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Summary

The aim of this research is to analyze the effects of plastic packaging in food industries
across Nordic countries including Norway, Denmark, Finland, Sweden, and Iceland on
the consumers* health in consideration of the government and company efforts towards
promoting sustainability. The systematic literature review method was applied in this
research with a synthesis of the previous sources related to the topic. Articles were
obtained through Google Scholar from different databases that focus on clean energy,
plastic packaging, and waste management in Nordic countries. The results showed that
there was a relationship between plastic food packaging and health risks among
consumers. The plastics used in the food packaging contain chemicals such as
Bisphenol A, Phthalates, Bisphenol S, PBDEs, and TBBPA that disrupt important body
processes including metabolism and endocrine activities. Governments and companies
in the Nordic region should pool resources and assignment independent bodies such as
committee for effective incorporation of plastic waste management regulations.
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Abstract

There is a growing demand for the adoption of sustainable products across different
industries, including the food packaging sector, because non-biodegradable products
have been used for a long period which has impacted the health of consumers in the
Nordic region. This study aims at examining the effects of plastic food packaging on
the consumers’ health in five different countries namely Finland, Sweden, Denmark,
Iceland, and Norway. A narrative synthesis of seven qualitative and quantitative sources
was performed out of a sample 0f 455 articles that were drawn from different academic.
Seven articles met the inclusion conditions and the other articles were excluded due to
issues on population and alignment with the research question. The findings reveal that
plastic food packaging has adverse health effects on the endocrine and metabolic
processes because they contain chemicals such as Bisphenol A, Phthalates, Bisphenol
S, PBDEs, and TBBPA. This research will be useful to other students, scholars, and
healthcare professional interested in knowing more on health and lifestyles related to
plastic food packaging.

Keywords: Plastic, Food Packaging, Effects, Nordic countries, Lifestyle, and
Health



Table of Contents

INtrodUCtion. . .. ..o i 6
Background...........oooiiii 10
Problem identification and aims................oooiiiiiiiiiiii 11
Theoretical Frame Work ........ ..o 13
INtrodUCHON. . ...ttt e 13
RiSK SOCIEtY Theory......vovineiieiii e e 14
System and Life World Theory..........c.cooviiiiiiiiiiiiiiieieee, 14
MEthOdS. ..o 15
RESEAICN DeSIZN. .. ettt e 15
Data Gathering.......covviniiii it e 16
SAMPIING. .. .e e e 17
QUANILY ASSESSIMENL. .. ..\ttt ittt ettt et 18
B IS . o 18
Results and ANalysiS ......o.oiniiii 20
StUAY CharacCteriStiCs. .. .uuueentit et eteet et et e e e eae e e 20
Narrative Synthesis of the findings ..., 21
DISCUSSIONS. ..ttt ettt ettt e e e e e e et e e 22
CONCIUSIONS. . ..ot e e e, 23
R O ONCES. . e 24
APPCNAICES . . ettt e e 28



Introduction

Plastics packaging usage across different sectors in countries around the globe has been
amajor issue due to the potential risks that emerge in various dimensions. The increased
usage of plastic packaging has been a global concern considering that its production
was 380 million tons by 2015 where about 40% of the waste was utilized for packaging
processes (Groh et al., 2019). Plastic use has been rising over the periods due to the
need for reducing food waste and its demand has risen because the global population
has increased over the years and markets are expanding (Groh et al., 2019). Despite the
increased usage of plastics, there are rising concerns regarding its harms towards the
environment and peoples’ health. Some of the concerns that have been established are
pollution, landfills (Groh et al., 2019), development of secondary pollutants such as
microplastics (Revel, Chatel, & Mouneyrac, 2018; Wright & Kelly, 2017), and the
exposure of the environment to harmful chemicals that might be released during
production or usage (Biryol et al., 2017). Plastic packaging across different sectors has
an adverse influence on the environment as well as human health, thus it would be
inappropriate to encourage its usage and it creates the need for its reduced utilization
for better outcomes.

Plastics can be described as complex composition of various polymers and chemicals
that are utilized during manufacturing processes. At times, plastics are used in
improving material properties, where they are added as solvents or catalysts with the
intention of enhancing specific materials. However, some plastic items can contain
substances that were added unintentionally which can include impurities or degraded
outcomes that are derived from manufacturing processes, utilization, or ending their
usage life (Stevens et al., 2024). Plastics are primary products that expose people and
the environment to chemical components. This occurs because the chemical
components in the plastics are not integrated with polymer matrix which contributes to
their separation of these compounds (Hahladakis et al., 2018). Besides, packaging is
beyond the physical component of the boxes or cartons used in storing products. It
involves the activities that enable efficiency in storage, distribution, and proper control
along the supply chain network. The processes involved in packaging of food are
storing, handling, distributing, and promoting safety (Ada et al., 2023). Plastics are
preferred in packaging due to their convenience across different industries, although
they are not appropriate due to the adverse effects on environment and human health.

