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Pandemic Pandemonium:

The Interconnectedness of Environmental and Public Health Through the Lens of COVID-19

Hanna Giedraitis



Abstract

In 2020, the world was launched into a global pandemic it was completely unprepared to fight.

This pandemic began in the midst of tragic environmental disasters, including the largest wildfire

recorded in California history. Once the global lockdown began, many long-standing

environmental problems began to remedy themselves due to the sudden halt of human

interaction. However, there were major environmental setbacks in the healthcare industry as

increased medical waste and single-use items became a necessity. This thesis addresses how the

pandemic impacted the environment through a lens of sustainability and public health, and how

healthcare industries can be more prepared to fight another pandemic. Chapter 1 discusses the

pandemic’s positive ecological impacts due to quarantining and social distancing, such as the

improvement of air quality and the reduction of noise pollution. It also discusses the negative

consequences of COVID-19 on the environment, namely the proliferation of hazardous and

pollutant medical waste and disposable masks. Chapter 2 delves into the past and present state of

the healthcare industry's preparedness and sustainability in dealing with pandemics like

COVID-19, and how it has changed in the COVID world. Chapter 3 discusses pandemic-related

economic costs in the healthcare sector to the industry and citizens, and the waste-management

difficulty exacerbated by excessive medical waste. Chapter 4 discusses public policies

implemented throughout the pandemic, and how they impacted the environment and public

health. Chapter 5 discusses what we learned from the COVID-19 pandemic and how we can

create more sustainable practices in a healthcare setting while still preserving the abundance of

caution necessary in the current state of medicine.
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Introduction: Wear a Mask, Please

As a high school senior in 2020, the global COVID pandemic was earth shattering to me.

In the midst of my final months before graduation full of celebration and nostalgia, I never

expected it to be cut so short. I had been working on the Spring Musical for several months and

was ecstatic to share what we were working on with the world. When all in-person activities

were halted the day before opening night, my heart was completely broken. Little did I know,

this pandemic would not only cancel my senior musical and graduation, but would alter the

culture and function of our society for several years as everyone’s main priority became safety

from COVID-19.

The COVID-19 pandemic caused a colossal shock at the most far-reaching global scale

possible. It permeated every aspect of our lives and left an everlasting mark on every sector of

society. Wearing a mask was no longer something only healthcare professionals knew the feeling

of; it became a daily norm to wear a face covering as a necessary safety precaution, because the

COVID-19 virus could be spread through the air. The media was plagued with uncertainty and

panic, as new information on COVID-19 seemed to take ages to be released and fantastical

speculations were dangerously rampant. Society learned how to operate solely with the trust of

internet connection, as employees and students across the globe resorted to remote activity in an

effort to avoid the virus spreading. Months and months of time spent solely at home meant that

commutes were canceled, social gatherings and entertainment were few and far between, and

green space was utilized more than ever to preserve mental health.

The pandemic began at a scary time for the climate, as forest fires and winter heat waves

were cause for alarm among environmental activists. Miraculously, the sudden pause in societal

movement actually had wonderful impacts on the environment, some of which still last today.
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The lack of commuter traffic meant that noise pollution and air pollution were greatly reduced.

This indirectly led to improvements in water quality, as rainwater was less contaminated.

Additionally, reduced human activity led to the resurgence of wildlife in places where it normally

would not be seen due to high human volumes1, and animals traveled longer distances without

the threat of human activities. Despite resulting only from a temporary change in human activity,

wildlife vehicle collisions and wildlife mortality on highways also decreased in the 10 weeks

following the global lockdown due to traffic reductions.2

However, COVID-19 also resulted in many environmental setbacks. The pandemic saw

an increase in illegal deforestation, as most governments turned their attention to handling the

pandemic and did not have the resources to handle this issue. Deforestation is a gateway to many

other environmental problems, including global warming, changes in precipitation, and

ironically- the transfer of zoonotic diseases to humans. Zoonotic diseases like COVID-19 are

spread to humans via deforestation because this displaces reservoir species such as bats from

their natural habitat, therefore making it much more likely that we come into contact with these

species. We are also then susceptible to receiving the diseases that reservoir species carry but are

not affected by; This is because humans have not yet been exposed to them in their evolutionary

history. In addition, the pandemic created a reliance on disposable masks, which caused plastic

waste and litter to accumulate in the environment. Biomedical waste was already poorly

managed prior to the pandemic, and the severity and scale of COVID-19 greatly worsened this

problem.

Overall, the pandemic brought about many changes in the environment that have strong

implications on public health overall. It also created changes to the healthcare industry that

2 Shilling et al. 2021, 4.
1 Patlolla, Smith, and Tchounwou1 2022, 5-7.
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negatively impact the environment. The interactions of these two factors with the pandemic, as

well as their consequences on each other, constitute my thesis project. The pandemic was caused

by increased interactions with exotic animals which is exacerbated by anthropogenic

environmental changes such as deforestation. This created a global pandemic that the healthcare

industry did not have the capacity to handle: biowaste could not be properly disposed of and

single use unsustainable items such as disposable masks became a necessity. Chapter 1 will lay

out the pandemic issue in greater detail, discussing its positive and negative impacts on

healthcare and the environment. Chapters 2-4 will explore the historical approach to pandemics

in healthcare, the economic impact of the pandemic on healthcare, and how zoonotic disease

spread can be prevented from an environmental health and policy standpoint. Lastly, in Chapter

5, I will provide my own recommendations for how to improve the healthcare industry’s carrying

capacity without producing excessive amounts of non recyclable wastes.

Chapter 1. The Pandemic’s Impact on Public Health and Sustainability

Chapter 1 will examine the COVID-19 pandemic’s effect on public health, for better or

for worse, in relation to the environment. It discusses how public health relates to ecosystem

services, which are necessary for the well-being of all life on earth. In other words, I will explain

why public health and the environment are inextricably linked. I discuss how the pandemic was

not only caused by the degradation of the ecosystem services surrounding public health, but also

furthered their deterioration, therefore creating a cyclical issue. By discussing the zoonotic

origins of COVID-19, this chapter shows how fragile our interactions are with the environment

and how this can have globally reaching impacts on public health. It also considers how

COVID-19 altered both the healthcare sector and the human treatment of the environment, and



4

how these reciprocally impact each other both positively and negatively. Lastly, this chapter aims

to begin the evaluation of this issue through historical, economic and environmental

health/policy lenses. All of these disciplines will be extensively elaborated on in subsequent

chapters.

Ecosystem Services. Ecosystem services are defined as any advantage that an ecosystem

provides to a living organism, particularly humans. They are divided into 4 categories:

provisioning, regulating, supporting, and cultural, as defined by the United Nations Millennium

Ecosystem Assessment.3 All four of these categories represent the ways in which people can

benefit from the environment they live in through increased survival and improved quality of

life. In the realm of healthcare, ecosystem services are extremely important, and our well being

depends on our interactions with the environment.

The provisioning ecosystem services at work for public health are products derived from

ecosystems, or the natural resources we take from the environment. The food we eat, the water

we drink, and the medicines we consume are all provisioning ecosystem services that are

essential for a healthy lifestyle. For example, soil is a significant ecosystem service that we do

not typically think about from a health perspective, despite its great importance for the health of

all humans. However, the homes we live in for protection and the produce we consume for

nutrition are both indirectly contingent on the quality of our soil, as lumber-producing trees and

global food crops must grow in proper soil in order to be extracted at high quality.4 Without

provisioning ecosystem services we would not be able to survive, which is the first and foremost

goal behind being healthy.

