of the microplastics crisis, reviews tend to focus on more specific
sectors, like consumers or regulators.

2.5. Discussion

The first observation in this review was the small number of articles retained
in the literature search. Perhaps for the novelty of this emerging contaminant, there is
still relatively little research about the psychosocial issues involved directly or
indirectly in the raise of microplastics. In line with the EU Academies (SAPEA, 2019),
more efforts in this field of investigation are necessary. The synthesis articles
analyzed in this study propose the use of psychosocial research and methodology to
mitigate current microplastics crisis in different ways, principally changing
consumer’s behavior (perspectives) and enhancing corporate social responsibility
(reviews). From its relevant position in perspectives but not in reviews, the societal
change towards circular economy is an emerging issue that would need much
attention from social psychologists in the upcoming years.

Cutting down plastic and microplastic pollution is, from our study, an
emerging responsibility of all the society. From the results of our study, the
responsibility of corporations and consumers, and their behavior (as individuals or
corporations), are key to understand why in this moment microplastics governance is
failing. The focus of most reviews has been the behavior of individual consumers and
its top-down regulation, that is, policies that prevent the use of plastics and
microplastics (e.g., Lam et al., 2018; Penca, 2018). Lam et al. (2018) claimed for
social awareness and pro-environmental behavior to be able to accomplish recycling
schemes needed to prevent microplastics. The inclusion of circular economy as main
emerging solution changes a little bit the focus. If circular economy is the goal, we
should investigate the perspectives about microplastics of companies, politicians and
resource managers from a psychosocial point of view, to involve all actors in the
common goal of fighting this emerging global threat. Indeed, individual responsible
behavior is always needed, since individual actions like littering, dumping and bad
recycling contribute crucially to the enormous level of plastic pollution. However,
plastic is also used by other than individual consumers. There are many industrial uses
of plastic, and the industry has also its own drivers, like the oil industry that produces
its raw material. Investigating the point of view of the industry as a producer and
consumer of plastic is still a big research gap.

The vision and corporate behavior of companies is indeed essential in circular
economy. Abandoning plastic for more sustainable options is a challenge that will
need not only a green organizational culture (Lasrado & Zakaria, 2020), also the firms
have to be convinced of green image to provide economic benefits at the long term
(Xie et al., 2019). Taking into account human behavior in the process of adaptation of
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companies to circular economy, like leadership styles, is a gap identified by Pieroni et
al. (2019). Landon-Lane (2018) proposes to increase environmental awareness of
corporations to harness corporate social responsibility; this way, plastics industry will
follow sustainability principles and innovate in products to stop microplastics
emissions. Eriksen et al. (2018) emphasize the need for scaling zero-waste strategies
and convince corporations and other stakeholders to align on equitable end-of-life of
plastic, including costs of environmental and social justice in its final cost. Abalansa
et al. (2020) claimed for the involvement of all types of stakeholders, from different
economic sectors (agriculture, fishing, construction, transport), in global solutions to
stop MP emissions including creation of awareness and engagement in environmental
protection.

The perspective of journalists is also important. Today, media are focused on
the plastics problem that seems to be more tangible and manageable than other
important environmental issues, like ocean acidification for example (Tiller et al.,
2019). Despite the facts and figures described in the introduction, there are still doubts
about the real magnitude of the threat - as it is normal in a so novel and recent
research subject. For authors like Volker et al. (2020), media “translate” scientific
knowledge about microplastics exaggerating the risk. Although scientists frame
microplastics risks as potential or hypothetical, media present risks as certain and
harmful consequences as highly probable. Moreover, media tend to cover scientific
articles about microplastics in seafood more frequently than studies about
microplastics in other environmental compartments, so emphasizing the threat for
humans (Usman et al., 2020; Catarino et al., 2021). Media coverage is clearly biased
because there are more studies about environmental risk than about risk associated to
human consumption of microplastics via food (Usman et al., 2020). Volker et al.
(2020) concluded that the public debate should be informed by unbiased scientific
knowledge to prevent dramatization of certain issues while overlooking other
important ones (for example microplastics in plankton, which is the base of the ocean
trophic chain and provides oxygen to the atmosphere). In this sense, Schnurr et al.
(2018) point at a poor transmission of current scientific knowledge to explain the lack
of public knowledge, awareness, and education about microplastics. Catarino et al.
(2021) think that, although science has not reached a consensus on the toxicity of
microplastics for biota and humans yet, we should adopt precautionary measures to
combat microplastic pollution. For these authors, the high level of public awareness
offers a good opportunity for a transformation toward a more sustainable economy
(Catarino et al., 2021). Despite the doubtless role of media in the transmission of
scientific knowledge, we have not found specific studies investigating the perspective
of journalists about this subject. Investigating current coverage of plastic pollution in
UK news sites, Keller and Wyles (2021) found very emotive topics (for example
entangled charismatic marine animals) but lack of focus on consumer responsibility,
that as we have seen here is crucial to stop microplastics pollution. On the other hand,
the perspective and priorities of scientists should be considered too. Usman et al.
(2020) highlighted a discrepancy between the majority of current studies on
microplastics that have an ecological perspective, and the scarcity of studies about
microplastics content in food and seafood, that are very important for most consumers.

Solutions of psychosocial nature proposed to mitigate microplastics emissions
are diverse. Pahl and Wyles (2017) made a complete review of social research
methodologies (qualitative, quantitative and experimental quantitative) to study
psychological determinants of pro-environmental behavior that could mitigate
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microplastics. They highlight, amongst others, perceived risk, values and social norms.
They also emphasize the need of basing both communication and interventions on
scientific insights in human behavior and thought. The European Academies (SAPEA,
2019) compiled their work and others about pro-environmental behavior and pointed
at key psychosocial traits that are involved in microplastics mitigation, like
knowledge, concern, perceived behavioral control and personal and social norms, also
values, attitudes, emotions and identity. From the perspective of Sustainable
Development Goals (SDG, UN 2021), Lohr et al. (2017) recognize that the reduction
of marine litter including MP, which is SDG#14, needs a change of consumers’ and
stakeholders’ behavior. Knowledge, leadership and skills to deal with the problem can
be stimulated at all levels to raise global awareness and increase action and interaction
between all stakeholders (Lohr et al., 2017). For Giri (2021), collaboration with and
between local stakeholders is essential to achieve water sanitation agenda developed
by UN for 2030 specifically in developing countries, and raising environmental
awareness to engage stakeholders is fundamental there. Penca (2018) reflects on how
to implement current EU strategies to mitigate microplastics, and emphasizes the need
of changing consumer’s behavior, proposing campaigns against the use of plastics.
Those campaigns should be designed following solid psychosocial principles. Prata et
al. (2019) also pointed at consumer’s behavior changes for making circular economy
real, claiming for interventions in order to increase the acceptance and use of recycled
products.

Most solutions proposed so far are related with waste disposal and treatment,
with the reduction of plastic use, and with the consumption of microbead-free
products. However, a source of microplastics not sufficiently studied yet is
microfibers from textiles and clothes. Although aware consumers would buy devices
to retain microfibers in washing machines (Herweyers et al., 2020), a sustainable
clothing behavior would require buying more expensive natural textiles instead of
clothes of cheap artificial materials. People involved in the fashion industry recognize
that a radical change in consumption patterns may be the only way forward; even
though, they would require a deeper knowledge about scientific facts and figures to be
convinced to undertake such a change (Yan et al., 2020). Related with fashion,
Yurtsever (2019) alerted about the potential risks of apparently harmless glitter, that
produces serious microplastics pollution, because of its wide use and psychological
benefits as an aesthetic need. Consumers should be informed of the risk.

Last but not least, this is a global crisis and solutions must be indeed local, but
without missing the global perspective. Not all the countries are equal. Mitrano and
Wohlleben (2020) report significant differences between countries regarding
regulations and public demands; they remark that consumers’ behavior is crucial to
the development of environmental policies, and also influences industrial practices.
Therefore, country culture would be a factor to take into account to understand
psychosocial determinants of microplastics mitigation. In this sense, Angnunavuri et
al. (2020) point at the lack of knowledge and awareness about the MP content in
different products as a barrier to consumer’s behavior change in developing countries.
For these authors, plastic mismanagement is partially driven by inappropriate social
behaviours, poor political decisions, the lack of financing and investment mechanisms
and the absence of producer-consumer responsibilities, all together constraining the
management of waste plastics in Africa. At consumer level they suggest, amongst
other practical solutions, to increasing the information about MP in the package and
labels of commercial products. Dauvergne (2018) points at the need of local
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regulation of industries and, at the same time, at the establishment of international
treaties to support and strengthen the local reforms. International social justice
regarding plastic and microplastics should be a priority in the upcoming years. Lau et
al. (2020) estimated an increase of net waste export from high-income to lower-
middle income countries of around 1.1 Mt/year by 2040, which is really enormous.
Waste imports hamper the capacity of developing countries to manage safely their
own waste (e.g., Velis, 2015), especially small particles like microplastics that need
special treatments in wastewater plants (Hamidian et al., 2021). All countries being
interconnected, the appealing concept of circular economy to approach zero waste is
today far from realizable in entire continents like Africa, due to systemic failures like
low technological capacity for the production of innovative materials, or informal
recycling reality (Velis, 2018). The global perspective of Sustainable Development
Goals adopted by Lohr et al. (2017) is one of the ways to consider in future
psychosocial studies about solutions to the microplastics crisis.

2.5.1. Conclusions

In conclusion, the current landscape of review and perspective articles
suggests a mismatch between current psychosocial research on microplastics and
emerging directions of possible solutions. While current research is focused on
individual drivers of pollution, there is no much research about efficient solutions to
change societal habits. Research efforts are now centered in corporate social
responsibility, but circular economy is identified as the future framework to cut down
the microplastics crisis. The role of the media to make people aware of the problem is
also highlighted.

2.5.2. Recommendations of psychosocial nature

Since uncertainty and the need of solid basis for interventions have been
identified as relevant terms in our study, qualitative, quantitative and experimental
quantitative researches are needed to explore current public awareness and to design
interventions against microplastics emissions.

Corporations should engage in sustainable practices —like not exporting plastic
waste to third countries, using less plastic packaging, recycling- and invest in
technological innovations to abandon plastics and primary microplastics.
Psychosocial tools to help companies in these green innovation changes are of priority.

Consumers should move towards the consumption of products without
primary microplastics.

Against secondary microplastics, consumers should adopt R imperatives as
recycling and especially reusing. Accepting alternative materials like bioplastics can
be envisaged, as long as they are truly environmentally friendly throughout their
whole life cycle, including end-of-life disposal. The environmental impact of new
materials must be carefully assessed before production.

Since microplastics are invisible and their risk is not easily perceived, a sound,
understandable, reliable transmission of current scientific knowledge is sought for the
sake of informed and objective societal awareness of microplastics and their
environmental health risks. The same principles should inform policies and
regulations aimed at the prevention of primary and secondary microplastics.
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CHAPTER 3

STUDY 2: ON THE NEED OF PUBLIC
KNOWLEDGE TO FACE
MICROPLASTICS

Publication:

Garcia-Vazquez, E., & Garcia-Ael, C. (2021). The invisible
enemy. Public knowledge of microplastics is needed to face the
current microplastics crisis. Sustainable Production and
Consumption, 28, 1076-1089.
https://doi.org/10.1016/j.spc.2021.07.032.
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3.1. Abstract

Microplastics are emerging pollutants that threaten marine resources globally today.
Being invisible to the human eye, their public perception and risk perception depend
upon the information passed on citizens. Psychosocial theory postulates the
importance of knowledge, attitude, and perceived control to undertake pro-
environmental behaviors. In this review we have analyzed relevant literature about
psychosocial determinants of microplastics emissions and found new directions where
research should be focused. Enlarging the geographical scope of present studies to
include African countries, undertaking intercultural studies to determine the scale of
interventions for public sensitization about the problem, studying the perspective of
the industry, politicians and journalists, and improving the way of communicating
scientific knowledge about this new threat are highly recommended.

3.2. Introduction
3.2.1. The global microplastics crisis

The planet is today in the middle of what has been called the microplastics
crisis. The term, employed by scientists (Katsnelson, 2015) and politicians, describes
the raise of huge amounts of small plastic particles that form a part of the Plastiphere
in the Anthropocene era. The ultimate fate of plastics and microplastics is the ocean
(Thompson et al., 2004) that could be seen like an enormous landfill where much of
the plastic waste arrives at the end. Just as an example, in the EU between 75 000 and
300 000 tons of microplastics are released into the environment each year (European
Commission, 2018). After entering the ocean, microplastics become part of the
beaches’ sand, are suspended in the water column, eaten by marine animals, deposited
on the algae, or forming already a part of the sediments in the deepest abyssal plains
(Woodall et al., 2014; Auta et al., 2017). COVID-19 has worsened the problem in the
last year for the increase of plastic waste that arrives in the ocean derived from
protective equipment and hygienic masks (e.g., Patricio Silva et al., 2021).

Andrady (2011) and Law and Thompson (2014) summarized the causes of the
increase of microplastics in the ocean. Microplastics are typically particles smaller
than 5 mm that can either be directly produced of this size (primary microplastics) or
be the product of degradation of larger plastics (secondary microplastics). Primary
microplastics are micro- or nanobeads that are added to many products employed in
personal care (e.g., whitening toothpaste, scrub cosmetics) and in the industry (e.g.,
abrasive cleaning treatments). Secondary microplastics are mainly produced in situ in
the ocean by breakage of marine plastic litter for the effect of sun radiation and the
physical action of ways and currents. They can also come from the land (Wagner &
Lambert, 2017), as microplastics when they escape waste treatment, since for their
small size wastewater treatment plants cannot retain 100% of the microplastics; many
secondary microplastics are fibers produced during clothes washing, because many
washing machines do not retain microfibers efficiently (Andrady, 2011; Law &
Thompsons, 2014).

The amount of plastic pollution and microplastics seems to vary among
regions in the planet, depending on the societal consumption habits and the facilities
for waste disposal and treatment in the continental areas nearby. Microplastics are
especially abundant near big urban settlements, in estuaries and around river mouths —
because rivers collect and transport plastics and microplastics from all basins
upstream (Lebreton et al., 2017). At a large scale, van Wijnen et al. (2019) showed
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that East Asia and Pacific waters receive the largest microplastics import from rivers
and the land, followed at a distance by OECD countries (Europe and North America),
then closely African waters (except Middle East and North Africa). Expectations are
that if business follows as usual or in an equal world scenario, Africa will be the
second continent by 2050, only surpassed by OECD countries in a hypothetical
scenario of 90% solid waste collected and adequately treated worldwide (van Wijnen
et al.,, 2019). On the other hand, microplastics exports of Middle East and North
Africa, and of Eastern and Central Asia, are today and are expected to be lower by
2050 (van Wijnen et al., 2019). Objective data and projections of microplastics
pollution are accompanied by the interest of scientists, scientific publications about
microplastics being correlated with the plastic waste generation per country
(Klingelhofer et al., 2020). Many of the big rivers in the planet are in Africa, and
recent investigation has shown a relatively large number of publications about
microplastics in waters of South Africa and the Gulf of Guinea (Alimi et. al., 2021).
However, this cannot be applied to socioeconomic studies, where countries like
Portugal, Chile, Ireland, Norway and Slovenia lead the rank, irrespective of their
relative microplastics pollution and their studies about environmental quantities and
impacts of microplastics (Klingelhofer et al., 2020). It seems that the social aspects
related with microplastics are less covered than the environmental ones.

The difference between primary and secondary microplastics is not trivial
because the actions required to prevent and mitigate pollution are essentially different.
The ultimate cause of the release of primary microplastics in the environment is the
consumption of products with such microplastics, while the causes of secondary
microplastics are related with failures to apply R-imperatives in plastic consumption
and waste behavior. These 10R options, initiated by consumers and companies,
prevent waste, and retain value through the entire life cycle of a product (plastic in
this case): Refuse (to buy), Reduce, Reuse/Resell, Repair, Refurbish, Re-manufacture,
Re-purpose (or Rethink = find a new use of old components), Recycle, Recover, Re-
mine (Reike et al., 2018). In other words, primary microplastics can be prevented just
not consuming products that contain such microplastics. In contrast, secondary
microplastics are much more complex because the sources are varied, as the uses and
disposal of plastic are in current societies.

Why should we worry about behaviors that promote microplastics pollution
directly or indirectly? The microplastics crisis looks like a serious problem for the
marine pollution it represents, but in addition it is intertwined with other global
problems like climate change (Shen et al., 2020), through greenhouse gas emissions
along the plastics and microplastics life cycle (Hu et al., 2019). Moreover, marine
biodiversity is at risk because plastic particles, when accumulated at a certain level,
cause harms to organisms all across the trophic web from plankton to top predators
(e.g., de Séa et al., 2018). But microplastics emissions do not come without a toll for
the emitters. Produced by humans, ironically microplastics return to humans —like a
sort of bad karma— via air, water, and seafood. Humans eat algae, shellfish and fish
that contain microplastics. Although still not well know because the consequences of
ingestion of microplastics via seafood have been little studied, there is a suspect of
harmful effects on human health (Smith et al., 2018). Microplastics acquired via
breath can produce lung cancer (Prata, 2018), not only by physical damage but also
because microplastics release accompanying toxic molecules that cause chemical and
biochemical damage in different organs and even produce neurological effects
(Campanale et al., 2020). Thus, microplastics could be considered a menace not only
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for the environment but also for human health. Looking for solutions is urgent
because, even if the studies are still scarce and the global impact of microplastics in
the planet has not been accurately estimated yet (Hale et al., 2020), by precautionary
approach we should stop their emissions now before the amount is so high that the
damage is irreparable. From that perspective we need to identify best practices to
improve sustainable consumption and waste behavior that prevent microplastics.

The environmental threat represented by microplastics has promoted reactions
at international and national level. The industry of plastics and allied associations
created the Global Plastic Alliance aiming at a better global management of plastics
(Marine Litter Solutions, 2019). The United Nations (UN) have, literally, declared
war on ocean plastics (UN, 2017), and clean oceans to sustain marine resources is one
of the UN Sustainable Development Goals, specifically SDG 14 (UN, 2021). There
are international campaigns addressed to companies to urge them to redesign the use
and disposal of plastic, like the WWF initiative ReSource launched in 2020
(https://resource-plastic.com/; accessed February 2021). After the first international
conference on microplastics in Lanzarote (Spain) in 2016, the Lanzarote Declaration
(SAM, 2018) has been followed by country efforts to reduce microplastics emissions,
including bans to cleaning products with microplastics. They are today being
considered at EU level, although their implementation seems to be difficult under
current international rules of the World Trade Organization (Kentin & Kaarto, 2018).
Da Costa et al. (2020) point at many norms, regulations, laws, and recommendations
proposed and implemented in the last years to mitigate (micro)plastics in the
environment, principally based on levies or bans, although for these authors the real
benefits of these norms are still to be proved. In this subject governance seems to
follow a top-down strategy, with companies and politicians starting changes without a
wide demand from the society. Da Costa et al. (2020) concluded that, beyond
regulations, consumers have to adjust their behaviors, and, together with
manufacturers, adhere to a culture of reduction, reuse, and recycle. For the adoption
of these pro-environmental behaviors psychosocial approaches are needed, especially
regarding the specific problem of the invisible, overlooked microplastics.

3.2.2. Psychosocial interventions: theoretical frameworks

As for other subjects in environmental and health psychology, the main
theoretical framework that could be applied in pro-environmental consumption and
waste behavior is the Theory of Reasoned Action (Ajzen & Fishbein, 1980) and its
further development as the Theory of Planned Behavior (Ajzen & Madden, 1986;
Ajzen, 1991; Ajzen, 2002). Individual behavioral intention is determined by
subjective norms —the individual thinks it is acceptable by their referents—; by attitude
—the individual is favorable to that behavior—; and by the perceived control —the
individual thinks they can do it—. Perceived behavioral control also influences the
actual behavior, not only the intention to behave. This theory has been widely applied
in studies of recycling behavior. For example, Tonglet et al. (2004) found a significant
effect of the attitude, perceived control and social norms on the intention to recycle in
Brixworth, UK, with the concern and previous recycling experience being significant
predictors of actual recycling behavior. In other cultures, the theory has been applied
too, like in China, where attitude, perceived norms and subjective norms significantly
influence the use of plastic bags (Sun et al., 2017). The theory is likely applicable to
behaviors against microplastics emissions as well. Although this research field is very
new, the influence of attitude and behavioral control on the intention to purchase
clothes not emitting microfibers has been already proven in USA (Nam et al., 2017).
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In the Value-Belief-Norm theory, pro-environmental behavior (or behavior
intention) is predicted from values, awareness of consequences, ascription of
responsibility, and personal norms (Chen, 2015; Stern, 2000). Environmental
knowledge itself does not induce pro-environmental behavior (Kollnuss & Agyeman,
2002); however, it will do depending on social norms, feelings of guilt and attitude
(Mohiuddin et al., 2018). These authors extended the Theory of Planned Behavior
adding values as a variable that affects consumer behavior in emerging countries like
Malaysia, where although knowing the importance of using green vehicles, the effect
of subjective norms may be not significant for their actual use (Mohiuddin et al.,
2018); in other words, consumers may have the knowledge but if they do not have the
values they will not buy green products. Henderson and Green (2020) found similar
gaps in the fields of plastics consumption and its potential contribution to
microplastics emissions: although people were aware of plastic pollution (not so much
about microplastics), plastic consumption was valued as positive for hygienic issues
thus that behavior was not changed.

Regarding sustainable consumption, the relationship between expectation and
perception is a key determinant of final consumer’s behavior. Individuals compare
their expectation with their perception of a product and if the expectation is met, they
will purchase the product. Tsioutsou (2006) found that perceiving the quality of a
product and its adequacy to consumer’s values — the environmental quality in the case
of sustainable products- increases consumer’s satisfaction and also the probability of
purchasing the product. This theory could be applied to the consumption of products
to reduce microplastics emissions; Herweyers et al. (2020) found that Belgians would
buy devices to retain microfibers in washing machines only if they are really effective.

3.2.3. Objectives and departure hypothesis

This study aimed at analyzing current literature about psychosocial
implications of the microplastics crisis and how they could be applied in the
mitigation of that global environmental crisis. Identifying main psychosocial
frameworks involved and research gaps will contribute to design future research.

From the characteristics of microplastics and the theoretical frameworks above,
we expected that psychosocial research studies focused mainly on the following
issues:

1) Microplastics perception (for microplastics invisibility),

2) Knowledge sources (explaining public views and top-down governance),

3) Awareness of microplastics risks (still unknown for the novelty of the
environmental threat), and

4) Environmental values (important to stop emissions of both primary and
secondary microplastics).

3.3. Methods
3.3.1. Protocol

A systematic literature search was conducted following PRISMA
methodology (Preferred Reporting Items for Systematic reviews and Meta-Analyses;

Moher et al., 2009), with minor modifications for the novelty and social impact of the
topic.

3.3.2. Eligibility criteria

51



The bibliographic search aimed to identify key literature where psychosocial
aspects of the global microplastics crisis are addressed. Geographical or temporal
limits were not set. Language limits were not employed, but the search was done
using only English words so that most articles retrieved were in English. The search
was done in January 2021 ending on the 31°.

3.3.3. Data source

Database selection can have a large effect on conclusions from reviews,
especially in interdisciplinary topics, thus following the recommendation of Harari et
al. (2020) we have explored databases with different level of specificity: Psychology,
PsycINFO; Social Sciences, ERIC and Social Sciences Citation Index;
interdisciplinary, Google Scholar, PubMed, ScienceDirect. They were supplemented
with manual searches for references (forward search) and references of other reviews
(backward search).

3.3.4. Search

Search terms were: Microplastics, microfibers, microbeads, the abbreviation
MP (because it is frequently employed in specific literature about microplastics),
marine litter, litter, plastic; psychology, psychosocial, interventions, plastic, theory of
planned behavior, knowledge, perception, social norms, risk; review, perspectives,
meta-analysis, focus, research. The terms “microplastics” and “psychology” were
employed simultaneously in all searches. Considering the enormous volume of recent
articles about microplastics published in environmental sciences were tried to follow a
conservative search strategy in order to exclude information limited to the
environmental point of view. For this, the Boolean terms used in search were: “AND”
for at least one microplastic-related and one psychology-related terms were employed,
to retrieve as many as possible relevant references; “OR” of “AND/OR” when
multiple terms referred to any of the two main topics (microplastics and/or
psychology) were employed together in the same search.

3.3.5. Study selection

Strict quality filters for eligibility were chosen because the novelty and potential
implications of microplastics for human and environmental health attracts an
enormous interest of media, environmentalist NGOs, plastics lobby and companies
and conscious citizens. However, as commented above the scientific support of many
articles and press releases is unclear. For this reason, we have retained only peer-
reviewed articles and studies, or reports issued by authoritative institutions and
organizations of international relevance such as UN, UNESCO, FAO, Academies.
Employing the criteria described above a total of 994 articles was retrieved. All
articles complying with the selection criteria were selected. These criteria were the
following:

1) Academic peer reviewed article.

2) Participant characteristics: filters for age, gender or occupation were not set.

The sample could be comprised of individuals of any gender and age (adults

and/or children).

7) Admissible study designs: qualitative, correlational, experimental, as well as
reviews and perspectives.

8) Construct being researched: any psychosocial trait.

9) Time range: no limits were set, but microplastics is a relatively recent issue
and studies before 2000 are not expected.
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Exclusion criteria were (in addition to a failure to comply with the inclusion
criteria outlined above):

1) Articles published in conference communication format.
2) Books where peer-review was not stated.

3) Unpublished theses and dissertations.

4) Articles published in popular science magazines.

5) Articles published in media and social media.

3.3.6. Data collection process

A form was designed to enable the data from the studies included in the
systematic review to be extracted, summarized, presented and critically evaluated.
This form was organized in spreadsheet format. The following data were collected
from each eligible article:

15) Digital object identifier (DOI).

16) Internet link where the article can be found.

17) Authors.

18) Year.

19) Journal.

20) Title.

21) Country/ies.

22) Sample size (or sizes if there were several studies in the same article).

23) Gender ratio (proportion of females)

24) Age (range and/or mean with standard deviation).

25) Scope (national, international, local).

26) Study design.

27) Instruments.

28) Variables.

29) Raw data (link to them if available in a repository).

30) Summary of results (one to three sentences).

31) Summary of conclusions (one-two sentences).

32) Key words.

33) Abstract

3.3.7. Data list

Once the articles complying with the established eligibility criteria were selected,
a coding manual was designed, along with a protocol for registering the
characteristics of each study. The aim was to guarantee the coding process is
transparent and replicable. An ad hoc scale was compiled in accordance with Rubio-
Aparicio et al.'s recommendations (Rubio-Aparicio et al., 2018), organized in three
general categories:

A. Methodological variables: these refer to the type of design used, and the
research methods applied during the studies, the quality of the measures obtained,
and the procedures followed for the data analysis. This category contained the
following variables:

A.l. Type of microplastics in the study framework (1: primary; 2:

secondary; 3: any type).

A.1l. Sample size.

A.2. Assessment instrument used to evaluate the variables (measures used

e.g., willingness to pay; too diverse for simple coding).
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A.3. Dimensions or variables included in the assessment instrument (1:
knowledge; 2: perceived efficiency/control; 3: awareness; 4: attitude; 5:
concern; 6: engagement; 7: risk perception; 9: pro-environmental
behaviour).
A.4. Design used (1: qualitative; 2: quasi-experimental; 3: correlational; 4:
experimental).
A.5. Data collection (1: online or by convention mail or telephone; 2: at
the workplace or in the interviewees' homes; 3: in public spaces).
B. Substantive variables: sociodemographic characteristics of the sample and
characteristics of the treatment, as well as to the research context. This category
included the following criteria:
B.1. Age of the sample.
B.2. Percentage of women.
B.3. Target population sector/s (e.g., general public, university or school
students, fashion industry, environmentalists/environmental workers; too
diverse for simple coding).
B.4. Education background (e.g., main formation discipline, educational
level —too diverse for simple coding).
B.5. Characteristics of the specific tool/s employed in the treatment (1:
brochure/information in writing; 2: oral information; 3: hands-on activities
to visualize microplastics).
C. Extrinsic variables, referred to those characteristics which have nothing to do
with the object of study, but which may be associated with the results. Those
included:
C.1. Year of article publication.
C.2. Country or countries where the study was carried out.

3.3.8. Risk of bias in individual studies

Bias risk assessment was not carried out for the studies included in the review,
since the issue has been scarcely studied to date and the number of available studies
was small.

3.4. Results
3.4.1. Article selection: Analysis of specific issues related with microplastics

A descriptive analysis of articles reporting new data on psychosocial issues
directly related with microplastics was done addressing different aspects like the
geographical and temporal coverage, the microplastics type (primary or secondary
microplastics), the methodology (observational or experimental, qualitative or
quantitative), and especially the psychosocial variables considered. Dependent,
independent and mediator/moderator variables were identified. Articles about
perspectives or reviews on psychosocial factors involved in microplastics, generically
called here synthesis papers, were analyzed from the perspective of their objectives
and the main recommendations.

The main foci of research were explored using two different approaches. First,
we analyzed the use of keywords using a categorical classification and contingency
statistics to compare synthesis papers and articles with new data, in order to evaluate
the current state of the art in this novel discipline. Keywords were extracted from the
list of keywords in each article and classified in five categories: Actors (individuals,

54



collectives), Goods (affected by microplastics), Pollutants (microplastics, microfibers,
litter, nanoplastics), Solutions (explored, proposed, or sought) and Understanding
(perception, knowledge, awareness, risk perception). Two minimum occurrences of a
term in the whole dataset were considered, to not overweight very specific singletons
(keywords used only once). Comparison between the use of keywords between the
two types of papers was done using exact Fisher’s test and Cramer’s V to estimate the
effect size. SPSS © version 26 was employed.

Second, we did a cluster analysis of key terms, following Klingerhofer et al.
(2020) analysis of keywords. Here we have also added the titles and texts of abstracts
to enrich the number of eligible terms, given the scarce number of articles found. The
free software VOSwiever version 1.6.15 (van Eck & Waltman, 2010) was employed
to create a network-based map. When keywords, titles and abstracts were included we
used the following settings: binary counting; thresholds of 4 minimum occurrences of
a term and the 60% most relevant terms selected. Common methodological terms like
item, program, study, or subject/participant were eliminated from the selected list of
terms.

The number of results found in the literature search using the strategy
described above (994) was disproportionately large in comparison with the scarce
number of articles containing real information about microplastics and psychology at
the same time, only 33 (3.3%) see Figure 3.1. Other 108 articles (10.8%), yellow box
in Figure 3.1, contained information of psychosocial nature (perception, knowledge,
behavior...) related with plastics, trash, and marine litter. In these articles, as in others
discarded in previous steps, microplastics were mentioned as a potential product or
consequence of degradation of bigger litter objects, or even as an environmental threat,
but were not specifically treated in the study even in a partial or indirect way.

Almost one half of the articles retained with psychosocial issues related with
microplastics were reviews or perspectives (16 articles, purple box in Figure 3.1;
references listed in Supplementary table 3.1), whereas only 17 (51.5%) contained new
data of diverse nature, green box in Figure 3.1. In contrast, only 17% of the articles
generally related with plastics and marine litter were reviews or perspectives while the
majority contained new data (Figure 3.1). For the nature of the secondary
microplastics, which are derived from previous litter, it is obvious that all the
behavior related with litter will be indirectly related with microplastics, preventing or
promoting their load in the environment and food. However, for the easier perception
and visibility of the impacts caused, the psychosocial determinants involved in pro-
environmental behavior related with general trash and plastics are not expected to be
the same as those involved in invisible microplastics. For this reason, in our study we
have not analyzed thoroughly the 108 papers (18 reviews and 90 articles with new
research data) indirectly related with microplastics that are outside the focus of this
review.
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Figure 3.1. Flow diagram summarizing the number of retained (in green and
yellow) and discarded (in red) articles in different steps. MP: microplastics.
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The majority of articles fully assessed (N = 141) related directly or indirectly
with microplastics had a very unbalanced geographical coverage (Figure 3.2): most
studies were carried out in Europe, followed by Asia and the reviews, then the rest of
continents at a distance. The studies focused on Africa were clearly fewer and started
growing the latest of all the continents, after 2017.
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Figure 3.2. Regional context of research on psychosocial determinants involved
in marine microplastics crisis. Cumulative number of articles fully assessed in
this review by continent.
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The studies with original research data addressing the subject of psychosocial
determinants of microplastics pollution are very few to date (Figure 3.1). All of them
have been published since 2015 (Figure 3.3), with a noticeable concentration in the
last year. Although this review was done in January of 2021 there were already two
articles with new data (11.8%) published in 2021. The number of participants was
larger in studies conducted since 2019 (see the second column in Figure 3.3),
demonstrating the increasing importance of this research field. Review articles (purple
box in Figure 3.1, listed in Supplementary table 3.1) comprising self-named reviews
(11) and perspectives (5) about the relationship between psychology and microplastics,
indeed also increased the last years (Figure 3.3).
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Figure 3.3. Proportion of articles published about psychosocial aspects directly
involved in microplastics mitigation in different years since 2015. Categories are:
synthesis articles (reviews and perspectives), and articles containing new
research data with the number of studies and participants on these studies by
two-year periods.
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Articles with new data were published in 13 journals mainly of environmental
governance and health scope (Table 3.1). Two journals published more than one
article: Marine Pollution Bulletin (5) and Sustainability (2). Regarding the
geographical context (Table 3.1), the majority has been conducted in Europe (11
studies, 6797 participants), followed by Asia (three studies, 1282 participants in total)
and North America (three studies: two summing 717 participants and one using tweets
of Twitter networking site as data source). Peer-reviewed studies from Africa or
Oceania were not found.