Significant plastic packaging waste across food industries in Nordic countries have
been released over the years despite the negative impact on the environment and
peoples’ health. Between 2010 and 2021 the plastic packaging in the food industry has
increased from 150 kgs per capita to 190 kgs per capital across the European region
(See Appendix 1) (European Commission, 2023). The recycling rates over these years
have been lower than the plastic packaging waste which is an indication that significant
steps have not been taken over the past years. By 2021, the packaging waste for each
inhabitant across the European region was approximated to be 188.7 kgs. The materials



with the highest proportion of packaging waste across the region were paper and
cardboard which was about 40.3%, followed by glass which was 18.5%, wood 17.1%,
metal 4.95, while the remaining 0.1 was from other materials (See Appendix 2)
(European Commission, 2023). This is an indication that plastic packaging has the
highest proportion of waste.

Plastic packaging waste in the Nordic countries vary in regards to the country and the
effectiveness of the steps that have been taken towards reducing the rates. Denmark is
ranked as the 5 country in the European Union for the generation of plastic waste. It
approximately generates around 178kg of plastic waste each year per capita and the
waste has been rising with 1.7% since 2019. Besides, Sweden releases about 131 kg
per capita every year, which is lower than that of Denmark (See Appendix 3) (VANA,
2023). Iceland had a plastic packaging waste rate of 140 kg per capita in 2021 while
Finland has 155 kg per capita in the similar year (European Commission, 2023). The
plastic packaging waste rate in Nordic countries is different depending on the usage and
the outcomes of the environmental regulations established.

Plastic packaging is utilized in different ways in food companies with the aim of making
the food products attractive and preserving them from external damage. One of the
ways that plastic packaging is used in Nordic countries is in the packaging of bread
because the consumers are required to maintain the freshness to ensure that it can be
used for longer period to prevent wastage. Plastics are used to package the bread at the
bakery to ensure that there are no damages during distribution and they reach the
consumers when they are in the right condition (Svanes, Oestergaard, & Hanssen,
2018). Besides, plastics in Nordic countries such as Iceland and Sweden are utilized in
meal kits, where part of them are for single use and others are for recycling. Meal
deliveries are common in Nordic countries and they cannot be avoided which increases
the use of plastics. Although the reusable plastics utilized in meal kits are effective in
decreasing the pollution levels, the single use plastics have a significant impact on the
environment and health, which poses high risks (Gudmundsson, 2019). Plastics are
used in different food companies in Nordic countries including the ones dealing with
food deliveries and making bread considering the consumption is relatively high, which
raises the health and environmental risks.

Use of plastic packaging in food companies across Nordic countries has been a major
issue in the region because of the adverse influences that have been experienced over
the years. Svanes, Oestergaard, and Hanssen (2018) analyzed the impacts of packaging
on the environment in consideration of production and consumption in Norway. The
results of their study revealed that each kilogram of bread that was consumed at Norway
had a significant influence on the global warming rates due the carbon dioxide that was
emitted to the environment. Also, plastic packaging contributes to soil mineralization
as a result of the significant nitrogen and carbon emissions from the plastics (Svanes,
Oestergaard, & Hanssen, 2018). Plastic packaging use in Nordic countries has
contributed to attaining the consumption of sustainable diets in the region because they
impact the health of consumers because they can ingest the chemicals. This



compromises the focus on consuming sustainable foods that are beneficial to peoples’
health (Meltzer et al., 2024). Besides, plastic packaging used in Nordic countries leads
to development on microplastics and nano plastics which have toxic impact on the gut
in the human body due to plastic particles, leaching of the additives, and emission of
organic pollutants that are dangerous to peoples’ health (Bouwmeester, Hollman, &
Peters, 2015). Plastic packaging use in Nordic countries has adverse effects on
consumers’ health indirectly through the pollution of the environment and directly
through ingestion of plastic particles as well as chemicals. Consumers in the Nordic
countries have tried to take some steps towards addressing the use of plastic packaging,
but this has no significant influence on its impact on the environmental and health of
individuals. Svanes, Oestergaard, and Hanssen (2018) found that the actions that
consumers living Norway have taken towards plastic packaging are utilization of extra
packaging and freezing or toasting bread to be used for a longer time. The consumer
packaging approaches have been effective in maintaining the freshness of bread for a
longer period and decreasing the amount of waste directed to the environment. Besides,
consumers play critical role in developing informed choices and transforming their
behaviors towards buying, making, and eating foods, which have limited wastage and
packaged using recyclable materials to decrease the adverse impacts (Wikstrom et al.,
2019). Despite the consumers efforts in Nordic countries to address the usage of plastic,
the face challenges such as limited knowledge on recycling plastics and lack
opportunities (Jacobsen, Pedersen, & Thegersen, 2022). Consumers in Nordic countries
have been trying to counter this issue of plastic packaging in food products by using
optional packaging or food conservation strategies for making meals last longer, but
there are multiple barriers such as limited knowledge and opportunities, which
contributes to the need for doing more research to determine the suitable strategies
towards addressing this challenge.