4 Brevik et al. 2018, 87–92.
3 Millennium Ecosystem Assessment 2005, 40.
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Regulating ecosystem services are those that provide health benefits that are acquired

from the regulation of ecosystem functions. Essentially, they are necessary for healthy living

rather than just survival. From a public health standpoint, this includes air quality, which is

necessary for healthy lungs and is worsened by pollution from cars and diesel trucks. This can

also include disease regulation, as alterations to the environment can have direct impacts on the

population of disease vectors and abundance of disease-causing agents. This is particularly

relevant to COVID-19, as it is a zoonotic disease which was likely transmitted because of

changes in how humans come into contact with the environment.

Supporting ecosystem services are strongly connected to the previous two, as they are

fundamental for underlying natural processes. For example, if air quality (a regulating service) is

compromised, then this pollution may enter the water (a provisioning service), by way of the

water cycle (a supporting service). Both air quality and water quality are essential ecosystem

services for public health, as previously explained, and they are interconnected through

supporting services. The water cycle is therefore indirectly linked to public health through other

services. Another supporting service would be the provisioning of habitat- this is especially

relevant to public health because of zoonotic disease transfer being linked to habitat destruction.

Excessive deforestation can result in increased contact with vector species carrying infectious

diseases, thus increasing the chances of zoonotic disease spillover in humans.5 Therefore, habitat

preservation is extremely important for protecting humans from exposure to pathogens they are

unprepared to fight off.

Lastly, cultural ecosystem services are benefits obtained in nonmaterial ways, such as

being in the presence of nature in general. In other words, they are acquired through mental

enrichment, sensory experiences, social connections, or other non-physical means. In terms of

5 Eby et al. 2022, 340.
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public health, being outdoors and exercising provides great benefits for mental and physical

well-being.6 Utilizing green spaces is beneficial for stress relief, increased sense of community,

recreation, and a sense of connectedness with nature; all of these perks come with proven health

benefits, including (but not limited to) improved cognitive functioning, happiness, and hearth

strength.7 Overall, ecology and one’s health are inseparable subjects, as proven by the many

health benefits gained from the ecosystem.

Causes and Effects. So where does COVID-19 tie in? Because of the pandemic, the

healthcare industry and its ecosystem services became severely disrupted. Before we dive into

how this happened, it is necessary to establish COVID-19’s origins. COVID-19 is a highly

infectious and pathogenic disease caused by the severe acute respiratory syndrome coronavirus

2, or SARS-CoV-2, and there have been five mutated strains since the beginning of the

pandemic.8 COVID-19 is a zoonotic disease, or one transferred from animals to humans, and

there is great uncertainty regarding the timing and mechanism of its transfer. Zoonotic diseases

can be transmitted through various means, including direct contact with an infected animal,

consumption of contaminated food or water, or exposure to vector organisms, such as

mosquitoes or ticks, that carry the disease. Although the exact cause or root of this transfer is

unconfirmed, many reports cite that the virus was transferred at a seafood market in Wuhan,

China in November, 2019.9 Previous studies have posited that it is unlikely for COVID-19 to

have been transmitted directly from bats to humans without the presence of an intermediate

reservoir species.10 The virus likely originated in bats and was passed through another reservoir

10 Hao et al. 2022, 6.
9 Arora and Mishra 2020, 117.
8 Hao et al. 2022, 1.
7 Chen et al. 2019, 2122.
6 Schneider et al. 2021, 1.
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species to humans, which is not surprising as 70% of the world’s emerging viruses are zoonotic

in nature.11

As previously discussed, zoonotic disease spillover is often caused by habitat destruction

which creates unstable conditions for organisms in surrounding lands and forces them to relocate

to other areas. These areas can very likely be located near human inhabited spaces, thus making

the likelihood of disease transfer higher.12 Therefore, a cause of the pandemic was the improper

handling of ecosystem services, namely the supporting ecosystem service of habitat

provisioning.

Zoonotic diseases afflicting human beings is nothing new. It is unknown when these

diseases first emerged, but it is likely that the domestication of livestock and the concentration of

human populations into dense communities thousands of years ago are origins of causation.13

Any large-scale anthropogenic environmental modification leads to an increased likelihood that

zoonoses will emerge, as alterations to the environment can increase human interactions with

animal species carrying these diseases. In fact, it is estimated that at least 50% of zoonotic

disease emergence since 1940 is actually associated with agriculture. Food systems require the

clearing of forests and other natural habitats to create farm lands (as well as the concentration of

animals and their waste), which therefore increases exposure of nearby human communities to

wildlife and heightens their risk of contracting zoonoses.14 Globalization in general contributed

to the unmanageable state of COVID-19, as the world is so greatly connected and disease can

easily spread. This is another reason why zoonoses are contracted in the first place: the

14 Hayek 2022, 1.
13 Daszak 2012, 1883.
12 Eby et al. 2022, 340.
11 Ibid.
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development of global trade and travel has altered the environment and created novel

interactions between humans and animals that are bound to lead to zoonotic disease transmission.

With over 1 billion international travelers in just 2019 alone15, it is no wonder how

quickly COVID-19 spread into a global pandemic. According to the World Health Organization

(WHO), there have been 775,335,916 confirmed cases of COVID-19 globally and 7,045,569

deaths since April 2024, which shows the tragic toll that this virus has taken on people around

the world.16 The scale of the COVID pandemic makes it one of the deadliest in history, and the

colossal impacts of COVID-19 in every sector of society do not stop there. The economy took

huge hits during the pandemic, as many people were laid off and lived on stimulus checks to feed

their families without an income. Unemployment rates peaked at 14.8% in April 2020 and

plateaued to 6.2%, remaining greatly elevated since the previous year. These rates were highest

in industries providing services that must be in person, with the leisure and hospitality industry

having an unemployment rate of 39.3% in April 2020.17 Additionally, the International Monetary

Fund (IMF) estimated that the global economy contracted by 3.5% in 2020.18 As illustrated by

these statistics, the COVID pandemic had widespread negative effects on society, and strategies

to mitigate these effects spiraled into many environmental consequences that will be thoroughly

explored in this thesis.

The pandemic had a wide range of impacts on the ecosystem, many with positive public

health outcomes. For example, once lockdown began, major improvements were made in air

quality of cities across the world. In China, there was a 25% decrease in emissions from when

the lockdown started until April of 2020, and many polluted cities showed visible reductions in

18 International Monetary Fund, 2021.
17 Falk et al. 2021.
16 “Who Coronavirus (COVID-19) Dashboard.” World Health Organization.
15 Herre, Samborska, and Roser 2023.
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smog.19 Additionally, PM2.5, a dangerous fine particulate matter that harms human respiratory

health, saw statistically significant global decreases due to lockdown, as well as a 25.5%

decrease in NO2 concentration in the air compared to historical years.20 In some small cases,

water sources saw a decrease in nitrogen concentration as a result of the lower nitrogen

emissions.21 The implications of air quality improvements are intuitively connected to the overall

health of society, especially in areas like the Bronx where air quality has been known to cause

increased rates of asthma. Lockdown also resulted in a reduction of noise pollution, as loud

activities such as drilling, mining, manufacturing, and even heavy city traffic were no longer

completed; this has positive impacts on the wellbeing of humans, as noise disturbs one’s

psycho-social state.22 Remote societal conditions meant that outdoor recreation was especially

important to preserve mental wellbeing. Green spaces were of great benefit to mental health and

they became more important than ever in urban settings. Many cities saw increases in their use,

including Oslo, Norway where outdoor recreational activity saw a 291% increase.23