3.4.2. Study characteristics: Psychosocial issues specifically involved in the
microplastics crisis

The analysis of keywords evidenced that psychosocial research was done with
different foci in review/perspective articles and in articles with new data (Figure 3.4).
Considering wide categories of keywords, the two types of studies were significantly
different (Fisher’s exact test with p = .04 < .05, moderate Cramer’s V = 0.28),
Pollutants being the category with more keywords in both types (38% and 44.2% in
synthesis and new data papers respectively) followed by Solutions (28%) in reviews
and Understanding (19.7%) in articles with new data. Considering all the keywords
separately the difference was highly significant (p = .00005 < .001 with relatively
strong Cramer’s V = 0.57). Actors were principally industry (corporations) and large
collectives as the EU in the reviews, in contrast with the most frequent keyword of
this category in articles with new data: individual consumers (Figure 3.4). A big
difference was the type of solutions highlighted. Corporate social responsibility,
legislation and governance were keywords more employed in reviews/perspectives,
while sustainable individual behavior and behavioral intention were more frequent
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keywords in articles with new data (see Figure 3.4). The category Understanding was
very different too. While synthesis articles focused on the perception of risk posed by
microplastics followed by scientific perspective, new data focused on individual
knowledge, perception of microplastics and awareness instead. Summarizing this
comparison between the two types of articles, current research is measuring the
individual perception and knowledge of these small particles, whereas authors
thinking on prospective application of psychosocial tools to mitigate the current
microplastics crisis are more focused on global solutions pushed by the perceived risk
and science.

Figure 3.4. Use of keywords in reviews and perspectives (n = 50) versus articles
with original data (n = 61). Results are presented as the frequency of each
keyword in each category of papers. Bl, behavioral intention.
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In the map created from terms employed in the title, abstract and key words of
research articles with original data (Figure 3.5), knowledge was a central and most
important term (with highest weight), clustered with microplastics pollution and
consumer’s perspective (Cluster 1, green). Plastic pollution clustered in Cluster 2
(blue) together with willingness -to pay or to change behavior, while in Cluster 3 (red)
microbeads were together with university students (the main subjects in experimental
studies), consumers and personal care products. Unlike the perspective articles, here
awareness was not retained as an important term; instead, knowledge —that comes
before awareness in the development of pro-environmental behavior— was still the
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main subject of new psychosocial investigations.

The network map of Figure 3.5 reflects a high weight of consumers and
individuals. It could be read as “Knowledge of microplastic pollution determines
consumer’s perspective; consumers may will to reduce plastic pollution, and on the
other hand several collectives (university students) will change their use of personal
care products to reduce microbeads”

Figure 3.5. Network map created from research articles with original data using
VOSviewer software. Titles, keywords, and abstracts were employed to extract
significant terms.
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Regarding the theoretical framework, or the rationale that supports the study
from grounded psychosocial theories (Table 3.1), only a few studies identified by
name classic theories like the Theory of Planned Behavior (Ajzen, 1991), in Nam et al.
(2017); and the Value-Belief-Norm (Chen, 2015; Stern, 2000), in Jeong et al. (2021).
In most articles (Table 3.2), the scientific rationale was introduced straightforward
citing studies where the same psychosocial or sociological variables had been applied,
without specific references to a consolidated theory that was however implicit. The
majority of studies (11 out of 17) referred the importance of knowledge and/or
awareness for sustainable behavior, while Abate et al. (2020), Deng et al. (2020) and
Yan et al. (2020) highlighted the role of attitude in such behavior. Anderson et al.
(2016) and Janouskova et al. (2020) departed from values and beliefs. Didegah et al.
(2018) and Henderson and Green (2020) rationales were based on how media or
social media shape the public knowledge about this invisible environmental threat.

Although not so often mentioned in the keyword list (Figure 3.4), the
psychosocial variable more frequently studied (Table 3.1) was knowledge about
microplastics (Chang, 2015; Cammalleri et al., 2020; Deng et al., 2020; Henderson &
Green, 2020; Herweyers et al., 2020, and many others), as reflected in Figure 3.6 from
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the clustering analysis of relevant terms. Other variables were awareness of their
impacts, risk perception as a more specific awareness of environmental or health
threats caused by microplastics, concern, intention to behave against microplastics
(Table 3.1). In the latter are included the willingness to change consumption habits,
and willingness to pay for actions, microplastics-free products or devices for
microplastics or microfibers mitigation. A few studies included moderator or mediator
variables like perceived control or efficiency, feeling of guilty, social responsibility.
Demographic variables considered were age and gender; main socioeconomic
variables were the education background and the family income. We have retained
one research article where the variable analyzed was not psychosocial but related with
the communication and outreach of scientific knowledge about microplastics
(Didegah et al., 2018). Didegah et al. (2018) analyzed tweets of different users of
Twitter social network about scientific topics. Although it is far from psychosocial
variables, communication explains the public knowledge in this topic. This article
adds social media as a source of information, related with other articles that show
media as main public information sources. As shown in those articles, public risk
perception will depend on how the sources transmit scientific knowledge.

From the methodological perspective there was an overwhelming number of
observational (versus experimental) studies (Table 3.1). Only three could be
considered experimental interventions. Chang (2015) informed USA university
students about the content of primary microplastics in cleanser products and measured
post-intervention intention to refuse the consumption of those products. Cammalleri et
al. (2020), working with Italian university students, used a brochure informing about
microplastics as intervention and measured knowledge and awareness pre- and post-
intervention. Raab and Bogner (2020) designed an educational module to make
microplastics visible and tested it in a sample of 450 German primary education
students of 9-10 years.

3.4.3 Psychosocial Variables

Main results of the analyzed articles revealed important implications of
psychosocial variables in pro-environmental behavior about microplastics. In general,
they would support the applicability of the Theory of Reasoned Action (Ajzen &
Fishbein, 1980), where knowledge is fundamental to change behavior (or at least
behavioral intention). The three experimental studies examined confirmed it. Students
informed about the presence of microplastics in cleansing products refused to use
them again (Chang, 2015). With their educational module, Raab and Bogner (2020)
demonstrated a gain of knowledge about microplastics and increased awareness of
daily actions that can be done to reduce microplastics pollution, while a simple
informative brochure was enough to increase awareness in university students
(Cammellieri et al., 2020) (Table 3.1). Other observational studies went in the same
direction: individuals better informed and more concerned about microplastics would
pay more for cleaning the environment (Abate et al., 2020), for a device to filter
microfibers (Herweyers et al., 2020), or intend to reduce microplastics emissions
(Deng et al., 2020) and to buy sustainable clothes (Yan et al., 2020); in contrast,
unaware individuals would provide little support to cleaning campaigns (Choi & Lee,
2018).
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Table 3.1. Summary of articles with new research data analyzed in this study. Type of microplastics: P, primary; S, secondary.
Gender: % of females. WTP, willingness to pay. MP, microplastics; MPF, microplastic fibers; NP, nanoplastics. Bl, behavior intention.
SD in parenthesis.

Reference | Country t';/lpl:; N Ge?de Age Subjects Study Rationale Main variables Relevant results
Concerned respondants and those
. . . believing in the effect of proposed
Abate et al Norway S 1804 49 44 Online Quantitative KnowInge & attlt.ude Con9e_rn, perceived measures: >WTP. Males less
2020 (17.21) survey determine behavior efficiency, WTP
concerned but, for the same concern,
willing to pay more.
Three Only aware participants support MP
Anderson et Enaland p 29 90.9 16 - focus Qualitative Beliefs & values Awareness. attitude reduction for innecessary and
al 2016 g ' >55 roUDS determine awareness ' unnatural. Public outreach needed to
group phase out microbeads
Quantitative Knowledae & Main info source Internet. Awareness
Cammalleri 22.5 University A 9€ & Knowledge, increased significantly after
Italy S 151 59.6 quasi- awareness determine . L -
et al. 2020 (6.16) students - . awareness information in less formed/specialized
experimental behavior
students
Universit Quantitative, Knowledge & awari?\ggglei(rj]?:ﬁtion Majority of consumers unaware of MP
Chang 2015 USA P 175 - - Y quasi- awareness determine ! in products; after information, refused
students - . to change ;
experimental behavior g to consume the product again
consumption
. . Low perception of MP and of MP risk.
Choi & Lee Korea Any 400 47 43 (8.9) Household Quantitative Awarene_zss Qetermlnes Awareness, WTP WTP for cleaning the ocean, only 50%
2018 S behavior intention . X
interviewees
. . Knowledge, concern, | Knowledge but not concern increases
Deng etal China S 437 45.3 18-60 Gene_ral Quantitative Perceptl_on & attlt_u de Intention to reduce intention. Females & environmental
2020 public determine behavior g ; .
MP emissions workers stronger intention.
Twitter as important source to
Didegah et Canada An ) i i Social Quantitative Twitter a vehicle for Tweet consultation & communicate knowledge about MP;
al 2018 Denmark y networks engagement dissemination undigested dissemination of scientific
facts
Henderson UK s 42 66.7 20-77 Six focus Qualitative Medla shape ME Knowledge, MP mformf';\tlon from media. Barriers
& Green groups discourse & public awareness, to change: undetectable scale, poor
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2020

awareness

engagement against

understanding of science, cultural ideas

MP about plastic. Disconnection plastics
use - distant ocean pollution.
. Despite little MPF awareness, intention
Herweyers et . Adults | Two online I Envwonmental Knowledge, to buy preventive device. Mediators:
Belgium S 638 69 Quantitative knowledge influences awareness, WTP for : . .
al 2020 all ages surveys ; ) . . price & perceived environmental
buying behavior devices against MPF :
benefits. Awareness younger>older.
Janouskova Czech Universit Knowledge, awareness Knowledae Knowledge from mass media; little
- Any 384 NA NA y Quantitative & values determine ge, awareness; significantly lower
et al 2020 Republic students : awareness ! .
behavior awareness in humanity students
Kns;/;/(lzeeg%%nrlsk Risk perception affects pro-
Jeong et al Korea Any 445 488 20-69 Online Quantitative Value-Belief-Norm proenvironmental Bl environmental behaw_our, mflugnced
2021 survey theory ; - by knowledge. Guilty & social
social responsability, A .
. . responsibility mediators.
feelings of guilt
_ Germany _ Knowled_ge dete_rmlnes WTP for MP-free MP-free products preferred but will not
Misund et al Online I purchasing decisions pay more for them. Cultural
Norway | Both | 3018 50 19-74 Quantitative X : products, . i
2020 Portugal survey mediated by price and demoaranhics differences: WTP
g environmental values grap Portugal>Germany>Norway.
Subjective norm & perception affect
Theory of Planned Intention to purchase attitude, percel\_/ed contro_l & intention
. . to purchase. Attitude mediates between
Nam et al. Online —_— Behaviour + green clothes, . .
USA S 542 53 18-74 Quantitative - . perception, expectations & purchase
2017 survey expectation & expectation, : - -
erception perception, attitude mtentlon_. Perceived control_does _not
P ' affect attitude and purchase intention,
contrary to expectations
Control support & WTP despite low
. . Awareness enhances knowledge. Education & social group
Ojinnaka & UK Both 72 68.1 25-54 I.Ethn.".: Focus group support to plastic Knowledge, associated with awareness. Main
Aw 2020 minorities . awareness, WTP - . . )
reduction information: media. Awareness:
MP>NP, environmental>food threats.
Quantitative, Knowledge enhance Knowledge, Makm_g MP visible through an
Raab & German An 450 - 9-10 Children uasi- motivation & awareness education module students gain
Bogner 2020 y y qu L ’ knowledge & awareness and propose
experimental responsibility engagement

actions to reduce MP
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Awareness, perception,

: Knowledge, Knowledge, perceived impacts &
Soares et al Portugal | Both | 428 708 18-69 Online Quantitative egvg%;]irczggar: C?:é:iecrtn awareness pro- awareness increase proenviron
2021 g ' survey . P environmental behaviour. Pro-environmental
pro-environmental . .
. behaviour behaviour older>younger
behavior
. Knowledge determines Knowledge,
Yanetal UK S 15 53.3 21- F ashion Qualitative attitude and purchasing awareness of MFP Unawarer_1es§ Ga!’?ed by MFP
2020 >40 industry . . invisibility
behavior impacts
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3.4.4. Environmental Values

Environmental values are decisive to reduce the consumption of products with
microplastics (Anderson et al., 2016), and to purchase green clothes (Nam et al.,
2017). However, the perceived control that is key in the Theory of Planned Behavior
was not significant in Nam et al. (2017) study, contrary to Ajzen (2002) expectations.
Another important factor found in these studies was the concern about microplastics
and their perceived risks. The perceived impacts together with knowledge and
awareness determined pro-environmental attitudes in the study of Soares et al. (2021)
in Portugal; however, concern did not increase significantly pro-environmental
behavior intention in the study of Deng et al. (2020) in China. Risk perception was
also key in pro-environmental behavior intention in Korea, mediated by guilty and
social responsibility (Jeong et al., 2021). Indeed, the relation between expectations
and perception has been also important in purchase decisions about green
microplastics-free products (Nam et al., 2017).

3.4.5. Sociodemographic Variables

Sociodemographic variables showed different effects on the variables
examined depending on the particular study. In the few studies reporting an effect of
the gender, females seemed to be more sensitive about this environmental problem
than males; for example, females declared stronger intention to reduce microplastics
emissions in China (Deng et al., 2020), and would pay more to remove microplastics
from Arctic waters (Abate et al., 2020), although in this particular study the effect
disappeared and even took the opposite direction, males willing to pay more, after
controlling concern (Abate et al., 2020). Age had contradictory effects depending on
the study. Older Portuguese would have more pro-environmental behavior than the
youngers regarding the control of microplastics emissions (Soares et al., 2021), but
younger Belgians would be more aware about the specific problem of microfibers
(secondary microplastics derived from clothes) than older ones (Herweyers et al.,
2020). In contrast with these variables that have different effect depending on the
study, the educational background was consistently related with proenvironmental
behavior and awareness about microplastics, individuals with higher education level
and environmental background being more sensitive to this issue in different cultures,
from the Czech Republic (Janouskova et al., 2020) to China (Deng et al., 2020) to
ethnic minorities in the UK (Ojinnaka & Aw, 2020).

3.4.6. Cultural differences

The cross-cultural aspect has been little investigated in studies about
microplastics but is likely very important. In countries like Portugal where the trust in
the institutions is not very high, individuals would pay more for microplastics-free
products than in countries where individuals have higher political-trust like Germany
or Norway (Misund et al., 2020). Private (versus public) governance and certification
labels to facilitate individual purchase decisions would be more effective in countries
with low political trust (Misund et al., 2020). UK ethnic minorities would support
economically the control of microplastics emissions even if do not know much about
the issue (Ojinnaka & Aw, 2020), and little aware Belgians would buy devices to
control microfibers emissions (Herweyers et al., 2020), in clear contrast with German
and Norwegian consumers that would prefer microplastics-free products but will not
pay more for them (Misund et al., 2020).
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3.4.7. Role of mass media

The role of media was highlighted in the analyzed studies. Internet was the
main information source about microplastics in the study of Cammelleri et al. (2020),
and mass media in Henderson and Green (2020), Janouskova et al. (2020), Ojinnaka
and Aw (2020). Articles about microplastics were amongst the most re-tweeted and
commented, but the scientific facts described in the articles were disseminated
undigested (Didegah et al., 2018), revealing an inadequate outreach of scientific
knowledge about this topic.

On the other hand, poor understanding of science was identified as a barrier to
change behavior about microplastics in the study of Henderson and Green (2020).
Studies worldwide emphasize the fact that there is little public awareness about
microplastics (Chang, 2015, in USA; Choi & Lee, 2018, in Korea; Janouskova et al.,
2020, in the Czech Republic; Anderson et al., 2016, and Yan et al., 2020, in the UK).
All of them mentioned the invisibility of these pollutants as one of the main causes.

3.5. Discussion

When we started this review, we expected that the majority of studies focused
on microplastics perception, knowledge sources, awareness of microplastics risks and
environmental values. In reality we found a mismatch between perspective studies
and those creating new data. Studies with new data were more focused on the
knowledge of consumers about microplastics, being synthesis and perspective papers
more focused on awareness and risk perception. Environmental values were more
frequently tackled in articles with original data and not so much in perspective papers.
The sources of knowledge appeared in the two types of articles but were not the main
focus and appeared secondarily in keywords. Moreover, perspective studies were
more focused on collective actors and new data on individuals; for example, corporate
social responsibility is very important but there are very few actual data about how
companies —CEO and employees- see the problem of microplastics. These
mismatches can be explained from the novelty of microplastics as an emerging
contaminant, thus a very recent environmental threat. Science and citizenship walk
here at different speeds. While researchers can figure out ways of combatting the new
threat, there are still many basic information gaps needed to properly design and
implement interventions for public sensitization and enhancement of pro-
environmental behavior about microplastics. Examples are how the general public
perceives microplastics and how much knows about them. We will discuss some of
the relevant findings next.

3.5.1. Psychosocial frameworks to promote sustainable behaviors towards
microplastics

One of the first observations in the handle of articles reviewed is the scope of
the journals where they are published. Perhaps for the enormous importance and
potential impact of the current microplastics crisis, psychosocial implications are
being published in journals of a quite generalist scope that interest a wide audience
and stakeholders, more than in specialized journals within the field of Psychology. As
authors repeat in the examined studies, this subject is still in its infancy (e.g., Pahl &
Wyles, 2017). According to this, the theoretical frameworks that support the
psychosocial studies, although solid, are not much developed nor discussed in the
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articles reviewed. They may be different in primary and secondary microplastics.
Behaviors to control the emission of primary microplastics would rely on the
purchase of products with microbeads; theories of sustainable consumption are to be
applied in this case, while general pro-environmental behaviors are needed to control
secondary microplastics emissions, from acquiring plastic-free products to reducing
and disposing waste adequately. We have seen in our review, often without naming
them, the Theory of Reasoned Action (Ajzen & Fishbein, 1980) and the Theory of
Planned Behavior (Ajzen, 1991, 2002), as well as Value-Belief-Norm theory (Chen,
2015; Stern, 2000) and the theory of Perception-Expectation (Tsioutsou, 2006)
regarding purchase decisions. These are solid foundations and will be likely used in
further studies of the global microplastics crisis. However, under the light of Nam et
al. (2017) study, some aspects of the Theory of Planned Behavior like the perceived
control could not be verified. Perhaps the perception, attitude and environmental
values are enough to determine pro-environmental behavior about microplastics in
some cases.

Microplastics is a difficult subject from the psychosocial perspective for two
main reasons. One is that being invisible to the naked eye, their perception depends
principally on the information received from external sources. This aspect was
remarked as one of the main barriers to behavior change regarding microplastics
(Henderson & Green, 2020). Another difficulty resides on the insufficient number of
objective data about their environmental and health risks they pose. As commented
above, the effect of microplastics are accumulative, thus adverse consequences will
likely be detected at the mid or long term. Moreover, both primary and secondary
microplastics are originated far from the sites where they will accumulate (the ocean).
Thus, there is a real spatial and temporal distance between microplastics production
and microplastics effects. This lack of evident, rapid association between cause and
effect adds to the difficult perception of the real microplastics nuisance, as highlighted
by Henderson and Green (2020). Such psychological distance has to be taken into
account when targeting potential psychosocial mechanisms that could be used in
microplastics management.

3.5.2. Unequal geographic and cultural coverage

The second observation to be remarked is the irregular geographical coverage
of specific studies about microplastics, where African countries were absent. This
could be expected from the unequal coverage of continents seen in Figure 3.2. This
gap can be explained from many reasons like lower investments in science in Africa
where many developing countries are located, but not from less microplastics
pollution in African waters that produce a large part of the total microplastics emitted
today (van Wijnen et al., 2019). Alimi et al. (2021) found a higher level of
microplastics in fish collected in Egypt than in any other part of the world; however,
we could not find any study about knowledge or behaviors related with microplastics
emissions from that country. Oceania was absent, too, but its population is much
smaller.

On the other hand, we found indicators of cultural differences in some
psychosocial perspectives about microplastics that could be of importance for future
interventions to cut microplastics emissions. The level of trust in country’s
institutions and authorities could have an influence on the individual effort to behave
pro-environmentally, as demonstrated in Misund et al. (2020). The effect of some
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demographic factors like age and gender varied between countries, like China and
Norway for the relative willingness to act (or to pay) of females and males, being
higher in females in China (Deng et al., 2020) and the opposite in Norway —
controlling concern in this case (Abate et al., 2020). Similarly, youngers were more
concerned about microplastics than older citizens in Belgium (Herweyers et al., 2020)
and the other way around in Portugal (Soares et al., 2021). This topic should be
thoroughly explored, because if these differences are confirmed interventions should
be designed ad hoc for each culture and region.

3.5.3. Top-down governance and the importance of science communication

In this study we have observed a clear difference between the perspectives and
the studies with actual data regarding the control of microplastics. These are more
focused on individual behavior while reviews seem to be more focused on governance.
This discrepancy can be explained, at least in part, from the importance of what has
been called the third power (mass media) in the dissemination of knowledge about
microplastics. Scientific facts about microplastics pass rapidly to stakeholders and
politicians through media (Volker et al., 2020), and decisions like banning
microbeads from European and American beauty products have been made without
clear evidence and even without extensive public pressure, which is generally limited
to environmentalist sectors very aware of microplastics. We have seen in this review
that media are the main source of public information about microplastics. One of the
barriers to behavior change concerning microplastics emissions is poor understanding
of science (Henderson & Green, 2020). Moreover, Anderson et al. (2016) highlight
the need of a better public outreach of science to find more public support and phase
out microbeads. Therefore, improving science communication seems to be one of the
priorities in the next years, and finding the ways to make microplastics visible is
surely one of the first needs.

3.5.4. Limitations of this study

A limitation of the current study is an inevitable cultural bias, since all the
articles retained are in English. Peer-reviewed articles included in the Web of Science
(WoS), that have been the majority of the papers that passed the filters applied here,
are strongly biased towards English language literature (Lillis & Curry, 2010). This is
especially important in the present case where we have seen intercultural differences
regarding the attitudes towards microplastics (Misund et al., 2020).

Another limitation was the reduced number of articles found passing the
quality filters applied. Here we prioritized peer-reviewed published articles, thus
unpublished studies like Master or PhD theses were not retained. Surely these studies
will be published in the next years, thus revisiting the topics worked in the present
study in a few years would be advisable.

3.5.5. Research gaps and recommendations for future research

Future directions of urgent research can be drawn from the gaps found in this
study. Some of them are:

1) Coverage of psychosocial perspectives worldwide, especially in Africa where
microplastics emissions are important while there is a lack of studies on the
psychosocial side.
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2) Explore intercultural aspects of the psychosocial issues involved in microplastics
mitigation, to be able to better determine the scale of intervention designs.

3) Prioritize studies about how to make microplastics visible to the general public,
that is, finding best practices of science outreach about this topic.

4) Investigate the perspectives of companies, politicians and journalists about
microplastics from a psychosocial point of view, to involve all actors in the common
goal of fighting this emerging global threat.
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CHAPTER 4

STUDY 3: BIASED VISIONS OF
MICROPLASTICS OFFERED FROM
NEWSPAPERS

Publication:

Garcia-Vazquez, E., Garcia-Ael, C., & Juanes, F. (2023). Social
perception of microplastics: the role of newspapers.
Environmental Science and Policy, MS # ENVSCI-D-23-00439,
under review.
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4.1. Abstract

Microplastics are a global pollutant of concern for all the sectors of the society.
Microplastics impacts have been widely publicized by media focusing principally on
human health, although the majority of research studies report threats for wildlife and
the environment. Here we have analyzed the treatment of microplastics in news
published online along the last 15 years by nine newspapers from three countries of
different culture and legislation about plastics: the individualistic Canada and the
collectivistic Mexico, both with bans on plastics, and the less individualistic Spain
where plastic bans are not enforced. Relevant term clustering and emotional content
analyses were conducted on 231,468 quality-filtered words. Unlike academic papers
mainly focused on measuring pollution impacts, terms referred to understanding and
solutions were central in Canadian newspapers, while environmental and food threats
were more frequently reported in Mexico and actors were central in Spain. More
words of negative emotional charge were employed in the collectivistic Mexico than
in the other countries. After COVID-19 pandemics more news reporting microplastic
threats on human health were found in Spain and Mexico, while in Canadian
newspapers the change was not significant confirming a strong environmentalist focus
on this country. Improving science communication strategies would be recommended,
especially in Spain where bans on plastics are still to be implemented.

4.2. Introduction: how mass media contribute to public opinion and
environmental policies

Microplastics (MP) are plastic fragments smaller than 5mm, that may be either
manufactured of that size, like microbeads (primary MP), or be the product of
breakage or erosion of larger plastics (secondary MP). They represent an emerging
threat for the environment and health. Humans may ingest up to 52,000 MP annually,
increasing to 121,000 if taking inhalation into account (Cox et al., 2019). Health risks
of MP in humans range from oxidative stress and digestive problems to respiratory
diseases, inflammation and allergy (Vethaak & Legler, 2021) and even fertility
(D’Angelo & Meccariello, 2021). The same risks also affect animals, from DNA
degradation (Masia et al., 2021) to many other alterations (Tagorti & Kaya, 2022).
Plants may retain MP in their structures, altering their chlorophyll function (Li et al.,
2020). Thus, the whole ecosystem may be affected (Prata et al., 2021), but long-term
effects are still unknown.

The impacts of MP may be intertwined with other global stressors. For
example, the degradation of MP in the ocean contributes significantly to emissions of
greenhouse gases that cause climate warming (Royer et al., 2018; Shen et al., 2020).
Another very important stressor at a global level that has been related with MP
emissions was the COVID-19 pandemic in 2020. Various authors have predicted an
enormous increase of MP in the upcoming years coming for untreated single-use
hygienic masks (Shruti et al., 2020; Parashar & Haik, 2021; Shen et al., 2021).
Moreover, changes in lifestyle during the pandemic have likely contributed to
increasing the genotoxic effects of MP (Tagorti & Kaya, 2022).

Because MP are invisible to the naked eye, citizens and politicians learn about
the abundance and impact of microplastic pollution principally thru mass media
(Garcia-Vazquez & Garcia-Ael, 2021; Volker et al., 2020): the Internet (Didegah et
al., 2018; Cammelleri et al., 2020), or newspapers and TV (Henderson & Green,
2020; Janouskova et al., 2020; Ojinnaka & Aw, 2020). The information provided by
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newspapers about MP is therefore very important for the society to understand MP
threat.

Mass media are strategic actors that shape the public’s attitudes about a
country’s policies (Baum & Potter, 2008), influencing both public opinion and
decision makers. Environmental issues are not an exception. For example, media
discourse helped to account for changes in the support of nuclear power (Gamson &
Modigliani, 1989), influence public opinion about biological invasions depending on
the charisma of the invasive species (Jari¢ et al., 2020), and contributed to the rise of
climate change on European public agendas (Damsbo-Svendsen, 2022). However, the
informative foci of newspapers have been scarcely studied regarding emerging
pollutants like MP. The few studies tackling this issue point to biased information
about this environmental problem. Although the real health impact of eating MP-
polluted seafood is still largely unknown (Barboza et al., 2018), the media coverage
exaggerating their potential risk to human health may have fueled consumer alarm not
supported by scientific publications (Farady, 2019). Messages transmitted by UK and
USA newspapers are principally focused on human health and the human food chain
(\Volker et al., 2020), while the communication of environmental impacts is secondary.
Ballantine et al. (2021) analyzed the treatment of MP in Danish news media and
concluded that, besides presenting MP as dangerous for humans and the environment,
the media placed MP responsibility on individual consumer behavior. We expect that
the link between MP and COVID-19 pandemics will also appear in mass media, since
that link has been much highlighted in recent scientific studies (e.g., Shen et al., 2021;
Tagorti & Kaya, 2022); however, to our knowledge, the treatment of this issue by
mass media has not been studied yet.

As seen above, the literature about communication of scientific results on MP
is scarce and has been limited to a few countries so far. The treatment of MP in mass
media may be very different depending on countries and cultures. First, the degree of
development in a country has been related with a higher degree of environmental
concern and green behavior of their inhabitants (do Pago et al., 2013). Countries differ
greatly in legislation about MP: microbeads are banned already or are being phased
out in some countries, principally in Europe and North America, while the majority of
the rest has not instituted microbeads bans yet — especially in Africa and South
America (Anagnosti et al., 2021).

The culture context of a country is also important regarding environmental
issues. From large-scale surveys involving thousands of participants worldwide,
countries have been characterized based on different psychological attributes such as
individualism (versus collectivism), where individuals would assume independently
personal responsibilities (Hofstede et al., 2010). For example, individuals from
collectivistic cultures will pay more for green products (Sreen et al., 2018), or to
support the environment (Mainardes et al., 2017). Such trends for collectivistic
cultures are thought to reflect an interdependent self-construal, leading to increased
concern about the environment because its destruction is harmful for the present and
future generations (Arnocky et al., 2007; Deng et al., 2006). In contrast, Komatsu et al.
(2019) found that countries with individualistic cultures have lower levels of
anthropogenic perception of nature than those where collectivism is dominant. Thus,
they would focus on preserving the environment while collectivistic countries would
focus more on how environmental threats affect people.
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Another cultural dimension considered by Hofstede et al. (2010) that
influences environmental behavior is long-term (versus short-term) orientation, i.e.,
individuals focus on the future more than on the present or the past. Long-term
oriented individuals tend to adopt green consumption (Sreen et al., 2018) and exhibit
pro-environmental behaviors (Mi et al., 2020) because they expect these behaviors
will result in a better future. Journalists from long-term oriented countries are thus
also expected to focus on the environment more than those from countries with a
shorter-term orientation.

For the importance of mass media to ensure the society is informed about this
emerging threat, and their influential role on country policies, knowing how
newspapers from different countries and cultures treat MP issues is a critical
challenge. Here we contribute to filling this gap by exploring the treatment of MP in
digital newspapers of national distribution in three countries of different cultures,
degree of national development, and legislation about plastics and MP: Canada,
Mexico and Spain (Table 4.1).

4.3. Objective of the study and departure hypotheses

The objective of this study was to investigate intercultural differences in how
and when mass media introduce MP issues into the public discourse. Our hypotheses
were:

Q) From the influence of mass media discourse on decision makers, the
information about MP in newspapers would appear earlier in the countries
with earlier enforcement of MP bans; expectedly before the laws.

(i)  Being invisible to the naked eye, knowledge about MP depends on
scientific data; however, as in other countries, we expect newspapers
emphasize messages about the impact of MP on food and health.

(iii)  The content of news published in individualistic, long-term oriented, more
developed Canada and Spain will emphasize the actors, environment and
solutions while those published in collectivistic, shorter-term oriented and
relatively less developed Mexico will focus more on MP threats and how
they affect personal goods like food and health.

(iv)  To attract readers’ attention, headlines will exaggerate the expected
intercultural differences, with more mentions about goods versus actors
and solutions depending on the relative collectivism of a country.

(V) The COVID-19 pandemics impacted drastically all societies worldwide. In
all the countries the focus will change following pandemics, increasing the
proportion of news about the impacts of MP on health.

4.4. Methods and statistical analyses
4.4.1. Countries in study and choice of newspapers

In this study three countries with different culture and legislation about MP
were considered. The United Nations statistics reports different development
indicators for the three countries (Table 4.1), Mexico having lower indicators than
Canada and Spain, life expectancy at birth included (UNEDP, 2022). For the World
Bank, Canada and Spain are in the group of High Income countries, while Mexico is
in the group of Upper Middle Income that can borrow from the International Bank for
Reconstruction and Development (https://datatopics.worldbank.org/world-
development-indicators/the-world-by-income-and-region.html). The countries also
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differ in cultural traits (Hofstede et al., 2010): the most and least individualist
countries are Canada and Mexico respectively, and Spain and Mexico the most and
least long-term oriented (Table 4.1).

The legislation about plastics (Muposhi et al., 2022) and microbeads
(Anagnosti et al., 2021) is different in the three countries. Microbeads have been
banned in Canada since 2017 under the Registration SOR_2017-111- Microbeads in
toiletries (Anagnosti et al., 2021), whereas bans of single use plastics have been in
force in some cities and are now in force nationally as of 20 of December of 2022
(Registration  SOR/2022-138, https://laws-lois.justice.gc.ca/eng/requlations/SOR-
2022-138/Full Text.html).

In Mexico, DF legislation prohibited all single-use plastics in January of 2021
(Decreto Congreso Ciudad de Mexico | Legislatura, of 25 of June of 2019), and the
country has proposed a ban of MP in cosmetics in 2020 (Article 269 of the General
Law of Health,
http://sil.gobernacion.gob.mx/Archivos/Documentos/2020/02/asun_4009153 202002
27_1582832039.pdf).

In Spain the situation is different. The Directive (EU)2019/904 of the
European Parliament and of the Council, of 5 June 2019, requires the Member States
to ensure that by 2030 all plastic packaging on the market is re-usable or easily
recycled, and encourages but does not require producers to strictly limit microplastics
in their formulations (https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32019L.0904&from=EN). Applying  this
Directive, in Spain microbeads are not prohibited, and levies are applied specifically
to plastic bags (Royal Decree 293/2018 of 18 of May of 2018).

Table 4.1. Characteristics of the countries analyzed. HDI: Human Development
Index (UNEDP, 2022). Cultural individualism is taken from Hofstede et al.
(2010). Microbead bans as in Anagnosti et al. (2021); Single Use Plastic bans as
in Muposhi et al. (2022) and national legislations.

Canada Mexico Spain
HDI (rank in 2021) 0.936 (15) 0.758 (86) 0.905 (27)
Human Development Very High High Very High
Life expectancy at birth 82.7 70.2 83.0
World Bank Group High income Upper middle High income
income
Anglophone & . . . .
Language Francophone Hispanic Hispanic
Microbead bans Yes Ban of MP n No
cosmetics
. . . Taxes on plastic bags
Single Use Plastic bans Bans by city Bans by state (countrywide)
Individualism 80 30 51
Long-term orientation 36 24 48
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Volker et al. (2020) analyzed five anglophone online newspapers with a large
readership and a broad political spectrum. Here, three newspapers were randomly
selected in each country from a list generated combining three criteria: the most
number of readers, publication at a national level, and political spectrum
(conservative, progressive and liberal) (Supplementary Table 4.1).

4.4.2. Methodology

The digital version of the selected newspapers was searched online for news
containing information about microplastics.

Period of search: From any date to July 2022.

Search engine: Google

Search term: Microplastic* (English) or Microplastico* (Spanish)

We used similar search terms including the name of the respective newspaper

99 <

and “microplastic*”. First exploratory searches included “plastic pollution”, “plastics”,

“plastic particle”, “microbeads”, “risk”, and/or “microfiber”, with “and” and “and/or”
Booleans, but the results did not improve the search done with “microplastic*”.

The following quality filters were applied:

a) Irrelevant news, like commercials or brand publicity containing the word
“microplastics”.
b) Words like fillers, conjunctions, prepositions and articles.