Governments in Nordic countries have incorporated significant efforts towards curbing
the usage of plastic packaging in food companies upon the realization of their
significant impact on peoples’ health and the environment. One of the policies that have
been established across Nordic countries is the Extender Producer Responsibility which
establishes the accountability of the manufacturers over the product control lifecycle
processes and the post-consumption phase must be considered (Atasu & Subramanian,
2012; Leal Filho et al., 2019; Maitre-Ekern, 2021). The EPR regulations are essential
in encouraging the adoption of product designs that have minimal impact on the
environment and the health of individuals. The responsibility is shifted from the
municipal government to the producer to ensure that there is limited ecological impact
(Atasu & Subramanian, 2012; Leal Filho et al., 2019; Maitre-Ekern, 2021). Another
policy that has been applied in Nordic countries is the Polluter Pays Principle. This
environmental regulation is focused on holding the party accountable for pollution due
to the damages that are caused in the environment. This policy required the polluter to
meet the expenses on prevention of pollution (Larsson, 2020; Tilton, 2016). The
principle is the center part of the ecological regulations in the European Union and is
perceived to be comprehensive and fair across the countries. This environmental



regulation is useful in motivating polluters to avoid destroying the environment and
gives them the responsibility of making it clean (Larsson, 2020; Tilton, 2016). The
environmental regulations that have been incorporated in Nordic countries are focused
on discouraging and minimizing pollution, but there are still relatively high rates of
pollution creating the need for engaging in more research to identify any improvements
that should be established for better performance in regards pollution in the future.

Groh et al. (2019) analyzed the unidentified chemicals present in plastic packaging and
their harmful impacts on the environment and human health by compiling information
from different databases, where they found that there are 906 chemicals and 3377
compounds that have hazardous impacts. Pollution and landfills were found to the main
concerns in regards to the risks of plastic packaging on the environment and peoples’
wellbeing. Besides, Biryol et al. (2017) found that the risks for plastic packaging was
the significant exposure to chemicals that were harmful to the ecosystem and people.
Plastic packaging was found to contribute to the emergence of other components
including nano and microplastics that were not favorable to the environment as well as
peoples’ health (Revel, Chatel, & Mouneyrac, 2018; Wright & Kelly, 2017). The
previous research can be suitable for generalizations because there was no particular
region that was considered during the analysis, but would not be applicable in specific
cases to determine the effects of plastic packaging in food industries on human health.
In this research, a specific focus will be embraced to determine the possible risks of
plastic packaging in food companies across Nordic countries because the previous
research contained general results, which would not be applied in specific cases.

This thesis is divided into different sections; the following section is the background
that contains a brief contextualization of the scientific problem ‘effects of plastic
packaging on consumers’ health’ connected to health and lifestyle concepts to
demonstrate the contributions of this research. The problem definition and aims part is
the next in which the problem related to this research has been clearly defined and how
it occurs within Nordic context. The theoretical framework follows with a brief
introduction of the sustainability concept and the risk society as well as system and lie
world theories have been vividly explained under this section. A thematic
representation of theoretical framework is also included to depict the variables for the
thesis. The next part is the methods where an explanation of the systematic literature
approach has been provided, including the narrative synthesis and the criterion used in
selecting the articles used in the development of findings and conclusions. The results
and analysis will be provided in the following part with tabulated outcomes of the
synthesized articles that meet the criterion standards and will be interpreted to provide
recommendations to Nordic countries and future researchers. Conclusions is the final
part of this thesis that comprises a summary of the main ideas and findings.



Research question

What are the potential risks posed by the widespread use of plastic packaging material
in food companies on consumers’ health and environment across Nordic countries and
the strategies that the government is using to address this sustainability issue?

Background

Health and lifestyle research is important in making contributions in the medical and
sociology field due to the insights obtained from the findings and conclusions
developed across different studies. The conclusions and findings obtained from health
and lifestyle research have an impact on health regulations, medical practices, and the
healthcare issues of the public. For instance, the health behaviors are integrated in a
manner that becomes important to incorporate different interventions for the various
lifestyle categories (Mollborn, Lawrence, & Saint Onge, 2021; Wamboldt et al., 2019).
Besides, health and lifestyle research is significant in in understanding sociological
phenomenon present in the community. For instance, the research is significant in
comprehending the social disparities that are present in the medical context through the
integration of health literature and sociology concepts. The health and lifestyle research
is utilized in bridging personal and population health through the presentation of micro,
mezzo, and macro concepts. Also, it is utilized in understanding health as an objective
status that needs to be achieved and cultural instrument that is incorporated to sustain
inequalities (Mollborn, Lawrence, & Saint Onge, 2021). Health and lifestyle research
have significant contributions towards different fields including medical and sociology
fields considering the findings and insights obtained from the studies. This thesis
focuses on the plastic packaging in food industries across Nordic countries where
significant contributions will be made towards the medical field to show it as a public
health concern with implications on transformation of healthcare policies that limit the
usage of plastic products. Also, this thesis will significantly contribute towards the
sociology field where health will be presented as an objective status which should be
achieved through the perspective on decreasing the use of plastic products in food
sectors.

Significant lessons will be obtained from this thesis through obtaining findings from
present and past literature. One of the lessons that will be obtained from this research
is the plastic components, including the chemicals and compounds present in these
products used in food industries. Groh et al. (2019) found that there 907 chemicals and
3377 compounds that are present in plastic packaging utilized in food sectors. Besides,
additional harmful components such as nano and microplastics emerge as a result of
using plastic products in food industries (Revel, Chatel, & Mouneyrac, 2018; Wright &
Kelly, 2017). Another important lesson that will be obtained from this thesis is how
plastic packaging used in food industries has an influence on the health of individuals
to create the need for transforming lifestyles and embracing proper health practices
across Nordic countries. Plastics interfere with body processes such as secretion of
hormones, metabolism activities (Brandslet, 2024; Stevens et al., 2024), and disrupt the
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signal receptors including G Protein (Brandslet, 2024; McPartland et al., 2024), which
have adverse impact on peoples’ health. The lessons obtained from this thesis will be
important in improving the health and sociology knowledge of other scholars and
students considering the insights of the available hazards in plastic products, their effect
on peoples’ health, and the significance of attain an objective status of proper health
within the community.