The lockdown period during the pandemic resulted in temporary improvements for

wildlife as well. Normal traffic patterns were altered, as commutes were canceled due to remote

work and people remained at home to practice social distancing. Reduction in traffic volume had

positive impacts on wildlife, resulting in decreased roadside wildlife mortality and

wildlife-vehicle collisions; for example, California saw a 58% reduction in mortality of mountain

lions in the 10 weeks following the lockdown.24 Other research conducted by an international

research team revealed that wildlife traveled greater distances during lockdowns, highlighting the

24 Shilling et al. 2021, 1.
23 Schneider et al. 2021, 1.
22 Patlolla et al. 2022, 9-19.
21 Zhang et al. 2024, 5.
20 Berman and Ebisu 2020, 2.
19 Saadat, Rawtani, and Mustansar Hussain 2020, 4.
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sensitive dynamic between animals and anthropogenic activity.25 Additionally, dolphins were

sited in several locations for the first time in a decade, including the Venice Canals and the Coast

of Bay in Bangladesh.26 The reduced human activity during the lockdowns allowed for some

ecosystems to experience a respite from the pressures of human encroachment. With fewer

disturbances from human presence, wildlife habitats may have had the chance to recover and

thrive in unexpected ways. However, it is essential to recognize that these positive changes were

temporary and contingent upon the unique circumstances of the pandemic. While societies

transition back to in-person procedures and activities resume their usual pace, it will be crucial to

consider how to sustainably balance human needs with the conservation of wildlife and their

habitats.

Of much greater concern are the negative impacts that pandemic-related changes in the

public health sector have had on the environment. Prior to the pandemic, medical waste disposal

was already difficult to manage. It is considered the second most hazardous waste in the world,

behind radiation, and was already poorly managed prior to the pandemic’s beginning.27 The

pandemic greatly exacerbated the production of medical waste, due to the surge of patient

numbers and the necessity for single-use items that would curb the spread of COVID-19 on

surfaces. Additionally, the World Health Organization (WHO) made recommendations for

increased use of personal protective equipment (PPE), including masks and gloves to dampen

transmission of COVID-19. Government-mandated and health-professional endorsed mask usage

meant an astronomical increase in pollution due to the necessity of disposable masks. It is

estimated that 1.24 trillion single-use face masks wound up in the environment during the

27 Tushar et al. 2023.
26 Rume and Islam 2020, 5.
25 Corradini et al. 2021.
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pandemic’s main 18-month time period from December 2019 to May 2021.28 Even though many

masks were made to be reusable, these regular cloth coverings were often not as trusted because

they lack specialized filtration that other single-use medical-grade masks have. Reusable cloths

also lose effectiveness after multiple washes and they have less fabric layers which reduces their

filtration ability.29

Many studies have been conducted to investigate the exact impact of these masks on the

environment, all of which claim the transfer of microplastics into the environment is the biggest

concern. One study which measured the microplastics in soils with and without face masks found

that there was an average of 3820.45 microplastics per face mask in the soil after just 40 weeks.30

Facemasks are lightweight, meaning they have low air resistance and disperse very easily into

the environment.31 Therefore, the dispersal of these masks means greater accumulation of

microplastics in the environment, which are very harmful for ecosystems and their organisms.

Particles from facemasks can be unintentionally ingested by small invertebrates, leading to a

false sense of satiety and eventually cause death by starvation.32 This can lead to

biomagnification through trophic levels, meaning that microplastics could end up in our food

supply, creating implications for human health as well.

The proliferation of facemask usage amidst the COVID-19 pandemic has also posed

significant threats to marine life. In the United States, disposal of PPE resulted in a 70% increase

in marine litter, which can harm marine organisms and damage the ocean’s ecology.33

Additionally, during the initial phase of the pandemic in 2020, 1.56 billion facemasks were

33 Rai et al. 2023, 4.
32 Ibid., 9.
31 Oliveira et al. 2023, 3.
30 Idowu, Oluwasogo Olalemi and Festus Aiyesanmi 2022, 2.
29 Oliveira et al. 2023, 2.
28 Idowu, Oluwasogo Olalemi and Festus Aiyesanmi 2022, 2.
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disposed of in marine environments.34 Although not many studies have been conducted on the

degradation of facemasks in aquatic environments, polypropylene-based materials are unlikely to

degrade and could take up to 450 years to do so, or longer without abiotic degradation of the

hydrophobic mask surface.35 Facemasks pose great harm to marine and terrestrial wildlife even

before their degradation, as they have been known to cause entanglement and asphyxia and be

ingested.36 The improper management of excessive PPE waste during the pandemic will be

further discussed in Chapter 3.

Face masks were not the only major pollutants: people purchased and used more

disinfectants in an effort to keep surfaces and hands clean. These are often packaged with

macroplastics and are made with triclosan, an antibacterial compound found in hand soaps.

Diclofenac is another environmental pollutant that is present in painkillers. All of these

pollutants were found to accumulate in the world’s rivers as a result of COVID-19 measures,

with macroplastics increasing 56%, triclosan increasing 33%, and diclofenac increasing 50%.

This is harmful to all species using these water sources, including humans.37 The healthcare

industry was extremely unprepared for this pandemic, as the only foreseeable solution at the time

was the mass production of disposable masks and other PPE. The world was forced to manage

the crisis in a manner that was known to harm the environment, because slowing the spread of

the disease was the only way the healthcare industry would be relieved from working over their

capacity.

Future Discussions. Later on, this thesis will discuss further how the pandemic interacted

with public health and the environment through other academic disciplines. Taking a closer look

37 Zhang et al. 2024, 2-5.
36 Ibid., 9.
35 Oliveira et al. 2023, 8.
34 Rai et al. 2023, 5.
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at the healthcare industry’s response to past and present disease crises, it is apparent that there is

a need not only for greater preparedness in public health crises, but also preventative measures

for zoonotic disease transfer. Research discoveries and inventions in the field of healthcare have

come a very long way, but there is still a necessity for organized emergency protocol and greater

efficiencies regarding hospital infrastructure. From an economic perspective, the healthcare

industry was spread extremely thin by COVID-19, and there is a scarcity of resources to handle

this crisis at a large-scale level. PPE must be constantly replaced to prevent the virus’s spread

and contamination, yet at the same time its production is having catastrophic effects on the health

of the environment.

Policymakers must find a way to reduce the necessity for PPE while still meeting the

demand for it in healthcare. Perhaps more importantly, there should be open collaboration

between the scientific and health communities along with policymakers in order to prevent the

transfer of zoonotic diseases to humans in the first place. There also must be efforts made to find

sustainable ways to contain zoonoses and other novel diseases once contracted. This would

prevent environmental catastrophe in a future pandemic. Chapter 5 will explore avenues toward

solving these problems in greater depth.

Chapter 2. Past and Present Healthcare Strategies Against Pandemic Diseases

Humans have had a long and difficult relationship with pandemic diseases. The earliest

known pandemics did not exist alongside modern healthcare, but strategies created since such as

the use of antibiotics, vaccinations, hygienic practices, and social distancing measures could

have prevented them from reaching the severity that they did. On the flipside, many recent

pandemics are the result of zoonotic disease spillover due to habitat loss, and they would not
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have been as likely to occur centuries ago than in our globalized society. Pandemics have

become more common because of anthropogenic environmental change, and modern healthcare

strategies inevitably fall short in combating the influx of new diseases arising from it, as well as

containing extremely large populations of exposed people. Chapter 2 evaluates the rise of

modern healthcare, its development in the United States, and its successes and shortcomings in

strategizing against previous health crises. It specifically discusses fundamental problems in

healthcare that lead to an unpreparedness in emergencies such as COVID-19. It also zooms in on

how past zoonotic disease spillover events were handled in comparison, using the H1N1 and

Ebola viruses as a case study.