After the application of quality filters, the total number of words retrieved and
analyzed was 38 125, 60 521 and 132 822 in Canadian, Mexican and Spanish
newspapers, respectively. For further analysis the Spanish texts were blind translated
to English (Jackson et al., 1983).

4.4.3. Data analysis

Analysis of text words was done to identify the relevant words employed and
the relationships between them. VOSViewer (Van Eck & Waltman, 2010) free
software was used with the following settings: 15 minimum occurrences of a word,
binary counting, 60% of relevant terms excluding commonplace words, normalization
method of association strength.

Up to 100 relevant terms related to microplastics were selected from the word
list obtained from the first analysis of term relevance of the three countries,
considering those occurring in at least two countries and at least 10 times in the
dataset. The key words were classed based on Garcia-Vazquez and Garcia-Ael (2021)
in any of the following categories: goods, actors, pollution, solutions, and
understanding. The goods were classed into three categories: food, health and
environment. For analysis terms closely related terms like “Scientists” and
“University” were grouped into a single class, in this case “Academy”.

Cluster analysis was done, and network maps were constructed from headlines
using VOSviewer. In this case the minimum number of occurrences was 5, clustering
resolution 1, merging small clusters. The weight for visualization was applied from
occurrences.

The emotional content of the words appearing in the “Understanding”
category was also considered. We tried two different approaches for the classification
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of these words. One, similar to Park et al. (2020), is based on the Circumplex Model
of Affect (Russell, 1980) with two dimensions of arousal (high/low) and valence
(pleasure/displeasure). The other classification (Aslam et al., 2020) is based on the
polarity of words (positive, negative, neutral).

Comparisons among countries for the number of articles in each category was
done using contingency statistics based on Chi-square contingency tests and Cramer’s
V as an estimator of effect size. The difference in the proportion of news describing
the impact of MP on human health before and after the COVID-19 pandemics was
tested employing risk /odds ratio approach, as in Ardura et al. (2021). These tests
were done employing the free software PAST (Hammer et al., 2021).

4.5. Results

The results found from the search done on digital newspapers are summarized
in Table 4.2. In Canada, where microbead bans started in 2017, the first news
appeared as early as 2007, while in Mexico and Spain mass media started to pay
attention to MP impacts much later (Table 4.2). This supports Hypothesis (i). After
the application of quality filters, the number of news retained for analysis was more or
less balanced across countries: 121, 228 and 293 from Mexico, Canada and Spain
respectively.

Table 4.2. Overview of the news found using the described search methodology.
Letters A, B and C indicate the first, second and third journal to publish news
about microplastics analyzed in this article. The proportion of news retained
after the application of quality filters is indicated.

First news about MP Proportion of
(year) News retrieved retained news
Canada
C-A 2007 80 0.88
C-B 2012 143 0.78
Cc-C 2016 78 0.90
Total 301 0.84
Mexico
M-A 2017 393 0.22
M-B 2018 30 0.7
M-C 2020 83 0.18
Total 506 0.24
Spain
S-A 2014 110 0.86
S-B 2018 260 0.67
S-C 2020 117 0.31
Total 487 0.63

The evolution of news about MP was similar in the three countries (Figure
4.1). Canadian articles describing MP pollution started first, followed by Spanish and
Mexican ones. The oldest article retrieved in our search was from a Canadian
newspaper, in November of 2007. The first article about MP in Spanish newspapers
retrieved in our study was published in December of 2014, and in the Mexican
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newspapers examined, October 2017. The growth of publications was exponential,
with a pronounced increase starting mid 2017 in all three countries (Figure 4.1), also
the year microbead bans entered in force in Canada. In Mexico a ban on microbeads
in cosmetics was published in 2020, and in Spain they are not banned. Coinciding
with the respective strictness of MP legislations in each country, the Canadian line
was consistently above the Mexican, and this one over the Spanish, until 2021.

Figure 4.1. Temporal evolution of the news about microplastics in the
newspapers analyzed from Canada, Mexico and Spain. Results are presented as
the cumulative proportion of the total number of news per country over

semesters.
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4.5.1. Topics and foci of news about microplastics

A list of 100 relevant words related with microplastics appearing in the news
with a minimum frequency of n = 10 was produced (Supplementary Table 4.2). The
number of occurrences of these words in the analyzed newspapers was 3494, 4851
and 7647 in Canada, Mexico and Spain respectively. The content was different in the
three countries (Figure 4.2, columns at left), with highly significant differences in the
proportion of terms within the considered topics: x? = 359.65 with 12 d.f., p << 0.001,
low effect size with Cramer’s V = 0.106. As expected in Hypothesis (iii), news and
articles published in the individualistic, longer-term oriented and highly developed
Canada and Spain contained a higher proportion of terms related with the
environment (32.9% and 30.9% respectively), actors (11.1% in the two countries) and
solutions to MP pollution (19.4% and 15.1% respectively) than those published in
Mexico (26.2%, 9.8% and 11% in the categories of environment, actors and solutions
respectively) (Figure 4.2). Terms related with pollutants, i.e., threats, and with health
and food goods, were more frequent in the collectivistic and relatively less developed
Mexico (38.1% pollutants, 9.5% goods) than in the more individualistic Spain (27.1%
pollutants, 8.2% goods) and Canada (24.3 pollutants, 7.9% goods) (Figure 3.2), also
supporting Hypothesis (iii).
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Figure 4.2. Proportion of terms in different categories in newspaper text bodies
and headlines related with microplastics, and in academic articles. Data for
articles published in academic journals (n = 64 relevant terms from articles

about psychosocial issues related with MP) are from Garcia-Vazquez and
Garcia-Ael (2021).
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The most frequent term in the category “Actors” was “Academy” in the three
countries, but the rest were different (Supplementary table 4.1). The second in
frequency was “Government” in Canada, “Industry” in Mexico and “Fashion” in
Spain. The third was, respectively, “Job”, “Government” and “Team”. The actors
were significantly different among countries (contingency analysis with ¥? = 233.3, p
< 0.001 and C = 0.24). The terms within “Environment”, “Food” and “Health” were
also different among countries, as it is logical for regions with very different ecology,
resources and development levels (contingency analysis was highly significant for the
three categories, data not shown).

The terms appearing in the category “Solutions” were also different (> =
4455, p <0.001 and C = 0.3), with “Ban” the first in Canada followed by “Recycling”
and “Cleaning”, while in Mexico and Spain the order of terms in frequency was the

9% ¢

same: “Recycling”, “Reducing” and (sustainable) “Consumption”.

The frequency of terms in the category “Understanding” (Table 4.3 top) was
significantly different in the three countries (x? = 56.774, p << 0.001, moderate V =
0.198). More positive and neutral than negative terms were found in Canadian and in
Spanish news, while in Mexican news more negative terms were employed (Table 4.3
bottom). The results for the valence (pleasure/displeasure) were the same, with more
pleasant terms in Canadian and Spanish news and more unpleasant terms in the
Mexican newspapers analyzed. Regarding arousal, in the three countries the majority
of terms indicating understanding of MP could be classified as of low arousal. In
Mexico and Spain, the difference between the low and high arousal was less marked
than in Canada (Table 4.3).
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Table 4.3. Emotional content of the terms reporting understanding about
microplastics employed in the Canadian, Mexican and Spanish newspapers
considered. Results are presented as proportion of terms. In parentheses, total
number of words within the category of understanding in each country.

Terms Polarity, arousal, valence  Canada (n =133) Mexico (n =180) Spain (n =410)
Alert Negative, low, displeasure 0.04 0.09 0.09
Assessment Neutral, low, pleasure 0.21 0.08 0.105
Awareness Positive, high, pleasure 0.075 0.15 0.21
Extinction Negative, high, displeasure 0.01 0.11 0.04
Knowledge Positive, low, pleasure 0.37 0.256 0.21
Risk Negative, low, displeasure 0.135 0.167 0.16
Threat Negative, high, displeasure 0.165 0.14 0.18
Emotional content summary
Polarity Negative 0.35 0.51 0.47
Neutral 0.21 0.08 0.10
Positive 0.44 0.41 0.42
Arousal Low 0.75 0.59 0.57
High 0.25 0.41 0.43
Valence Displeasure 0.35 0.51 0.47
Pleasure 0.65 0.49 0.53

4.5.2. Relevant terms in newspaper headlines and cluster maps

In total 24, 21 and 22 terms with > 0.3 score in relevance index were retained
in the analysis of headlines in Canada, Mexico and Spain respectively
(Supplementary table 4.2). The term categories were different among countries (see
Figure 4.2), with fewer terms referring to goods in Canada (25%) than in the two
other countries (Mexico: 52.4%, Spain: 59%). Considering the environment as a good,
the difference among countries was significant (contingency %2 = 6.11, 2 d.f., p = 0.04,
V =0.2).

Compared to text bodies, headlines exaggerated different term categories in
the three countries, as expected in Hypothesis (iv): increasing the proportion of terms
about food in Mexico, about health in Spain, and about pollutants in Canada (Figure
4.2). The change in categories between text bodies and headlines was significant for
Canada (¥® =5.12, 1 d.f., p=0.02, V = 0.04) and Spain (y* = 5.44, 1 d.f., p=0.019, V
=0.02), but not Mexico.

The differences in the use of terms with emotional content among the three
countries were confirmed from the term retained within “Understanding” in headlines
(Supplementary table 4.3): “Concern” in Canada (low arousal, negative), “Alert” in
Mexico (high arousal, negative), and “Awareness” in Spain (high arousal, positive).

The proportion of terms per category was different in the newspapers and in
academic publications about MP psychosocial issues during the same years (Figure
4.2, column at right). As expected in Hypothesis (ii), fewer terms about understanding
and more terms about goods were published in newspapers than in academic journals.
The differences were statistically significant for all the pairwise comparisons (data not
shown).
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Clustering analysis of headlines confirmed the marked differences between
countries revealed from the analysis of term frequency in text bodies and headlines.
For the topics, in Canada (Figure 4.3A) solutions like single-use plastic bans (purple
cluster) and the understanding of plastic impacts (green cluster) were located close to
each other in the middle of the map of terms. The environment and environmental
health, in the yellowish cluster, were located between the solutions and the pollution
sources that were relatively marginal. The pollution sources (plastic particles,
garbage; blue cluster) were linked to solutions and understanding.

In contrast with Canadian headlines, in Mexican headlines (Figure 4.3B) the
center was the human and environmental health (red cluster), closely linked with
plastic items (purple cluster). Food, water and the term “alert” (green cluster) were
next and above in the map. Clusters related with the environment like close habitats
(yellowish) and far locations and species (blue cluster) were next to each other and
relatively peripheral.

The map for Spain contained mixed clusters (Figure 4.3C). The central red
cluster had words related with the environment and the actor “team”. Closely linked
was the yellowish cluster, again with the environment, environmental health and the
term “awareness”. Peripheral clusters contained a mixture of actors (“citizens” in the
purple cluster, “volunteers” in the red one), understanding (“report” in the green
cluster), goods like the fishing resource “anchovy” in the green cluster, and terms
related with the environment like “nature” and “world” in the green cluster or “river”
and “air” in the blue one.

Figure 4.3. Network map of clusters of relevant words obtained from the
headlines of articles published in Canadian (4.3A), Mexican (4.3B) and Spanish
(4.3C) newspapers.
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In summary, from the cluster maps constructed from headlines (Figure 4.3) the
environment was very important in the three countries, but both food and health were
more important in the Mexican than in the Canadian and Spanish maps. In the
Canadian map solutions and understanding were central, as were actors in Spain.

4.5.3. Effect of the COVID-19 pandemics in newspaper treatment of MP

As expected in Hypothesis (v), the proportion of articles describing health
impact of MP was higher in post than in pre-COVID-19 years in the three countries
(Figure 4.4). The difference was significant in Spain with more post- than pre-
COVID-19 news about MP focused on health (risk difference = 0.105, z = 2.845 with
p = 0.004; odds ratio = 0.149, z = 2.502 with p = 0.012). In Mexican newspapers the
difference, although less pronounced, was also significant (risk difference = 0.116, z
= 2.14 with p = 0.032; odds ratio = 0.201, z = 1.97 with p = 0.049). In Canada the
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difference was not significant (risk difference = 0.077, z = 1.72 with p = 0.08; odds
ratio = 0.384, z = 1.676 with p = 0.094).

Figure 4.4. Proportion of news about health impact of microplastics in the
studied countries two years before (2018-2019) and during (2020-2021) the
COVID-19 pandemics.

Spain

Mexico
02020-2021

22018-2019

|
_ ]
_ ]
Canada H

0 0,05 0,1 0,15 0,2
Proportion of news about MP health impact

4.6. Discussion

This study presents for the first time an analysis of mass media treatment of
MP in countries of different culture and development degree: Canada, Mexico and
Spain. Results show the importance of the different cultures in the messages that are
transmitted to the public, and also suggest a relationship between mass media and
policy agendas, as found for climate change (Damsbo-Svendsen, 2022). Supporting
Hypothesis (i), in Canada, where microbeads are banned since 2017, newspapers
started publishing news about MP impacts at least five years before. According to the
relative status of MP bans (earlier in Canada than in Mexico, inexistent in Spain),
newspaper publications grew earlier in Canada than in Mexico, and in Mexico than in
Spain. Indeed, this observation does not imply a cause (newspapers attention to MP) -
effect (a change in public policies about MP) relationship, but politicians are informed
about MP from public dissemination of scientific results via mass media, as citizens
are (Henderson & Green, 2020; Janouskova et al., 2020; Ojinnaka & Aw, 2020). The
responsibility of media shaping public opinion and political action in environmental
crises is undeniable (Cottle, 2009): if news media pay much attention to a problem
such as MP pollution, likely MP will be introduced in the political agenda.

The effect of the respective culture and development degree was reflected in
the different use of terms in the three countries. In the text body, newspapers from
highly developed individualistic Canada use more frequently terms related with the
environment, and with actors and solutions, than those from the less developed
collectivistic Mexico, that use more terms related with the environmental threat
(pollution). This would be explained from a concern for the environment itself in
developed countries (do Paco et al.,, 2013) and a focus on its preservation in
individualistic countries (Komatsu et al., 2019), while collectivistic countries would
be more concerned about environmental threats for their impact in humans and future
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generations (Arnocky et al., 2007; Deng et al., 2006). Another aspect that could be
explained from cultural differences is the type of terms employed, with more positive
or neutral polarity and valence in Canada than in Spain, and in Spain than in Mexico.
Individualistic cultures report experiencing more frequently positive than negative
emotions (e.g., Kitayama et al., 2000), and this would be reflected in our results. On
the other hand, Lim (2016) found that collectivistic Eastern people prefer to
experience low arousal emotions. Thus, news containing many terms of high,
negative arousal would be uncomfortable for collectivistic Mexicans provoking
reactions against MP.

An interesting result that is likely explained by different policies, rather than
by from cultural differences, is the higher relative frequency of the term “Government
in Canada than in Mexico, and even more so than in Spain. This order also
corresponds to the respective entry in force of microbead bans (inexistent in Spain at
the time of this study): first in Canada then in Mexico. Related to this, Canadian
newspapers use most frequently the word “Ban” as a solution, while in the other two
countries “Recycling” (second in Canada) is first. The three solutions most frequently
cited in Spanish newspapers depend on the consumer’s behavior: recycling, reducing
(consumption) and consuming sustainably. Unlike in Canada, it seems that the
responsibility of controlling MP is assigned to consumers, as also happens in Danish
newspapers (Ballantine et al., 2021).

9

Contrary to our expectations (Hypothesis ii), the focus of newspaper articles
on food and health MP impacts (versus environmental ones) found by Volker et al.
(2020) in the UK and USA was not detected here. In our study, although in both
newspaper article bodies and headlines, terms referring to these goods were more
frequent than those employed in scientific articles (Figure 3.4), the main focus of the
majority of articles analyzed was not health or food, but the environment. In fact, in
newspaper text bodies the relative proportion of these goods —environment, food and
health- was quite similar to that of the academic works considered by Garcia-Vazquez
and Garcia-Ael (2021). The higher environmental focus of newspapers in our study,
compared to Volker et al.’s (2020) results, could be because the majority of news
about this emerging pollutant was published in the last three years, after Volker et
al.’s (2020) study. In these more recent years, the interest in environmental issues has
grown worldwide, not only because of increased public attention on climate and
sustainability issues (e.g., Damsbo-Svendsen, 2022), but also due to the widely
publicized relationship between the advent of COVID-19 pandemics -and other
zoonosis- and the environmental deterioration and unsustainable use of planet
resources (Mocatta & Hawley, 2020).

The effect of COVID-19 on MP impacts reported in scientific studies (Shen et
al., 2021; Tagorti & Kaya, 2022) was also reflected quantitatively in newspapers. As
expected in (v), in the last few years, news relating MP with health issues have
increased considerably in comparison with pre-COVID-19 times. This increase
happened in all three countries, but more in Spain and Mexico, likely due to a
combination of their respective cultural traits and development degree. First, Mexico
has the lowest development index of the three countries (Canada > Spain > Mexico,
Table 1), thus we can understand that health issues are relatively more important there.
Canada, with the highest development index, is presumably the least concerned by
health. On the other hand, Mexico is the least long-term oriented (Spain > Canada >
Mexico; see Table 3.1). Since long-term orientation positively affects health
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consciousness (Mahlich et al., 2018; Wang & Chu, 2020), one could expect that
Spaniards are more concerned about health than Mexicans.

Similar reasoning may explain the exaggeration of health in Spanish headlines
and of food in Mexican ones (Figure 4.2). While health guarantees a good future and
is important for long-term oriented persons, food is needed every day. Recent studies
show that collectivistic values favor food consumption that can be moderated from
future orientation (Tuu et al., 2022). Thus, collectivistic short-term orientation would
explain an emphasis on MP impacts on food in Mexico. In Canada, a highly
developed country with moderate long-term orientation (Table 4.1), health was
moderately emphasized (Figure 4.2), while relevant terms about pollution were
clearly more abundant than in headlines than in text bodies. In a country where
microbeads are banned, a high concern about MP pollution is logically expected, and
newspapers will emphasize this type of message in headlines (Ballantine et al., 2021).

Finally, the legal status of MP bans deserves a comment. Although Rochman
et al. (2015) considered that there were sufficient scientific arguments to support a
global ban on microbeads, this measure has not been adopted in many countries
(Anagnosti et al., 2021). Spain is one of them. The adoption of MP bans in Europe is
being compromised by the right to free trade amongst member states; further evidence
about the real impact of MP on human health and the environment will be needed to
adopt more restrictive measures at the European level (Kentin & Kaarto, 2018).
Improving current strategies of science communication, especially the contact
between research groups and mass media, would be highly recommended in the three
countries because, as seen in Figure 4.2, current scientific foci are not clearly
reflected in the analyzed newspapers. This recommendation is even more important in
Spain, where single use plastics and MP are not banned yet. This could be a way to
achieve the desired goal of fostering exposure science (the contact between stressors
and human and ecological receptors) into sustainable policies (Fantke et al., 2022).
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CHAPTER 5

STUDY 4: DRIVERS OF SINGLE-USE
PLASTIC CONSUMPTION IN
DIFFERENT COUNTRIES.

Publication:

Garcia-Vazquez, E., Garcia-Ael, C., Mesa, M.L.C., Dopico, E.,
& Rodriguez, N. (2022). Enhancing marine citizenship as a
strategy to promote the reduction of single-use plastics
consumption in different cultures. Frontiers in Marine Science,
9, 941694. https://doi.org/10.3389/fmars.2022.941694.
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5.1. Abstract

Single-use plastics (SUP) coming from the land represent a large fraction of
the marine plastic debris that threatens the ocean biota today and are one of the main
causes of microplastic pollution. Consumer behavior is essential to stop the use and
improper disposal of SUP, replacing plastic with alternative eco-friendly products.
For the evident plastic pollution of beaches and seas, marine citizenship, interpreted
as the personal responsibility that individuals take for the oceans, could help to reduce
SUP use, and change to sustainable alternatives. Here we studied SUP consumption
behaviors in Spain (n = 585) and Mexico (n = 337) using a multivariate multiple
regression approach. Different policies and social norms in the two countries were
reflected in reduced SUP use in Mexico compared to Spain, and more recycling in
Spain than in Mexico. The main reasons for the use of SUP were the lack of
alternatives and forgetting reusable goods in the two countries. Feeling responsible
for the ocean predicted the intention to use eco-friendly alternatives, while the sea
frequentation predicted recycling. Gender, age, and education influenced significantly
the willingness to use eco-friendly alternatives. From the results of this study,
campaigns promoting awareness through increased ocean literacy and marine
citizenship -even in regions far from the sea- could promote reductions in SUP
consumption, enhancing the use of sustainable alternatives. Those campaigns could
be tailored by country, taking into account local policies and habits, gender, age, and
education levels.

5.2. Introduction

5.2.1. How plastics and single-use plastics hamper the Sustainable Development
Goals

The United Nations (UN) Sustainable Development Goal SDG#12 is “Ensure
sustainable consumption and production patterns”, and SDG#14 is “Conserve and
sustainably use the oceans, seas, and marine resources for sustainable development”
(see the UN Agenda 2030, https://sdgs.un.org/2030agenda, accessed on April 2022).
These two objectives are closely connected, because goal 14.1 is the prevention and
reduction of marine pollution of all kinds, in particular from land-based activities, and
goal 12.5 is to substantially reduce waste generation through prevention, reduction,
recycling, and reuse (United Nations, 2015). In this scenario, plastic is perhaps the
biggest problem, with trillions of plastic pieces floating at sea (Eriksen et al., 2014).
For its dimension, ubiquity, and impacts on biota, marine plastic pollution is
considered a planetary boundary threat (Villarrubia-Gomez et al., 2018). Indeed, the
majority of plastic debris in the ocean comes from the land (Carroll et al., 2014,
Chassignet et al., 2021; Jambeck et al., 2015). Plastic pollution is dramatically
harmful to marine life, causing suffocation, entanglement, and high mortality in
animals from fish to seabirds to cetaceans (Gall & Thompson, 2015; Li et al., 2016).
Moreover, plastics represent a new habitat for invasive species that can be transported
fouling on them with the currents, even to remote islands (Rech et al., 2018). It is also
the main cause of the emergent microplastic pollution, that in the ocean comes largely
from the breakage of plastics improperly disposed of (Wayman & Niemann, 2021).

Single-use plastics (SUP) coming from the land represent a large fraction of
the marine plastic debris. The production of SUP has doubled since 2000, and only a
small amount of the total SUP produced is currently recycled, while the majority is
incinerated or landfilled, then entering the sea through surface runoff (Chen et al.,
2021). On a global scale, there are regional differences in the mismanaged plastic
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waste produced on coast and ending in ocean water. Chassignet et al. (2021) found
that Asian countries, the eastern Mediterranean basin, the Gulf of Guinea, the Atlantic
coast of Mexico, the Caribbean Sea, and Central America are plastics emission
hotspots, with the southeast of Africa following close, with as many as 10%-10° plastic
waste particles beached by 1x1° surface in 2010-2019. In contrast, plastics landed on
Atlantic European, North American, Pacific South American, and Australian coasts
are in general much fewer —with some exceptions like spots in the Baltic Sea
(Chassignet et al., 2021). Many SUP are not necessary or can be easily replaced by
reusable goods, like plastic straws, portable cutlery, and others. Some SUP such as
plastic bags, that can be substituted by reusable bags, are an important part of current
marine pollution and the main focus of many studies about SUP consumption and the
efficiency of policies to reduce it in Africa (Adam et al., 2020; Wahinya & Mironga,
2020), America (De Groot et al., 2013; Jakovcevik et al., 2014), Asia (Asih et al.,
2020; Vassanadumrongdee et al., 2020), and Europe (Loy & Reese, 2019; Martinho et
al, 2017).

5.2.2. Single-use plastics and the R imperatives

Around the world, countries have approached the environmental challenge
caused by SUP in different ways. Some have opted to use a top-down approach and,
following the advice of international institutions, have adopted institutional policies
from the Government (at a national or state scale) to ban different types of SUP, like
plastic bags (Muposhi et al., 2022). Other countries have introduced taxes or levies,
and many have not started to tackle the problem yet (reviews by Adeyanju et al.,
2021; Borg et al., 2022). There are pieces of evidence of regulations based on
applying taxes or levies that significantly reduce SUP consumption and promote
attitude, perception, and behavior change toward eco-friendly products; however, the
effectiveness of those regulations is variable (Adeyanju et al., 2021). Bans are
generally well accepted, but not in all countries (Borg et al., 2022). For example,
Kenyan consumers complain against current plastic bans that seem to be producing a
porous black market (Wahinya & Mironga, 2020).

In the majority of countries, where bans are not applied, SUP are indeed
available. Consumer behavior is essential to stop SUP use and improper disposal.
Because the 10 most commonly found SUP items on European beaches are more than
50% of the total marine litter in European waters, the EU focuses first on limiting
SUP use (Directive (EU) 2019/904 of the European Parliament and of the Council of
5 June 2019 on the reduction of the impact of certain plastic products on the
environment). Voluntary actions to reduce SUP usage are necessary to interrupt and
prevent the growing SUP pollution (Chen et al., 2021). Beyond the trio Reduce-
Reuse-Recycle, the extended 10-R strategies (Refuse, Rethink, Reduce, Reuse, Repair,
Refurbish, Remanufacture, Repurpose, Recycle, Recover) that are crucial in the
circular economy (Kirchherr et al., 2017), may define the framework of individual
and societal behaviors desired to solve this problem. The individual refusal of
consuming SUP would indeed cut drastically the current accumulation of SUP waste
if the behavior were adopted at a large scale, as estimated by Lau et al. (2020) for the
scenarios “Reduce” and “Substitute”. Reducing the purchase of SUP, reusing or using
them for another purpose, and sorting and disposing of them in the proper trash bin to
enable recycling, will no doubt help to reduce SUP waste. However, adopting these
behaviors is not always easy. Consumer culture and habits influence individual SUP
consumption and may hamper the reduction of SUP consumption (Wiefek et al.,
2021). The lack of plastic-free alternatives is a major impediment for many
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consumers (Heidbreder et al., 2020). SUP materials could be replaced by eco-friendly
alternatives like non-plastic or biodegradable plastics that are generally preferred by
consumers over plastic packages (Dilkes-Hoffman et al., 2019a; Gill et al., 2020).
Providing plastic-free alternatives is also the preferred intervention for reducing
plastic bags in South Africa (O’Brien & Tondhlana, 2019), but they may be difficult
to identify. The lack of knowledge about different packaging types is a barrier to the
reduction of SUP usage in many countries (Jacobsen et al., 2022); as well as the
unawareness of the impacts of plastic (Vimal et al., 2020; Xanthos & Walker, 2017).
Knowledge, awareness, and consumer attitudes are indeed important to determine
SUP reduction, but other factors are involved too. We revise next the psychosocial
theories behind SUP consumption behavior.

5.2.3. Theoretical frameworks to explain SUP consumption behaviors

Like many other issues concerning the environment, in SUP consumption the
theoretical frameworks most frequently employed to explain the different consumer
behaviors are the Theory of Planned Behavior (Fishbein & Ajzen, 1975) and the
Theory of Reasoned Action (Ajzen & Fishbein, 1980). In these models, evaluative
beliefs (about the consequences of the actions), and normative beliefs (about what
society expects from us, or social norms) together with the motivation to comply with
them, will determine respectively attitudes towards a behavior and subjective norms.
The combination of those —their relative importance and direction, being favorable or
unfavorable towards the pro-environmental action— will influence behavioral
intentions, which will be finally transformed into actual behavior (Ajzen & Fishbein,
1980). Sun et al. (2017) found good support for this theory in China, where attitude,
perceived social norms, and subjective norms, together with convenience, explain the
use of plastic bags. The importance of social norms for SUP reduction has been also
highlighted in Canada, where normative (personal and/or injunctive) messages
reduced the use of plastic bags more than when only environmental messages were
employed (De Groot et al., 2013).

Subsequently, Hines et al. (1986) proposed their Model of Responsible
Environmental Behavior based on Ajzen and Fishbein (1980). The model starts from
the locus of control (perceived capacity to carry out the action), the individual sense
of responsibility, and the attitude, as the personality factors that, together with
knowledge and the actual skills to act, will determine the behavioral intention. Finally,
if situational factors are favorable, the individual will act pro-environmentally (Hines
et al., 1986). Examples like a study in Bali would support this model: social norms
did not significantly explain SUP bag consumption; knowledge, environmental
concern, and perceived control predicted the use of reusable bags instead (Asih et al.,
2020). In a recent review, Jacobsen et al. (2022) reformulated the theoretical SUP
framework as the triad of “ability, motivation and opportunity”. They identified
environmental concerns and social norms as the main motivation factors to reduce
SUP consumption.

Building on previous theories that were based principally on reasoning,
Kollmus and Agyeman (2002) introduced emotions in their pro-environmental
behavior theory, explaining it as the result of complex interactions between internal
(knowledge, values and attitudes, feelings, and emotional involvement) and external
(infrastructure, culture and politics, economic situation) factors. Feelings of guilt
about Nature deterioration (called eco-guilt by some authors) explain, significantly,
pro-environmental perceptions and behavior in different studies (Mallett, 2012; Rees
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et al., 2014; Wang & Lin, 2018). In an experimental study in Europe and North
America, Zwicker et al. (2020) increased the willingness to pay for plastic reduction
by manipulating guilt. Here we will introduce emotions to explain the environmental
behavior about SUP as well. Since plastic pollution links inextricably SUP
consumption with an enormous deterioration of the oceans, we will add marine
citizenship feelings in our models.

5.2.4. Marine citizenship as an internal and situational factor to promote SUP
reduction

Marine citizenship describes a state where individuals have rights and take
personal responsibilities for the oceans (McKinley & Fletcher, 2012). Individuals
feeling responsible for the ocean make lifestyle choices to minimize their
environmental impact (Fletcher & Potts, 2007). Marine environmental education and
personal attachment to the marine environment (including the proximity to the coast,
memories of holidays and recreation, historical connections with the marine
environment, and others) join the feeling of personal responsibility as key themes for
the development of marine citizenship (McKinley & Fletcher, 2010). The plastic
pollution of beaches and seas is evident on many coasts worldwide; thus, it seems
logical that sea frequentation, the objective and less emotional part of marine
citizenship, makes visitors aware of the degradation caused by plastic pollution. An
example is German anglers that are concerned about marine litter and consequently
prevent fishing gear losses in the Baltic Sea (Lewin et al., 2020). However, on a
Greek island where the sea is constantly present, Latinopoulos et al. (2018) did not
find a significant effect of informative campaigns about the negative impact of
plastics on the willingness of consumers to reduce plastic bags. It seems that the
simple presence of the sea around is not sufficient to link SUP use and environmental
impact and act accordingly.

Environmental awareness is needed to realize that beaches are littered and act
pro-environmentally. Beach visitors adopt sustainable behaviors about litter and litter
disposal when they are environmentally aware, as confirmed in Spain, where the level
of beach littering is negatively correlated with the awareness of beachgoers about
marine litter (Rayon-Vifia et al., 2018). If the marine citizens feel responsible for the
ocean, we could expect them to behave consciously about SUP because plastic
pollution is so evident on beaches and seawater worldwide. Environmental concern is
an important driver of SUP reduction behavior (Jacobsen et al., 2022; Walker et al.,
2021). The concern about the ocean, feeling personally responsible for the sea —which
is key in marine citizenship (Fletcher & Potts, 2007; McKinley & Fletcher, 2012), is
perhaps stronger than the mere sea frequentation as a motivation to behave
consciously about SUP.

As explained above, pro-environmental behavior is difficult to predict because
it is the product of complex interactions between many factors (Kollmus & Agyeman,
2002). Just feeling a marine citizen is probably insufficient to behave responsibly
about SUP and plastic litter. Social norms are very important to motivate individuals
about SUP reduction (Jacobsen et al., 2022; Jia et al., 2019). Social norms represent
what is right, normative, or appropriate in society, and are as important as hedonic
and gain goals to motivate plastic mitigation actions (Jia et al., 2019; Steg et al., 2014).
If they are not favorable to plastic reduction, social norms may be major obstacles to
the rejection of SUP (Heidbreder et al., 2019). There are differences among countries
in the social norms about SUP. A survey involving 20.513 adults from 28 countries
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revealed that, for example, in Mexico, the level of agreement with banning SUP is as
high as 88%, and 84% of citizens think that an international treaty to combat plastic
pollution is necessary, while these values are 78% and 68% in Spain, and as low as
37% and 27% in Japan (IPSOS/Plastic Free July 2022). Therefore, we expect
differences between countries depending on their social norms.

5.2.5. Socio-demographic determinants of plastic use behavior

Socio-demographic factors like gender, age, education, and income have been
related to SUP consumption and littering behavior in many studies. The results,
however, may vary greatly among countries and types of sustainable behavior. Older
people, and those with a higher level of education and income, litter less and manage
waste better than younger people or those with a lower level of education, according
to different studies in the USA (Bator et al., 2011), Australia (Slavin et al., 2012) and
Spain (Escario et al., 2020). However, younger people consume less SUP than older
people in South Africa (O’Brien & Tondhlana, 2019); and high-income people use
bottled water more frequently than low-income people in Ghana, where bottled water
is perceived as more hygienic and safe (Abrokwah et al., 2021).

Regarding gender, women are more concerned about the impact of SUP in
Vietnam (Nguyen et al., 2022) and Australia (Dilkes-Hoffman et al., 2019b), take
more actions to prevent beach litter in Tasmania (Slavin et al., 2012), do more litter
sorting in Ghana (Owusu et al., 2013), as well as reduce and reuse (but not recycle)
more frequently than men in Spain (Escario et al., 2020). In contrast, men act against
beach litter more frequently than women in Spain (Rayon-Vifia et al., 2018).
Interestingly, in a study in Canada, the use of SUP packaging does not seem to vary
significantly across ages, genders, and education levels (Walker et al., 2021). From
these results, it seems that generalizations are not possible and that socio-
demographic factors may influence consumer behavior differently, depending on the
country and the circumstances.

Finally, it seems that marine citizenship itself may be also influenced by
socio-economic factors. Although women are frequently invisible in many maritime
sectors, like fisheries (e.g., Koralagama et al., 2017), the value of the ocean and the
activities linked to it seems to be greater for women than for men, as suggested from
surveys in Canada (Guest et al., 2015) and Spain (Garcia-Gallego et al., 2021).