The lifestyle of embracing plastic food packaging in food industries across Nordic
countries has adversely affected the citizens health considering that they contain
chemicals and compounds that are unfit for human consumption. Stevens et al. (2024)
found that plastic packaging comprises chemicals that disrupt endocrine and
metabolism processes in the human body that have an adverse impact on their health.
Research conducted by NTNU (Norwegian University of Science and Technology)
portrayed that there are 9936 various chemicals that are present is one plastic item
which are utilized for packaging foods. In one study, the NTNU research examined 36
various plastic products that were utilized in Norway, the United Kingdon, the United
States, and South Korea (Brandslet, 2024). The findings of the study revealed that the
chemicals present in the plastic products impacted the release of hormones and
metabolic processes among humans despite their significance on one’s health
(Brandslet, 2024; Stevens et al., 2024). Also, the research revealed that there are 11
chemical mixtures present in plastic products used in food sectors that impact the signal
receptors including the G-Protein combined receptors, in the human body (Brandslet,
2024; McPartland et al., 2024). Chemicals in the plastic products are absorbed in the
human body during food consumption which increases peoples’ exposure to toxic
chemicals. The plastic products are prone to leaching chemicals when they are
submerged in products, which creates opportunities for exposure to humans (Brandslet,
2024). The issue of plastic packaging used in food industries across Nordic countries is
important to the health and lifestyle of the citizens considering its adverse impacts on
the human body and their habits of consuming chemicals indirectly. Previous
researchers have focused on the impacts of plastic food packaging in some of'the Nordic
and Western countries that may be generalized, but this research will take a specific
focus on Nordic countries to establish the particular impacts of plastic food packaging
across the Nordic nations.

Problem Identification and Aims

The increasing demand for adopting healthy practices and changing lifestyles,
particularly in the food sector, sheds light to challenges related to exposure to chemicals
through plastic packaging that disrupt some functions of the human body. Plastics are
among the primary sources of chemicals among humans and the ecological system
because they are integrated with the polymer structures through chemical processes,
which leads to their release since they are volatile (Stevens et al., 2024). Chemicals
released from plastics disrupt the endocrine processes in the human body resulting in
health complications such as cancer, reproductive issues, and developmental
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challenges. Also, the chemicals from the plastics disrupt the metabolic processes in the
body resulting in complications such as type 2 diabetes, obesity, and other metabolic
disorders (Stevens et al., 2024). Addressing the high plastic packaging waste and
current trends is beneficial to the environment and human health (Frane, 2015).
However, Milios et al. (2018) analyzed the value chain market of plastic materials using
a literature review and found that there is minimal utilization of plastic waste across the
Nordicregion and a relatively low proportion of plastic materials are redirected towards
the production activities for reusing and recycling activities. There is a need for
decreasing plastic packaging waste across the Nordic countries due to their impact on
environmental and human health. Svanes, Oestergaard, and Hanssen (2018)
investigated the impacts of packaging and food waste avoidance among consumers on
the consumption of bread and production in Norway. The results revealed that that
packaging contributes to carbon dioxide and nitrogen emissions to the environment
which are dangerous GHGs (Green House Gases). Plastic packaging contributes to soil
mineralization which has an adverse ecological impact. Besides, Gudmundsson (2019)
researched about plastic packaging used in meal kits in the Icelandic context using LCA
(Life Cycle Assessment). The results showed that the plastics used in meal kits in
Iceland had a significant impact on environmental pollution and health of consumers.
Lindh, Olsson, and Williams (2016) assess the consumers perceptions in the Swedish
context towards food packaging and their contributions to environmental sustainability.
The interview responses from consumers showed that paper packaging had minimal
environmental effects compared to plastic and metal. Ruippo et al. (2023) focused
innovating sustainability in the Finnish context in regards to the food packaging system.
The authors argued that the environmental concerns that emerge as a result of packaging
in the food sector are increased resource usage that can lead to depletion and plastic
pollution that has adverse influence on the ecosystem. Previous research has focused
on specific countries and their findings or conclusions cannot be generalized; this thesis
will integrate these different contexts to the Nordic region to analyze how plastic
packaging used in food companies impacts consumers health using a sustainability
perspective.

Despite the focus on past research on the possible risks of plastic packaging on peoples’
health, there is lack of comprehensive and specific research on how plastic packaging
in food industries across Nordic countries impacts peoples’ health as a result of
adopting poor health and lifestyle. The aim of this research is to address the underlying
research gap on lack of research on the potential risks of plastic packaging in food
industries within Nordic countries with their influence on individuals” health. The focus
is to provide answers on the research question on the possible risks that occur on
peoples’ health when using plastic products in the food sector.
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Theoretical Framework