Advancements in Disease Prevention and Treatment. It is important to recognize how our

knowledge of disease and health has evolved in just the last few hundred years. One of the

earliest well documented pandemics, the Black Death, claimed over 25 million lives in Europe

from 1346 to 1353, and was transferred to humans through animals and their fleas. People did

not understand how this disease spread and there was no ubiquitous strategy to manage the

pandemic, but there were preliminary practices of wearing face masks, implementing quarantines

for arriving sailors, and creating mass graves to contain sick bodies.38 This pandemic was also

spread by the expansion of trade routes throughout Europe and other continents, as globalization

is a huge contributor to the uncontrolled spread of zoonotic diseases.39 The next great pandemic

was smallpox, which wiped out indigenous populations that had zero natural immunity to the

disease. However, the smallpox pandemic led to one of the most important discoveries in

medicine- the vaccine. Edward Jenner, a scientist who discovered how milkmaids who caught

cowpox from their cows also acquired smallpox immunity. He confirmed this observation by

39 Daszak 2012, 1883.
38 The Black Death 2017.



15

exposing a test subject to cowpox, and after variolating him with smallpox, he found the subject

was immune.40 Since then, vaccines have grown much more organized and scientifically

advanced, with over 30 vaccine-preventable diseases to date. Vaccines have proven vital to the

control of modern epidemics, especially COVID-19.

In the late 1800s, there became increasing concerns about public sanitation, as there were

numerous assertions presenting scientific evidence linking the spread of infectious disease with

poor ventilation and damp, unclean conditions.41 The germ theory of disease began to gain

widespread popularity in the 1880s, and a sense of public responsibility for slowing the

transmission of disease was gaining traction. The germ theory hypothesizes that diseases are

caused by microorganisms, and these particles were readily associated with uncleanliness,

garbage, sewers, and dirty air.42 This theory prompted improvements in plumbing, increased

accessibility of water filtration, and encouraged antiseptic practices in the home as people

wanted to avoid contracting disease or infection.43

Another significant advance in medicine was the discovery of antibiotics. The first

antibiotic available for public use was penicillin, discovered by Alexander Fleming in 1928 and

later distributed on a large scale throughout the Second World War.44 Fleming's accidental

discovery of penicillin's antibacterial properties marked the beginning of a new era in medicine.

Since then, numerous antibiotics have been developed to treat a wide range of bacterial

infections, from common illnesses like strep throat and urinary tract infections to more serious

diseases like pneumonia. Antibiotics work by either killing bacteria or inhibiting their growth,

providing effective treatment options for bacterial infections. The widespread use of antibiotics

44 Riedel 2005, 21-25.
43 Ibid., 509.
42 Ibid., 528-529.
41Tomes 1990, 510-513.
40 Riedel 2005, 21-25.
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has saved countless lives and revolutionized the treatment of infectious diseases. However,

overuse and misuse of antibiotics have led to the emergence of antibiotic-resistant bacteria,

posing a significant threat to public health. Despite this challenge, antibiotics remain

indispensable tools in modern medicine, continuing to play a crucial role in treating infections

and improving patient outcomes. The germ theory helped modern medicine discover the origin

and spread of disease, and vaccines and antibiotics are extremely important to the treatment and

eradication of modern pandemics.

The Continuum of Public Health and Medical Care. Within the healthcare system, there

is a distinction between the roles and objectives of public health and medical care. Although both

are crucial for the health and well-being of individuals and communities, public health works at

the macro-level, governed by established public health agencies for the protection of the

population as a whole, while medical care works on the treatment of individual patient needs.

Historically, these domains have been separated in the United States, with public health and

sanitation being a responsibility of states and localities, and medical care residing in the private

sector.45 In the 1800s, when advancements in microbiology suggested that people could spread

infectious diseases, this brought both fields in close contact with one another as the public sector

could conduct initiatives to prevent disease and relieve the medical care domain. Throughout the

1900s, the federal government's role in public health expanded to provide support through

funding disease-specific initiatives, offering policy guidance to local public health organizations,

and establishing agencies like the Department of Health and Human Services (HHS), the Centers

for Disease Control and Prevention (CDC), and the Food and Drug Administration (FDA).46

46 Ibid., 311.
45 Bourdeaux et al. 2023, 311.
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While the United States boasts achievements in biomedical research, advanced medical

technology, and specialized healthcare facilities, significant challenges persist in ensuring access

to the healthcare system and delivering quality care to all Americans.47 The United States

remains behind other high income countries in terms of healthcare coverage. Despite healthcare

spending being far higher, the United States exhibits the lowest life expectancy at birth, the

highest mortality rates for conditions that are deemed preventable or manageable, the highest

rates of maternal and infant mortality, yet is still the only country lacking universal healthcare.48

Access to healthcare services, particularly in rural and disadvantaged urban areas, remains

limited, exacerbated by a shortage of primary care physicians and an overreliance on emergency

departments for a range of healthcare needs, including acute, chronic, and preventative care.49

Attempts to make healthcare coverage universally accessible in the United States have persisted

since the presidency of Theodore Roosevelt, and yet the closest forms of publicly available

medical insurance are Medicare and Medicaid.50 Despite having complementary goals, public

health and medical care sectors often encounter inefficiencies and coordination problems that

countries with centralized healthcare systems do not run into.51 The disconnect became glaringly

apparent during the COVID-19 pandemic, as the United States floundered in its emergency

response while other countries excelled. This will be explored more in depth in Chapter 5, where

benefits of Universal Healthcare during the COVID-19 pandemic are debated and discussed at

length.

Shortcomings of Modern Medicine. In order to understand how unprepared we were for

the COVID-19 pandemic, it is important to discuss how overwhelmed the healthcare system had

51 Bourdeaux et al. 2023, 310.
50 Griffin 2020.
49 Woolf and Aron 2013, 106.
48 Gunja, Gumas, and Williams II 2023.
47 Woolf and Aron 2013, 106.
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already become. Far prior to the pandemic’s onset, there was far-reaching concern of a physician

shortage facing America. In 2017, the Association of American Medical Colleges predicted a

shortage of 40,800 to 104,900 physicians by the year 2030.52 This is an extremely concerning

statistic considering the rate at which new diseases emerge. However, it has been claimed that

this problem will not be solved by adding new physicians, and can only be solved by reforming

the inefficiencies within the system itself. Additionally, as discussed in Chapter 1, we need to not

only reform our healthcare system to accommodate for constantly evolving pathogens, but also

address what human-induced environmental changes are making diseases reach humans in the

first place. Tackling the root causes of environmental degradation and its impact on human

health is imperative for long-term disease prevention and management. This will be discussed in

more depth in Chapter 5.

It is clear that we are not using our physician population efficiently, whether that be due

to inflexible hours, uneven distribution of physicians, or simply the extreme cost of healthcare

today. Another way that healthcare is overwhelmed is in the domain of medical waste.