5.2.6. Objectives, expectations, and departure hypotheses

Since there is no consensus about the most effective ways to curb the use of
SUP on a global scale, many authors highlight the importance to find new ways to
encourage citizens to responsibly reduce SUP consumption (Heidbreder et al., 2019;
Adeyaju et al., 2021; Borg et al., 2022), and not only plastic bags, that have been the
main focus of studies so far (Adeyanju et al., 2021). Including measures of observed
behavior is also recommended (Borg et al., 2022), because in the use of SUP there is a
big gap between intention and behavior (Ertz et al., 2017). Since awareness and
attitudes have been more studied, Borg et al. (2022) suggest that further studies focus
on what to do to motivate consumers to reduce and reuse SUP.

The main objective of the present study is to introduce marine citizenship as a
possible way of motivating consumers to responsible SUP consumption behavior. We
will explore how two aspects of marine citizenship, sea frequentation and the feeling
of responsibility for the ocean, can influence SUP-related behavior in countries with
different social norms about SUP consumption: Mexico and Spain, the former being
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more favorable to SUP bans than the latter. We will test a model (Figure 1) where
marine citizenship, independently of social norms, increases the intention to reduce
the consumption of SUP bags and bottles, intention determining further actual
reduced SUP consumption. The socio-demographic factors of gender, age, and
education would mediate these relationships.

To check the applicability of marine citizenship as an enhancer of other
environmental behaviors, we will tackle its effects on litter sorting as well. This
practice is widely implemented and generalized in Spain, where around 80% of
citizens usually separate glass, paper, and plastic (Escario et al., 2020; Gibovic &
Bikfalvi, 2021), while in Mexico the management of solid urban waste is a priority
but is still a challenge in many areas (Munoz-Melendez et al., 2021). Researchers
propose therein improvements to the best implementation of the federal legal
framework for pollution regarding plastics (Lara et al., 2020). Thus, the social norm is
expectedly more favorable to litter sorting in Spain than in Mexico.

Figure 5.1. Graphical summary of the model tested in this study. Arrows
represent relationships between variables. The sign of the expected relationship
IS indicated.
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Intended SUP use Actual SUP use
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From the model summarized in Figure 1 and the references above, our hypotheses
were:

i) Marine citizenship i.e., feeling responsible for the ocean and (perhaps) sea
frequentation, will predict SUP reduction and the use of eco-friendly
alternatives in Mexico and Spain.

i) Socio-demographic factors like gender, age, and education will mediate
between marine citizenship and the intention to reduce SUP. The direction
and intensity of the mediation may be different in Mexico and Spain.
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i) From policies and social norms in Mexico and Spain, intended reduction
of SUP consumption will be higher in Mexican than in Spanish samples of
similar education and age.

iv) Social norms, marine citizenship, and socio-demographic factors will
determine litter sorting. For different policies and social norms about
recycling, this pro-environmental behavior is expected to be higher in
Spain than in Mexico.

5.3. Material and Methods

5.3.1. Ethics statement

This study was approved by the competent Committee of Research Ethics of
Asturias Principality with the reference CEImPA:2021.116. The participants were
informed about the objective of the study and about their right to withdraw from the
study at any moment, and they signed an informed consent document. This study
followed the principles of the Declaration of Helsinki and aligns with the European
guidelines for ethics in research (European Commission, 2013).

5.3.2. Questionnaire
5.3.2.1. Development of the questionnaire

The tool applied in this study was a questionnaire aimed at gathering
information about the following issues: socio-demographic data, marine citizenship,
actual use of SUP and reasons for it, and intention to adopt a sustainable use of SUP.
Regarding socio-demographic data, we have chosen factors that, from scientific
literature, can influence the use of plastics.

Marine citizenship was measured independently from two proxies. One was
the actual use of the sea and the other was the feeling of responsibility for the sea,
which are key components of this state (McKinley & Fletcher, 2012). Beach
frequentation was taken as a proxy for the use of the sea, and the feeling of guilt about
harming the sea was taken as a proxy for feeling responsible for the sea as a variant of
eco-guilt (Mallett, 2012) specifically referred to the sea.

The actual use of SUP was focused on two common goods of frequent use in
the majority of countries: plastic bags and plastic bottles. The following R imperatives
were considered: Reducing (SUP use), Reusing (SUP), Repurposing (using SUP for
another purpose), Recycling (for this proper SUP disposal and litter sorting is required
from the consumer), Refusing (SUP use).

The intention to adopt sustainable behaviors about SUP considered the
following R imperatives: Reducing, Recycling (litter sorting), and Replacing (using
eco-friendly products).

The questionnaire applied (Table 5.1) was designed based on the
questionnaires validated and used by Lee et al. (2014), Rayon-Viia et al. (2018),
Deng et al. (2020), and Yoon et al. (2021). The socio-demographic questions and
those about the frequency of and reasons for SUP use were adapted from Deng et al.
(2020), who applied their questionnaire in Shanghai from 437 respondents. The
questions about the intention to behave sustainably regarding plastic consumption and
disposal were adapted from the Lee et al. (2014) questionnaire that was applied and
validated in South Korea (416 respondents). The question about beach frequentation
was taken from Rayon-Vifa et al. (2018), who applied it in a survey about marine
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litter perception in Spain (201 respondents). Yoon et al. (2021) applied the question
about the feeling of being able to harm the marine environment in Korea, China,

Japan, and America.
5.3.2.2. Questionnaire structure

The structure of the present questionnaire (Table 5.1) has three blocks: a)
socio-demographic data and sea frequentation; b) actual behavior about the use of
SUP including frequency of SUP acquisition, reasons for its use, and disposal of the
SUP acquired; and c) feeling of responsibility about the ocean and intention of
sustainable behavior about plastics, including reduction of plastics use and litter
sorting. The questions were translated to Spanish, which is the language of the
countries of the study. Details of questionnaire scoring are in Supplementary Table

5.1.

Table 5.1. Questionnaire employed in this study.

Block A: Sociodemographic questions

Items Options
Al Gender Female / Male / Non binary
A2 Age 18-30/31-40/ 41-50/ 51-60 / >60

A3 Education level

Junior highschool or lower / Senior highschool /
Vocational college / Undergraduate / Graduate or above

A4 Personal income per month ($ or
equivalent)

<500 / 500-1000 / 1000-2000 / 2000-3000 / 3000-5000
/>5000

A5 What is/was your field of education

Open answer

A6 How often do you go to the beach/sea?

Every day / Weekly / Monthly / Only in my vacations /
Rarely / | do not like the beach

Block B: Single use plastics consumption and disposal. Adapted from Deng et al. (2000)

B1 How often do you acquire new plastic
bag(s) while shopping in supermarkets?

Every time / Usually / Sometimes / Seldom / Never

B2 How often do you buy single use
water plastic bottles?

Every time | buy drinking water / Usually / Sometimes
/ Seldom / Never

B3 Do you sort your garbage before
disposing?

Every time / Usually / Sometimes / Seldom / Never

B4 How do you deal with the used plastic
bags and bottles?

Dispose as general trash / Dispose in the recycling bin /
Reuse / Use for other purposes / | never use this type of
goods

Please choose a reason for your
acquisition of: B5 plastic bags / B6 bottles

Convenience / Reusability / Affordability / Lightweight
/ Forgetting reusable goods / Lack of alternatives /
Other

Block C: Feeling of guilt (= responsibility) & intended R-behavior. Adapted from Yoon et al.

(2021)

Please rate the following statements
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C1 I feel | could harm the marine
ecosystem

Between 1= | totally disagree and 7 = | totally agree

C2 I will reduce plastics use

Between 1= extremely unlikely and 7 = extremely
likely

C3 I will sort waste for recycling

Between 1= extremely unlikely and 7 = extremely
likely

C4 1 will buy eco-friendly products

Between 1= extremely unlikely and 7 = extremely

whenever possible likely

5.3.3. Single-use plastic status in the regions studied

The study was conducted in the Mexican State of Hidalgo and Spain. In these
countries, there was no SUP ban at the moment of the study. In 2021, in Spain, a
plastic bag levy was applied in stores and supermarkets in application of the Royal
Decree that regulates the consumption of plastic bags and creates a register of
producers (Real Decreto 293/2018, of 18 of May, available at
https://www.boe.es/eli/es/rd/2018/05/18/293). Plastic bottles (of water, soda, juice,
and other beverages) were commonly available in stores and vending machines. In
Mexico, federal laws limiting plastic bags were not in force in 2021, but taxes or bans
were applied in various States including Hidalgo. Mexico DC was one of the first
largest cities in the world to ban single-use plastic bags, as early as 1 January 2020.
Plastic bottles containing water and other beverages were commercialized normally in
the two countries in 2021.

5.3.4. Sampling methodology and samples

The questionnaire was self-administered online. The link was given to the
participants by email with a brief message stating that the survey was aimed at
knowing about plastics consumption, that it was for research use only, anonymous
and voluntary, and thanking the respondent for their participation. As explained above,
before accessing the questionnaire the participants found an information page about
the project, authors, and policy for anonymous data treatment, and had to sign the
informed consent.

Two types of respondents were targeted: university students and the general
population. University students were chosen because they represent homogeneous
samples of a similar education level and age; therefore, intercultural differences can
be investigated without complex interferences with the mentioned variables. A
general population sample allows for the exploration of the effects of socio-
demographic factors like age and education level, that are homogeneous in student
samples, thus inferring if the results obtained from students could be similar in other
population groups of the same country.

Researchers directly contacted university students in Spain (University of
Oviedo and the National University of Distance Education) and Mexico (Autonomous
University of Hidalgo State) on their academic emails. Spanish students were asked to
contact people outside their university among their acquaintances and pass them a
link to the online gquestionnaire. This snowball sampling, a chain-referral method, is
very useful to recruit samples of hard-to-reach communities (Valerio et al., 2016). In
the present case, it was chosen because, expectedly, the groups of people contacted by
students would belong to a similar (or not very different) culture within each country.
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The participants that completed the questionnaire over 90% of the questions
(N =932) are described in Table 5.2. A total of 248 students from Spain and 337 from
Mexico, and 347 non-students in Spain, completed more than 90% of the items of the
questionnaire. Gender ratios as % of females were 0.74, 0.66 and 0.56 respectively.
The numbers of respondents identified as non-binary were respectively 2, 3, and 2.
These seven individuals were not included in analyses by gender for their small
number. The academic profile, income levels, age, and gender ratios were similar and
homogeneous in Mexican and Spanish university students, with a majority of
Education students and the great majority of respondents under 30 (Table 5.2).
Regarding Spanish non-students, the majority were graduates. The education fields
were more or less balanced, between 1% in agriculture to 18% in the field of
construction and engineering. The sample was more or less balanced in gender (56%
females) and among age groups, the majority (32%) being under 30 (Table 5.2).

Table 5.2. Socio-demographic characteristics of the samples analyzed: students
from Mexico and Spain, and non-students from Spain. Education fields follow

the International Standard Classification of Education (ISCED, 2011). Results
are presented as the proportion of participants in each category, per sample.

Spain Mexico Spain non-
students | students students

N 248 337 347

Females 0.742 0.656 0.565

Gender | Males 0.25 0.335 0.429

Non binary 0.008 0.009 0.006
Under 30 0.84 0.97 0.32
30-40 0.09 0.027 0.16
Age 40-50 0.04 0 0.19
50-60 0.03 0.003 0.23
>60 0 0 0.10
0-500 0.84 0.69 0.21
500-1000 0.06 0.15 0.17
Income | 1000-2000 0.07 0.07 0.41
2000-3000 0.026 0.04 0.13
>3000 0.004 0.05 0.08
Agriculture 0.02 0.04 0.01
Education 0.60 0.56 0.16

Engineering, manufacturing &

construction 0.02 0.01 0.17
Education | General programmes 0.02 0.11 0.11
field Health & welfare 0.22 0.04 0.12
Humanities & arts 0.02 0.02 0.07
Science 0.05 0.02 0.09
Services 0.01 0.01 0.10
Social sciences, business & law | 0.04 0.19 0.17
Education | Junior high school 0 0 0.04
level | Senior high school 0 0 0.11
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Vocacional college 0 0 0.25
Undergraduate 0.11
Graduate or above 0 0 0.49

[
[ERN

5.3.5. Data analysis and statistics

Differences between samples for the distribution of qualitative variables, i.e.,
the reasons for the acquisition of SUP or the ways of disposing of SUP bags and
bottles, were tested using the contingency chi-square approach and post-hoc tests. The
effect size was estimated from Cramer’s V, interpreted as weak in the range 0.07-0.21,
medium in 0.21-0.35 and large when >0.35 for two degrees of freedom (d.f.) (Sun et
al., 2010).

The quantitative variables considered for analysis were: sea frequentation (1-6
scale), feeling responsible for the sea (1-7 scale), intention to reduce SUP (1-7),
reduced use of SUP bags and bottles (1-5, the highest value corresponding to no use
of those goods), intention to sort litter (1-7), frequency of litter sorting (1-5), age (1-5),
education level (1-4), personal income (1-6). Dummy 0-1 was employed for gender (1
female 0 male). For visual representations, the values were transformed to a 1-7 scale.

Normality in datasets was checked using Shapiro-Wilk tests, and
homoscedasticity (homogeneity of variances) using Breusch—Pagan's test. When
these requisites were confirmed, ANOVA and post-hoc Tukey’s pairwise tests were
employed to determine differences in behavioral variables (reduced consumption of
SUP bags or bottles, litter sorting) between samples. If the requisites were not met
Kruskal-Wallis (Hc tie-corrected test) and post-hoc Mann-Whitney tests were
employed instead.

Multivariate multiple regression models were run to test the predictive value
of independent variables (marine citizenship, socio-demographic factors) on pro-
environmental behavior and behavior intention (dependent variables). Sea
frequentation and feeling of responsibility for the ocean were treated as two separate
independent variables. Other independent variables were the gender dummy, age,
education level, and income. This analysis was carried out separately for students and
non-students. For students, the only socio-demographic variable considered was the
gender dummy, because the samples were homogeneous for the rest of the socio-
demographic variables considered. For non-students, all the socio-demographic
variables were considered.

To test the mediation role of a variable we followed MacKinnon et al. (2002)
and Wuensch (2012). For this, we calculated B = unstandardized regression
coefficient for predicting the mediator (a socio-demographic variable) from the
independent variable (any component of marine citizenship), and o = partial
unstandardized regression coefficient for predicting the pro-environmental behavior
or behavior intention from marine citizenship holding constant the socio-demographic
variable. These variables were divided by the respective standard errors to calculate
Zg and Z, scores. For a 0.05 non-directional test the critical value of the statistics
Z,*Zg is 2.18; higher values can be considered significant.
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Pairwise correlations between variables were calculated using Pearson’s r.
Multicollinearity was tested using the variable inflation factor (VIF):

VIFi = 1/(1 - R?)

A standard significance threshold of p < 0.05 was adopted, applying
Bonferroni correction for multiple comparisons whenever relevant. Statistics were
carried out with free software PAST version 2.17c.

5.4. Results
The raw results of this study are openly available at the public EU online
repository EUDAT with the following DOIL:

10.23728/b2share.0b02d78b523544a3a76c621da6¢c723d2  and  permanent PID
http://hdl.handle.net/11304/862b380e-da27-495a-85a8-9b2938bcc49c. They include
the questionnaire items and the individual answers of the 932 respondents that
completed the questionnaire.

5.4.1. SUP consumption behaviors

Survey results revealed differences in the two components of marine
citizenship considered, and also in SUP consumption, between the samples analyzed
(Figure 5.2, Supplementary Table 5.2 for statistics summary). Sea frequentation (Hc =
225, p << 0.001 in Kruskal-Wallis test for between-sample differences) was much
lower in Mexican students (mean 2.2 in untransformed average, which is between
rarely and only in vacations; Figure 5.2A) than in the two Spanish samples
(untransformed means of 3.2 and 3.1 respectively, between only in vacations and
monthly) that did not differ significantly to each other (Supplementary Table 5.2,
post-hoc test not significant). Not frequenting the sea did not mean a lack of
responsibility for it in this study. On the contrary, the significant differences between
the three samples (F,9209) = 5.44, p = 0.005; Supplementary Table 5.2) were due to a
lower feeling of responsibility of Spanish non-students (Figure 5.2B) in comparison
with the two student samples, despite them visiting the sea significantly more
frequently than Mexican students. Mexican and Spanish students did not differ from
each other.

The intention to reduce SUP was the highest in Mexican students (Figure
5.2A), then in Spanish students (Figure 5.2A), and finally in Spanish non-students
(Figure 5.2B). Kruskal-Wallis test was significant (Hc = 6.87, p = 0.02;
Supplementary Table 5.2), and post-hoc Mann-Whitney tests revealed significant
differences only between the highest Mexican students and the lowest Spanish non-
students samples (Supplementary Table 5.2).

Reduced SUP bag consumption was clearly lower than the intention to reduce
SUP, in all three samples. It was significantly different between samples too (Hc =
176, p << 0.001), and the three samples differed significantly from each other in post-
hoc tests (Supplementary Table 5.2). The highest reduction of SUP bags corresponded
to Spanish non-students (Figure 5.2B). In the student samples (Figure 5.2A),
consumption of SUP bags was reduced significantly more in Mexican than in Spanish
students.
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Figure 5.2. Marine citizenship measured from sea frequentation and feeling of
responsibility for the ocean, and single-use plastics consumption behavior (as
reduced use of these items) in the Mexican and Spanish samples of students (A)
and in the Spanish sample of non-students (B) analyzed. Results are presented as
mean scores, with standard errors as capped bars.
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The consumption of SUP bottles was also significantly different among
samples (Hc = 44.2, p < 0.001, all post-hoc tests being significant; Supplementary
Table 5.2). Mexican students reduced SUP bottle consumption the most (Figure 5.2A),
followed by Spanish students (Figure 5.2A), then Spanish non-students (Figure 5.2B).

The last pro-environmental behavior considered in this part, the intention to
use eco-friendly products, followed a similar trend to that found for the intention to
reduce SUP and the actual reduction of SUP bottles. Mexican students intended to
buy more eco-friendly products than Spanish students (Figure 5.2A) and these more
than Spanish non-students (Figure 5.2B). The differences were again statistically
significant (Hc = 21.77, p < 0.001), and like in the case of SUP bottle consumption,
all the post-hoc tests were statistically significant (Supplementary Table 5.2).

Mean scores were higher for women than for men for the majority of variables
measured, in all the samples. This will be analyzed in detail later.

The respondents declared varied reasons for the use of SUP (Figure 5.3), and
not the same for plastic bags and bottles. The majority of respondents in the three
samples declared to use SUP bags when they forget to bring alternative reusable bags
(Figure 5.3); the maximum was in Spanish students, with more than 73% alleging this
reason (Figure 5.3A). The second frequent reason was reusability for Mexican
students (Figure 5.3A) and convenience for both Spanish students (Figure 5.3A) and
non-students (Figure 5.3B). Less than 20% of participants chose any other reason,
including typical plastic advantages such as affordability, lightweight, or hygiene. The
difference between the three samples was highly significant (y* = 51.4, 14 d.f., p <<
0.001, Cramer’s V = 0.13 indicating a large effect size for 14 d.f.), as it was the
difference between Mexican and Spanish students (XZ = 30.6, 7 d.f., p << 0.001,
Cramer’s V = 0.18, medium to large effect size for 7 d.f.) and between Mexican
students and Spanish non-students (y* = 34.6, 7 d.f., p << 0.001, Cramer’s V = 0.18).
The two Spanish samples were not significantly different indicating similar use of
plastic bags (x* = 10.4, 7 d.f., p=0.17 > 0.05 n.s., moderate Cramer’s V = 0.10).

The use of SUP bottles was explained principally by forgetting reusable
bottles in the case of student samples, principally in Mexican students (55% of
participants), while the reason most frequently alleged by Spanish non-students was
the lack of alternatives (Figure 5.3B). As in the case of SUP bags, in Spain, the
second frequent reason was convenience (for both students and non-students) while
for Mexican students it was reusability again, like for the consumption of plastic bags.
The third frequent reason was a lack of alternatives for both Mexican and Spanish
students and forgetting reusable goods for Spanish non-students. The rest of the
reasons were chosen by less than 20% of participants. The difference among the three
samples was statistically significant (x? = 73.1, 14 d.f., p << 0.001, large Cramer’s V
= 0.16), as were the differences between all the pairs of samples in post-hoc tests
(data not shown).
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Figure 5.3. Reasons for the use of single-use plastics in Mexico and Spain student
samples (A) and in the sample of Spanish non-students (B), being plastic
advantages, lack of alternatives, forgetting reusable objects or others. Results are
presented as the proportion of participants that use SUP for each reason. Note
that the sum is >100% in each sample because marking more than one option is
possible in these questions.
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Regarding the after-use fate of the consumed SUP (Figure 5.4A and B), the
majority of respondents declared to give SUP bags and bottles a second use, for
another or the same purpose, in the three samples. The third choice was to dispose of
SUP objects in recycling bins (26%, 18%, and 7% of Spanish non-students, Spanish
students, and Mexican students respectively), followed by disposal as general trash
(around or less than 5%) and a minority of participants that never use SUP (2% of
Spanish samples and 1% of Mexican students).

The three samples differed significantly in their SUP disposal behavior (y =
55.2, 8 d.f.,, p << 0.001, Cramer’s V = 0.18 meaning a medium to large effect size for
8 d.f.). However, SUP disposal choices were not significantly different between
Spanish students (Figure 5.4A) and non-students (Figure 5.4B) (x> = 9.4, 4 d.f., p >
0.05 n.s., weak Cramer’s V = 0.12 for 4 d.f.), who tended to reuse these SUP less
frequently than Mexican students do (near 90% of Mexican students declared to reuse
SUP while this proportion was about 76% and 67% in Spanish students and non-
students respectively). Indeed, the difference between Mexican and Spanish students
was significant (y° = 19.5, 4 d.f., p << 0.001, V = 0.18 medium to large effect size), as
well as the difference with Spanish non-students (x> = 53.99, 4 d.f., p << 0.001, V =
0.28 large effect size).

Figure 5.4. Declared after-use destination of single-use plastics in Mexico and
Spain samples of students (A), and in the Spanish non-student sample (B),
presented as the proportion of participants choosing each option.
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5.4.2. Recycling behavior

Litter sorting —which is required for recycling- is indeed related to plastic
mitigation, and from the current recycling policies, we expected it to be higher in
Spain than in Mexico. The expectation was confirmed in our samples, where actual
litter sorting behavior was more frequent in the two Spanish samples than in Mexican
students (Figure 5.5, dark green). The difference between the three samples was
highly significant (ANOVA with Fge20) = 45.83, p < 0.001). The two Spanish
samples did not differ from each other (Tukey’s test = 0.0002, p = 1), the two Spanish
samples differed significantly from Mexican students (Tukey’s test = 11.37 with p <
0.001 in the two comparisons).

The intention to sort waste (Figure 5.5, light green), although generally higher
than the actual behavior (especially in Mexican students), followed a similar trend. It
was also significantly different among samples (homoscedasticity not accomplished;
Hc = 14.36, p = 0.0008), being not significantly different between Spanish samples
(Mann-Whitney with p = 0.06 > 0.05 n.s.), and higher in the two Spanish samples
than in Mexican students (Mann-Whitney with p = 0.002 and 0.04 for post-hoc
comparisons of Mexican students versus Spanish students and non-students,
respectively).
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Figure 5.5. Mean score of intended and actual litter sorting, indicating the results
of the post-hoc tests. Standard error as capped bars.
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5.4.3. Effect of marine citizenship and socio-demographic variables on pro-
environmental behaviors

The two components of marine citizenship here analyzed were clearly
different in their relation to pro-environmental behaviors. In simple pairwise
correlations (Supplementary table 5.3), the feeling of responsibility for the sea was
correlated significantly with the intended pro-environmental behavior in the three
samples. In contrast, sea frequentation was correlated with the actual recycling
behavior in the two Spanish samples and with the intention to recycle in Mexican
students (Supplementary Table 5.3).

For their different characteristics and significant differences regarding
environmental variables, multivariate multiple regression models were run on the
three samples separately. Significant multicollinearity could be discarded, because the
variable inflation factors were small, from very low V = 1.001 to low V = 1.538.

The results are summarized in Table 3, and the statistical details are provided
as supplementary materials. In the sample of Spanish non-students (Supplementary
Table 5.4), the model identified three variables that predict significantly intended SUP
reduction (Table 5.3): feeling responsibile for the sea, age (the older the more
intention to reduce SUP), and gender (females with more intention to reduce SUP).
Feeling responsible for the sea also significantly predicted the intention to recycle
(together with age but not with gender) and the intention to buy eco-friendly products
(together with gender). In all the cases, the level of significance was very high
(Supplementary Table 5.4). None of the independent variables examined predicted
actual reduction of SUP bags or SUP bottles consumption in this sample. However,
the education level (the higher the more) and sea frequentation predicted significantly
and positively actual recycling behavior (t = 2.42 with p = 0.016 and 2.16 with p =
0.03 respectively; Supplementary Table 5.4). Personal income did not predict any of
the pro-environmental behavior variables considered in this study.

In the Mexican students (Supplementary Table 5.5), the model identified two
main predictor variables: gender and feeling responsibility for the sea. As in the
Spanish sample of non-students, feeling responsible for the ocean predicted
significantly the three behavioral intentions examined (Table 5.3), the three

103



regressions being highly significant (Supplementary Table 5.5). Gender predicted
reduced use of plastic bottles, intention to reduce SUP, and intention to buy ecological
products. In addition, sea frequentation predicted the intention to recycle (t =2.19, p =
0.03; Supplementary Table 5.5).

The model gave similar but not identical results in the samples of Spanish
students (Supplementary Table 5.6). Again, the feeling of responsibility for the ocean
was a significant predictor of the three pro-environmental behavior intentions (Table
5.3). Sea frequentation predicted the actual recycling behavior, as in Spanish non-
students. The main difference was a relatively low prediction value of gender, that in
this case predicted significantly only the intention to reduce SUP, t = 3.12 with p =

0.002 (Supplementary Table 5.6, Table 5.3).

Table 5.3. Summary of significant predictor variables of pro-environmental
behaviors found from multivariate multiple regression models in the three
samples analyzed. Significant predictors are marked with X. Shaded squares,

not tested for lack of variation of these parameters in student samples.

Feeling responsible for the

Sea frequentation sea Gender Age Education Income

@ Intention to reduce SUP X X
& Intention to buy eco-friendly X X
& Intention to recycle X X
§ Reduced SUP bags
g Reduced SUP bottles X

Recycling behavior
., Intention to reduce SUP X X
§ Intention to buy eco-friendly X
£ Intention to recycle X
% Reduced SUP bags
& Reduced SUP bottles

Recycling behavior X
£ Intention to reduce SUP X X X
§ Intention to buy eco-friendly X X
Z Intention to recycle X X X
S Reduced SUP bags
'é Reduced SUP bottles
& Recycling behavior X

From the results above, the three samples had in common gender and the

feeling of responsibility as significant predictor variables of pro-environmental
behavior intention. Sea frequentation predicted recycling behavior. Gender was also a
predictor of actually reduced consumption of SUP bottles. Thus, we focused on these
variables to examine the predicted hypothetic model and test mediation effects in the
whole sample.

The pairwise correlations between these variables are in Supplementary Table
5.7. Strong positive correlations between the feeling of responsibility for the ocean
and intended pro-environmental behaviors, found separately for each sample, were
indeed confirmed, as well as positive correlations between pro-environmental
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behavior intentions and the corresponding actual behaviors. These correlations were
highly significant in all the cases (Supplementary Table 5.7).

After Bonferroni correction, sea frequentation was positively correlated with
recycling behavior (r = 0.21, p << 0.001) and negatively with reduced SUP bottle
consumption (r = -0.13, p << 0.001) (Supplementary Table 5.7). This result would
suggest a negative effect of sea frequentation in the reduction of SUP, opposite to its
effect on recycling.

Gender was significantly and positively correlated with the responsibility for
the sea (r = 0.124, p < 0.001); logically, it was not associated with sea frequentation
(Supplementary Table 7). As in each sample separately, gender was correlated with
the three pro-environmental intentions and also with reduced SUP bottle consumption
(r =0.113, p < 0.001; Supplementary Table 5.7).

Both intended SUP reduction and intended eco-friendly purchase were
significant mediators between gender and reduced bottle consumption
(Supplementary Table 5.8, mediations #1 and #2). In other words, females would
intend a higher SUP reduction and eco-friendly consumption than males, and those
intentions (but not so much being a female) predict a lower consumption of plastic
bottles in our study (Supplementary Table 5.8).

These relationships and the differences between countries, representing social
norms, can be visually summarized as presented in Figure 5.6. Numerical results are
in Supplementary Table 5.9. In the upper part of the figure, pro-environmental social
norms (that are different between countries in our study i.e., they would explain, at
least partially, the effect of the country) increase significantly both intended and
actual behaviors of reducing and recycling SUP. Other factors, like older age and
higher education level in Spanish non-students, will also influence sustainable SUP
consumption.

In the lower part of Figure 5.6, we see that the actual reduction of SUP bottles
is significantly influenced by gender, mediated by the intentions of reducing SUP and
purchasing eco-friendly products (Supplementary Table 5.8). Gender does not
influence significantly actual and intended recycling behavior in this study.

On the left of Figure 5.6 is represented the emotional component of marine
citizenship - feeling responsible for the ocean, which will increase significantly pro-
environmental intentions. These intentions will in turn increase the actual reduction
and recycling of SUP bags and bottles (Supplementary Table 5.9B). On the right of
Figure 5.6, we find sea frequentation, which increases significantly recycling behavior.
The negative effect of sea frequentation on the consumption of SUP bottles suggested
from pairwise correlations disappears when the effect of the country (social norms) is
controlled in a multivariate multiple regression approach (Supplementary Table 5.9).
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Figure 5.6. Schematic representation of the main significant relationships
between marine citizenship components (sea frequentation and feeling
responsible for the ocean, in blue boxes), pro-environmental intentions (light
green), and behaviors (dark green) found in this study. Mediation effects are
marked with blue arrows and direct effects with black arrows.
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5.5. Discussion

The results of this study point to significant, positive relations between two
components of marine citizenship, sea frequentation and the feeling of responsibility
for the ocean, and pro-environmental behaviors: reduced consumption of SUP bags
and bottles and recycling. The feeling of responsibility (in this case perceived
personal harm to the ocean) predicted the intention to reduce SUP, buy eco-friendly
products, and recycle, while sea frequentation predicted actual recycling behavior.
These results would support the Model of Responsible Environmental Behavior
(Hines et al., 1986) because personal responsibility is a key trait of environmentally
responsible behavior intention.

The results supported only partially Hypothesis 1, because only behavior
intentions about SUP were predicted from the responsibility for the sea, not actual
behaviors. In their work about the perception of the ocean’s microplastics, Yoon et al.
(2021) found that feelings of guilt about the ocean predicted pro-environmental
behavior intentions. Their result was similar to ours in the sense that the question
employed here to measure the feeling of responsibility for the ocean (one of the items
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employed by Yoon et al., 2021, to measure feelings of guilt) also predicted behavior
intentions.

Our study went further exploring the actual behavior. In clear contrast with the
emotional component of marine citizenship, the sea frequentation seems to act more
directly on behaviors rather than on behavioral intention. Going frequently to the sea
predicted recycling behavior in our study, which, together with significantly predicted
recycling behavior from responsibility for the sea, supported Hypothesis IV. Pro-
environmental litter treatment has been associated with beachgoers’ awareness in
other studies (Rayon-Vifa et al., 2018; Slavin et al., 2012); our results would point in
the same direction in samples from Mexico and Spain.

Counter-intuitively, sea frequentation was correlated with higher consumption
of SUP bottles when the whole sample was analyzed (Supplementary Table 5.5). This
effect could be explained by the difference between countries, since Spanish students
frequented more the sea (which is circumstantial) and consumed more plastic bottles
than Mexican students. Hypothesis Il predicted differences between countries for
SUP consumption intention and SUP consumption. It was fully confirmed in our
study, where Mexican students clearly adopted more pro-environmentally behaviors
than surveyed Spanish students of a similar age. The effect of social norms, here
deduced from different policies (bans and levies in Mexico, only levies in Spain) and
opinions about SUP bans (IPSOS/Plastic Free July 2022), would explain this
difference and support other studies where social norms are essential for SUP
consumption behavior (Jacobsen et al., 2022; Jia et al., 2019). Heidbreder et al. (2019)
highlighted social norms and habits as major barriers to reducing SUP consumption;
these barriers would be higher in Spain than in Mexico.

Social norms and habits would also explain the difference between Mexican
and Spanish respondents regarding recycling behavior. In this case, as expected in
Hypothesis 1V, recycling was significantly more frequent in Spain than in Mexico.
Again, the different recycling habits and policies in Spain (Escario et al., 2020;
Gibovic & Bikfalvi, 2021) and Mexico (Munoz-Melendez et al., 2021) would explain
the observed differences.

Supporting Hypothesis 11, several demographic factors predicted pro-
environmental behavior. Gender influenced significantly many variables in this study,
and the direction was the same in the Mexican and Spanish samples. The first variable
of importance where gender was significant was the own feeling of responsibility for
the ocean, which was higher in women than in men. This result supported other
studies like Guest et al. (2015) and Garcia-Gallego et al. (2021), where women valued
the ocean more than men. Moreover, in all our samples being a woman predicts more
environmental-friendly behaviors, mediated or not by behavior intentions, than being
a man. This happened in Mexico and in Spain. Our results would support those
obtained regarding more pro-environmental behaviors about plastics in women, found
in Spain (Escario et al., 2020) and in other countries (Dilkes-Hoffman et al., 2019b;
Nguyen et al., 2022; Owusu et al., 2013; Slavin et al., 2012). This result contradicted
Rayon-Vifia et al. (2018) that found men to take more action against litter. In the
Spanish sample of non-students, older age and a higher education level also
significantly predicted SUP consumption and recycling. Our results were compatible
with many other studies (e.g., Bator et al., 2011; Escario et al., 2020; Slavin et al.,
2012), although not with the negligible influence of socio-demographic factors found
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by Walker et al. (2021) in Canada, or with more reduced use of SUP in younger South
Africans (O’Brien & Tondhlana, 2019).