Introduction

In the past, the concepts on ‘sustainability’ and ‘sustainable products’ were not
common, but in the present, it is nearly ubiquitous because it is commonly used in
different contexts. The sustainability concept was developed in the late 1970s and went
through the 1980s. This term emerged as an ideal concept within the social, ecological,
and financial context (Caradonna, 2022; Caradonna, 2017). Sustainability is not an
unfamiliar word or concept in the contemporary context because it has been
institutionalized by being incorporated in organizations and communities across the
globe. Besides, sustainability is described as the focus on creating the society to be
secure, stable, successful, and environmental-focused in consideration of the future
generations (Caradonna, 2022; Caradonna, 2017). Environmental sustainability of the
‘Nordic diet’ encompasses following the FBDGs (Food-Based Dietary Guidelines)
which is required among the Nordic countries Sweden, Denmark, Iceland, Norway, and
Finland (Meltzer et al., 2019). The countries are required to promote sustainability
during food consumption as well as adherence to FBDGs regulation (Meltzer et al.,
2019), but this does not happen in all cases because of the use of plastic packaging in
food companies lead to adverse health effects on consumers and the environment
(Biryol et al., 2017; Revel, Chatel, & Mouneyrac, 2018; Wright & Kelly, 2017).

Risk Society Theory

This theory was developed by Ulrich Beck with the focus on describing the current
social world and modernity, including the characteristics that are connected to
uncertainties and crisis that occur in the environment (Beck, 2006). The first concept
based on the risk society theory is ‘reflexive modernization’ in which Beck establishes
the darker perspective of recent developments and the constitutive responsibility of
science as well as knowledge within the contemporary context. He argues that the
consequences industrial and scientific growth are multiple risks and hazards that are
experienced within the ‘risk society.” These risks and hazards have not been
encountered in the past by people, which poses the challenge of countering them and
identification of the possible solutions (Beck, 2006; Lash & Wynne, n.d.; Olivier,
2024). Besides, Beck attested the dangers that emerge from science and knowledge
have no limited time since they can influence current and future generations. The spatial
effects of these dangers are not restricted to regions because they can go beyond
national boundaries compared to early modernity where no party was held responsible
for the hazards that emerged in the ‘risk society.” It becomes challenging to provide
compensation to persons who have been adversely impacted by these hazards and risks
(Beck, 2006; Lash & Wynne, n.d.; Olivier, 2024). Beck is positive that the
modernization impacts can be addressed through radicalizing the rationalization that is
brought by the developments. He also claims that modernization encompasses
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structural changes and transformation ofthe relationship between social systems as well
as social agents (Beck, 2006; Lash & Wynne, n.d.; Olivier, 2024).

The other concept under this theory is ‘the problem of risk” which focuses on describing
risks and how they are connected to various aspects in the community. Beck claims that
risk has developed into an intellectual and political connection in which there are
multiple discourses connected to the gradual crisis that emerge as a result of
modernization and industrial growth. The dominant discourses in the community that
are connected to risks they are reductionist (Beck, 2006; Lash & Wynne, n.d.; Olivier,
2024). Some of these dominant discourses are political structures, where Beck’s
argument was that the structures and ideologies are not well equipped for the
management of the current risks. The politics of ‘risk society’ have different
characteristics which include an increasing demand for participating, transparency, and
responsibility in regards to making decisions that are connected to the risks. Beck
argued that citizens are not ready to support choices developed by experts and the
leaders without questioning (Beck, 2006; Lash & Wynne, n.d.; Olivier, 2024). The other
problem of risk is how the public media has shaped the perceptions of risks through
distorting and sensationalizing their views contributing towards anxiety and confusion
(Beck, 2006; Lash & Wynne, n.d.; Olivier, 2024).

System and Life World Theory

This theory was developed by Jurgen Habermas which life is divided into two different
perspectives including the system and lifeworld (Baxter, 1987; Heath, 2014; Neves,
2017). Under the lifeworld, the main focus is on the daily family, cultural practices, and
social connections. It is everyday things that people share within the community. This
involves the spheres in which individuals lead in their personal and social lives. The
lifeworld is based on the notion of shared concepts and comprehension that assist
people to conduct actions that other people understand, which makes the activities in
the community to be communicative (Baxter, 1987; Heath, 2014; Neves, 2017).
However, the system encompasses the professional and administrative environment
that involves work as well as institutional authority. These are common structures of
strategic actions with the aim of serving the institutional and organizational interests.
The structural activities are significantly influenced by power and money, where they
are utilized in the manipulation of people to attain the self-interests of those in authority.
They do not correspond with peoples’ objectives since the interests of those in high
positions are different. Habermas argued that instrumental action is utilized in
describing the actions that are used in the manipulation of people. The actions are
connected to the strategic processes because they are focused on the attainment of
particular outcomes regardless of the common understand of the present goals (Baxter,
1987; Heath, 2014; Neves, 2017).

Considering the theories that have been presented above, the theoretical framework has
been developed below in relation to the thesis topic. The framework contains the
determinants which are chemicals and plastic particles from the plastic packaging used
in the food companies in Nordic countries. They affect the consumers health including
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endocrine and metabolism processes, which have adverse impacts on their well-being.
Plastic packaging is a behavior including the wastage and overuse of the plastic
packaging materials where necessary behavioral changes can lead to positive outcomes.
The government interventions that have been considered are environmental policies,
including Extender Producer Responsibility and Polluter Pay Principle, that have an
effect on the health risk outcomes, plastic packaging, and behavioral outcomes of
overuse or waste of plastic materials.