Bio-Medical waste includes any waste generated at health care facilities during medical

procedures, and has been increasingly generated as healthcare becomes more advanced and far

reaching.53 Medical wastes are dangerous due to their high potential to possess pathogens and

their emission of hazardous gasses, which greatly pollutes the environment and can cause

additional health complications.54 Concerns about the health risks posed by medical waste came

about in the 1980s following incidents of medical waste washing up on various east coast

beaches; in response, Congress passed the Medical Waste Tracking Act (MWTA) in 1988, which

54 Babanyara et al. 2013, 758.
53 Goswami et al. 2021, 2.
52 Mann 2017.
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mandated the EPA to establish regulations for managing medical waste before its expiration in

1991.55

There is strong evidence that medical waste causes great harm to human health in several

ways. In many parts of the world, it is common for waste handlers to manually scavenge and sort

medical waste. This is an extremely perilous job, as needle-stick injuries, poisoning through

waste water and toxic elements, and radiation burns are all potential injuries that can occur

performing this task. Additionally, about 5.2 million people worldwide die each year from waste

related disease, including 4 million children.56 It is not surprising that medical waste is so

dangerous when one considers its contents. Even though medical waste is most pathogenic at the

point of generation and then decreases afterwards, there is still evidence of pathogenic species

surviving for long periods of time on medical waste. (RT)-PCR assays performed on various

medical waste sources have identified several species of opportunistic pathogenic bacteria and

viruses, including Pseudomonas spp. and hepatitis B virus.57

Improper disposal of medical waste has been very common before, during and after the

pandemic. Incineration is the most accepted method in the United States, and more than 90

percent of medical waste was incinerated prior to 1997.58 The EPA required the installation of air

pollution control devices in 1997 which resulted in the closure of over 5000 medical waste

incinerators that could not afford the cost.59 Unfortunately, there have been no environmentally

safe and inexpensive options invented with medical waste disposal, although autoclaving is

being looked into as a more sustainable method. After undergoing autoclave treatment, medical

waste can be treated as municipal solid waste and disposed of with other non-infectious waste.

59 Windfeld and Brooks 2015, 101.
58 EPA 2024.
57 Ibid., 760.
56 Ibid., 758.
55 EPA 2024.
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This is considered more sustainable because it does not release mercury or dioxin emissions, but

it does not reduce the volume of waste entering a landfill, whereas incineration only leaves 20-30

percent of original volume of waste behind.60 The problem is also exacerbated by the fact that

70-80% of infectious waste is actually noninfectious waste that once exposed must be disposed

of as infectious61- this is a major inefficiency in the healthcare industry that greatly exacerbates

the issue of medical waste disposal. Medical waste will be discussed in further detail in Chapter

3, as it is also an economic consequence.

Modern Responses to Pandemics: H1N1 and Ebola Case Study. As was discussed in the

first section of this chapter, modern pandemics can be handled through collaboration with

medical professionals and public health figures to find their origins and stop their spread. Many

countries began developing emergency protocols incase of a pandemic throughout the 21st

century. The 9/11 attacks and anthrax bioterrorism attacks in 2001 were main catalysts in this

process, as they sparked paranoia and desire for emergency preparedness to feel a greater sense

of domestic security.62 In 2004, the World Health Organization (WHO) recommended all

countries to develop preparedness plans in case of a pandemic, and a full collective doctrine was

shared between powerhouse health agencies and international organizations worldwide. The

consistent appearance of several infectious diseases, including Ebola, Zika SARS, and influenza

(H1N1) were also triggers in connecting health authorities nationally and globally against the

threat of a pandemic.

H1N1, also known as avian flu or swine flu, had a major epidemic outbreak from

2009-2010. This sparked very strong responses from governments and health agencies. However,

the emergency protocol was later critiqued as too strong and unnecessarily alarming because

62 Bourrier and Deml 2022, 2.
61 Ibid., 106.
60 Ibid., 105.
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H1N1 turned out to be less virulent and lethal than originally feared.63 Ironically, the emergency

response of the COVID-19 pandemic was not nearly swift enough. The United States

government’s emergency response to the H1N1 epidemic was completed in its entirety after 28

days, whereas the emergency response to COVID-19 was completed in 46 days, making the

H1N1 response 18 days faster.64 What is more ironic is that the Global Security Index in 2019

ranked the United States in the top two most prepared countries in the event of a pandemic.65 In

reality, the United States had among the worst statistics for COVID-19 cases in the world.

Reflections of the H1N1 epidemic can shed insight onto the early days of the COVID-19

protocol, as it was likely influential in early policies. The role of the United States Government

and policy in the pandemic will be further discussed in Chapter 4.

The COVID-19 pandemic required immediate isolation and quarantine measures; given

the unprecedented nature of the pandemic, researchers and healthcare professionals needed time

to understand the science behind the virus, and the population was vulnerable for an extended

time. There was also widespread distribution of PPE, telehealth medicine appointments,

sanitation advertisements, and travel bans. This was quite different from previous pandemics, not

just because of the approach, but because of the global scale these responses took place at. PPE

had never been necessary to distribute to every single individual in the global population, which

created tons more waste and a much greater impact on the environment than past pandemics.

This will be further discussed in Chapter 3, which explains how our global economy has

exacerbated the problem of zoonotic diseases and made them a much worse situation for people

worldwide. Regardless, previous pandemics provide interesting insight into why COVID-19 was

so devastating and what more could have been done to stop it.

65 Ibid., 8.
64 Wang et al. 2020, 8.
63 Ibid., 4.
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From 2013–2016, the zoonotic Ebola outbreak emerged in middle Africa and then spread

to other countries in Western Africa, resulting in 28,652 human infections and 11,325 deaths.66

Part of the management for Ebola medical waste was instituting color-coded separation of

different types of medical wastes, and this practice definitely increased safety for those handling

and disposing of it.67 Although most of the infected population remained in Africa, there were

devastating outcomes for the populations of West Africa specifically, likely because of the

disadvantaged position of the afflicted countries. More than 300 healthcare providers and nurses

died because of the lack of control measures in West Africa, and there was a long period of time

where global response to this tragedy was virtually nonexistent.68 In the United States, there were

more resources available to prevent the spread of Ebola early on, and there have been only a

handful of US cases since the virus’s discovery. The Ebola virus was mostly contained through

PPE and isolation of patients through quarantines.69 Travelers to the United States that were from

countries with Ebola also had to be tracked to one of 5 airports in the United States to ensure the

safe monitoring of the disease’s spread. Overall, the Ebola pandemic was far more contained

than COVID-19. This could be attributed to the containment strategies implemented and

differences in the viruses themselves. COVID-19 can be carried for up to two weeks without

presenting symptoms, making it extra difficult to trace. COVID-19 also had much farther

reaching implications, possibly because it wasn’t taken seriously by policymakers. As will be

discussed in Chapter 4, collaboration between medical professionals and policymakers is crucial

to the management of a global pandemic, and earlier restrictions will prevent hospitals from

reaching their carrying capacity.

69 Chung et al. 2021.
68 Ibid.
67Mandoh et al. 2017.
66 Centers for Disease Control and Prevention 2019.
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Overall, the Ebola pandemic was far more contained than COVID-19. This could be

attributed to the containment strategies implemented and differences in the viruses themselves.

COVID-19 can be carried for up to two weeks without presenting symptoms, making it extra

difficult to track its spread and find the extent of an outbreak. As will be discussed in Chapter 4,

collaboration between medical professionals and policymakers is crucial to the management of a

global pandemic, and earlier restrictions will prevent hospitals from reaching their carrying

capacity.

Chapter 3. The Pandemic’s Economic Impacts in the Healthcare Sector

In the wake of the COVID-19 pandemic, the intersection of economics, healthcare, and

sustainability is an extremely useful topic that provides insights into the pandemic’s negative

environmental impacts. Chapter 3 delves into the intricacies of healthcare economics, the

pressing need for sustainable healthcare practices, and the exacerbation of medical waste

challenges amid the pandemic. The healthcare system was pushed beyond its carrying capacity

during the pandemic, and both healthcare workers and resources were scarce. Although the

global economic shutdown saw temporary improvements in carbon emissions70, the

accumulation of medical waste created bigger problems and represents the shortcomings of a

linear economy. As economies grapple with the disposal of escalating volumes of medical waste,

the discourse shifts from conventional linear models to more sustainable circular approaches.