It is important to remark that the vast majority of the respondents in this study
adhered to an R strategy for SUP after-use, although only a few opted to Refuse SUP
bags and bottles. The main reasons declared by respondents were forgetting reusable
goods and reusability, plus lack of alternatives in the case of SUP bottles (see Figure
5.3). These are quite commonly alleged causes of SUP use. In their review,
Heidbreder et al. (2019) reported studies where the main reason to use plastic bags is
forgetting one’s own reusable bag. This was the main reason declared by Spanish
respondents in our study too. In Mexico, instead, reusability was the first cause of
SUP use. Like in the Mexican sample, reusability —together with convenience and
easy availability- was one of the main reasons for the use of plastic bags in South
Africa (O’Brien & Tondhlana, 2019). A lack of alternatives has also been reported as
an important barrier to SUP reduction (Heidbreder et al., 2020).

An interesting difference between students and non-students for plastic bottle
consumption was found. Non-students used fewer plastic bottles than students did
(Figure 5.2). Habits that are the main barriers to the individual reduction of SUP
consumption (Wiefek et al., 2021), could explain this difference. Young people are
high consumers of bottled water (e.g., Jovarauskaité et al., 2020), and would
consequently purchase more SUP bottles than older people do when they forget (or do
not find) reusable ones. On the other hand, being a female was a predictor of reduced
use of plastic bottles, mediated significantly by the intention to act sustainably (both
intended SUP reduction and use of eco-friendly alternatives). This is consistent with
differences between genders in bottled water consumption drivers found from Hong
Kong and Macau (Qian, 2018) to Brazil (Pacheco et al., 2018), and indeed supports
the presence of gender in the list of factors intervening in sustainable behaviors.

This study has some limitations. One is that in our survey we did not test
essential elements of Ajzen and Fishbein (1980) and Kollmus and Agyeman (2002)
models, like knowledge and attitudes about SUP. Our intention was to explore the
possible use of marine citizenship for encouraging consumers to reduce SUP, not to
create a new model. Another possible limitation was that the online survey used a
single model of a questionnaire, not balancing the blocks and questions. Finding the
items that measure behavior intention right after the question about the personal
concern for the ocean (in Block C; see Table 5.1) perhaps elicited somewhat biased
responses towards behavior intentions. However, this possible limitation does not
affect the comparison between Mexico and Spain, the results related to actual
behavior, or the predictive value of independent variables.

5.6. Applications to SUP control

The main novelty of this study was to put together components related to
marine citizenship and R behaviors related to plastics like reducing SUP consumption
and recycling. Other authors like Yoon et al. (2021) found that the specific reference
to the harms caused by plastics to the ocean (microplastics in their study) was useful
to increase the intention to adopt pro-environmental behaviors. Enhancing marine
awareness has been proposed in other studies as a way to improve serious problems of
coastal littering and biopollution in Spain (Rayon-Vifa et al., 2022). The concern
about the ocean could be employed in public awareness campaigns to convince
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citizens to refuse SUP, something that is still infrequent in the Mexican and Spanish
groups analyzed in this study.

Ocean Literacy is essential here. Ocean Literacy could be defined as the
individual understanding of how the ocean affects people and how people affect the
ocean (Costa & Caldeira, 2018; Worm et al., 2021). It is included within the
Sustainable Development Goal 14 -Life below water- in the United Nations Decade of
Ocean Sciences for Sustainable Development 2021-2030 (UNESCO-10C, 2021). In
educational settings, ocean literacy research has revealed that students' understanding
of the ocean is significantly correlated with their environmental attitudes (Lin et al,
2020). Although ocean literacy is not usually included among the curricular contents
or in the usual teaching practices —ocean literacy programs being often considered
non-formal education (Ferreira et al., 2021)— its inclusion in all educational contexts
should be a priority (Worm et al., 2021). We support these views for a conscious,
informed concern about the ocean in the population.

The concern about the ocean was also significantly related to the intention to
buy eco-friendly products. Plastic-free alternatives are preferred for plastic mitigation
in many studies (Dilkes-Hoffman et al., 2019a; O’Brien & Tondhlana, 2019; Gill et
al., 2020). The use of ecological alternatives could also be encouraged by using
marine citizenship as a central topic in informative campaigns. It has to be recalled
that the concern for the sea does not depend on the proximity to it. These two
variables were not correlated in our study, and the value assigned to ocean resources
and diversity is not different in coastal and inland regions in other studies (Garcia-
Gallego et al., 2021). Thus, campaigns based on ocean conservation are likely
similarly effective in regions located at different distances from the sea.

Public awareness through education programs reduces marine debris creating
a sense of environmental responsibility (Bravo et al., 2009); thus, civic public
education could be another strategy to reduce SUP use where bans are not well
accepted or are still far from implementation (Borg et al., 2022; Wahinya & Mironga,
2020). Civic education addresses competences such as civic and political knowledge
and skills, sense of responsibility, and citizen active participation (Schulz et al.,
2018). Although in citizenship education teachers' beliefs may prioritize some of its
content (Reichert & Torney-Purta, 2019), civic learning promotes capacities to gather
and analyze available information to make informed decisions. Taking SDG 14 as a
reference (which seeks to prevent and reduce marine pollution of all kinds), civic
public education can provide the basic concepts, procedures, and attitudes needed to
reduce SUP, regardless of the legislative initiatives that a government may adopt.
From our results, including the emotional components of marine citizenship in public
education campaigns could improve their effect regarding not only SUP reduction but
also other R-behaviors like recycling. These behavioral changes would surely reduce
the current plastic and microplastic pollution in the ocean.

5.7. Conclusions

This study showed that feeling responsible for the ocean was a significant
predictor of the intention to reduce SUP consumption in Mexican and Spanish student
samples, and in Spanish non-students. A higher SUP reduction in Mexican than in
Spanish students was consistent with stricter SUP bans (thus social norms favorable
to SUP reduction) in Mexico than in Spain. Gender was a significant mediator
between the intention to reduce SUP consumption, the intention to buy eco-friendly
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products, and the actual consumption of plastic bottles. Sea frequentation did not
influence significantly SUP consumption in this study.

Recycling behavior (specifically litter sorting) was more frequent in Spanish
than in Mexican students and was significantly predicted by sea frequentation, and
recycling intention was predicted from the feeling of responsibility for the ocean.

Age and education also influenced pro-environmental behaviors in Spanish
non-students, older age promoting the intention to reduce SUP and recycling, and a
higher level of education intended recycling.

The results of this study suggest that enhancing the emotional components of
marine citizenship could promote the reduction of SUP consumption and increase
alternative eco-friendly choices. This effect would be obtained even in populations
living apart from the sea or visiting the coast infrequently.
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CHAPTER 6

STUDY 5: THE RELATIVE
IMPORTANCE OF AWARENESS AND
LEGISLATION IN PRO-
ENVIRONMENTAL BEHAVIORS
REGARDING MICROPLASTICS

See publication in Annex II:

Garcia-Vazquez, E., Garcia-Ael, C., Mesa, M.L.C., Rodriguez,
N., & Dopico, E. (2023). Greater willingness to reduce
microplastics consumption in Mexico than in Spain supports the
importance of legislation on the use of plastics. Frontiers in
Psychology, 13, 1027336.
https://doi.org/10.3389/fpsyq.2022.1027336.
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6.1. Abstract

Introduction: Microplastics (MP) threaten all organisms worldwide. MP are produced
directly as microbeads in cosmetics and hygiene products, or indirectly from breakage
of larger plastics. The control of MP requires consumers’ engagement to refuse
products containing microbeads.

Methods: We conducted a survey on 572 university students from Mexico and Spain,
two countries where microbeads are not banned yet. More strict laws for plastic
control are enforced in Mexico than in Spain.

Results: Controlling for age and education, despite knowing less about MP, Mexicans
checked for microbeads on product labels more frequently than Spaniards, and
desired to reduce MP consumption more. A stronger correlation between individual
awareness and willingness of MP control was found for Mexican than for Spanish
students.

Discussion: Perhaps more strict legislation against plastics creates an environment
favorable to MP control. Unclear statement of microbeads on labels was the main
reason for not checking microbead contents; environmental education and a stricter
control of plastics and MP were identified as necessary policy changes in the two
countries. Corporation engagement on clearer product labeling is also suggested.

Key words: Pro-environmental behavior; Consumer awareness; Mexico;
Microplastics; Microplastics risk awareness; Spain.

6.2. Introduction

The problem of microplastics (MP hereafter) has a global dimension. Water
and MP are the sole elements common to all the ecosystems today, life occurring
worldwide with the presence of small plastics, from the atmosphere to the poles and
from highest mountains to abyssal plains (Chen et al., 2020; Mishra et al., 2021; Peng
et al., 2017). MP are defined as plastics smaller than 5mm (Thompson et al., 2004),
and represent an emerging pollutant which removal from the ecosystems is not easy;
efficient cleanup technology is being investigated yet (Magalhdes et al., 2020;
Vivekanand et al., 2021).

MP are harmful for all the organisms studied to date. MP cause adverse effects
of different nature, including physiological and neurological damage, growth
retardation, oxidative damage and others (Barboza et al., 2020; Gola et al., 2021).
From fish consumption only, humans take around 840 MP/year (Barboza et al., 2020).
We also breathe a considerable amount of MP, especially microfibers (Gasperi et al.,
2018); around 48,000 MP particles per day are taken by inhalation (Wieland et al.,
2022). MP are made up of toxic monomers able to cause inflammation, alteration of
immune function, reproductive toxicity, mutagenesis, and cancer in humans (Gasperi
et al., 2018; Prata et al., 2020).

Primary MP (i.e., those that are produced of this small size) are included in
many products like cosmetics and personal care products, cleaning agents, paint and
coatings (Van Wezel et al., 2016). Microbeads are added in cosmetics for exfoliation,
cleansing face and body and cleaning teeth in toothpaste, both in rinse-off and leave-
on products (Anagnosti et al., 2021). For their known risk and accumulation in the
environment and organisms (Rochman et al.,, 2015), non-degradable plastic
microbeads contained in personal care products are banned from eleven countries in
North America, Asia, Europe, and in New Zealand, while bans are proposed in other
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six countries, and microbeads are being phased out in three more (Anagnosti et al.,
2021; Dauvergne, 2018; Lam et al., 2018). This implies that in the majority of
countries microbead bans are not applied yet. Moreover, other types of primary MP
like polyester glitters coated with metal, widely employed in cosmetics, textiles and
household applications, are generally overlooked (Yurtsever, 2019), not being
explicitly considered in the bans. Industrial abrasives or laundry detergents that
contribute significantly to MP pollution (e.g., Rochman et al., 2019) are also excluded
from bans so far.

In a global market dominated by supply and demand laws, citizens could help
to stop MP production taking individual actions as consumers; especially in the
countries where microbead bans are not planned yet. Evidently, checking regularly
microbeads from product labels to avoid the purchase of MP-bearing goods is the first,
easy behavior that can be adopted, using instead eco-friendly MP-free products. In
this study, we will explore if current pro-environmental legislation may promote these
simple behaviors in societies where MP bans are not implemented yet. Policy and
legislation have been described as effective top-down means to promote pro-
environmental practices in different countries and cultures. Examples are the
reduction of poisoning practices promoted by the awareness of environmental
legislation in Kenia (Didarali et al., 2022); the pro-environmental engagement of
Australian employees following corporate pro-environmental policies (Albrecht et al.,
2021); or the stronger environmental concern of citizens living in cities with more
sustainability policies in China (Liu et al., 2018).

Country policies about the use of plastics may help the residents of that
country to develop a generic attitude towards plastic derivatives like MP. Legislation
regarding plastic consumption differs greatly between countries (Adeyanju et al.,
2021). For example, in Mexico there are total bans to single-use plastics in force in
several states since 2020. Mexico DC was a world’s pioneer megacity in the adoption
of bans to this type of plastics, starting with legislation in 2019 to ban to plastic bags
and products with MP starting in 2020, extended to all single-use plastics in January
of 2021 (Decreto Congreso Ciudad de Mexico | Legislatura, of 25 of June of 2019;
available online at http://legismex.mty.itesm.mx/estados/ley-df/DF-L-ResSol-
Ref2019 06.pdf). In contrast, only levies are applied in Spain, specifically to plastic
bags  (Royal Decree  293/2018 of 18 of May of 2018;
https://www.boe.es/eli/es/rd/2018/05/18/293). The level of support of plastic bans and
international treaties against plastic pollution is higher in Mexico than in Spain
(IPSOS/Plastic Free July, 2022). Here we will investigate if this is extended to MP.

6.3. Literature review

Knowledge about MP is the first step needed for people to become aware of
MP impacts and —may be— change their behavior. The majority of consumers are not
conscious of acquiring products with MP (Henderson & Green, 2020; Ojinnaka & Aw,
2020). Yan et al. (2020) found that people are unaware of MP due to their invisibility.
Moreover, for their small size MP are not easily detected in the environment, thus
they were only relatively recently considered an emerging contaminant (Katsnelson,
2015). Since they are difficult to see with the naked eye, most people are aware of
them thanks to media (Henderson & Green, 2020). Someone has to tell us they exist
and are ubiquitous; then we know. For this reason, knowledge occupies a central
position in the psychosocial landscape of behaviors involved in MP emissions
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(reviewed by Garcia-Vazquez & Garcia-Ael, 2021). According to the Theory of
Reasoned Action where knowledge is essential to change behavior intention then
behavior (Ajzen & Fishbein, 1980), the information about MP increases awareness
and intention of behavior change in different studies (Cammalieri et al., 2020; Chang,
2015).

Although in other issues like climate change the perception of risk predisposes
to act pro-environmentally (e.g., Bradley et al., 2020), Deng et al. (2020) showed in
their study in China that the knowledge alone (not the concern) was sufficient to
increase the intention to reduce MP emissions. Those that are aware of MP will tend
to reduce them, perhaps because they are clearly unnatural (Anderson et al., 2016).
Even being unaware of their risks, we understand that we should not eat, breath, live
with MP. However, this issue is not totally clear because in Korea the risk perception
(influenced by knowledge) is what affects significantly pro-environmental behavior
intention towards MP (Yoon et al., 2021). Similarly, the concern determined the
willingness to pay for MP control in Norway (Abate et al., 2020). More studies will
be needed to make this aspect clear.

Another factor influencing behaviors about MP is the country or culture. For
example, for similar levels of knowledge the willingness to pay for MP-free products
is higher in Portugal than in Germany and Norway (Misund et al., 2020). However,
there are very few studies comparing attitudes towards MP among countries. The
country coverage of the knowledge about awareness and behavior towards MP is still
scarce, with some regions clearly understudied like African and American countries
(Garcia-Vazquez & Garcia-Ael, 2021).

Finally, socio-demographic factors like age, gender and education have shown
to influence attitudes and behavior towards MP, although the direction of the
differences is not always clear. Educated people are more aware about MP (Ojinnaka
& Aw, 2020). Gender and age would have contradictory effects depending on the
study. Abate et al. (2020) found Norwegian males to be less concerned about MP but
would pay more to control them. In contrast, Chinese women would have stronger
intention to reduce MP emissions than males (Deng et al., 2020). Younger people are
more aware of MP in Belgium (Herweyers et al., 2020) but less in Portugal (Soares et
al., 2021). More studies are needed to understand how socio-demographic factors
influence consumers’ relation with MP.

6.4. Objectives and research hypotheses

The specific objective of this study was to determine the differences between
Mexico and Spain on the behavior and behavioral intentions about MP. Mexico
applies stricter plastics control measures than Spain, but specific laws for MP are not
in force therein yet. Research hypotheses were:

1) From the difference between Mexico and Spain for the treatment of plastics,
we expect that Mexicans avoid products with MP (Hypothesis i) and will to
control MP (Hypothesis ii) more than Spaniards.

2) Living in an environment that makes Mexicans more conscious of plastics
issues, the correlation between individual awareness and willingness to control
MP will be stronger in Mexico than in Spain (Hypothesis iii).
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6.5. Methods

6.5.1. Ethics considerations

The competent Committee of Research Ethics of Asturias Principality
approved this study with the reference CEImPA:2021.116. The participants were
informed about the objective of the study, about their right to withdraw from the study
in any moment and signed an informed consent. We followed the principles of the
Declaration of Helsinki adhering to the European code of conduct for research
integrity (All European Academies, 2017).

6.5.2. Questionnaire employed

The questionnaire gathered information about the following issues: socio-
demographic data, knowledge of MP, awareness of MP risk (environmental, social,
for health), actual behavior of checking MP from commercial labels, intended
behavior of reducing the consumption of products with MP and using eco-friendly
products instead. We have collected socio-demographic data for factors that, from
scientific literature, can influence knowledge and attitudes towards MP: age, gender
and education level. To identify possible methods to control MP, we asked for the
main reasons to not check microbeads from commercial products, and for policies to
control MP.

The questionnaire was based on those created by Deng et al. (2020) and Yoon
et al. (2021) that were tested and validated in China, and China, Japan, Korea and
USA, respectively. Questions about socio-demographic issues, MP knowledge and
policies for MP control were adapted from Deng et al. (2020) and those about MP risk
awareness and behavioral intention from Yoon et al. (2021).

The first version of this questionnaire was examined from a panel of experts
(N = 6). All their suggestions were introduced in the definitive questionnaire that was
re-examined and approved by the expert panel.

The questions here analyzed, and their respective coding and scoring are
summarized in the Supplementary table 6.1. Section A is devoted to socio-
demographic information. It includes country (laws about plastics are different in
Mexico and Spain), gender, age, and education level (Al to A4). Section B contains
two questions about the actual behavior of checking MP (how frequent is, and reasons
for not checking MP). The section C refers to knowledge about MP. C1 is the self-
declared knowledge of MP. In the items C3, C4 and C5 (multiple answers possible)
all the answers offered are true from the science (e.g., Gasperi et al., 2020; Prata et al.,
2020; Rochman et al., 2015, 2019; Van Wezel et al., 2016). Thus, the actual
knowledge about MP sources (C3), environmental sinks or sites of MP accumulation
(C4), and ways of MP to enter the human body (C5) is the sum of the respective items
marked (marked = 1, unmarked = 0). C6 asks about the policies considered good to
control MP. Finally, Section D contains a 7-point scale with three items measuring the
awareness about MP risks (D1 to D3), and the intentions to adopt pro-environmental
behaviors (D4 and D5 here).

The questionnaire was prepared in two versions (English and Spanish) and
administered according to the mother tongue of the participants (Spanish). The
English version of the questionnaire was produced by blind back-translation (Jackson
etal., 1983).

6.5.3. Sampling methodology
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The questionnaire was created in a digital version for self-administration
online. Researchers passed the link to university students by email with a brief
message about the aim of the study (research about microplastics perceptions), its
anonymous nature and use exclusively for research. The respondents were thanked for
their participation and asked politely to pass the link to the online questionnaire to
their acquaintances (snowball methodology, see Valerio et al., 2016). Before
accessing the gquestionnaire, the participants were informed about the project, authors
and policy for anonymous data treatment, and signed the informed consent.

The time estimated to fill in the questionnaire is 10-15 minutes. Incomplete
questionnaires with < 80% items filled were not taken into account.

6.5.4. Data analysis
6.5.4.1. Variable scoring

Different types of variables were considered in this study. Socio-demographic
variables (section A) were scored as explained in Supplementary table 6.1. For
correlation and regression analysis dummies were employed for gender (0 = man, 1 =
woman) and country (1 = Mexico, 0 = Spain, accordingly to the strictness of laws
against plastics). In these analyses, non-binary respondents were excluded for their
small number.

For the declared knowledge (item C.1, “Have you heard about MP before this
survey?”) a dummy was employed (0 = no, 1 = yes). The actual knowledge about MP
was measured as the mean number of the sources (items C.3), sinks (items C.4) and
ways of MP to enter the human body (items C.5) identified.

In the section D, 1 is extremely unlikely/total disagreement and 7 extremely
likely/total agreement. The MP risk awareness was the mean of the social, health and
environmental risks perceived (items D.1, D.2 and D.3 respectively).

6.5.4.2. Statistics

The Content Validity Index (CVI; proportion of experts rating an item as quite
relevant or relevant; values over 0.78 are considered acceptable) was calculated to
assess the validity of the questionnaire (Polit et al., 2007). The reliability of the
variable measures based of combined items in this survey was determined employing
Cronbach’s o, considered to be a good reliability index (Raykov & Marcoulides,
2017). Cronbach's a values over or around 0.8 are considered sufficient to meet
reliability for applied research (Cho, 2020).

Measurement Invariance (MI) is generally checked to assess the cross-cultural
equivalency of latent psychological variables measured from a number of items, often
through Confirmatory Factor Analysis —CFA- (Milfont, & Fischer, 2010; Hu et al.,
2019). As described above, in the present study the majority of variables are measured
directly from only one item of the questionnaire i.e., are not latent variables, thus the
model cannot be tested using CFA. Although factorial analysis was not possible, as a
proxy we explored MI focusing on the only variables measured from several items:
MP risk awareness (three items). Mardia’s multivariate kurtosis and skewness tests
did not meet the normality assumption for this variable; Doornik and Hansen test was
Ep = 376.3 with p << 0.001. Given the lack of multivariate normality we employed
RMSEA and y?/df as measures of model fit, and did partial invariance testing (e.g.,
Steenkamp, & Baumgartner, 1998) using JASP (JASP Team, 2022).
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To test Hypotheses i) and ii) we employed multiple multivariate regression
analysis to determine which independent variables predicted significantly the
dependent ones that were behavior and intended behavior in this study. Bonferroni
correction was applied for multiple comparisons. For pairwise comparisons,
differences in means were estimated from t- tests, and differences between medians
from Mann-Whitney tests. To test Hypothesis iii) ANOVA analysis was employed to
compare Mexican and Spanish regressions of MP reduction willingness on awareness,
positive interaction representing a higher slope in the Mexican sample.

Differences between samples for the distribution of qualitative variables
(obstacles to MP control, policies suggested) were tested employing contingency
statistics: Chi-square of contingency, with Cramer’s V to estimate size effect. The
free software PAST version 4.09 (Hammer et al., 2001) was employed.

6.6. Results

6.6.1. Questionnaire and survey data

The CVI obtained for this questionnaire from the expert panel was 0.96,
showing a high experts’ agreement about the content validity of the final version. The
raw results of the survey (n = 956 after removing questionnaires with <80% items
filled in) are publicly available in Mendeley Data repository with DOI
10.17632/9bzcw5byrpx.1 (Garcia-Vazquez et al., 2022).

For this study we chose only university students due to the significant effect of
the education level as a predictor of pro-environmental behavior intention about MP
found in previous studies (Ojinnaka & Aw, 2020), and the influence of age
(Herweyers et al., 2020; Soares et al., 2021). In our samples the factors “education
level” and “age” were controlled, being very similar across groups (Table 6.1). The
number of students that completed the questionnaire was n = 254 from Spain and n =
318 from Mexico.

Table 6.1. Descriptive data of the samples analyzed in this survey indicating the
number of respondents, mean age (SD in parenthesis), mean education level (4 is
undergraduate and 5 is graduate or above), and proportion of women and non-
binary, by country. Score of individualism/collectivism (higher values,
individualism) assigned to each country in Hofstede et al. (2010).

Mexico Spain
N 318 254
% females 66.7 72.8
% non binary 0.9 0.4
Mean education 3.8 (SD 0.55) 3.91 (SD 0.63)
Age range 18-31 18-33
Individualism 30 51

The internal consistency was measured from Cronbach’s a values, being 0.94
for the items measuring MP risk awareness. This value is > 0.80 thus the construct
can be considered reliable (Cho, 2020). The analysis of this latent variable gave very
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robust Ml (RMSEA = 0.001; ¥2/df = 0.095). The ?/df values was < 5; from this and
reliable Cronbach’s values we decided to keep all the items in this construct.

6.6.2. Effect of the country on the behavior about microplastics

Means and standard deviations of the variables measured per country are in
the Supplementary table 6.3. A 35.3% of Mexican students declared to have heard
about MP before this survey, a proportion significantly lower than the 67.9% of
Spanish students with self-declared knowledge of MP (y* = 74, 1 d.f., p <<0.001).
Pairwise correlations between the willingness to control MP consumption and buy
eco-friendly products were positively and significantly correlated in Mexico (Table
6.2, below diagonal) and Spain (Table 6.2, above diagonal); in contrast, the behavior
of checking microbeads was not positively correlated with any of the other variables,
being negatively correlated with the intention to control MP consumption in Mexico
(Table 6.2). Controlling the rest of variables in multivariate multiple regression,
gender did not predict significantly the dependent variables (Fzses = 1.67, p = 0.17 >
0.05, n.s.).

Table 6.2. Pairwise correlations between the behavioral variables analyzed in
Mexican (below diagonal) and Spanish (above diagonal) student samples.
Pearson’s r values and their significance are given, as * =p <0.05 and *** p <

0.001
Check microbeads Reduce MP consumption  Buy eco-friendly products
Check microbeads -0.018 n.s. 0.089 n.s.
Reduce MP consumption -0.123 * 0.827 ***
Buy eco-friendly products -0.081 n.s. 0.889 ***

Confirming Hypotheses i) and ii), the country was a highly significant
predictor of the three dependent variables (Fsses = 17.61, p << 0.001). Student
samples from Mexico and Spain were significantly different to each other for the
three behavioral variables examined (Figure 6.1). Mexican students checked
microbeads more frequently (t = 7.33, p < 0.001), intended to reduce MP
consumption (t = 2.29, p = 0.02) and to buy eco-friendly products more than Spanish
students (t = 2.99, p = 0.003), even if they knew less about MP than Spaniards (t = -
9.7, p < 0.001 for the actual knowledge, consistently with the self-declared knowledge
in each country). The country did not predict significantly MP risk awareness in this
analysis (t =-1.58, p =0.12, n.s.).
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Figure 6.1. Means for Mexican and Spanish students of the variables “Checking
microbeads”, “Intention to reduce microplastics consumption”, “Intention to
buy eco-friendly products”, “Knowledge about microplastics”, and
“Microplastics risk awareness”. Standard errors as capped bars.
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6.6.3. Awareness and knowledge as predictors of MP control behavior in Mexico and
Spain

Results showed that controlling for the other variables MP risk awareness
predicted significantly the intention to control MP consumption in Mexico and Spain
(regressions with equations y = 0.899x + 0.278 and y = 0.73 + 1.05 with r?> = 0.59 and
0.39, respectively; both with p < 0.001). Confirming Hypothesis iii), the correlation
with risk awareness was higher in Mexico than in Spain (Figure 6.2), with a
significant interaction [country] x [awareness] (F = 23.88, p = 0.003). This means that
the awareness matters for both countries but matters more for Mexico.
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Figure 6.2. Graph plotting the willingness to reduce microplastics (MP)
consumption on awareness of microplastics risk scores. The regression lines are
presented: in green for Mexico and in orange for Spain, with their r2 values in
the same colors.
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6.6.4. Obstacles and recommended policies for MP control

The reasons for not checking microbeads and the recommended policies for
the control of MP were also analyzed in the two groups of students. Significant
differences between Mexican and Spanish students were found for the reasons alleged
for not checking microbeads (y° = 38.7, 7 d.f., p < 0.001, Cramer’s V of 0.20), being
mistrust of labels, small lettering and no time to read labels while shopping more
frequent in Mexico, while not caring about microbeads and not being able to identify
microbeads in the labels were more frequent in Spain (Figure 6.3). Not recognizing
microbeads from labels was the most frequent reason in the two countries.

120



Figure 6.3. Reasons stated for not checking microbeads in the student groups
surveyed in this study. Results are presented as proportion of respondents that
alleged each reason, by country. The total sum is higher than 100% because
multiple answers were allowed.
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Regarding the recommended policies (Figure 6.4), there were no significant
differences between the two countries (y~ = 4.28, 7 d.f.,, p = 0.75 and Cramer’s V =
0.05). Note that in Figure 6.4 the sum of percentages is 100% because, although
multiple answers were allowed in these questions, we considered the proportion of
responses choosing each policy over the total number of responses by country.
Policies recommended by the respondents for a better control of MP were education
first (more than 60% of respondents chose that option, above 15% of the total number
of responses), then stricter laws for plastic usage and stop selling products with MP —
which is the same as microbead bans, chosen by more than 50% of the respondents
and also above 15% of the total responses. Next options were offering free reusable
bags and improving technology for water treatment (more than 30% of respondents).
Other options like taxes or awards for reusing plastic bags were less supported (Figure
6.4).
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Figure 6.4. Policies recommended for the control of microplastics in the samples
surveyed in this study. Results are presented as the proportion of responses
choosing each policy, by country.
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6.7. Discussion

6.7.1. General discussion of the results

The results of this study provide novel evidences of cross-cultural differences
and similarities regarding MP. For the first time, psychosocial drivers of behaviors
and behavioral intentions towards MP were determined in Mexico and Spain, two
countries without microbead bans at a national level (Anagnosti et al., 2021) but with
different legislations about plastics. The level of declared and actual knowledge of
MP was clearly superior in Spain than in Mexico, where participants were able to
identify less sources, sinks and ways of MP to enter the human body than Spanish
ones. Notwithstanding it, Mexicans checked microbeads more often than Spaniards
did, confirming Hypothesis i). They also declared a higher willingness to control MP
according to Hypothesis ii). The paradox of a low knowledge but a high concern and
willingness to consume controlling MP is not so rare in the specific field of MP. In
USA, Chang (2015) found that the majority of respondents in their study were
unaware of MP in personal care products, but after being informed they refused to
consume those products again. Belgians would intend to buy preventive devices
against microfibers when they perceive an environmental benefit, even knowing little
about MP (Herweyers et al., 2020). In our study, the majority of those students
hearing about MP for the first time when filling the questionnaire were from Mexico,
a country already sensitized about plastics. It seems logical that they will be
concerned and will reject MP, because they are clearly unnatural and unnecessary
(Anderson et al., 2016).
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Unlike knowledge, the awareness of risks seemed to play a more important
role in our study for determining behavioral intentions. Abate et al. (2020) in Norway
and Yoon et al. (2021) in Korea found that the concern predicted significantly the
intention to support MP control measures. Our results would align with these authors
because the awareness of MP risks predicted significantly the willingness to control
MP in the two countries. Moreover, the association between awareness and MP
control intention was stronger in Mexico than in Spain, according to Hypothesis iii)
and to their respective support of plastic bans (IPSOS/Plastic Free July 2022).

The difference between countries in the practice and intention of pro-
environmental behaviors could be attributed to stricter legislation about plastics in
Mexico, probably combined with other cultural traits, as we will explain below.
Although individuals may exhibit oppositional behavior when top-down approaches
to environmental conservation are applied (Linklater et al., 2019; Schultz, 2011), it
did not seem to happen in our study. Mexicans are probably more conscious of the
plastic threat than Spaniards, as it is reflected in their high support of plastic bans and
international treaties (IPSOS/Plastic Free July 2022). Checking for plastics
(microbeads or any other type) in personal care products sounds logical in a country
where the legislation is stricter, and the society is favorable to plastic bans.

Together with a higher conscience of plastic threats, the collectivism in
Mexico could also contribute to explain the differences between countries. In the
same vein as Sreen et al. (2018), it is possible that people in Mexico showcase more
of collectivistic values by making decisions regarding MP. In collectivist cultures,
consumers tend to engage in behaviors that benefit society as a whole, even though
these behaviors may be detrimental to them. For example, Moon et al. (2008) found
that consumers in a collectivist culture were willing to pay more for products
beneficial to society as a whole than those in an individualistic culture.

Although the results of this study supported the departure hypotheses, they
would not fit exactly into the classic Theory of Reasoned Action that is generally
applied to pro-environmental behaviors (Ajzen & Fishbein, 1980), where behavioral
intention comes first and predicts actual behavior. In our study it seems that the
adoption of a real behavior against MP pollution is disconnected from the behavior
intention, as suggested from non-significant or even negative correlations of checking
microbeads with the intentions to reduce the consumption of goods with MP in the
two countries. However, this cannot be confirmed from the results of the present
study in which the intention to check microbeads, although implicit in the two
behavioral intentions, was not explicitly posed. Those who check microbeads from
labels (expectedly to avoid products with them) do not need to declare further
intentions to do it. A similar result was found by Kim et al. (2018) in the University of
Washington regarding initiatives to reduce carbon emissions: for those that were
already taking pro-environmental actions, campaigns to increase environmental
awareness had small effect. Likewise, in their study with university students
Camallieri et al. (2020) found that informing about MP increased significantly the
awareness in less formed students, but not so much in those that were already aware
of the problem.

6.7.2. Limitations of the research

This study has some limitations. First, it was the use of only one questionnaire
version with the items in a given order (Dopico et al., 2022). Although the results
were solidly supported from statistics, the doubt about a possible effect of locating the
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questions about behaviour intentions at the end of the questionnaire will persist.
Perhaps they influenced somewhat the answers of those unaware of MP; however, if
they were located at the beginning it is possible that they would be unable to answer
them.

From the methodological point of view a limitation of this study was the
absence of Measurement Invariance (MI) calculations for the whole model. Partial
invariance testing may be not enough to ensure accurate cross-culture comparisons
(Steinmetz, 2018). In the present study the majority of variables are measured from
only one item; CFA is based on latent variables measured from multiple items; thus, it
is not the best choice for our data. At least for the latent variable of MP risk
awareness the model was apparently acceptable, but the rest of variables were not
analyzed. Although Welzel et al. (2021) have shown cases of cultural constructs with
high predictive power that do not fit Ml, the results may be thus taken with caution.

Finally, this study was conducted in university student samples. Although this
served to control for age and education, there is a doubt about the representativeness
of these samples of the whole society in the two countries. More studies in general
population samples are necessary to confirm the results of this work.

6.8. Practical implications

This study has implications in several aspects of the societal support to MP
control. From the low level of knowledge about MP found in some sectors of this
study, measures to increase the public knowledge about this environmental problem
should be taken. In our study the most frequently proposed solution was education
(Figure 6.4). Similar recommendations (e.g., Charitou et al., 2021) are identified by
the vast majority of authors working on MP and could be considered commonplaces
for different collectives and societies. They could be implemented at different levels.
Focusing on European countries, Charitou et al. (2021) recommended more publicity
on European directives, and also the integration of the topic of MP in formal
education programs. We fully adhere to this recommendation and expand it to other
countries like Mexico. Increasing the knowledge about MP is especially important in
countries without microbeads bans because it will contribute not only to reduce MP
pollution but also to reduce the demand of this type of products. Information
campaigns should be tailored by country and working sectors.