Figure 1: Theoretical Framework

Lifestyle/ Habit Daterminants Risks/ Hazards

: . Plastic Packaging Health Risk: Disruption of
Overuse of plastic materials Chemicals endocrine and metabolic Decreased
Wastage of plastic materials Plastic Particles processes Sustainability

Government Intervention: Extender Producer Responsibility
and Polluter Pay Principle

Methods

Research design

Cochrane reviews of systematic literature review were applied in this study including
research methods that are focused on giving timely and high-quality evidence that is
needed in decision-making. The review recommendations considered methodological
rigor that does not limit timeline of the ordinary reviews. Another recommendation that
was considered is the application of standard and transparent approaches that are
focused on enhancing the credibility and reliability of the research findings (Furlan et
al., 2009; Lundh & Getzsche, 2008). These recommendations were significant to this
thesis to ensure that reliable and credible outcomes were considered for effective
outcomes to attain the research objective.

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines were used during the systematic review when performing the narrative
synthesis to promote the quality and reliability of the results for credible findings. The
PRISMA guidelines used is the consideration of the structure of research papers
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including the title, abstract, methods, results, and discussion with their alignment to the
research objectives (Helbach et al., 2023; McGrath et al., 2017; Page & Moher, 2017).
The guidelines were effective in the identification of the suitable sources that were used
in this thesis. An online research strategy was applied in this thesis to identify the
sources that would be suitable in answering the research questions. Google Scholar was
the preferred search database for the identification of reliable academic sources for the
systematic literature. The search words considered during the process were plastic food,
food packaging, health, and Nordic countries. The Boolean ‘AND’ was applied during
the search process to connect variables and phrase for effective identification of the
sources. The databases that were used in retrieval for the research sources were ‘Journal
of Clean Energy,” ‘Sustainability Journal,” ‘Environmental and Science Journals,” and
‘Nordic Journals.’

Data gathering

Data was collected based on the inclusion and exclusion factors that were identified
before the search process. The inclusion factors identified were;

. Qualitative and quantitative studies that focus on the adverse health effects of
plastic packaging in food companies and industries in the Nordic countries

Il. Studies that included any of the five Nordic countries including Sweden,
Denmark, Finland, Iceland, and Norway

I11. Measure of healthcare outcomes or risks brought by plastic food packaging in
Nordic countries

IV. Studies that contain information about the Nordic region and focuses on plastic
packaging in food industries

V. Peer-reviewed sources that have been published within the past decade
VI. Sources that are published in English language only
The exclusion criterion that was considered in

l. Sources that focus on plastic food packaging, but are from other regions
such as Western, Asian, and African countries

. Sources that focus on the general impacts of plastic food packaging
1. Non-peer reviewed sources that were published before 2010

The selection process was conducted and the first step was the identification of records
from databases where a total of 455 articles were identified to be applied in the research
and 154 articles were eliminated since they were duplicate. The next step that was taken
in the selection process was screening. There were about 341 articles that were screened
and around 121 articles were excluded. Besides, about 220 articles were examined for
eligibility and some of the were excluded on the basis on mismatch in the articles, low
population, and misalignment in the objectives. The other step was assessment in which
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the articles were analyzed to establish whether they met the expected quality. About 18
articles were examined for quality and approximately 11 were excluded. Around 7
articles were found to align with the inclusion factors established in the research while
some of them were excluded since they did not meet the conditions.

Figure 1: Article Selection Procedure

Records identified from; Duplicate records
Databhases n=455 removed n= 154

l
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Sampling

A sample of seven studies that were randomly chosen were used in examining the health
outcomes as a result of the use of plastic food packaging in food industries. The
screening processes was performed through examining the presence of inclusion factors
in the selected studies, where the PRISMA guidelines were taken into account. The
structures of the papers that were examined to determine their inclusivity were title,
abstract, findings, and conclusion with their alignment with the current research
objectives.

Data processing and analysis

Narrative synthesis of the selected sources was conducted to determine the whether the
use of plastic packaging in food companies and industries in the Nordic region had an
influence on the health of consumers. The factors that were selected for measurement
included endocrine and metabolism processes to determine the effects of chemicals or
compounds on plastic products.
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Quality assessment

A quality assessment was conducted in this research to determine whether the studies
met the correct standards and their reliability in the development of findings. The
PRISMA guidelines were applied in the quality assessment processes through
examining the abstract, title, methodologies, findings, discussions, and conclusions of
each source to identify whether they are credible and reliable for drawing the findings
for the research. Three articles attained a high score and four articles achieved an
average score, which is an indication that the results are reliable.

Ethics

Ethical guidelines that were considered for this research for the Swedish Science
Council with the focus on obtaining credible information for the development of
findings. The ethical considerations were the assessment of the reliability of the
selected sources including how credible were their findings. Another factor that was
considered in this research was identification of the authors and their background to
determine their dependability of providing information about the topic.

Literature Review

In this section, a synthesis of previous literature regarding effects of plastic packaging
on consumers health has been considered through the presentation of different authors’
perspectives. Also, the interventions that have been incorporated by the governments
and companies across the Nordic region have been explained under this section. The
themes are presented under each section below.

Plastic Packaging in Nordic Countries and Consumers Health Risk

Plastic packaging in Nordic countries across the food companies have a significant
influence on consumers’ health due to the chemicals and plastic particles that are
present in the plastic products which are unfavorable for human consumption. The
outcomes that will be measured in this research are endocrine and metabolism processes
that are disrupted as a result of using plastic packaging in food companies across the
Nordic region.