The pandemic has magnified the urgency of addressing healthcare waste management,

prompting a reevaluation of resource utilization and waste disposal strategies. Furthermore, this

chapter explores the connection between global consumerism and the pandemic, illuminating

how interconnected economies, driven by consumer behaviors, played a role in the spread and

70 Khalaf et al. 2023, 6.
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impact of COVID-19. Understanding these interwoven dynamics is essential for creating

resilient, sustainable, and equitable economic frameworks that can withstand the challenges of

both public health crises and environmental concerns.

Public Health and the Global Economy. Public health and economics are highly

interconnected: a population's health status influences its economic productivity, while economic

conditions shape an individuals' access to healthcare and health-promoting resources. A healthy

population will be more efficient, and many sources have found that increasing public health

expenditures will boost economic performance.71 For example, Investments in public health

infrastructure, such as emergency response systems or vaccination campaigns, will increase

economic resilience by averting healthcare costs and productivity losses associated with illness.

Similarly, socioeconomic disparities, driven by economic factors like income inequality and

access to education and employment opportunities, significantly impact health outcomes. In the

case of COVID-19, studies from various countries including the United States confirmed that

people of low socioeconomic status were more vulnerable to COVID-19.72 Overall, economic

policies and decisions can profoundly affect public health of a population, either positively or

negatively. This is especially true of environmental economic policies since environmental

changes have direct effects on public health, as outlined in Chapter 1.

In considering the economics of the healthcare system, one fundamental aspect revolves

around the structure of healthcare financing, often categorized as single-payer versus multi-payer

systems. In a single-payer system, such as those found in some European countries like the

United Kingdom and Canada, the government is the sole entity responsible for financing

healthcare services through taxes. This model aims for universal healthcare coverage which

72 Maher et al. 2022, 2.
71 Huang 2022, 9.
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reduces administrative costs and ensures equitable access to care. Conversely, in multi-payer

systems like that of the United States, various private insurance companies, as well as

government programs like Medicare and Medicaid, fund healthcare services. While this model

offers more choices for consumers and fosters competition, it often leads to disparities in

coverage and higher administrative costs.

As discussed in Chapter 2, COVID-19 spread faster than any previous pandemic due to

the nature of our global society. While it took one year for the Spanish Flu to become a global

pandemic, it only took COVID-19 three months.73 The globalization of the economy played a

pivotal role in the rapid spread of the COVID-19 pandemic. Economic growth exacerbated the

spread of zoonotic diseases through excessive habitat destruction for the purpose of acquiring

natural resources. The economy also contributed to the global traffic of humans, goods, and

services across borders. The interconnectedness of the global economy, driven by factors like

tourism and economic exchanges, facilitated the virus's transmission and drastically shortened

the time it took for the pandemic to reach a global scale compared to historical precedents.74 The

COVID pandemic has unmasked many fragilities and vulnerabilities associated with the global

economy.75 The transmission of the virus also highlights socioeconomic disparities, as it was at

first dubbed a disease of affluence for its association with travel and trade.76 Overall, the

pandemic was born out of our society’s incessant obsession with economic growth and

globalization.

The pandemic's profound economic repercussions on the healthcare system manifested in

a variety of ways, with scarcity emerging as a glaring issue. This is exemplified by the extreme

76 van de Pas 2020.
75 Madhok 2021, 200.
74 Ibid., 1181.
73 Jeanne et al. 2023, 1181.



26

shortages of crucial resources, which were caused by overwhelming demand that far surpassed

the capacity of hospitals and healthcare facilities worldwide. For instance, in China, the surge in

demand for N95 respirators skyrocketed from 200,000 to an astonishing 1.6 million units77,

underscoring the unprecedented strain on medical supply chains. Shockingly, a survey conducted

by the CDC's National Healthcare Safety Network during the early stages of the pandemic

revealed alarming statistics: one-third of hospitals grappled with shortages of healthcare

professionals, while 11 percent faced deficits in PPE and ventilator supplies78, further exposing

the systemic vulnerabilities within healthcare infrastructure. One study estimated that 24-hour

intensive care treatment of a COVID-19 patient would need 36 pairs of gloves, 14 gowns, 3 pairs

of goggles, and 13 face coverings, which is an overwhelming amount when considering that

many hospitals had over 100% of their beds being used to treat COVID-19.79 Overall, there are

severe environmental consequences associated with the exponentially elevated production of

medical supplies due to the demand of the pandemic, including increased carbon emissions and

the generation of waste that will be discussed later in the chapter.

Moreover, scarcity causes disproportionate impacts on those of lower socioeconomic

status or part of marginalized communities. Some factors that increase the impact of COVID-19

in lower socioeconomic groups include larger household size, which increases likelihood of

bringing the virus home, job type, as those with higher paying jobs typically have the privilege of

working from home, and access to healthcare services, as many people cannot afford health

insurance, specifically in the United States.80 Data on vaccine distribution within the United

States revealed concerning disparities, with certain geographic regions experiencing markedly

80 Saadat, Rawtani, and Mustansar Hussain 2020, 3.
79 Khot 2020.
78 Wu et al. 2021, 2.
77 Cubas et al. 2023, 6.



27

lower vaccine coverage due to systemic barriers to healthcare access.81 This further highlights the

glaring inadequacies in ensuring equitable protection across populations, as scarcity of medical

supplies means that the first people to be affected are those with less resources for their

acquisition.

Waste Management. Waste management is a crucial function of an economy, and it is the

essence of the healthcare industry’s negative economic impacts on the environment. As

discussed in Chapter 1, the pandemic created a huge demand for PPE, as this was one of the few

ways the spread of the COVID-19 virus could be slowed. There was also a much greater volume

of patients being hospitalized with COVID-19, leaving many hospitals with no room to spare.

This created excessive amounts of medical waste and municipal solid waste that the healthcare

system did not have the carrying capacity to dispose of. Hubei China saw a 370% increase in

medical waste, predominantly of plastic material.82 Medical waste in Wuhan increased from 40

to 50 tons per day to 247 tons per day by March 2020 alone.83 In Bangladesh, COVID-19-related

medical waste from patients increased from 658.08 tons in March 2020 to 16,164.74 tons in

April 2021.84 Even in households, single-use plastic items were generally regarded as safer for

public health because of their disposability, despite being proven to have no difference from

other materials in terms of virus retention.85 This rapid augmentation of waste overwhelms waste

treatment centers that are only equipped to handle a steady state of waste volume,86 which

provides insight into our inability to handle large-scale public health emergencies like

COVID-19.

86 Klemes et al. 2020, 1.
85 Doremalen et al. 2020.
84 Ibid., 3.
83 Tushar et al. 2023, 1.
82 Klemes et al. 2020, 2.
81 Cuadros et al. 2023, 2.
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The sheer volume of waste produced due to hospital overcapacities and the demand for

PPE was the straw that broke the camel’s back. We did not have a sustainable or organized

enough system in place to handle such an emergency. Healthcare facilities and households have

always used medical supplies that are predominantly single-use items for sanitation or quality

purposes. As aforementioned, disposable items are regarded as safer for health by the general

public. Additionally, medical grade masks such as surgical masks and N95 masks are not

supposed to be re-worn because their filtration effectiveness wears off after several hours, their

fit is worsened after every use, and there are no adequate sterilization techniques that do not

diminish the mask’s quality.87 This is a huge flaw in the economic model, as it leads to increased

waste and places a significant financial burden on individuals and healthcare systems alike.