Implementing microbeads bans and legal measures against plastics are urgent,
and these two policies have been proposed from the majority of respondents in our
study (Figure 6.4). Top-down approaches could be adopted to control MP; they may
reinforce attitudes favorable to plastic control thus increase the intention to consume
MP-free products.

Here we found significant differences between countries for awareness of MP
and actual behavior to control them. Those countries have different social norms and
cultures. As suggested by Garcia-Vazquez and Garcia-Ael (2021) and other authors
(Ojinnaka & Aw, 2020), the intercultural aspects of the psychosocial issues involved
in MP mitigation should be further explored to be able to better determine the scale of
intervention designs.

Some actions to change consumption habits regarding MP could be very
simple, warranting at the same time the respect of consumer’s rights. Here the
corporations that sell hygiene and cosmetics products have an important role. They
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could facilitate informed consumer’s choice with simple practicalities, like ensuring
that the information about MP on product labels is visible and understandable. In our
study, main obstacles for checking MP from labels were unclear or illegible
information about microbeads in the labels (Figure 6.3). A clearer, legible display of
microbead content should appear in labels of personal care products and cleansers.

6.9. Conclusions

1) In this study, Mexican respondents checked for microbeads in personal care
products more than Spanish respondents did and manifested a higher willingness to
control MP consumption. Individual awareness was more strongly correlated with the
willingness to control MP in Mexico than in Spain. Legislation favorable to the
control of plastic reduction in Mexico, together with a collectivist culture, could
explain this.

2) One of the main barriers to checking MP in this study was unclear information on
the labels. Corporations should improve label’s design of personal care products and
cleaners.

3) The participants in this study identified education as the main policy to be applied
for the control of MP, so campaigns to inform about the products that contain MP and
the widespread accumulation of this pollutant in the ecosystems and organisms could
help to reduce MP consumption. MP pollution risks and their global impact could be
also introduced in the information campaigns to increase their effect.
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CHAPTER 7

STUDY 6: NUDGES TO PROMOTE R-
BEHAVIORS FOR THE CONTROL OF
MICROPLASTICS

See publication in Annex II:

Garcia-Vazquez, E., Garcia-Ael, C., Ardura, A., Rodriguez, N.,
& Dopico, E. (2023). Towards a plastic-less planet. Gender and
individual responsibility predict the effect of imagery nudges
about marine (micro)plastic pollution on R-behavior intentions.
Marine Pollution Bulletin, 193, 115157.
https://doi.org/10.1016/j.marpolbul.2023.115157.
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7.1. Abstract

Emerging microplastics (MP) pollution is one of the biggest threats for the oceans
today. Consumers could reduce MP pollution adopting R-behaviors such as reducing
consumption of plastic, refusing products with MP, replacing them for green products,
and recycling. Here we tested the efficiency of online nudges (images and short
messages) for promoting MP-conscious behavior in Spain (n = 671). The perceived
level of environmental responsibility and the willingness to adopt R-behaviors were
measured. Messages about seafood with MP and plastic-polluted marine environment
were more efficient than images of animals killed by plastics. Feeling responsible for
MP pollution predicted R-behavior intention. Women would adopt more R-behaviors
than men, while men were more sensitive than females to the proposed nudges.
Raising the sense of environmental responsibility would be priority in education
campaigns. For different cultural sensitivities to animal suffering, evoking
environmental health instead of threats to wildlife would be generally recommended.

7.2. Introduction

7.2.1. The microplastics crisis and proposed solutions

Plastic waste is increasing and already exceeds the capacity of plastic
pollution mitigation (Borrelle et al., 2020). We are paying an enormous toll in
environmental and human health (Rodrigues et al., 2019), not to mention the
deterioration of marine ecosystems that are sinks for plastic waste (e.g., Grant et al.,
2021). Microplastics (MP thereafter) produced from the breakage of larger plastics, or
directly as microbeads in personal care products and cleansers, pollute aquatic
environments, enter the food chain and release harmful toxic chemicals (Yuan et al.,
2022).

Solutions to stop MP pollution are urgently needed. Scientists agree on the
need to involve different stakeholders in the fight against MP: the science should find
ways to recover and recycle MP from the polluted environment (Chen et al., 2022;
Gao & Liu, 2022); the industry should develop alternative products to replace
microbeads (Hunt et al., 2021) and plastics (e.g., Rosetto et al., 2019); the
governments should implement measures towards MP bans and/or phase out
(Anagnosti et al., 2021; Deme et al., 2022; Mitrano & Wohllenberg, 2020); and
individual consumers should adopt sustainable consumption habits eliminating goods
with plastics and MP from their shopping basket (Chang, 2015; Yoon et al., 2021).
These changes are a challenge for the whole society that needs to advance towards
cleaner ways of production and consumption without clear guidelines regarding this
emerging contaminant.

Top-down approaches are being already taken, because an increasing number
of countries have banned microbeads from some products like cosmetics (Anagnosti
et al., 2021). This approach is double effective because citizens of countries with
plastics and MP bans will to control MP in their daily life more than those where
legislations are less restrictive (Garcia-Vazquez et al., 2023). However, many
products that contain primary MP like glitter (Yurtsever, 2019) are not considered in
MP bans yet. Thus, conscious behavior of individual consumers is much needed to
stop the increase of MP pollution today. In this study, we will try a simple
psychosocial intervention based on online exposure to images to identify the type of
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messages that could be more efficient to stimulate consumer behaviors that prevent
MP waste.

7.2.2. Theoretical background

The R imperatives (Resource Value Retention Options) have been proposed to
advance towards sustainability through circular economy (Reike et al., 2018),
Recycling being the implementation measure most measured and assessed (Johansen
et al., 2022). Plastic recycling has limitations because some countries export the
majority of their plastic waste to countries where it is just burnt, not properly recycled
(Heller et al., 2020; Law et al., 2020). On the other hand, not all the plastics are
equally recyclable (Rahimi & Garcia, 2017). Burrows et al. (2022) found that
miscommunication in the labeling of plastic items is one of the causes of limited
effectiveness of recycling, often failing to indicate if a plastic is recyclable or not, and
if there are regional facilities for recycling. In the particular case of MP, in practice
Recycling would be inefficient as a general approach to treat them because they are
difficult to recover from general waste due to their small size (Gao & Liu, 2022;
Ruggero et al., 2020). Other R behaviors are needed in this case, especially for
primary MP such as microbeads. Refuse and Reduce the consumption of products
with MP are effective for limiting MP waste if the consumer knows what products
contain microbeads or MP. However, as it happens for plastic labels (Burrows et al.,
2022), the representation of MP on product labels is insufficiently clear, since being
unable to identify microbeads from labels was one of the main obstacles for the
reduction of MP reported by students in Mexico and Spain (Garcia-Vazquez et al.,
2023).

Even being imperfect for unclear labeling, it is evident that adopting R-
behaviors is better than doing nothing to solve the current global MP crisis. The R
imperatives that depend on individual consumers (like refusing or reducing plastics
consumption, or sorting waste for recycling) can be promoted in different ways. The
theoretical framework of pro-environmental or green consumer’s behavior generally
accepted follows the Theory of Reasoned Action (Ajzen & Fisbein, 1980) and its
extension in the Theory of Planned Behavior (Ajzen, 1991), where positive attitudes
(assessments of self-performance) towards a pro-environmental behavior, together
with perceived control and subjective norms, determine the intention to behave pro-
environmentally; such intention plus environment consciousness will finally
determine the actual behavior. These theories have been supported from varied
studies on green behaviors, like purchasing sustainable clothes (Rausch & Kopplin,
2021) or recycled shoes (Yadav et al., 2022), also for MP control willingness (e.g.,
Chang, 2015).

Understanding the consequences of the individual behavior is necessary to
change it; knowing the impacts of pollution is determinant to align with Recycling,
Reusing and Reselling behaviors (Khan et al., 2019). Interventions to reduce waste
often recall social norms and education (Byerly et al., 2018); for example, role-
playing as children working in Congo cobalt mines increases recycling of mobile
phones in Spain —cobalt being essential in electronic devices (Garcia-Vazquez et al.,
2021). Simpler interventions are also effective. Nudges like reminders, changing the
design of an object, labels or images may suffice to help the consumer to make a
quick pro-environmental decision (Wee et al., 2021). Nudging based on short
messages can promote different R-behaviors, like recycling food waste (Linder et al.,
2018), reducing water (Bhanot, 2018) and energy (Cappa et al., 2020) consumption,
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and others. We will use short informative messages as nudges in our study. We will
accompany the messages with images because there are many examples that show the
power of exposure to images in different countries. To mention a few, visual learning
based on infographics about plastics recycling and MP formation has been proved an
efficient educational tool in USA (Reed & Chen, 2022). Imagery on brochures was
sufficient to change environmental attitudes in Australian students (Soutter & Boag,
2019). Wu and Paluck (2021) showed that a simple image of golden coins on the floor
was enough to change waste disposal behavior in Chinese workers. Luo et al. (2022)
found that the image of a marine animal trapped in plastic debris reduced significantly
plastic waste in an experiment in Canada. In this sense, animal images are widely
employed to elicit emotions like affect (e.g., Whitley et al., 2020) that helps to
increase pro-environmental intentions.

Evoking images related with the sea could be especially efficient. Since the
majority of media news focuses on MP content in seafood due to marine MP pollution
(\Volker et al., 2020), the public is generally concerned about MP impacts on health
due to MP ingestion (Deng et al., 2020), and also by MP environmental impacts on
the sea (Catarino et al., 2021). Working with ocean imagery (the way people imagine
the ocean), Engel et al. (2021) discovered that pro-environmental behavior is
positively associated with the psychological impression and environmentalist views of
the ocean. Consistently with the effect of ocean imagery, consumer’s awareness about
the ocean seems to be related with pro-environmental behavior related with the use of
plastics in different cultures. In the UK, Nuojua et al. (2022) found that those feeling
more connected with the ocean considered plastic packaging more harmful. In the
same vein, feeling responsible for the marine environment is associated with
recycling and reduced consumption of single-use plastic goods in Spain and Mexico
(Garcia-Vazquez et al., 2022). The sense of social responsibility and feeling guilty
about ocean pollution mediates between the MP risk perception and the intention to
control MP in Korea (Jeong et al., 2021), thus recalling the ocean environment could
be a plus for interventions aimed at increasing consumer’s MP control.

Regarding the format of interventions, the Internet, including social media, is
the main source of information about MP in different countries (e.g., Didegah et al.,
2018; Cammalieri et al., 2020). Research has demonstrated that the use of Internet has
a positive effect on pro-environmental behavior (Xiao et al., 2022), and also the
efficiency of digital interventions (Wolstenholme et al., 2020). Online exposure to
messages and images is easy, aligns with nudging methodology (Wee et al., 2021),
and may simplify pro-environmental campaigns. For these reasons, we will use
Internet as a vehicle for the planned interventions, focusing on Spain where
microbeads are not banned yet (Anagnosti et al., 2021) thus individual consumer’s
behavior is especially important.

7.2.3. Objectives and departure hypotheses

The objective of this study was to determine if the online observation of
images related with MP is sufficient to promote the willingness to adopt R-behaviors
for the control of MP.

Expectations, summarized in Figure 7.1, were:

i) From the efficiency of nudging online interventions for the promotion of
sustainable behaviors (Wee et al., 2021), we expect the online exposure to
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information about MP impacts will suffice to increase the willingness to behave pro-
environmentally.

i) From the public concern raised by seafood MP pollution and environmental MP
impacts (Catarino et al., 2021), and the power of imagery using animals (Luo et al.,
2022), images recalling seafood contamination, ocean pollution and plastic threat to
animals will increase the willingness to adopt R-behaviors about plastics and MP
consumption; for their emotional content images of animals (Whitley et al., 2020) are
expected to be more efficient than images of inanimate elements.

iii) For the importance of environmental awareness (Yadav et al., 2022), feeling
responsible for marine MP pollution will be positively correlated with pro-
environmental intentions regardless the treatment.

7.3. Material and Methods

7.3.1. Ethics considerations

The study was approved by the Committee of Research Ethics of Asturias
Principality (Spain) and assigned it the reference CEImPA:2021.116. Researchers
informed the participants about the objective, the use of their answers for research
purposes only and their right to withdraw from the study in any moment. Participants
signed an informed consent online. We followed the principles of the Declaration of
Helsinki adhering to the European code of conduct for research integrity (All
European Academies, 2017).

7.3.2. Work overview

This work was organized in three different studies. In Study 6.1, R-behaviors
were compared between a sample of general population (non-students) and the control
group of students, both with the same introductory image of a garbage bag, to check if
the condition of being a student in the experimental groups did not bias the study;
with no evidences of that, the results could be generalized to the Spanish population.
In Study 6.2, the results of R-behavior and pro-environmental engagement intentions
were compared across four experimental groups of students: three treatments based on
different images related with ocean pollution by plastics, and a control. In Study 6.3
multiple regression analysis was done on the whole sample -including students and
non-students, to determine the relative weight of socio-demographic factors, the
feeling of responsibility for the ocean, and the treatments, on R-behavior intentions.

7.3.3. Experimental setting and treatments

The experiment was entirely developed online. Four treatments were designed,
each consisting of an image (Figure 7.1) and a short informative sentence about an
issue related with MP. Treatment A evoked issues for seafood consumers. The image
exhibited a fish open with MP inside, with an introductory sentence “MP may be
ingested inadvertently when eating marine products like mussels of fish.” and the
figure caption “Microplastics inside a fish”. In Treatment B, devoted to marine
pollution, the image was a plastic object on seafloor, the introductory sentence
“Microplastics represent a threat for the planet, being found even on the oceans
bottom” and the figure caption “Plastic waste on the seafloor”. Treatment C intended
to elicit compassion for wild animals exposed to MP waste. It combined a photo of
the remains of a seagull entangled with a plastic rope with the caption “Carcass of a
seagull strangled by plastics” and the introduction “Microplastics pose a risk to
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emblematic species such as seabirds”. Finally, in the Control treatment the image was
a garbage bag full of plastic waste, with a neutral sentence not expected to elicit any
attitude towards MP “This questionnaire is part of a research about microplastics, that
are small pieces or fragments of plastic”.

Figure 7.1. Expected effects of the experimental interventions and the feeling of
responsibility for the ocean on R behavior intentions.
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In the online survey, participants enter a link that takes them directly to a
digital version of the questionnaire for self-administration. Subjects will find first a
brief introduction stating that the information is gathered for research purposes only,
and a form for the informed consent. The consent is compulsory to continue; if the
case is not marked the survey ends. In the next page the introductory image and short
message corresponding to each treatment are displayed, followed by a questionnaire.
The first four questions (A.1-A.4) are about socio-demographic issues: gender (O man,
1 woman, 2 non-binary), age (groups 1 to 6, by decades), educational level (1 to 6
from primary education to doctorate) and formation background according to the
main formation discipline (qualitative variable: Natural sciences, Health sciences,
Social sciences and Humanities, Engineering). Then a question about how often the
respondent checks microbeads from personal care products and cleansers is posed
(B.1; scale 1-5 from never to always), being a proxy to the actual awareness of MP. In
the next section (scale 1-7), there is a question to evaluate the participant’s ocean
pollution awareness, formulated as “I feel personally responsible about the marine
pollution caused by MP”, four questions to measure the willingness to adopt R-
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behaviors (Reduce plastics consumption, Refuse products with MP, Replace them for
green products, sort litter for Recycling), and one question about the willingness to
engage in environmental actions. The estimated time to complete this short
questionnaire is about 5-10 minutes.

7.3.4. Experimental groups and procedure

The untreated group of non-students in Study 6.1 was described in Garcia-
Vazquez et al. (2023). It was recruited using snowball methodology (Valerio et al.,
2016), starting with university students that were asked to pass an online link to their
acquaintances as explained therein (Garcia-Vazquez et al., 2023).

The four experimental groups of undergraduate students were recruited
directly in the classes where the teachers provided a link to the online survey,
randomly assigning each subject to an experimental group. Teachers explained that it
was a research project, and the participation was for outside the class, voluntary and
free, not being paid nor compensated with benefits in the course in any way.
Participants were clearly informed about the project, authors, and policy for
anonymous data treatment, as well as about their right to withdraw from the study at
any time.

7.3.5. Statistics
7.3.5.1. Estimates of minimum sample sizes and post-hoc statistical power

Minimum sample size for adequate study power was determined for similar
group sizes (k = n1 / n2 = 1), 90% minimum power, a = 0.05, B = 0.2, anticipated
means p1 and pp and their difference A. The anticipated means of the control for the
willingness of reduction of plastic consumption and recycling in the Spanish
population were taken from Garcia-Vazquez et al. (2022), and for the willingness to
refuse consumption of products with MP and replace them for green products from
Spanish data in Garcia-Vazquez et al. (2023). For conservative approach we
considered a 10% increase of the mean as a result of the treatment. The formula
employed was:

N1 = (6°1+6%2/K) (Z1-an + Z1-p)? / A?

Post-hoc statistical power (@) was calculated only for cases with significant
results as recommended in Levine and Ensom (2001), based on Z-value for a = 0.05
(1.96), mean difference A, group variances and sample sizes (n), according to the
formula:

@ = -Z1.a2 + AN(c%/n1 + 6%2/ny)
7.3.5.2. Statistical tests

Contingency analysis based on chi-square > was employed to check for
homogeneity of experimental samples regarding qualitative or discontinuous variables
like gender, age group or the proportion of different discipline backgrounds.

Differences between group means for socio-demographic variables like age
and educational level, and for behavioral variables like checking microbeads from
personal care products, were tested using ANOVA. Homoscedasticity was checked
from Breusch-Pagan test and normality from Shapiro-Wilk test. Non-parametric
Kruskal-Wallis test was used when normality requirement was not met. When
homoscedasticity was not met Welch’s F test was employed. In the experiment, two-
way ANOVA was employed to determine differences in means between groups for
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each factor i.e., behavioral intentions (five levels) and treatments (four levels) and the
interaction between factors. Repeated-measures ANOVA was employed to compare
between treatments considering simultaneously the five behavioral intentions. Post-
hoc pairwise Tukey tests were conducted after significant ANOVA; t-test was
employed to compare means between two samples, or Mann-Whitney when normality
was not met.

Effect-sizes for the comparisons between two means were measured from
Cohen’s d and the effect size correlation ryi. The statistics w? was used as an estimator
of effect size in ANOVA analysis. Cramer’s V was employed as a proxy for the
effect size in contingency analysis, as in Razzini et al. (2020).

Multiple regression analysis was employed to determine which independent
variables, i.e., gender, age, treatment and attributed personal responsibility, predicted
the variation of the dependent variables, i.e., the mean behavioral intention. To
transform the treatment into a quantitative variable we order the treatments by effect,
giving 0 to the control and up to 3 to the rest, ordered by the relative effect. Statistics
was performed with free software PAST version 4.12 (Hammer et al., 2001).

7.4. Results
7.4.1. Overview of experimental groups

With the setting and values explained in 7.3.4.2, the minimum sample size
required for 80% statistical power was 47, 58, 65, and 45 for the willingness to reduce
plastic consumption, recycle, refuse products with MP and replace them with green
products, respectively.

In total 324 people participated in this study: 73, 86, 82 and 83 for treatments
A, B, C and the control respectively. All the group sizes were larger than the
minimum sample sizes estimated, thus the study can be considered robust.

The four experimental groups were quite homogeneous; a description is
presented in Table 7.1. The majority of participants were females between 18 and 30
years old, with mean educational level higher than secondary education, and had a
background in social sciences. No significant differences between the four
experimental groups were found for any of the considered socio-demographic factors:
gender (contingency x? = 6.36, 3 d.f., p = 0.095 > 0.05 n.s., moderate Cramer’s V =
0.14), age (Kruskal-Wallis tie-corrected Hc = 2.673, p = 0.447 n.s.), mean educational
level (Kruskal-Wallis Hc = 2.457, p = 0.483 n.s.), and the profiles of formation
disciplines (contingency y* = 10.2, 9 d.f., p = 0.33 n.s., small Cramer’s V = 0.103).
Thus, we can reasonably assume that the groups are similar enough to control biases
from these factors in the experiment.
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Table 7.1. Description of the experimental groups.

A B C Control
n 73 86 82 83
% females 65.7% 74.4% 58.02% 69.9%
Mean age group 1.18 (0.75) 1.1(0.47) 1.16(0.64) 1.25(0.44)
Mean educational level 2.41(0.86) 2.42(0.64) 2.54(0.76) 2.46(0.72)
% Natural sciences 11.1% 17.4% 19.7% 18.7%
% Health sciences 13.9% 16.3% 21% 11.3%
% Social sciences & Humanities 72.2% 61.6% 53.1% 63.7%
% Engineering 2.8% 4.7% 6.2% 6.3%

Checking microbeads from products 1.37 (0.74) 1.42(0.87) 1.45(0.89) 1.56(0.92)
Personal responsibility attribution ~ 4.33 (1.78) 4.24 (1.67) 4.48 (1.79) 3.92 (1.97)

Note. The following socio-demographic characteristics are given: self-informed gender as
proportion of females; average age group, as 1 = 18-30, 2 = 31-40, 3 = 41-50, 4 = 51-60, 5 = >60;
mean formation level being 2 secondary, 3 graduate, 4 post-graduate and 5 doctorate; and
formation disciplines as percentage of participants of each discipline. The mean frequency of
checking microbeads from cleansers and personal care products is presented (from 1 = never to 5
= always), as well as the feeling of personal responsibility for MP pollution (from 1 = totally
disagree to 7 = totally agree). Sample size = n. Standard deviation in parentheses.

The raw data of the four experimental groups are provided in the
Supplementary Table 7.1.

7.4.2. Study 6.1

As described in Garcia-Vazquez et al. (2023), the non-students sample size
was n = 347, being 149 women (42.9%), 196 men (56.5%) and two non-binaries. The
mean age group was 2.62 (SD = 1.4) and the average educational level 3.3 (SD = 0.8),
meaning that the majority were graduate or above. Compared to the groups of
students (Table 7.1), this sample of Spanish non-students had a higher proportion of
men, education level, and, logically, a higher mean age (statistics not shown). The
mean feeling of personal responsibility for MP pollution was 3.93 (SD = 2.07); it was
3.92 (SD = 1.97) for the control group of students, indeed not significantly different
and with almost negligible effect size (d = 0.005, r = 0.002). The mean frequency of
microbead checking was 1.65 (SD = 1.08), not significantly different of that of control
students presented in Table 1 (mean = 1.56, SD = 0.92; t = 0.686 with p = 0.49, very
small effect size with d = 0.089, r = 0.045).

The mean values for the five behavioral intentions in the group of non-
students were very similar to those found for the control in the experiment, almost
identical (Figure 7.2). Accordingly, the individual mean of these behaviors was not
significantly different between the two groups of subjects (5.2 with variance 3.1 in the
group of non-students versus 5.22, variance 2.84 in the control group of students; t =
0.126 with p = 0.89). The effect size was very small with d =0.026 and r = 0.013.
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Figure 7.2. Pro-environmental behavior intentions in the group of non-students
(n =347) compared with the control group of students (n = 83). Results are
presented as mean scores of each behavioral intention, for each group (standard
errors as capped bars).
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In these groups the willingness to adopt sustainable behaviors was not the
same for the five proposed actions (ANOVA F = 16.12 with p < 0.001, »? = 0.027).
Recycling was the preferred R-behavior, and pro-environmental engagement the least
desired action, only not significantly different of Replacing (buying green products)
that was the second least preferred (Figure 7.2, Supplementary Table 7.2).

The similarity of student and non-student samples would suggest that the
results obtained in this study are at least moderately representative of the general
population and not limited to Spanish students.

7.4.3. Study 6.2

The frequency of the four experimental groups for the behavior of checking
microbeads from cleansers and personal care products was very similar (Table 7.1),
and not significantly different among groups (Kruskal-Wallis Hc = 2.899, p = 0.408
n.s.). Thus, the results of the experiment would not be biased by differences between
groups regarding the awareness about MP.

Pro-environmental behavior intention was different among the four
experimental groups (Figure 7.3). For the five behaviors considered, those exposed to
a picture of a MP-polluted fish (group A) declared the highest willingness to reduce
plastic and MP consumption (Reduce), buy eco-friendly products (Replace), sort litter
(Recycle) and collaborate in pro-environmental actions. The next group was the one
exposed to a picture of plastics on the marine bottom (group B). Group C, exposed to
the photo of a dead seagull suffocated with plastics, was the next in the reduction of
plastic consumption and recycling, but the last in the other three proposed behaviors
(Figure 7.3). The mean of the five intended behaviors followed the order A>B > C >
Control (5.5£0.79,5.39 £0.82,5.129 + 0.83, and 5.125 + 0.91, respectively).
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Figure 7.3. Results of the experiment presented as means of the pro-
environmental behavior intentions considered. Experimental groups were
exposed to images: A, contaminated seafood; B, plastics in sea bottom; C, dead
seagull suffocated with plastic ropes; Control, a bag with litter. Standard errors
as capped bars.
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From two-way ANOVA results, the willingness to adopt behaviors aimed at
MP control was significantly different amongst both the treatments (F = 5.01, p =
0.002) and the types of behavior (F = 24.87, p < 0.001) in this experiment
(Supplementary Table 7.3).

Regarding the type of behavior, as in the Study 6.1 Recycle was clearly the
preferred option, significantly above the rest (Supplementary Table 6.4 for post-hoc
pairwise test), followed by Reduce plastic and Refuse MP consumption (both
significantly higher than pro-environmental actions). Then Replace was not
significantly different of Reduce and Refuse, neither of pro-environmental
engagement that was the least preferred behavior (Figure 7.3, Supplementary Table
7.4).

The treatment was also significant in two-way ANOVA. The objective being
to test the effect of treatments on all the behaviors, we conducted an ANOVA test of
multiple measures (five measures of intended behavior to control MP pollution). The
result was highly significant with F =17.2 and p < 0.001. Post-hoc tests demonstrated
that both A and B treatments increased pro-environmental behavior intention in
comparison with the control (large effect sizes of d = 1.346 and r = 0.558, and d =
0.943 and r = 0.426 respectively; respective statistical power of ® = 84.3% and 57%),
while treatment C did not differ from the control (Supplementary Table 6.5) with
small effect size of d = 0.014 and r = 0.07. A and B treatments also differed
significantly from C (see Supplementary Table 7.5). Thus, the relative efficacy of the
treatments observed in Figure 7.3 was confirmed from this statistical analysis.
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7.4.4. Study 6.3

In this study we run multiple regression with the mean of R-behaviors as
dependent and interventions (treatments), the awareness of MP proxy (the frequency
of checking microbeads from product labels) and socio-demographic variables,
considering together all the subjects of these studies. Controlling the rest of variables,
treatment efficiency indeed predicted R-behavior intention (t = 2.784, p = 0.006, r* =
0.01; Supplementary Table 7.6), consistently with ANOVA results in Study 2 (see
Supplementary Table 7.3). The self-attributed responsibility for MP pollution highly
significantly predicted the willingness of R-behavior (t = 12.78, p < 0.001, r?> = 0.201).
The actual awareness of MP, here represented from the behavior of checking
microbeads from product labels, did not predict significantly R-behavior intentions (t
= 0.11, p = 0.912 n.s)). Of the socio-demographic variables considered only the
gender was significant: being a woman (because the sign was positive, and coding
was woman = 1, man = 0) predicted significantly the willingness of adopting R-
behaviors in the samples here studied (t = 3.112, p = 0.002, r? = 0.022; Supplementary
Table 7.6).

The effect of the gender in the whole samples was unexpected, because in the
sample of non-students alone, the effect of the gender was not significant (F3, se5 =
1.67, p = 0.17, > 0.05, n.s.; Garcia-Vazquez et al., 2023). To understand better this
effect, we conducted one-way ANOVA analysis to check the effect of the
experimental treatments in men and women separately. Results showed that women
declared higher R-behavior intention means than men, in all the experimental groups
and in the non-students (Figure 7.4), which explains the significance obtained for the
effect of gender in multiple regression analysis in this study. However, in women the
differences between the five groups were not significant (Welch’s Fis0 = 1.242, p =
0.296, ®? = 0.004). Only Treatment A had a higher R-behavior than the Control and
the non-students, but the values were not much different. Only the largest pairwise
difference (between Treatment A and the lowest Treatment C) was marginally
significant (< 0.10 but > 0.05): t = 1.91, p = 0.059, Cohen’s d = 0.41.

Figure 7.4. Means of the pro-environmental behavior intentions found in the
experimental groups (Treatments A, B, C and Control) and in the group of non-
students, by gender. Standard errors as capped bars.

58

5,6 T

54

5,2
5 . ) «f=Men

48 \ 1 e@=»\Women

N

\+/

v

4’ T T T T 1
Treatment A Treatment B Treatment C Control Non students

Mean score of R-behaviors

137



In the case of men, the results were clearly different from those of women.
First, in male students all the treatments had higher means than the control (Figure
7.4), and the difference between student groups was significant (F3,100= 2.99, p = 0.03,
o? = 0.054). Even the least efficient treatment C had a significantly higher mean of R-
behavior intentions than the control (t = 2.17, p = 0.03, moderate d = 0.203); indeed,
the mean of Treatment A was also significantly higher than that of the control (t =
2.38, p=0.02, Cohen’s d = 0.702), as it was that of Treatment B (t = 2.05, p = 0.046,
Cohen’s d = 0.619). The apparent difference between the experimental control and the
group of non-students was not significant: respective means of 4.27 with SD = 1.85
and 4.94 with SD = 1.78; t = 1.7, p = 0.09, »? = 0.26. Summarizing these results, the
treatments had a significant effect in student men but not in women in this study.

7.5. Discussion

7.5.1. Accomplishment of departure expectations and study novelties

Here, we demonstrate the efficiency of the online exposure to images and
short informative messages as nudges for increasing the willingness to control MP,
confirming the departure hypotheses under some conditions that are summarized in
Figure 7.5. Briefly, the nudges employed in this online experiment promoted a
significant increase of the willingness to adopt R-behaviors (Hypothesis i) in men.
Images of dead marine animals entangled with plastics increased R-behavior
intentions, but not more than images of seafood polluted with MP or plastic garbage
on the sea bottom (Hypothesis ii). In line with Jeong et al. (2021), feeling responsible
for marine MP pollution was a highly significant predictor of the willingness to adopt
R-behavior confirming Hypothesis iii. Finally, being a woman (versus a man)
predicted higher R-behavior intention, but the exposure to the nudges employed in
this experiment was not significant in student women.
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Figure 7.5. Visual summary of the results of this study.
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Note. The importance of feeling responsible for the sea and the effect of gender — interventions
being significantly effective only in men- are represented by arrows. R-behavior is the mean
willingness to adopt the five pro-environmental behaviors considered: Recycle, Reduce, Refuse,
Replace products with plastic or microplastics, and engage in pro-environmental activities.
Significant increase of R-behavior intention is marked as * for p < 0.05 or *** for p < 0.001.

These results are novel in various aspects. First, the efficiency of nudging to
increase pro-environmental behavior is already known (Wee et al., 2021, and
references therein), but to our knowledge this is the first experiment that demonstrates
R-behaviors can be promoted from online nudging based on MP. Second, in our
experiment we found a significant effect of the gender, women willing to adopt R-
behaviors for the control of MP more than men but not responding to the exposure to
the nudges as men did. This indicates a complex effect of the gender in these
behaviors related with MP control, as it happens with other pro-environmental
behaviors with results sometimes contradictory or inconclusive (Xiao & McCright,
2015). A higher pro-environmental attitude in women has been found in other studies.
For example, the positive effect of the use of Internet on pro-environmental behavior
was more pronounced in Chinese women than in men (Xiao et al., 2022), and the
same happened for the willingness to reduce MP emissions (Deng et al., 2020). In
Spain, the intention to reduce single-use plastics consumption is higher in women
than in men (Garcia-Vazquez et al., 2022); however, no significant effect of the
gender was found for the willingness to reduce MP, in the same sample of general
population employed here in Study 1 (Garcia-Vazquez et al., 2023). When the general
knowledge of pollution is taken into account, no significant effect of the gender on
pro-environmental behavior to control plastics can be found in Portugal (Soares et al.,
2021). Different specific factors may affect pro-environmental behavior in each

139



gender. For example, Vicente-Molina et al. (2018) found that university students do
not fit the gender stereotype of women purchasing green and recycling more than men,
which was interpreted as a decreasing importance of gender roles in environmental
tasks due to gender equality laws and social transformation in the Basque Country.
For these authors, men are more sensitive than women to programs attempting to
influence their behavior towards the environment because they have more elastic pro-
environmental values (Vicente-Molina et al., 2018). Our results would be consistent
with their findings.

A saturation effect could be also considered here to explain the lack of effect
of the nudges in women. In the present case, women seem to be already behaving pro-
environmentally more than males, also in the control and in non-student samples, thus
the exposure to more information about the impacts of MP would not have much
effect on them. In men, with more room for improvement of pro-environmental
behavior, the exposure to new information about MP impacts would induce the
willingness to change their behaviors. A similar reasoning was employed by Garcia-
Vazquez et al. (2023) to explain the lack of effect of the knowledge about MP,
confirmed here. This effect was found in other studies where highly aware subjects do
not increase significantly their pro-environmental behavior when they are exposed to
new environmental information and campaigns (Kim et al., 2018; Cammalieri et al.,
2020).

Another novelty of our results was the unexpected lack of effect of a dead
seagull. In their experiment in Canada, Luo et al. (2022) found a higher impact of
signage with marine animals entangled with plastics than of any other type of signage.
However, in our results we did not find that effect when using an image of a
suffocated seagull. On the contrary, that image did not increase the intention of pro-
environmental behavior compared to the control. Cultural differences could explain
this apparent contradiction. Spain is one of the European countries with the lowest
concern about animal suffering, which is reflected on bullfighting popularity that,
although declining in the last decades, is still supported from different sectors of the
society (Andrade, 2022). Spaniards also exhibit a low willingness to adopt restrictive
regulations on animal welfare, compared with other countries (Pejman et al., 2019).
Thus, the relatively low effect of messages based on animal damage seems to be
coherent with a culture where animal welfare is not a priority. An alternative or
additional explanation could be the clear negativity of the image of a dead gull. Chen
et al. (2016) found that fear through negativity has limiting impact on behavioral
changes, and Soutter and Boag (2020) found that positive images elicit pro-
environmental behavior changes better than negative images. This, together with
cultural aspects, could explain this particular and unexpected result.