Effects of plastic packaging on endocrine processes

Stevens et al. (2024) investigated the plastic food packaging in five countries where
Norway was considered among the primary population of the research and the aim was
to determine the chemicals the disrupt body processes. The findings of the research
revealed that chemicals in plastic products in the food industries disrupted the
metabolism and endocrine processes including activate the PXR (pregnane X receptor),
Era (estrogen receptor), and it inhibits the AR (Androgen Receptor). The researchers
detected up to 9,936 chemical aspects that are present in an independent product and
they established that every product has a different chemical fingerprint (Stevens et al.,
2024). Besides, Sakhi et al. (2014) analyzed the concentration levels of phthalates and
bisphenol A in processed and packaged foods that are present in Norway. The findings
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revealed that the chemicals present in plastic packaging, phthalates and bisphenol A,
have possible adverse health risks on consumers. Groh et al. (2019) analyzed about the
plastic-packaging chemicals with their hazards using information from the Danish
center and they found that plastic products had endocrine disrupting chemicals such as
Bisphenol S, PBDEs, and TBBPA. Godswill and Godspel (2019) examined the effects
of plastic wastes on the endocrine system and the results showed that they had
physiological impacts on humans due to the composition of chemicals such as
Bisphenol A, Phthalates, Bisphenol S, PBDEs, and TBBPA. Plastic packaging in
Nordic countries across food companies has adverse health effects due to the disruption
of endocrine processes.

Effects of plastic packaging on metabolism processes

Dladla and Workneh (2023) analyzed the impacts of different food packaging plastics
used in Iceland and they found that they contain petrochemical polymers that
compromise the quality of foods such as tomatoes to disrupt the metabolism processes
among the consumers. Besides, Stevens et al. (2024) found that plastic packaging in
used in Norwegian food industries contained chemicals that disrupted metabolic
processes. Besides, Boz, Korhonen, and Koelsch Sand (2020) found that plastic
packaging materials used in Danish food industries contain non-biodegradable
compounds which have an adverse impact on peoples’ health by disrupting the
metabolism processes. Oliver and Gregory (2015) found that food chain activities
across the European region such as packaging had adverse impacts on human health
due to the plastic materials that contain harmful compounds that negatively impact the
metabolism activities. Chemicals and plastic particles that are present in food packaging
materials used in Nordic countries have an adverse impact on human health because
they interfere with the metabolic processes.

Government Interventions towards Plastic Packaging

Nordic countries have collective efforts towards addressing the health risks posed on
consumers of foods under the food companies and sectors by incorporating regulations
that are focused on discouraging the overuse and wastage of plastic materials to control
their adverse impacts. Leal Filho et al. (2019) performed an assessment of the
challenges that are posed by plastic products and the responsibility of Extender
Producer Responsibility across the European region. The researchers found that the
EPR is an effective tool that would be incorporated to decrease the pressures that are
posed by plastic waste. Besides, Atasu & Subramanian (2012); Maitre-Ekern (2021)
found that the EPR policy transfers the accountability of environmental protection and
sustainability practices on the product manufacturers to promote the use of sustainable
products. The other policy that is incorporated in Nordic countries is the Polluter Pays
Principle. Polluters must compensate for the damages they have caused towards the
environment to discourage the behaviors and adoption of the negative sustainability
practices (Larsson, 2016; Tilton, 2016). Governments across Nordic countries have
incorporated significant efforts towards addressing plastic packaging lifestyle among
consumers through developing policies.
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Companies Interventions on Plastic Packaging

Companies across the Nordic region have incorporated efforts on promoting the
efficiency of packaging processes, focusing recycling processes, innovations, and
application of prevention regulations. Bousios (2010) analyzed how packaging
efficiency across companies in the Nordic region was attained through the application
of policies. The findings of the research showed that packaging efficiency in Norway,
Denmark, Sweden, and Finland was achieved through the reduction of packaging
materials used upon the application of policies as intervention strategies. Also, Milios
et al. (2018) examined plastic recycling in the Nordic region using literature review
approach and targeted interviews. The results depicted that value chain coordination
was the significant intervention that was recognized by interviews accomplished
companies in the Nordic region. The additional interventions applied by companies in
the Nordic region were investment in technology and innovation with the focus on
decreasing plastic waste (Milios et al., 2018). Tencati et al. (2016) analyzed the
prevention policies that address packaging and the accompanying waste where they
found that these interventions applied by companies were useful in increasing the use
of recycled plastics. Companies across the Nordic region have focused on addressing
the high usage of plastics using multiple interventions.

Results and Analysis
Study Characteristics

Seven studies were selected out of the 455 studies that were obtained during the search
process which contained information about the health outcomes of plastic packaging
including disruption of endocrine and metabolism processes. Among them five were
quantitative and two were qualitative, where information on the health outcomes was
obtained. The key findings of the selected sources were obtained and an alignment with
the research questions of the thesis was identified.

Table 1: Study Characteristics

Table 1: Study Characteristics

Number of sources (n)

Study design
Qualitative 2
Quantitative 5

Health outcomes

Metabolism 3
Endocrine 4
Region
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European
Nordic
Norway
Denmark

NN = =

Narrative synthesis of the findings

The sources that were chosen after fulfilling the inclusion conditions of this research

were synthesized using the narrative approach in consideration of factors such as study,

whether the sources measured the healthcare outcomes, quality assessment, design,

country, healthcare outcomes achieved, and the key findings. The focus was on the

measurement of the healthcare outcomes including endocrine and metabolism

processes as a result of plastic packaging used in the food industries and companies.