The environmental impact of disposing of single-use masks is what makes them so

problematic. When facemasks undergo weathering from exposure to elements such as air and

water, they release concerning amounts of microplastics into the environment.88 These have the

potential to enter food crops through the soil in agroecosystems, potentially posing risks to

human health and the broader ecosystem.89 Inadequate waste management directly concerns the

environment, as non-biodegradable plastics from disposable masks enter the ecosystem through

landfills or littering and pollute both terrestrial and marine environments.90 Littering of

COVID-19 exposed products is responsible for a vicious cycle: this can further spread

COVID-19 through secondary transmission as the virus can adhere on the surface of materials

for 2 days or more.91 In this crisis, the urgency for sanitation and protection reveals a critical flaw

91 Tsukiji et al. 2020.
90 Cubas et al. 2023, 1.
89 Rai et al. 2023, 6.
88 Oliveira et al. 2023, 3.
87 Cubas et al. 2023, 3.
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in the economic life cycle of our healthcare infrastructure and blatantly displays our

unsustainable reliance on single-use medical supplies.

The methods employed for disposal and treatment of single use medical supplies are

often inadequate, and cause great environmental damage. The most common waste disposal

method of municipal solid waste is through landfill, and incineration is the most prevalent way to

dispose of medical waste, as discussed in Chapter 2. In emerging economies, medical waste is

often improperly disposed of by being combined with municipal solid waste, which puts humans

and stray animals at a high risk of exposure to pathogens.92 Incineration is also popularly used in

emerging economies due to a lack of availability for alternative methods, and this greatly

increases emissions of greenhouse gasses and toxic gasses. Incineration makes microplastics in

face masks airborne, therefore diminishing the quality of the air we breathe.93 It is also

performed at 900 to 1200 degrees Celsius according to WHO guidelines in order to adequately

destroy pathogens, which creates an extreme amount of carbon emissions.94 Ironically,

microplastics negatively impact several ecosystem services of public health, despite being used

in materials meant to improve public health. These ecosystem services include (but are not

limited to) agriculture, air quality, water quality, and biodiversity. Developing sustainable

alternatives or innovative methods for safely reusing medical-grade masks could not only

address these economic concerns, but also contribute to environmental conservation and the

overall efficiency of healthcare practices.

The Circular Economy. The onset of the pandemic spurred an unprecedented surge in the

production of medical equipment and personal protective equipment (PPE) worldwide, driven by

the urgent global necessity for these resources. Much of the economic stressors on healthcare

94 Klemes et al. 2020.
93 Rai et al. 2023, 4.
92 Tushar et al. 2023, 2.
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which negatively impact the environment are related to the mass production of medical supplies,

the inability to recycle because of the possibility of COVID-19 transmission, and the use of

unsustainable materials that pollute the environment with microplastics. These are all flaws of a

linear economy: this is the dominant economic model, which involves the disposal of a product

after its use, leading to the generation of substantial waste without adequate consideration for

environmental consequences. This linear model's shortcomings have become glaringly evident in

the context of the pandemic, as the rapid production and disposal of medical supplies contribute

to environmental pollution, particularly through the proliferation of non-biodegradable materials

such as microplastics.

In contrast, the circular economy presents a paradigm shift in economic thinking,

prioritizing resource efficiency, waste reduction, and sustainability. A circular economy is an

economic system that prioritizes the continual use, recycling, and regeneration of materials to

minimize waste and promote sustainability, emphasizing the use of biodegradable materials and

avoidance of overproduction.95 Circular economic principles would be extremely useful in

combating the medical waste challenges exacerbated by COVID-19. Initiatives aimed at

promoting mask recycling, advanced sterilization technologies, or the creation of more durable

and washable materials are all potential solutions to mitigate the economic and environmental

impact of single-use medical supplies, and will be discussed further in Chapter 5.

The Life Cycle Assessment (LCA) is often used to assess the environmental impacts of a

process, product, or service, along all stages of manufacturing, distribution, and disposal, and is a

useful tool in analyzing the sustainability flaws of healthcare products.96 Unlike N95 and surgical

face masks which are greatly responsible for plastic pollution, an LCA of reusable face masks

96 Laca, Herrero, and Díaz 2011.
95 van Straten et al. 2021.
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revealed that they reduced waste by 85% and contributed to climate change 3.39 times less than

disposable masks.97 One study found that it is possible to reuse the same disposable face mask

after sterilization via autoclaving while still maintaining its breathability and shape, and LCA

revealed that this results in a 58% reduction in carbon footprint.98 Biopolymers, derived from

renewable sources, offer a potential solution by providing a more eco-friendly alternative to

single-use plastics, as they have a shorter life cycle.99 Technological advancements such as

pyrolysis, depolymerization, and gasification should be further explored as avenues towards a

circular economy, as these thermo-chemical conversion techniques can create value-added

products that can be put back into the economy as resources.100

Surprisingly, one way that the pandemic made positive strides away from the linear

economy model was the implementation and popularity of digital health solutions. Telehealth, in

particular, emerged as a transformative approach to healthcare delivery, offering remote

consultations, diagnosis, and treatment options through digital platforms. This transition towards

telehealth represents a significant step towards a circular economy model by minimizing waste

and emissions associated with traditional healthcare practices. Unlike conventional in-person

healthcare visits that often involve travel, paper-based documentation, and disposable medical

supplies, telehealth reduces the need for physical infrastructure, transportation, and

resource-intensive processes. By leveraging digital technologies, telehealth not only reduces the

carbon footprint of healthcare delivery but also enhances efficiency, accessibility, and patient

outcomes. Furthermore, telehealth promotes a more sustainable and resilient healthcare system

by decentralizing care, reducing healthcare-associated infections, and empowering individuals to

100 Rai et al. 2023.
99 Cubas et al. 2023.
98 Laca, Herrero, and Díaz 2011.
97 Rai et al. 2023.
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take proactive control of their health in a convenient manner. As we continue to embrace

telehealth and other digital health solutions, we move closer towards a circular economy model

that prioritizes resource efficiency, environmental sustainability, and improved public health

outcomes.

Our linear economy shows a lack of resilience in dealing with crises of scarcity and

carrying capacity in healthcare. Utilizing circular economic techniques will ease both of these

issues: there would be less demand for PPE because it would not be single-use, and there would

consequently be decreased waste associated with its production because it would be produced

less and recycled back into the economy. The extensive benefits of researching ways to recycle

and save materials in the healthcare sector cannot be overlooked. It will be discussed in more

detail in Chapter 5, where solutions to the pandemic's negative environmental impacts are

analyzed.

Chapter 4. Environmental Health and Public Policy

The global outbreak of COVID-19 prompted unprecedented and swift public policy

responses worldwide. Governments across the globe implemented a variety of measures to curb

the spread of the virus, protect public health, and mitigate the socio-economic repercussions of

the crisis. However, the focus of policymakers rested solely on immediate health concerns and

economic stability, making unintended consequences of the pandemic on the environment

increasingly apparent. Chapter 4 delves into the interaction between public policy and

environmental health during the pandemic, specifically its negative impacts. From changes in

waste management practices to alterations in transportation patterns, the repercussions on

ecosystems, air quality, and natural resources have been substantial. As we navigate the
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complexities of a post-pandemic world, understanding the environmental trade-offs of the policy

decisions made during the crisis is imperative for fostering sustainable and resilient countries. By

explaining the functionality of the government in relation to public health and examining key

policy domains, this chapter aims to provide a comprehensive analysis of how these measures

impact the environment. 