Finally, significant differences between R-behaviors were found in this study.
Recycling was the preferred R-behavior in all the experimental groups. This may be
expected in a country like Spain where the citizens adhere frequently to this behavior
(Escario et al., 2020; Garcia-Vazquez et al., 2022).

7.5.2. Practical implications

Some practical recommendations could be derived from this study. First, from
the efficiency of nudges using images found in our results we could recommend an
improvement in labeling of products with MP using images or pictograms to help
consumers to make informed choices. Burrows et al. (2022) recommend adding an
understandable sustainability scale on plastic labeling, for the consumer to be
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informed about environmental and human health issues related to plastic use. Today,
the European Chemistry Agency (ECHA), that is the European Union chemicals
regulator, is in the process of restricting the use of intentionally added microplastic
particles to consumer or professional use products of any kind, after European
Commission’s  request  (https://echa.europa.eu/registry-of-restriction-intentions/-
[dislist/details/0b0236e18244cd73, accessed March 2023). Until the time of
restrictions comes, signs about the potential risks of the main chemical of microbeads
or MP particles should be added to the label of products containing them. Examples
about how to represent those risks visually (as nudges) are the pictograms employed
by the ECHA (https://echa.europa.eu/regulations/clp/clp-pictograms, accessed March
2023). From our results, consumers may be especially sensitive to those signs that
recall harms for human health and/or for the aquatic environment.

The relative efficiency of pro-environmental messages depending on the
culture is another of the main messages of our study. To reduce the consumption of
products with MP, an emphasis should be given in Spain to the MP pollution of food
rather than messages about environmental risks or animal harm, that being significant
in men, would have less effect. Moreover, the image and message about seafood
contamination, although only marginally significant, had the highest effect in women
too. Similar explorations of most efficient messages and images to cut down MP
consumption could be done in other countries to consider the characteristics of local
cultures in interventions for environmental awareness.

Public campaigns of information could also take into account the effect of the
personal responsibility found in this and other studies (e.g., Jeong et al., 2021; Garcia-
Vazquez et al.,, 2022). Recalling the individual responsibility and the power of
consumer’s choices to stop current environmental deterioration could be added to
informative posters, infographics, brochures and messages, as well as to the public
speech of aware politicians and environmental agents if a change from the bottom —
the consumer- is sought.

7.6. Conclusions

This study demonstrates the efficiency of nudges consisting of images and
short messages for the increase of the willingness to control MP. These nudges had a
significant effect only on men, perhaps because women had already a higher
willingness to act pro-environmentally than men.

Although in other countries images of animals impacted from plastics
pollution are highly effective in the promotion of pro-environmental behavior, in this
study such an effect was not found. This could be interpreted as a possible
consequence of the Spanish culture, where animal welfare is a relatively low priority.

According to a strong alignment of Spaniards with recycling behavior,
Recycling was the preferred R-behavior chosen by all the participants in this study.
Future interventions to increase consumers’ control of MP should be tailored taking
into account cultural aspects.
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CHAPTER 8

GENERAL DISCUSSION
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8.1. Contributions to the understanding of psychosocial
drivers of microplastics

8.1.1. Contributions by study

The meta-analysis conducted in Study 1 served to identify knowledge gaps
and research directions that will be discussed in the section 8.2. Its results helped to
refine the research questions to be investigated in the rest of studies of this Thesis as
well. One of the recommendations arising from the study, supporting earlier Pahl and
Wyles (2017)’s perspective, was the need to undertake qualitative, quantitative and
experimental quantitative researches for the exploration of public awareness, and to
design interventions against microplastics emissions. Studies 3, 4, 5 and 6 were
planned as a response to those needs.

Study 2 served to understand the key psychosocial drivers in the microplastics
crisis that heen identified by 2021. Although scientific publications on this topic
started before 2007, the first observation was a surprisingly scarce number of articles
with real data about microplastics and psychology (only 17). Especially in
comparison with the number of reviews on the topic (16), and the hundreds of articles
about plastics pollution, recycling, and littering, that mentioned microplastics as a
likely sub-product of plastics waste. The impression was that the whole new field was
built upon a bunch of real data and an overwhelming number of interpretations,
suspicions, and projections. New data connecting social psychology and microplastics
emissions, already demanded five years ago (Pahl & Wyles, 2017), were still needed.
For the rapid advance of the microplastics crisis (Shen et al., 2020), it was really
urgent responding to that need.

Regarding the main psychological variables that determine the willingness to
control microplastics emissions, according to the Theory of Reasoned Action (Ajzen
& Fishbein, 1980), knowledge was essential. This was confirmed from the three
experimental studies reviewed in Study 2 (Chang, 2015; Raab & Bogner, 2020;
Cammellieri et al., 2020): getting informed about microplastics, even from a simple
brochure like in Cammellieri et al. (2020), was enough to increase awareness and will
to control this emerging contaminant. The importance of knowing about the existence
of microplastics was supported from quantitative observational studies (Abate et al.,
2020; Deng et al., 2020; Herweyers et al., 2020; Yan et al., 2020).

In addition to knowledge, other psychosocial features contributed significantly
to the intention of controlling microplastics from Study 2. According to the Theory of
Value-Belief-Norm (Chen, 2015; Stern, 2000), environmental values promoted a
reduced consumption of products with microplastics (Anderson et al., 2016; Nam et
al., 2017). However, the theories backing these studies were not totally supported
from data in all the cases. The effect of an essential constituent of the Theory of
Reasoned Action such as the perceived control (Ajzen, 2002) was not significant in
Nam et al. (2017) study in the USA. The effect of the concern about microplastics
perceived risks was significant in Portugal (Soares et al., 2021) and South Korea
(Jeong et al., 2021), but not in China (Deng et al., 2020). These differences between
studies would support cross-cultural differences suggested by Misund et al. (2020).
For Hosftede et al. (2010), China is a collectivistic country scoring lower than
Portugal and South Korea in uncertainty avoidance (30 versus 99 and 85,
respectively); Chinese citizens would not need to be sure of the risk encompassed by
microplastics to support restrictive government measures (in addition the power
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distance is higher in China, 80, versus Portugal, 63, and South Korea, 80). Cultural
differences will appear again when explaining other studies of this Thesis.

The map of psychosocial drivers in the microplastics crisis was completed
with a new vision of the role of mass media achieved from Study 3. Biased risk
frames with an emphasis on seafood contamination and human health risks (e.g.,
Volker et al., 2020) had been identified. However, in the countries analysed in Study
3 (Canada, Mexico, and Spain) newspapers put a strong emphasis on environmental
issues (the habitat affected and the pollution), unlike in the UK (Vélker et al., 2020).
Interestingly, other topics were differently emphasised: headlines focused on
solutions in Canada, on actors in Spain and on health in Mexico. The explanation is
likely complex as the differences between countries are; the results were interpreted
from the level of development (higher in Canada and Spain than in Mexico), and
different cultural dimensions for each country (Hofstede et al., 2010). These are
presented in Figure 8.1. The dominant Canadian culture is generally more
individualistic than that of Spain, and this one is more individualistic than that of
Mexico. Highly developed, individualistic countries are generally concerned about the
environment (do Pago et al., 2013; Komatsu et al., 2019), and collectivistic countries
are concerned about environmental threats for the impact they may cause on human
health in present and future generations.

Moreover, the emotional content of the words employed by newspapers to
indicate microplastics understanding was also different by country: in Canada, the
majority of terms were positive of low arousal and pleasant, while in Mexico the
majority were negative, of high arousal and displeasant. Spain was in the middle:
positive or neutral, of high arousal and pleasant. Individualistic cultures would react
more easily to positive emotions (Kitayama et al., 2000), while high, negative arousal
emotions would elicit uncomfort thus feelings against a topic (microplastics in this
case) in collectivistic countries (Lim, 2016); probably a reader’s reaction was sought
by journalists in all the countries, and they employed the words needed for that in
each culture.

Figure 8.1. Differences between Canada, Mexico and Spain for cultural
dimensions recognized by Hofstede et al. (2010).
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Note. Blue, purple, and green columns represent scores of Canada, Mexico, and Spain
respectively. Constructed with the free tool “Compare Countries”, available at
https://www.hofstede-insights.com/product/compare-countries/ (accessed April 2023).
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Not surprisingly, the potential impacts of microplastics on health were
emphasised by newspapers in the three countries after the COVID-19 pandemics,
reflected in a significant increase of words related with health in news about
microplastics in Mexican and Spanish newspapers. However, the difference pre- and
post-pandemics was not statistically significant in Canada - suggesting again a culture
more focused on solutions than on threats in this country. Overall, including Hofstede
et al. (2010)’ psychosocial dimensions closely linked to the culture was a key
contribution of the Study 3. As it will be commented below, the differences in cultural
dimensions may explain as well some differences between the results found in Spain
and Mexico in the Study 5.

Two of the actions recommended to stakeholders by Prata et al. (2019), and
many other authors, for the mitigation of microplastics pollution are reducing the use
of plastics and prioritization of recycling. In the Study 4, both the behavioural
intention and the behaviour of reducing single-use plastics consumption (plastic
bottles and bags) and recycling were analysed. An original contribution of this study
was to find a link between marine citizenship and plastics consumption. Pahl, Wyles
and Thompson (2017) identified intrinsic motivations such as people’s passion for or
connectedness to the ocean as good fundaments for long-term engagement to reduce
plastic pollution. However, the few studies reporting data on this relationship are not
consistent. Users of leisure ocean resources, like surfers, highly value connection to
nature and “green” thinking; but on the other hand, they value and are recognized
from expensive apparels (often containing plastics), travelling to and exploring exotic
destinations —thus increasing their carbon print, so leading to cultural dissonance
(Langseth & Vyff, 2021). Some fishermen that live directly from marine resources are
not always committed to control plastic pollution in the Mediterranean Sea
(Latinopoulos et al., 2018), although in the Baltic Sea they are concerned about
marine pollution and prevent fishing gear losses (Lewin et al., 2020). In Study 4,
feeling responsible for the ocean predicted significantly the intention to reduce single-
use plastics consumption, buy eco-friendly products and recycle. Contradicting the
Theory of Planned Behavior (Ajzen, 1991), this increased intention to reduce plastics
consumption and recycle promoted from environmental responsibility was not
accompanied with a significant prediction of actual behaviors. Briefly, the
responsibility for the sea would make people to intend reducing plastics and recycling,
but not so much the real actions. Interestingly, being a woman predicted significantly
the feeling of responsibility for the ocean, thus, indirectly, the behavioural intention of
plastics control. This was the first effect of gender detected in this Thesis, which will
be commented later.

In contrast with the psychological feeling of responsibility, the mere fact of
frequenting the sea was not a predictor of pro-environmental behaviour intention
regarding plastics in Study 4. This would be consistent with Latinopoulos et al. (2018)
and Langseth & Vyff (2021); also with psychosocial theories like the Model of
Responsible Environmental Behavior (Hines et al.,, 1986) where the personal
responsibility is key for environmentally responsible behavior intention. However, sea
frequentation was a significant predictor of actual recycling behaviour, in agreement
with other studies about littering (Slavin et al., 2012; Rayon-Vifia et al., 2018). The
two components of marine citizenship considered would have different effects, and as
a whole they seem to promote pro-environmental behaviors like recycling.

The country influenced significantly the willingness to reduce plastics
consumption and recycling in Study 4, being plastics consumption much lower in
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Mexico than in Spain, and recycling much higher in Spain. This was attributed to
social norms —reflected in legislation- more favourable to plastics control in Mexico
than in Spain, where single-use plastics bans are not in place (e.g., Borg et al., 2022);
and to recycling in Spain than in Mexico, where recycling is not as frequent (Escario
et al., 2020; Gibovic & Bikfalvi, 2021; Munoz-Melendez et al., 2021). This would
support other studies where social norms are essential for SUP consumption behavior
(Heidbreder et al., 2019; Jia et al., 2019, Jacobsen et al., 2022); indeed it confirms
again the validity of the Theory of Reasoned Action and the extended Theory of
Planned Behavior (Fishbein & Ajzen, 1975; Ajzen & Fishbein, 1980; Ajzen, 1991),
where social norms are so important to determine subjective norms. On the other
hand, the effect of the country explained the lack of effect of sea frequentation on the
reduction of plastic bottles consumption: Spanish students frequented more the sea
but consumed more plastic bottles than Mexican students, thus potential negative
relationships between the two variables was blurred at the whole sample level.

In the Study 5 a survey about the intention to reduce the consumption of
products with microbeads and to buy green alternatives was conducted in Spain and
Mexico. The actual behavior of checking microbeads from personal care products was
also investigated. The results of this study revealed an apparent paradox with the
results of the Study 2, where knowledge was central for the control of microplastics.
In Study 5, the declared and actual knowledge of MP was significantly higher in
Spain than in Mexico; however, Mexicans declared a higher willingness to reduce
microplastics than Spaniards did and checked microbeads more often. Despite
knowing less about microplastics, Mexicans declared a higher concern and
willingness to control microplastics consumption. This paradox was explained
because Mexico is a country already sensitized about plastics for its strict legislation
with plastics bans, as seen in Study 4; thus, when hearing about microplastics in the
survey (even if it was for the first time) they felt concerned and, logically, rejected
them, as other studies showed because they are unnatural and unnecessary (Chang,
2015; Anderson et al., 2016).

Taking globally the subjects of Study 6, nudges based on seagulls dead by
plastics suffocation were inefficient, and taking men independently the effect of this
type of nudges was lower than that of images of seafood with microplastics, or sea
bottom plastic pollution. In other studies images of animal suffering (entangled with
plastics, for example) are more effective than other types of images (Luo et al., 2022).
Without discarding the possibility of limited effect of negative messages on
behavioural changes (Chen et al., 2016; Soutter & Boag, 2020), the effect of the
culture may be claimed again to explain this apparently contradictory result. The
dominant culture in Spain is less sensitive to animal welfare than in other countries of
similar development level (Pejman et al., 2019), thus the image of a dead bird would
be less threatening that the possibility of eating microplastics or plastics to pollute
pristine sea bottoms. Moreover, seagulls are perceived as a problem in Mediterranean
countries (e.g., Vidal et al., 1998), thus compassion for them is not very likely in
Spain.

8.1.2. Cross-cultural perspective

Importantly, the Studies 3, 4 and 5 contributed to fill in one of the gaps
highlighted in the Introduction and detected in the Study 2: the inequal geographical
coverage of psychosocial studies regarding behaviour for microplastics control. In the
review of Study 2 there was no one psychosocial study about microplastics from
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Mexico, nor from Spain. The first paper reporting knowledge and attitudes about
microplastics in Mexico and Spain so far (April 2023) is the Study 5 presented here,
which is a significant contribution to the understanding the psychosocial drivers of
microplastics. The same countries were considered in the Study 4 regarding single-
use plastics consumption, and in the Study 3 together with Canada. America had
comparatively fewer studies on psychosocial determinants of microplastics pollution
than other regions in Study 2 (see Figure 3.1 in Chapter 3); Latin American countries
are generally considered as understudied for pro-environmental behavior (e.g.,
Bronfman et al., 2015; Tian & Liu, 2022). This Thesis improves in some extent the
coverage of this gap.

From the discussions above, a main contribution of this Thesis was to put the
countries’ culture upfront. Cultural differences (individualism versus collectivism)
may explain the noticeable difference in the focus of media news about microplastics,
and in the use of words of different emotional content in Canada and Spain
(individualistic) versus Mexico (collectivistic). In addition, the collectivism in Mexico
(Figure 8.1) likely contributes to explain the differences between countries.
Consumers engage in behaviors that benefit the society as a whole in collectivistic
cultures, regardless of the personal benefit (Moon et al., 2008; Sreen et al., 2018).
This cultural dimension many be concomitant with the social norms and legislation
favorable to plastics control commented in the Study 4. Indeed, it is also consistent
with a pressure from the media to control microplastics since, as they are presented in
Mexican but not in Spanish newspapers, microplastics endanger not only the
environment but also the human health (see the Study 3).

8.1.3. Gender perspective

The gender perspective was important in this Thesis, being a noticeable
contribution in this field where very few studies have tackled this important aspect. In
Study 2 only two studies out of 17 (11.8%: Abate et al., 2020; Deng et al., 2020)
analysed differences by gender, while in Study 1 gender was so rarely mentioned that
it was not retained as a relevant word in the analysis.

In the Study 6, Spanish students exposed to different nudges manifested
significantly greater willingness to control microplastics than the control sample, but
this happened only in men. Being a woman predicted higher R-behavior intentions
than being a man. However, in women the effect of the nudges was not globally
significant as it was in men. This apparent contradiction deserves a detailed analysis.
The first part, that is, women having greater pro-environmental intentions, could be
expected from other studies where women will to control microplastics emissions
more than men do in China (Deng et al., 2020). In Study 6, women would fit the
stereotype of being more pro-environmental than men that has been confirmed in
different contexts and countries (McCright, & Sundstrom, 2013; Galbreath, 2019;
Nadeem et al., 2020; Ramstetter & Habersack, 2020), with some exceptions (e.g.,
Shen & Saijo, 2008; Vicente-Molina et al., 2018).

Regarding significant responses to nudges only in men, Vicente-Molina et al.
(2018) found that student men exhibited more elastic pro-environmental values and
suggested this was the reason for men to respond better than women to programs
aimed at changing environmental behaviours. Their lack of response to the nudges
could be interpreted as Vicente-Molina et al. (2018) did, perhaps from more elasticity
in men that makes them to be more sensitive (to nudges based on microplastics, in
this case). Another explanation could be that in women of Study 6, who were already
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sensitized about environmental problems, the exposure to new arguments did not
make a difference. This happened with environmentally aware subjects in other
studies and could be applied to this case as well (Kim et al., 2018; Cammalieri et al.,
2020). In that specific study where the majority were university students, the sample
was very homogenous and men and women were comparable in all other respects.
However, since some snowball sampling was made in all the studies of this Thesis,
the intervention of other explanatory variables could not be totally ruled out. In any
case the effect of the gender seems to be complex and would need a deeper
exploration in further studies.

As a final remark, despite the widespread stereotype of women as caregivers
and nurturers closely connected to Nature (“Mother Nature;” Liu et al., 2019), the
International Union for the Conservation of Nature reveals that gender equality is still
very far in environmental decision making. Women hold only 15% of top jobs in
environmental sectors (https://www.iucn.org/news/gender/202103/new-data-reveals-
slow-progress-achieving-gender-equality-environmental-decision-making; — accessed
April 2023), including fisheries (Siles et al., 2019). Perhaps taking into account
gender aspects in all the fields of environmental psychology could help to advance
towards gender equality.

8.2. Identification of research needs

The first meta-analysis (Study 1) served to identify urgent psychosocial
research needs in the field of the microplastics crisis. The majority of reviews
focused on the individuals and their habits (e.g., Abalansa et al., 2020; Lam et al.,
2018), while more perspectives papers highlighted the governance (e.g., Penca, 2018;
Stoett & Omrow, 2021). To solve the microplastics crisis it is required a deeper,
structural change towards a less plastic-dependent society (Nielsen et al., 2020).
Being true that the change has started with some legislations to ban microbeads
(Anagnosti et al., 2021), these are far from complete because many products
containing microplastics, like glitter, are forgotten. A research need is to investigate
how the governance of plastics can be improved, taking into account stakeholders’
perspective, perceptions of microplastics, and pressures they may find to restrict the
production and use of plastics.

From Study 1, the balance between companies and individuals is far from
achieved; the majority of studies are focusing on individual behaviour, while in
prospective studies it seems that the industry — that produces plastics and
microplastics- should be in the center of research interests. A big research gap is
therefore social psychology studies on organizations and lobbies. Most of the
studies investigate corporate social responsibility placing the focus on individual
companies (Landon-Lane, 2018); however, the change of the whole productive
system to circular economy will need the implication of all the actors, including the
plastic producers lobbies. To date there are no critical studies on the perspectives of
plastics producers about changes in plastics production; on the contrary, in their
publications they emphasize the sustainability of this material and the efforts they
make to mitigate plastics pollution (PlasticsEurope, 2020).

A recurrent term in the psychosocial studies analyzed in Studies 1 and 2 is
uncertainty; the whole microplastics crisis seems to be created from physical particles
but the changes needed and how to achieve them are still debated. In agreement with
Pahl and Wyles (2017), Study 1 proposed more qualitative, quantitative and
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experimental quantitative researches to explore public awareness and to design
interventions for microplastics control.

Another research need identified in Study 1 was to understand and clarify
the role of media on the transfer of knowledge from scientific grounds to the
citizens. Supporting Schnurr et al. (2018) and Soares et al. (2020) views, because
microplastics are invisible and their risk is not evident, the majority of the society
needs the mass media to be informed about the microplastics crisis; indeed,
incomplete or biased information may mislead to overreactions or inaction —
depending on the bias- from policy-makers.

Study 2 emphasized the need to expand the geographical and cultural
coverage of psychosocial studies, not only about microplastics but in general about
different aspects of plastics consumption and littering. The African continent is still
underexplored, and very few studies —including this Thesis- report data from Central
and South America. Increasing the number of psychosocial studies about
microplastics perception and awareness in those undercovered regions is especially
important taking into account that the crisis is global, and there are no borders for
microplastics pollution.

The possible lack of objectivity and biases of mass media were studied in
more depth in the Study 3, which allowed to identify new research needs like a deeper
exploration of the topics preferred by the newspapers. There was a discrepancy
between the results of Study 3, where headlines and article bodies were more focused
on the environment than on health and food threats of microplastics, and previous
results where the trend was the opposite (Volker et al., 2020). This was explained in
Study 3 from the timing of the two studies: the interest on environmental issues is
increasing over the very last years, due to the climate crisis and the COVID-19
pandemics that put environmental alterations upfront (Damsbo-Svendsen, 2022;
Mocatta & Hawley, 2020). Recent trends of mass media environmental foci should
be explored to understand how citizens are exposed to different views of
environmental issues. This knowledge could be employed to identify discrepancies
between scientific facts and the vision transmitted by media, and to improve science
communication accordingly.

A new question opened in Study 4 was the difference between the effect of
the two components of marine citizenship analysed. While the psychosocial
component of feeling responsible for the sea predicted behavioural intentions —but not
actual behaviors, the physical component of sea frequentation predicted actual
behaviors —but not intentions. The disconnection between these components deserves
further exploration in the specific field of microplastics. Likely the attitudes about
microplastics are not conditioned by the same factors that determine recycling and
reducing plastic bottle consumption in Study 4; for example, microplastics can be
eaten and breathen while marine plastic litter cannot —at least before degrading into
smaller fragments. Perhaps sea frequentation is enough to increase the intention to
reduce microbeads consumption and the corresponding real behaviour. If this was true,
interventions recalling marine citizenship could be designed in the context of the
microplastics crisis.

Study 5 confirmed the difference between country cultures regarding pro-
environmental behaviour intentions and opened interesting research questions about
the possible effect of cultural dimensions. As Abate et al. (2020) in Norway and Yoon
et al. (2021) in South Korea, in Study 5 the concern predicted significantly the
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intention to support microplastics control measures in both Mexico and Spain. This
finding contradicted Chang (2015) in the USA, or Deng et al. (2020) in China, where
knowledge was enough to increase pro-environmental intentions. It is curious that,
for Hofstede et al. (2010) cultural dimensions, China and the USA coincide in
relatively lower uncertainty avoidance in comparison with Norway and South Korea
(Figure 8.2); perhaps knowing that there are microplastics out there is sufficient for
wanting to control them. Indeed, interpreting the results of those authors from this
single observation is merely speculative, but the effect of uncertainty avoidance
would remain as a possible question mark. Moreover, in Mexico where the
knowledge of microplastics was lower, the behavior of checking microbeads was
more frequent than in Spain. This could be attributed to a more restrictive legislation,
pro-environmental social norms, to a higher collectivism, or perhaps to any other
cultural dimension. More cross-cultural studies are needed to understand the
influence of different cultural dimensions in pro-environmental attitudes, in
order to tailor interventions adequately in the different countries.

Figure 8.2. Differences between China, Norway, South Korea, and the United
States for cultural dimensions recognized by Hofstede et al. (2010).
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Note. Blue, purple, green, and orange columns represent the respective scores. Constructed with
the free tool “Compare Countries”, available at https://www.hofstede-
insights.com/product/compare-countries/ (accessed April 2023).

Two main research questions arose from Study 6: one referred to the effect of
gender, and another to the limited effect of images suggesting animal suffering. The
effect of nudges occurred mainly in men, not so much in women. This could be
explained from a higher psychological elasticity in environmental values in Spanish
men (Vicente-Molina et al., 2018), but also from already high pro-environmental
intentions in women that would not change too much with further interventions
(Cammalieri et al., 2020; Kim et al., 2018). Differences by gender in the response
to pro-environmental interventions have to be explored to understand the
underlying psychosocial factors, and to design more efficient, fully inclusive
interventions.
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Regarding the limited effect of images of plastics-entangled animals, as seen
above it could be explained from a limited sensitivity of the Spanish society to animal
welfare (e.g., Andrade, 2022), or from the vision of seagulls as nuisance species in the
Mediterranean (e.g., Vidal et al., 1998). Other explanation could the limited effect of
explicitly negative images reported by some authors (e.g., Soutter & Boag, 2020).
The relative efficiency of different animal images as nudges should be explored,
to understand how to make a good use of animal images - perhaps emphasizing
positive messages.

Finally, the pro-environmental behaviour is a pro-social behaviour.
Following state of the art literature in this novel field, the control of microplastics has
been treated here from cognitive models like the Theory of the Planned and Reasoned
Action. However, other pro-environmental behaviours such as recycling have been
investigated taking into account emotions (e.g., Carrus et al., 2008; Zhang et al.,
2021), personality traits (Poskus & Zukauskien¢, 2017; Swami et al., 2011), empathy
(Berenguer, 2007; Yan & Cortese, 2023), or variables like the connection to Nature
also called natural bonding (Nketiah et al., 2022; Whitburn et al., 2020). These
psychosocial variables related with pro-environmental behaviour have not been
tackled in depth in the field of microplastics control yet; especially emotions. Perhaps
because the adverse consequences of this emerging pollution are still under research,
or because the pollutant is invisible thus it requires a cognitive effort to be understood.
In any case, emotions have been evoked in other cases of invisible environmental
threats such as climate change, showing for example dramatic images of climate
refugees (e.g., Howell, 2014) — not without a controversy (Bettini, 2013). Future
research could adopt alternative points of views to explore emotions, personality
traits, connection to nature or empathy as psychosocial drivers of pro-microplastics
control behaviours.

8.3. Practical implications and suggested interventions

Grunzner and Pahl (2023) recognize that behavior change is one part of the
solution to reduce plastics in our natural environment, but it is not sufficient because
harmonized actions from different stakeholders are needed. To solve the microplastics
crisis the different actors identified in this Thesis should adopt changes in their
current behaviors, as citizens; owners, CEO or members of corporations; managers;
politicians; and activists. Every member of our societies is involved in one or another
way in this global crisis.

Starting with the stakeholders most studied to date, consumers, they should
refuse the purchase of products with primary microplastics. Against secondary
microplastics, consumers should adopt R imperatives as recycling and reusing plastics
objects and accepting alternative materials. For this, interventions may be of diverse
nature. Studies 4, 5 and 6 in this Thesis suggested some hints for the design of
interventions.

A recommendation that comes from the three studies, is the use of the sense of
environmental responsibility in interventions to promote behavior changes for the
control of microplastics. However, blaming individuals for pollution may be not only
inefficient but unfair. As Karlsson (2012) stated, “Instead of further individual guilt,
there is an urgent need to define new collective progressive projects aimed at
universal affluence and natural restoration”. A normal reaction in many cases is to
refuse such a guilt arguing that other actors, like corporations or the industry, are
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massive polluters in comparison with a single consumer; moreover, in the particular
case of microplastics responsibilities are often shifted elsewhere by different interest
groups (Kramm & Volker, 2018). Reminding the general public that each one is
individually responsible just for a small part of the environment around us, and that
simple easy actions can make a real difference, could be a way of making the persons
not guilty but simply aware of environmental issues. For example, recalling the power
of consumer’s choices to stop current environmental deterioration could be added to
the public speech of politicians, environmental agents and journalists. To involve the
whole society, probably highlighting how useful both individual and collective
actions can be to control plastics pollution is a sound strategy to promote the
endorsement of plastics and microplastics control.

The efficiency of top-down approaches in environmental issues, suggested
from the Study 4, has been proved in different circumstances. Microbeads bans are a
method to stop the production of primary microplastics successfully employed in
several countries (Anagnosti et al., 2021), thus this type of legislation could be
encouraged in the rest of countries where it is not implemented yet. However, the
efficacy of single-use plastics bans and levies —necessary to stop secondary
microplastics- has been challenged in many countries where plastic bottles and bags
are still considered convenience objects (Muposhi et al., 2022). In these cases,
community-driven approaches have been proposed instead. For this, education and
campaigns of awareness raising will be also essential

Education was highlighted by the participants in Study 5, both in Mexico and
Spain, as a solution to the microplastics crisis. More publicity of country’s directives
and the integration of the topic in formal education curricula, also suggested by
Charitou et al. (2021), are proposed as likely effective actions to increase the public
knowledge about microplastics and advance towards sustainable solutions.

In Study 2 it was clear that improving scientific communication is needed to
increase the knowledge about microplastics. There is a lack of clear communication
of what is known for sure and what is subjected to open interpretations. Thus any
intervention aimed at a better collaboration between scientists, environmental
stakeholders and journalists will be welcome. A possible approach is to create and
impulse networks of scientists, journalists, environmentalists, policy-makers, and the
industry, that as seen above has many interests in the use of plastics.

Simple actions like a clear labeling of products, indicating visually and
visibly if they contain microplastics or are microplastics-free, could be sufficient to
help consumers to make informed choices in those countries where microbeads bans
are not in force yet. This recommendation is not of psychosocial nature, but its
implementation by the industry may be complex because it involves extensive new
labeling. For this, companies and the whole industry should be fully aware of both the
microplastics threat, and indeed of consumers’ rights. Working together with
scientists and policy-makers could help the industry in this effort, which
emphasizes again the convenience of networking around the microplastics crisis.

To help companies engaging in sustainable practices, like not exporting plastic
waste to third countries, using less plastic packaging, or recycling, psychosocial tools
could be employed. As commented above, encouraging the sense of environmental
responsibility could help in this through, for example, the Departments of Human
Resources. Psychosocial tools like pro-environmental nudges recalling sustainable
practices, whose efficiency has been confirmed in Study 6 and in other investigations
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(Wee et al., 2021), may be employed for this purpose. From the results of Study 6,
nudges with images of plastic pollution have been identified here as an efficient
method, especially for men. To convince both men and women, perhaps other types
of images showing the results of fighting microplastics (clean versus polluted seafood,
for example) would be more efficient.

Psychosocial interventions are also needed to encourage green innovation
changes in the plastics industry lobbies. A top-down approach as suggested above
may be taken, where policy-makers make it mandatory to invest in technological
innovations to abandon plastics and primary microplastics. However, the current bans
on single-use plastics and microplastics are being contested from the plastics industry
lobbying, and as seen in the Introduction, some legislation advances were postponed
or cancelled following COVID-19 pandemics. Since laws can be changed in some
circumstances, or revoked under governments of different political sign, a top-down
approach is not always the best to solve the microplastics crisis. The plastics
industry must be convinced of the urgent need to change the economy’s
dependence on plastics. In this case, for the huge interests involved it is unlikely that
nudges are sufficient. Instead, the networks working on the microplastics crisis could
appeal to the sense of responsibility, having the common good as a mission;
alternatively, more practical approaches could be to emphasize the long-term
sustainability of the companies themselves, and the advantages of green images.

Not only the different stakeholders would need different interventions to solve the
microplastics crisis. Overarching those differences by actors’ interests, the cultural
background (Ojinnaka & Aw, 2020) and differences in cultural dimensions between
societies and countries (Hofstede et al., 2010) would require tailoring interventions
by country. For example, the efficiency of a particular intervention based on
microplastics threats will be expectedly different in collectivistic and individualistic
societies, that will be more or less sensitive, respectively, to the wellbeing of future
generations. This has been pointed out in the Study 3, and was consistently confirmed
in the Study 5, where collectivistic Mexicans would embrace more sustainable
practices even knowing less about microplastics than the individualistic Spaniards.
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Conclusions

i)

i)

Vi)

vii)

Mismatches between perspective articles and reviews in Study 1 revealed
that, while the majority of psychosocial studies about the microplastics
crisis focus on individual consumers, the main solutions identified from
perspective articles refer to deeper changes in governance, production and
societal organization, focusing on circular economy instead.

From 17 articles published by 2021 meta-analyzed in Study 2, the main
psychosocial driver investigated to tackle the microplastics crisis is
knowledge. The main psychosocial framework employed in these studies
was the Theory of Reasoned Action, together with Value-Belief-Norm.
Important geographical gaps in this field are African and Latin American
countries.

The analysis of most read newspapers from Canada, Mexico and Spain in
Study 3 showed significant differences between countries for the words
employed in news about microplastics, more focused on solutions, threats,
and actors, respectively. According to different cultural dimensions, the
emotional content of relevant terms about microplastics was more positive
in Canada, neutral in Spain and negative in Mexico.

In Study 4, the psychosocial dimension of marine citizenship, i.e., feeling
responsible for the ocean, was significantly associated with the willingness
to reduce single-use plastics consumption and to recycle plastics in
Mexico and Spain; in contrast, sea frequentation had a significant effect on
actual recycling behavior, suggesting a disconnection between marine
citizenship components. According to their respective social norms,
Mexicans would adopt sustainable behaviours more frequently than
Spaniards.

Despite knowing less about microplastics, Mexican participants in Study 5
exhibited more sustainable behaviors and behavioral intentions regarding
microplastics consumption than Spanish ones, according to a stricter
legislation about plastics in Mexico and suggesting the efficiency of top-
down approaches.

Online exposure to nudges in Study 6 revealed a significant effect of
images of microplastics-polluted fish and plastics pollution of sea bottoms,
not so much of images of plastics-entangled seagulls —suggesting some
cultural insensitivity about animals in Spain. Men would be more sensitive
than women to this intervention, perhaps because women are already
adopting R behaviours and do not have much space for improvement.