Table 2: Narrative Synthesis of the Effects of Plastic Food Packaging on Health in

Nordic Countries

Study Measured Quality | Design Country | Healthcare Key Findings
the Assess Outcomes
healthcare ment
outcomes?
Stevens | Yes High | Quantitati | Norway | Disruption of | Plastic food
et al ve endocrine and | packaging has
(2024) metabolic adverse health effects
processes on the endocrine and
metabolic processes
Sakhi et Averag | Quantitati | Norway | Disruption of | Plastics contain
al. e ve endocrine phthlates and
(2014) processes Bisphenol A that
disrupt endocrine
processes
Groh et High | Quantitati | Denmak | Endocrine Plastic packaging
al. ve processes contains Bisphenol S,
(2019) PBDESs, and TBBPA
Godswil Averag | Qualitativ | Nordic | Endocrine Plastic materials in
1 and e e region | processes food packaging
Godspel contain Bisphenol A,
(2019) Phthalates, Bisphenol

S,  PBDEs,
TBBPA

and
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Dladla Averag | Quantitati | Norway | Metabolism | Plastic materials

and e ve contain

Workne petrochemical

h (2023) polymers

Boz, High | Quantitati | Denmak | Metabolism | Plastic materials

Korhon ve contain non-

en, and biodegradable

Koelsch compounds

Sand

(2020)

Oliver Averag | Qualitativ | Europea | Metabolism | Plastic materials

and e e nregion contain harmful

Gregory compounds that have

(2015) adverse effects on
metabolism processes
in the human body

Discussions and Analysis

This research focused on determining the effects of plastic food packaging on
consumers’ health and establishing government as well companies’ efforts towards the
transformation of the lifestyle on the continued usage of plastic products. Plastic food
packaging was connected to the disruption of endocrine and metabolism processes
among consumers across Nordic regions. Although it might be reliable to make
conclusions in regards to the findings that were identified, the findings explained in this
section in relation to the theories need to be considered.

Endocrine processes and plastic packaging

One of the vital findings that was obtained from this research is plastic products in food
packaging companies and industries contain high concentrations of Bisphenol A,
Phthalates, Bisphenol S, PBDEs, and TBBPA that are harmful to the human body
(Godswill and Godspel, 2019; Groh et al., 2019; Sakhi et al., 2014; Stevens et al., 2024).
These chemicals are unwanted in the human body and make it unfavorable for the
endocrine processes to be performed. In regards to the ‘reflexive modernization’
concept, the recent development across the globe as a result of science and knowledge
have a darker side, which is present in the food industries in which plastic packaging is
a modern lifestyle that negatively impacts the health wellbeing of consumers through
disrupting the endocrine processes.
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Metabolic processes and plastic packaging

The second vital finding that was established in this research was metabolic processes
in the human body are disrupted when there is a high consumption of chemicals and
plastic particles. Plastics used in the food packaging companies and industries in Nordic
countries have petrochemical and non-biodegradable compounds that are harmful to
the human body since they can migrate to the foods (Boz, Korhonen, & Koelsch Sand,
2020; Dladla and Workneh, 2023; Oliver and Gregory, 2015). The disruption of the
metabolism processes is among the risks and hazards mentioned by Beck (2006) in the
theory of risk society which occur as a result of advances in science and knowledge.

Government and Companies Efforts towards Plastic Packaging

Governments and corporations across the Nordic regions have focused on applying
policies to decrease plastic packaging and waste. In consideration of the system and life
world theory, there are common structures in the community focused on meeting the
organizational and institutional interests, which are influenced by power money. The
government and companies in the Nordic regions have power and money that is
influential in prevention of plastic packaging waste and increased recycling with the
focus on attaining sustainability across the countries.

Conclusions

The need for promoting sustainability in the Nordic region is witnessed through the
government and companies’ efforts towards reducing plastic packaging waste and
promoting recycling processes. It is necessary because this research reveals that plastic
packaging in the five Nordic countries is directly associated with the disruption of
endocrine and metabolism processes. Strict policies on recycling plastic packaging in
food industries need to be incorporated and resources should be pooled to enhance the
implementation of these regulations. The government should create committees to
address this issue independently and more positive outcomes are likely to be attained.

This research has adequately answered the research questions from the introduction,
results, and analysis section making it reliable and credible source to derive
information. The weakness of this research is the systematic literature review process
was used in determining the effects of plastic food packaging on the health of
consumers across Nordic countries. Future researchers need to consider other methods
of analysis such as the mixed method in which they can obtain adequate results and
synthesize additional variables such as environmental and sustainability factors. Plastic
food packaging is a sedentary lifestyle which can be addressed through adopting better
health and lifestyle practices through creating awareness on the significant impacts of
plastic food packaging on peoples’ health.
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Appendices

Appendix 1: Packaging Waste in the European Region from 2010 to 2021
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Appendix 2: Packaging Waste by Material

Packaging waste generated, by packaging material, EU,
2021
(%)
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Paper and
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403 %
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190%
Note. Eurostat estimates eu rostat -

Source: Eurostat (online data code: env_waspac)

Source: (European Commission, 2023)
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