Due to differences between countries and genders found in the studies of
this Thesis, new research needs include a wider cross-cultural perspective,
investigation on different cultural dimensions, and to increase the gender
perspective in further psychosocial studies.
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Conclusiones

i)

i)

Vi)

Las discrepancias entre los articulos prospectivos y las revisiones
analizadas en el Estudio 1 revelaron que, mientras la mayoria de los
estudios psicosociales sobre la crisis del microplastico estan enfocados en
los consumidores individuales, las soluciones que se identifican en los
articulos prospectivos se refieren a cambios profundos en a nivel macro
(leyes, normativas) y en la organizacion social y productiva (nivel meso),
enfocandose en cambio en la economia circular.

A partir de 17 articulos publicados hasta 2021 y meta-analizados en el
Estudio 2, el principal factor psicosocial que se ha investigado para tratar
la crisis del micropléstico es el conocimiento. EIl principal marco
psicosocial es la Teoria de la Accidn razonada junto con la del Valor-
Creencia-Norma. A nivel geografico, los paises africanos vy
latinoamericanos tienen un importante déficit de estudios en este campo.

El analisis de los periodicos més leidos en Canada, México y Espafia en el
Estudio 3 mostr6 diferencias significativas entre paises respecto a las
palabras empleadas en noticias sobre microplasticos, mas enfocadas en las
soluciones en Canadd, las amenazas en México y los actores en Espafa.
Segun las diferentes dimensiones culturales, el contenido emocional de los
términos relevantes sobre microplasticos fue més positivo en Canada,
neutro en Espafia y negativo en México.

En el Estudio 4, la dimension psicosocial de la ciudadania marina
estudiada, que fue el sentimiento de responsabilidad por el océano, se
asocio significativamente con la intencién de reducir el consumo de
plastico de un solo uso y de reciclar, en México y en Espafia; por el
contrario, la frecuentacion del mar incluyd, significativamente, en la
conducta real de reciclaje, sugiriendo una desconexién entre los
componentes de la ciudadania marina. Segun las normas sociales
respectivas, los mexicanos adoptarian conductas sostenibles con mas
frecuencia que los participantes espafioles en este estudio.

Aungue su conocimiento sobre microplasticos era menor, los participantes
mexicanos en el Estudio 5 declararon una conducta y una intenciéon de
conducta mas sostenibles que los espafioles respecto al consumo de
microplasticos. Esto concuerda con una legislacion mas estricta sobre
plasticos en México y sugiere la eficacia de enfoques de arriba hacia abajo
en este tema.

La exposicion online a nugdes en el Estudio 6 revelo un efecto
significativo de imagenes de pescado contaminado con microplasticos y de
contaminacion con plastico en los fondos marinos, siendo menor el de
imagenes de gaviotas estranguladas con plastico y sugiriendo
insensibilidad cultural hacia los animales en Espafia. Los hombres fueron
mas sensibles a esta intervencion que las mujeres, quizés porque ellas ya
estaban adoptando conductas R y no tenian mucho espacio de mejora.
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vii)

Por las diferencias entre paises y géneros encontradas en los estudios de
esta Tesis se proponen nuevas necesidades de investigacion, que incluirian
una perspectiva intercultural mas amplia, investigacion sobre diferentes
dimensiones culturales, y fomentar la perspectiva de género en futuros
estudios psicosociales.
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Supplementary table 3.1. List of review and perspective papers about psychosocial
issues of microplastics pollution that have been fully evaluated in this study (box purple
in Figure 1). Cited by author/s (year) and DOI.
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Supplementary table 4.1. Journals analyzed in this study, by country.

Country Journal name Website
The Globe and Mail https://www.theglobeandmail.com/
Canada The National Post https://nationalpost.com/
Toronto Star https://www.thestar.com/
El Universal https://www.eluniversal.com.mx/
Mexico Excélsior https://www.excelsior.com.mx/
Milenio https://www.milenio.com/
El Mundo https://www.elmundo.es/
Spain La Vanguardia https://www.lavanguardia.com/
20 Minutos https://www.20minutos.es/

Supplementary table 4.2. List of relevant terms (in English and Spanish) and its

frequency in the news about microplastics retained for analysis after quality filtering,
from newspapers of Canada (total word count in the retained news n = 38125), Mexico
(n = 60561) and Spain (n = 132822).
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202
10

40

203
24
11
39
49

51
28
39

175
16
49
29
32
47
14

61
43
53
19
18

26

16
117
23

87
51
237
14

65

17
13

340
17

51

374
73
24
55
58
14
32

118

158
16
26

308
48

196
68
54

14

13
93
57
73
29
47
14
28

21
189
31
21
95
128
295
25
40
127
11
55
23
12
814
37



Pollutant
Pollutant
Pollutant
Pollutant
Pollutant
Pollutant
Pollutant
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution
Solution

Solution

Solution

Solution

Understanding
Understanding
Understanding
Understanding
Understanding
Understanding
Understanding

Nanopléasticos
Pajita/popote
Envoltorio/Envase
Polietileno, PET
Redes de pesca
Tamafio

Uso de pléstico
Accion
Alternativa

Consumo/consumir

Debate/controversia/discusion

Declaracion
Legislacion

Ley
Limpieza/limpiar
Medida

Mitigar

Politica
Prohibicion
Reciclar
Reduccion/Reducir
Reutilizar

Sostenibilidad/sostenible
Tratamiento de aguas/aguas
residuales

Informe

Alerta

Amenaza
Evaluar/evaluacion
Extincién/extinto
Riesgo
Conocer/conocimiento

Conciencia

Nanoplastics
Straw

Plastic packaging
Polyethylene, PET
Fishing net

Size

Plastic use

Action
Alternative
Consumption/consume
Debate/controversy
Statement/Report
Legislation

Law

Cleaning

Measure
Mitigation

Politics

Ban

Recycle

Reduce

Reuse

Sustainability/sustainable

Wastewater treatment/wastewater

plant
Report
Alert/Alarm
Threat
Assessment
Extinction
Risk
Knowledge

Awareness

186

46
66

14
11
18
18

72

29
74
17

161
79
53

41

11
66

22
28

18
49
10

46

779
79
21
33
13
30
11
55

28

48
22
42

16
28
94
71
27
24

26
16
26
15
20
30
46
27

40
21
148
47
44
82
11
70
36
111
11
21
17
40
87
83

37
56
180
163
76
90

11
56
38
74
43
16
65
88
86



Supplementary table 4.3. Terms with >0.3 relevance selected using VOSviewer software
(Van Eck & Waltman, 2010) in the considered newspapers. Term categories are: A,
actors; G, goods from which E is environment, F is food and H is health; P, pollutants; S,
solutions; U, understanding.

Canada Mexico Spain
A Academic expert
A Citizen 1.69
A Government _
A Person 0.31
A Scientist 0.84
A Team 0.71
A Volunteer 0.32
A Woman _
G-E Air 0.51
G-E Antarctica 1.08 1
G-E Bay o112
G-E Beach 2.12
G-E Environment - 0.46 0.67
G-E Lake
G-E Natural space 1.65
G-E Nature 1.17
G-E Ocean 1.03
G-E Penguin 1.21
G-E River - 1.61
G-E Sea
G-E Species 0.6 1.03
G-E Water 0.52
G-E Whale 1.11
G-E World 0.82
G-F Anchovy 1.05
G-F Food 1.11
G-F Product 0.59
G-H Covid 116
G-H Feces 1.48
G-H Human health 1.24 1.84
G-H Life 1.67
G-H Lung 333
G-H Stomach 0.56
P Bag 0.73
P Contamination 1.03
P Cup
P Garbage 1.95
P Grey water
P Laundry room
P Packaging 1.09
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Piece

Plastic bag
Plastic particle
Plastic pollution
Plastic waste
Residue

Straw

SUP

Ban

Law

Report

Alert
Awareness
Concern

188

1.45

2.01

1.34
0.96

2.66

0.51

1.09

2.33

0.51

0.23



Supplementary table 5.1. Questionnaire scoring

Block A

Al: as Male = 0; Female = 1; Non binary = 2.
A2: from 1 =18-30to 5 =>60

A3: from the number of formal education years, as Junior high school or lower = 1; Senior
high school = 2; Vocational college / Undergraduate = 3; Graduate or above = 4.

A4: from 1 = <500% to 6 = >5000%

Ab: the answer to this question was fit into the best-matching field of the UNESCO
International Standard Classification of Education (ISCED, 2011), available at
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-
education-isced-2011-en.pdf, accessed on April 2022.

AG6: beach frequentation. The score was inverted against the options displayed, from 1 =
Never to 6 = Every day

Block B

B1 and B2 were scored according to the R imperative of Reducing, from 1 = Every timeto 5
= Never.

B3 was scored according to the R imperative of Recycling, from 1 = Never to 5 = Every time.

B4 was not scored. The answers were analyzed as alternative values in a qualitative variable.
“Dispose as general trash” represents no R behaviour, “Dispose in the recycling bin”
represents Recycling, “Reuse” is a direct R, “Use for other purposes” is Repurpose and “I
never use this type of goods” is Refuse.

B5 and B6 were scored as 1 = reason marked or 0 = reason not marked.

Block C

The participants scored directly the four questions, from the least (= 1) to the most (= 7)
feeling of responsibility or sustainable behavior intention.

Supplementary table 5.2. Summary of the comparison among groups and post-hoc tests
conducted on the variables related with marine citizenship and single use plastics (SUP)
reduction. ANOVA F-value or tie-corrected Hc of Kruskal-Wallis tests (when conditions
for ANOVA are not met) are presented, with their p values. The significance of paired
post-hoc tests is given as *, **, *** and n.s. for p < 0.05, p < 0.01, p <0.001 and not
significant, respectively. MS, Mexican students; SS, Spanish students; SNS, Spanish
non-students.

Post-hoc tests

Variable Test value p value MS-SS MS-SNS SS-SNS
Sea frequentation Hc =225 1.41x10%  *** *xx n.s.
Responsibility for the ocean Fee29 =544  0.005 n.s. * **
Intention to reduce SUP Hc = 6.87 0.02 n.s. ** n.s.
Intention to buy eco-friendly products Hc =21.77 1.87x10°  ** il **
Reduced bag consumption Hc =176 5.97x103°  ** *xx *xx
Reduced bottle consumption Hc =44.42 2.26 x 10710 *xx *xx *x
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Supplementary table 5.3. Pairwise correlations between the considered elements of
marine citizenship, sea frequentation and responsibility for the sea, and the pro-

environmental behavior variables analyzed. Pearson’s r and its significance is given.
Significance as *, **, *** and n.s. for p < 0.05, p < 0.01, p < 0.001 and not significant,

respectively. Bonferroni correction was applied.

Intended
SUP
reduction
Mexican students
Sea frequentation -0.07 n.s.
Responsibility for the sea 0.58 ***
Spanish students
Sea frequentation 0.09 n.s.
Responsibility for the sea 0.49 ***
Spanish non students
Sea frequentation 0.02 n.s.
Responsibility for the sea 0.52 ***

Supplementary table 5.4. Multivariate multiple regression analysis of the Spanish non-

Reduce
bags

0.01 n.s.
-0.03 n.s.

0.05 n.s.
0.11 n.s.

0.01 n.s.
0.06 n.s.

Reduce
bottles

-0.09 n.s.
-0.04 n.s.

0.04 n.s.
0.06 n.s.

-0.08 n.s.
0.02 n.s.

Intended eco-
friendly
purchase

-0.09 n.s.
0.56 ***

0.07 n.s.
0.36 ***

0.03 n.s.
0.52 ***

students sample. Significant results are highlighted in bold. SE, standard error.

Education
Age

Sea frequentation
Gender
Feeling of responsibility

Reduced SUP bags

Reduced SUP bottles
Recycling

Intention to reduce SUP
Intention to recycle
Intention to buy eco-friendly

Tests on independent variables

Wilks lambda F
0.9791 1.2
0.945 3.26
0.972 1.63
0.971 1.68
0.677 26.76

Tests on dependent variables
F(5,
R? 341)
0.026 1.81
0.018 1.26
0.077 5.72
0.292 28.12
0.217 18.92
0.285 27.11

Regression coefficients and statistics

Coeff.
Reduced SUP bags Constant 2.67
Education 0.11
Age 0.05
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dfl df2
6 336
6 336
6 336
6 336
6 336
dfl df2
5 341
5 341
5 341
5 341
5 341
5 341
SE t
031 8.69
0.07 1.64
0.04 133

Intended  Recyclin
recycling g
-0.10ns.  -0.05n.s.
0.55***  -0.08 n.s.
0.13 n.s. 0.17*
0.32***  -0.09 n.s.
0.03 n.s. 0.15 **
0.44 *** 0.03 n.s.
p
0.308
0.004
0.1377
0.1242
4.89x10%
p
0.1108
0.2828
0.04
7.4x102%
1.32x10°%3
4.31x10%°
p R"2
<<0.001
0.10 0.009
0.19 0.001



Reduced SUP bottles

Recycling

Intention to reduce SUP

Intention to recycle

Intention to buy eco-friendly

Sea frequentation

Gender
Feeling of
responsibility

Constant
Education

Age

Sea frequentation

Gender
Feeling of
responsibility

Constant
Education

Age

Sea frequentation
Gender

Feeling of
responsibility
Constant
Education

Age

Sea frequentation

Gender
Feeling of
responsibility

Constant
Education

Age

Sea frequentation
Gender

Feeling of
responsibility
Constant
Education

Age

Sea frequentation

Gender
Feeling of
responsibility

191

-0.01
0.2

0.03
2.61
0.06
0.08
-0.11
0.21

0.02
2.24
0.19
0.19
0.12
0.09

0.04
2.07
0.05
0.16
0.01
0.44

0.5

2.51
0.13
0.19
0.02
0.22

0.44
1.76
0.07
0.1

0.03
0.45

0.51

0.05
0.11

0.03
0.42
0.09
0.05
0.07
0.15

0.04
0.37
0.08
0.05
0.06
0.13

0.03
0.5
0.11
0.06
0.08
0.17

0.04
0.54
0.11
0.07
0.08
0.19

0.05
0.53
0.11
0.07
0.08
0.18

0.05

0.23
1.87

131
6.21
0.65
1.44
1.68
1.48

0.51
6.08
2.42
3.96
2.16
0.67

1.16
4.15
0.47
2.48
0.12

2.52
11.5

4.68
1.17
2.71
0.20
1.17

9.47
3.35
0.64
1.45
0.34

2.46
11.2

0.82
0.06

0.19
<<0.001
0.52
0.15
0.09
0.14

0.61
<<0.001
0.016
0.91
0.03
0.50

0.25
0.42
0.64
0.01
0.90
0.01

<<0.001
0.04
0.24
0.007
0.84
0.24

<<0.001
0.001
0.52
0.15
0.74
0.01

<<0.001

0.0002
0.01

0.004

0.0005
0.003
0.006
0.005

0.0002

0.02

0.04

0.02
0.001

0.001

0.004
0.0003
0.0004

0.01

0.27

0.008
0.0004
0.0008

0.003

0.19
0.006
0.004

0.001
0.014

0.27



Supplementary table 5.5. Multivariate multiple regression analysis of the Mexican
students sample. Significant results are highlighted in bold. B, coefficient; SE, standard

error.

Sea frequentation
Gender
Feeling of responsibility

Plastic bags
Plastic bottles
Recycling
Intention to reduce SUP
Intention to recycle
I will buy eco-friendly

Plastic bags

Plastic bottles

Recycling

Intention to reduce SUP

Intention to recycle

Intention to buy eco-friendly

Tests on independent variables

Wilks lambda F dfl
0.9749 1.41 6
0.943 3.3 6
0.631 31.97 6
Tests on dependent variables
R? F dfl
0.006 0.62 3
0.044 5.079 3
0.013 1.47 3
0.351 60.08 3
0.319 51.97 3
0.332 55.17 3
Regression coefficients and statistics
B SE
Constant 28.188 0.234
Sea frequentation 0.015 0.079
Gender -0.131 0.110
Feeling of
responsibility -0.013 0.025
Constant 3.67 0.211
Sea frequentation -0.11 0.071
Gender 0.34 0.099
Feeling of
responsibility -0.025 0.022
Constant 37.571 0.313
Sea frequentation -0.165 0.106
Gender -0.022 0.147
Feeling of
responsibility -0.048 0.033
Constant 31.649 0.378
Sea frequentation -0.221 0.128
Gender 0.441 0.178
Feeling of
responsibility 0.510 0.040
Constant 35.568 0.379
Sea frequentation -0.28 0.128
Gender 0.195 0.179
Feeling of
responsibility 0.483 0.04
Constant 3.283 0.373
Sea frequentation -0.177 0.126
Gender 0.360 0.176
Feeling of
responsibility 0.488 0.04
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df2
328
328
328

df2
333
333
333
333
333
333

t
12.034
0.186
-11.877

-0.510

17.423
-15.385
34.263

-1.114

12.019
-15.625
-0.152

-14.402

83.788

-17.268
2.483

12.729
93.768
2.19
10.912

12.009
87.968
-14.029
20.499

12.327

p
0.2102

0.004
3.06x10%

p
0.603

0.002
0.222
4.53x10%8
1.41x10%
5.67x10%

p
6.14x102%

0.853
0.236

0.610
8.87x104
0.125
0.0007

0.266
6.96x10%
0.119
0.879

0.151
1.52x101!
0.085
0.014

1.63x1072%¢

1.08x10-4
0.029
0.276

7.53x10%

7.73x10°13
0.162
0.041

5.1x10%

RZ
0.0002
0.005
0.001
0.008
0.034

0.002

0.007
0.0001

0.006
0.010
0.027

0.333

0.015
0.011

0.306
0.008
0.021

0.319



Supplementary table 5.6. Multivariate multiple regression analysis of the Spanish
students sample. Significant results are highlighted in bold. B, coefficient; SE, standard

error.

Tests on independent variables

Sea frequentation
Gender
Feeling of responsibility

Wilks lambda
0.972
0.954
0.772

Tests on dependent variables

Plastic bags
Plastic bottles
Recycle
Intention to reduce SUP
Intention to recycle
Intention to buy eco-friendly

Plastic bags

Plastic bottles

Recycling

Intention to reduce SUP

Intention to recycle

Intention to buy eco-friendly

R?
0.024
0.007
0.031
0.285
0.121
0.152

Regression coefficients and statistics

Constant
Sea frequentation
Gender
Feeling of responsibility
Constant
Sea frequentation
Gender
Feeling of responsibility
Constant
Sea frequentation
Gender
Feeling of responsibility

Constant
Sea frequentation
Gender
Feeling of responsibility
Constant
Sea frequentation
Gender
Feeling of responsibility
Constant
Sea frequentation
Gender
Feeling of responsibility
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F dfl
1.133
1.91
11.78
F dfL
1.964 3
0.541 3
2.639 3
32.42 3
11.16 3
14.6 3
B SE
1.997  0.204
0041  0.041
0131  0.119
0.039  0.028
28.121  0.317
0.040  0.064
0.098  0.183
0031  0.043
36.923  0.345
0156  0.07
0111  0.199
0.061  0.047
0.357
27795 66
0117  0.072
0.646  0.207
0.373  0.049
40534  0.387
0.146  0.078
0236  0.224
0.253  0.053
30.949  0.418
012  0.084
0.448  0.242
0.299  0.057

df2
239
239
239

df2
244
244
244
244
244
244

97.451
0.987
11.044
14.159
88.783
0.633
0.532
0.722
10.704
2.249
0.555
-12.855

77.714
16.211
31.217
76.096
10.486
18.703
10.561
47.719
7.397
14.264
1.85
52.201

p
0.344

0.08
1.43 x1008

p
0.12

0.655
0.05
1.13 x10°Y
6.86 x10%*
8.91 x10°%

p
3.65x10°%°

0.324
0.271
0.158
1.50x10%2
0.527
0.595
0.471
3.59x1018
0.025
0.579
0.199

2.16x10%
0.106
0.002
5.98x10°10
1,77x10°Y
0.063
0.292
0.03
2.23x10°%8
0.155
0.066
3.83x10°%

RZ

0.004
0.013
0.013

0.002
0.003
0.003

0.025
0.001
0.008

0.004
0.115
0.243

0.008
0.034
0.101

0.004
0.056
0.129



Supplementary table 5.7. Pairwise correlations between the variables analyzed in the whole study sample. Significant results after Bonferroni
correction are highlighted in bold.

Responsibility for Sea Intended SUP  Intended eco-friendly Intended . SUP bag SUP bottle
Gender . - . Recycling : -
the ocean frequentation reduction purchase recycling consumption consumption

Gender 0.0002 0.289 3.39x10°%° 4.02 x107 0.001 0.97 0.496 5.91 x10%
Responsibility for the
ocean 0.124 0.088 5.80x1070 7.15 x1060 2.54 X108 0.06 0.712 0.474
Sea frequentation 0.035 -0.056 0.596 0.201 0.217 2.36 x10°10 0.023 5.86 x10°0°
Intended SUP
reduction 0.193 0.536 -0.017 1.97 x10-%% 6.18 x10°184 0.0005 8.22 x1004 1.73 x10°%
Intended eco-friendly
purchase 0.166 0.501 -0.042 0.847 6.21 x10158 0.005 0.054 1.98 x10°7
Intended recycling 0.106 0.454 0.041 0.772 0.735 1.59 x10%8 0.002 0.017
Recycling 0.001 -0.061 0.207 0.114 0.091 0.353 1.79 x10°06 0.827
SUP bag consumption -0.022 -0.012 0.075 0.11 0.063 0.1 0.156 2.68 x10-%4
SUP bhottle
consumption 0.113 0.024 -0.132 0.141 0.17 0.078 -0.007 0.12
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Supplementary table 5.8. Regression analysis of the dependent variable reduce SUP bag
consumption; expected mediators intention to reduce SUP (mediation #1) and intention to
buy eco-friendly (mediation #2)); and the independent variable gender. Unstandardized
regression coefficients (B), their standard error (SE), t statistics and its p-value, and R?
of the partial correlation. For each mediation zero order regression predicting the
constant from the mediator are presented first, then multiple regression results of the
three variables.

Mediation #1 Z,*Z;=16.01 | B SE t p R?
Constant (intention to reduce SUP) 491 0.101 48.83 5.2x10°%%8
Gender 0.745 0.125 5.97 3.38x10° 0.04
Constant (reduce SUP bottles) 2.61 0.124 20.96 4.32x108
Intention to reduce SUP 0.08 0.021 3.74 1.99x10* 0.02
Gender 0.223 0.083 2.69 7.35x10°3 0.013

Mediation #2 Z,*Zp =10.76

Constant (intention to buy eco-

) 291 0.206 14.14 3.32x10*
friendly)
Gender 0.423 0.113 3.71 2.1x104 0.03
Constant (reduce SUP bottles) 3.09 0.167 18.51 3.08x10-65
Intention to buy eco-friendly 0.129 0.039 3.29 0.001 0.028
Gender 0.23 0.08 2.81 0.005 0.013

Supplementary table 5.9. Multivariate multiple regression analysis in the whole sample,
with both intended and actual pro-environmental behaviors (A) and only actual
behaviors (B) as dependent variables. Significant results are highlighted in bold. B,
coefficient; SE, standard error.

A)
Tests on independent variables

Wilks lambda F dfl df2 p
Sea frequentation 0.989 1.662 6 915 0.127
Country 0.873 22.29 6 915 0.000
Gender 0.962 6.111 6 915 0.000
Feeling responsible 0.684 70.33 6 915 0.000

Tests on dependent variables

R? F dfl df2 p
Reduce SUP bags 0.019 4.529 4 920 0.001
Reduce SUP bottles 0.061 14.96 4 920 0.000
Recycling 0.100 25.68 4 920 0.000
Intended SUP reduction 0.304 100.5 4 920 0.000
Intended eco-friendly purchase 0.270 85.08 4 920 0.000
Intention to recycle 0.220 64.96 4 920 0.000

Regression coefficients and statistics
B SE t p R?

Reduce SUP bags Constant 2.976 0.144 20.677  0.000

Sea frequentation 0.017 0.033  0.509 0.611 0.006
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Reduce SUP bottles

Recycling

Intended SUP reduction

Intended eco-friendly purchase

Intention to recycle

B)

Country
Gender
Feeling responsible
Constant
Sea frequentation
Country
Gender
Feeling responsible
Constant
Sea frequentation
Country
Gender
Feeling responsible
Constant
Sea frequentation
Country
Gender
Feeling responsible
Constant
Sea frequentation
Country
Gender
Feeling responsible
Constant
Sea frequentation
Country
Gender
Feeling responsible

Tests on independent variables

Intended SUP reduction
Intended eco-friendly
purchasing

Intention to recycle
Sea frequentation

Country
Gender

Feeling responsible

Wilks Lambda
0.979

0.988
0.831
0.990
0.927
0.989
0.959

Tests on dependent variables

Reduce SUP bags
Reduce SUP bottles
Recycling

Regression coefficients and statistics

RZ
0.041
0.085
0.279
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-0.271
-0.043
-0.002
2.980
-0.053
0.482
0.278
0.000
3.776
0.103
-0.733
0.025
-0.031
2.725
0.027
0.078
0.492
0.467
2.560
0.044
0.396
0.409
0.449
3.601
0.036
-0.361
0.197
0.405

F
6.712

3.693
61.95
3.056
24.07
3.494
13.02

5.606
12.12
50.69

0.077
0.070
0.016
0.165
0.038
0.089
0.081
0.019
0.181
0.041
0.097
0.089
0.021
0.219
0.050
0.118
0.107
0.025
0.232
0.053
0.125
0.113
0.026
0.232
0.053
0.125
0.113
0.026

dfl

W w W w w w

dfl

SE

-3.503
-0.612
-0.120
18.029
-1.390
5.420
3.438
0.000
20.843
2.490
-7.523
0.277
-1.506
12.426
0.530
0.657
4.587
18.745
11.053
0.826
3.180
3.612
17.083
15.543
0.688
-2.896
1.739
15.403

df2
915

915
915
915
915
915
915

df2
917
917
917

0.000
0.541
0.904
0.000
0.165
0.000
0.001
1.000
0.000
0.013
0.000
0.781
0.132
0.000
0.596
0.511
0.000
0.000
0.000
0.409
0,002
0.000
0.000
0.000
0.492
0.004
0.082
0.000

0.000

0.012
0.000
0.028
0.000
0.015
0.000

2E-06
7E-15
4E-61

0.019
0.001
0.000

0.017
0.047
0.013
0.001

0.043
0.092
0.000
0.004

0,000
0,001
0.037
0.287

0.002
0.012
0.027
0.251

0.002
0.008
0.011
0.206

RZ



Reduce SUP bags Constant
Intended SUP reduction
Intended eco-friendly purchase
Intention to recycle
Sea frequentation
Country
Gender
Feeling responsible
Reduce SUP bottles Constant
Intended SUP reduction
Intended eco-friendly purchase
Intention to recycle
Sea frequentation
Country
Gender
Feeling responsible
Recycling Constant
Intended SUP reduction
Intended eco-friendly purchase
Intention to recycle
Sea frequentation
Country
Gender
Feeling responsible
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2.709
0.115
-0.031
0.009
0.015
-0.264
-0.089
-0.045
2.700
0.041
0.094
-0.020
-0.057
0.434
0.223
-0.053
2.657
-0.127
-0.077
0.462
0.093
-0.526
0.028
-0.124

0.160
0.038
0.034
0.030
0.033
0.079
0.071
0.019
0.184
0.044
0.039
0.034
0.037
0.091
0.081
0.022
0.183
0.043
0.039
0.034
0.037
0.090
0.081
0.022

16.883
3.016
-0.899
0.312
0.451
-3.346
-1.253
-2.366
14.672
0.941
2.371
-0.577
-1.524
4.794
2.755
-2.420
14.526
-2.942
-1.967
13.558
2.504
-5.839
0.344
-5.685

0.000
0.003
0.369
0.755
0.652
0.001
0.210
0.018
0.000
0.347
0.018
0.564
0.128
0.000
0.006
0.016
0.000
0.003
0.050
0.000
0.012
0.000
0.731
0.000

0.012
0.004
0.010
0.006
0.019
0.001
0.000

0.020
0.029
0.006
0.017
0.047
0.013
0.001

0.03
0.008
0.125
0.043
0.092
0.000
0.004



Supplementary Table 6.1. Questionnaire analyzed in this study including question codes
and scoring.

A.1 Gender 0 Male 1 Female 2 Non binary/Other

A.2 Age: 1 18-30 2 30-40 3 40-50 4 50-60 5 Above 60

A.3 Education level: 1 Junior high school or lower 2 Senior high school 3 VVocational college 4
undergraduate 5 Graduate or above

A.4 Country (open question)

B.1 How often do you check the microbeads content in the labels of cleansers and personal care
products? 5 Every time 4 Usually 3 Sometimes 2 Seldom 1 Never

B.2 Please choose the reason for not checking microbeads on product labels (multiple choice)

B.2.1 No time to read labels while shopping

B.2.2 No check labels of this type of products

B.2.3 I do not know/I do not care about microbeads

B.2.4 Lettering on labels is too small

B.2.5 | do not know how to recognize microbeads in the labels

B.2.6 | do check labels regularly

B.2.7 | do not trust labels

B.2.8 Other ‘

C.1 Have you heard about microplastics before this survey? Yes = 1 No = 0 Not sure = blank

C.3 Which of the following items do you think are the sources of microplastics? (multiple
choice)

C.3.1 Tyres ‘

C.3.2 Synthetic textiles

C.3.3 Road markings

C.3.4 Ship paint

C.3.5 Factory production of plastic particles

C.3.6 Toiletries

C.3.7 Glitter |

C.3.8 Plastic trash

C.3.9 Other ‘

C.4 Where do you think microplastics are finally accumulating in the environment? (multiple
choice)

C.4.1 Rivers and lakes

C.4.2 Soil

C.4.3 Air

C.4.4 Animals and plants

C.4.5 Ocean ‘

C.4.6 Beaches

C.4.7 Human bodies

C.4.8 Other |

C.5 In which ways do you think microplastics might enter a human body? (multiple choice)

C.5.1 Water

C.5.2 Honey

C.5.3 Salt

C.5.4 Seafood
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C.5.5 Breathing air

C.5.6 Body scrub

C.5.7 Cosmetics

C.5.8 Other

C

.6 What policies do you think the government should enact to reduce microplastic pollution?

C.6.1 Offer free reusable bags

C.6.2 Award reusing plastic bags

C.6.3 Increase taxes of plastic products

C.6.4 Stop selling products with microplastics

C.6.5 Education

C.6.6 Strict plastic usage law

C.6.7 Improve water purification technology

C.6.8 Other

D
di

Could you please rate the following statements? (between 1 = extremely unlikely / | totally
sagree and 7= extremely likely / | totally agree)

D.1- Microplastics can cause serious problems in our society.

D.2- Microplastics entering the body can be a serious danger to health.

D.3- Microplastics destroy the marine ecosystem.

D.4- 1 will reduce my consumption of everyday items containing microplastics.

D.5- 1 will buy or use eco-friendly products whenever possible.
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Supplementary Table 7.1. Raw data of this study. Responses to the questionnaire are
presented by sample type (students S or non-students NoS) and, in students, by

experimental group (A, B, C and Control

=Co).

Pro-
environmental

Sort

Personal

Age
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Microbea
d check

Form

Treat
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litter

plastics
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<
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<
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Supplementary Table 7.2. Post-hoc Tukey tests comparing pro-environmental behavior
intentions in Study 1 (Control group of students, n = 83, and Non-students reference
group, n =247). Student’s t values and their corresponding p-value are respectively
below and above the diagonal. Significant values are marked in bold.

Pro-
Reduce plastics | Refuse MP | Replace | Recycle | environmental
engagement
Reduce plastics 2.05 0.21 0.02 0.000
Refuse MP 0.59 0.96 0.000 0.011
Replace 3.00 0.95 0.000 0.08
Recycle 4.31 6.36 7.31 0.000
Pro-environmental engagement 6.61 4.56 3.60 10.91

Supplementary Table 7.3. Two-way ANOVA testing differences among treatments and
types of behavior for the mean intention to undertake R-behaviors in Spanish university

students.
Sum of d.f. Mean F p value
squares square
Factor treatment 42.84 3 14.28 5.01 0.002
Factor behavior 283.83 4 70.96 24.87 0.000
Interaction 10.39 12 0.87 0.303 0.989
Within 4565.03 1600 2.85
Total 4902.08 1619

Supplementary Table 7.4. Post-hoc pairwise tests comparing pro-environmental
behavior intentions in this experiment. Student’s t values and their corresponding p-
value are respectively below and above the diagonal. Significant values are marked in

bold.
Pro-
Reduce plastics | Refuse MP | Replace Recycle | environmenta
| engagement
Reduce plastics 0.66 0.054 0.000 0.000
Refuse MP 1.91 0.66 0.000 0.02
Replace 3.81 1.91 0.000 0.44
Recycle 6.9 8.81 10.71 0.000
Pro-environmental
engagement 6.21 4.3 2.4 13.11
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Supplementary Table 7.5. Post-hoc Tukey’s test of repeated measures ANOVA
comparing treatments. Pairwise t-test comparing the experimental groups. A:
contaminated seafood; B: plastics in sea bottom; C: dead seagull with plastic ropes;
Control. Significant values are marked in bold.

A B C Control
A 0.344 | 0.0006 | 0.0006
B 2.468 0.008 | 0.007
C 8.157 | 5.689 0.99
Control | 8.243 | 5.775 | 0.086

Supplementary Table 7.6. Multiple regression analysis showing the effect of socio-
demographic variables, personal responsibility attribution, treatments and MP
awareness measured as microbead checking, on the mean of R-behaviors in the whole
sample. SE, standard error. Significant variables are marked in bold italics.

Coefficient SE t p r
Eeeh%f/’;gf::t;"ft%ﬁ'e' Mean of R 3 g1 0277 1113 0.000
Independent variables:
Age 0.077 0.047 1.624 0.105 0.001
Education level 0.04 0.067 0.596 0.552 0.0002
Gender 0.354 0.114 3.112 0.002 0.022
Microbead check -0.006 0.057 0.111 0.912 0.00002
Personal responsibility 0.383 0.03 12.784 0.000 0.201
Treatment 0.165 0.059 2.784 0.006 0.009
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