The Structure of Government Public Health Defenses. The government plays an integral

role in safeguarding public health and the environment and is responsible for the formation and

implementation of policies that can address each domain without undermining the other.

Governmental agencies must create and enforce regulations that ensure the well-being of citizens

and the preservation of the environment simultaneously. The main goal is to have public health

policy that aligns harmoniously with environmental policies that seek to protect ecosystems, air

and water quality, and biodiversity. Policies that protect the environment have inadvertent

positive impacts on public health, as they lead to cleaner, healthier conditions for both

ecosystems and humans. However, policies that protect public health can come with both

positive and negative externalities towards the environment: for example, lockdowns slowed

economic production and reduced air pollution, but mask mandates created excessive waste

beyond the capability of waste management facilities to handle, resulting in rampant microplastic

pollution. Because of its global scale, the COVID-19 pandemic provides a unique opportunity to

analyze policy addressing the same crisis across several government bodies and identify both

successful and failing common threads.101

In every country around the world, controlling the spread of the COVID-19 virus was the

number one priority of policymakers. This manifested commonly in policies such as school

closures, stay-at-home orders, curfews, mandated shutdowns of in-person procedures, closure of

101 Liu and Geva-May 2021, 133-134.
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public transport, contact tracing, travel restrictions, investment in vaccine research, and income

support for families struggling with the economic shutdown.102 One study conducted on 90

countries to analyze the effectiveness of these common policies found that strictness of contact

tracing and testing were most effective in reducing the virus, and emergency investment in

healthcare was also extremely valuable in reducing the stress on the healthcare system.103 The

role of governments in slowing the spread of the virus and providing relief to their citizens

became vital during the pandemic. 

Much of the policy recommendations were provided by the World Health Organization

(WHO), which is a specialized agency of the United Nations responsible for international public

health. The WHO is reliant on the collaboration of its member states and does not have the

power to enforce its recommendations. There are also national public health agencies that were

integral parts of the policies surrounding COVID-19. The United States, for example, has the

Centers for Disease Control and Prevention (CDC), which is a public health organization that

provides guidance, data, and recommendations informing federal, state, and local responses to

the pandemic. The National Institutes of Health (NIH) were also integral parts of United States

public policy during the pandemic, most notably their director of the National Institute of Allergy

and Infectious Diseases at the time, Dr. Anthony Fauci. Dr. Fauci worked on the White House

Coronavirus Task Force under President Trump and the White House COVID-19 Response Team

under President Biden, and his recommendations were greatly anticipated by the federal

government and the general public. Many decisions were also left up to state governments in the

United States, such as the implementation of mask mandates and curfews. 

103 Ibid.
102 Chung et al. 2021.
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Environmental Impact of Policy During the Pandemic. In general, the pandemic turned

the focus of policymakers on combating the spread of the COVID-19 pandemic, unfortunately at

the expense of environmental protection policies. One study found that periods of time when a

country was experiencing increased severity of COVID-19 infections correlated with a decrease

in governmental environmental activity, and countries with weaker environmental policies before

the pandemic were particularly volatile.104 Therefore, the pandemic was a very difficult time to

implement environmental policies. Getting governments to administer policies safeguarding the

environment has always been difficult, as much of the environmental impacts we seek to reverse

will not directly affect the majority of humans in their lifetimes. One study investigating the

social perception of the environment during the COVID-19 pandemic found that survey

participants were more likely to notice short-term positive impacts of the pandemic on the

environment. However, people generally avoided thinking about the larger problems being

exacerbated by temporary pandemic solutions, as the overproduction of plastic waste and other

negative impacts of the pandemic were not reported.105 Even though environmental degradation

has disadvantages for public health, these are not perceived and therefore rarely prioritized. The

depletion of natural resources and burning of fossil fuels contribute to a massive problem that

will only fully manifest itself decades in the future, and by then these problems will be too late to

solve.

On the other hand, the COVID-19 pandemic was an extremely time-sensitive issue that

created an immediate imminent danger to the lives of every human on earth, which means that it

quickly became a global priority and hot topic in public elections. Many policies were dedicated

to relieving the socioeconomic strains of the pandemic on households. Policymakers rolled out

105 Hidalgo-Triana et al. 2022, 2.
104 Rosell 2023, 847.
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economic support packages aimed at mitigating the impact of lockdowns and stimulating the

economy to pre-pandemic levels. These measures of “economic recovery spending,” depending

on their nature, can exert lasting effects on the environment, either positively or negatively.

Notably, governments have substantially increased recovery spending, totaling approximately

2.14 trillion USD within the first 18 months since April 2019, primarily driven by high-income

countries.106 However, only a mere 24% of this expenditure is categorized as "green," meaning it

contributes to strengthening ecosystem services and addressing critical environmental concerns

such as climate change, biodiversity loss, and air pollution. For policymakers, stopping the

immediate threat of COVID-19 was a no-brainer, even with setbacks in environmental policy

that will be very difficult to overcome in the long run.

As discussed in Chapter 1, there were many positive short-term impacts of the restrictions

necessitated by the pandemic, several of which were the result of government policies and

interventions. Lockdowns reduced human activities and the need to commute, meaning that air

pollution decreased and water quality improved.107 However, the negative impacts of the

pandemic on the environment due to the decisions of policymakers cannot be ignored,

specifically in the realm of single-use plastic. Governments all over the world implemented mask

mandates which required a mask to be worn in public. In spite of that, there are no focused waste

management strategies addressing COVID-19, nor are their policies mandating the use of

biodegradable or reusable materials. Many previous single-use plastic phaseouts occurring

before the pandemic needed to be put on hold, such as China’s proposed six-year plan announced

in January 2020.108 There is also a lack of policy addressing excessive pollution due to single-use

face masks containing microplastics. As previously mentioned, the degradation of microplastics

108 Kencono 2023, 15.
107 Ibid.
106 Vardon et al.
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is dangerous for public health, as it contaminates the soil we use to grow our food and can enter

the air we breathe. Overall, there is clearly a lack of policy addressing microplastic pollution,

despite mask mandates exacerbating the issue. 

As discussed in Chapter 3, the need to strengthen healthcare infrastructure and respond to

the COVID-19 pandemic prompted sizable financial allocations and investments in medical

supplies, research, and healthcare facilities. While these investments were central to managing

the immediate health impacts of the pandemic, they also resulted in unintended environmental

consequences. Increased production of medical supplies, including single-use PPE and

disposable medical items, contributed to a surge in plastic waste. Moreover, the fast pace of

healthcare infrastructure development necessitated by the pandemic resulted in excessive

resource extraction and energy consumption, which calls into question the long-term

sustainability of increasing healthcare infrastructure. The United States healthcare system in

particular is already massive, which means that there should be efforts to resolve inefficiencies at

a systemic level, rather than continuing the unmanageable growth of healthcare assets. 

Relaxation of Environmental Protection Policies. The COVID-19 pandemic prompted

unprecedented changes in public policy worldwide, with governments scrambling to address the

health crisis and mitigate its socio-economic impacts. However, these policy shifts have

inadvertently led to increased rates of deforestation, posing significant threats to global forest

ecosystems, and consequently, public health. As was previously explained in Chapter 1,

deforestation increases the likelihood of zoonotic disease spillover and could therefore be a cause

of the next great pandemic, creating negative implications for public health. Governments around

the world have grappled with limited monetary resources and competing priorities, leading to the
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relaxation of environmental regulations and diversion of funds away from forest conservation

efforts.109

Forests play a crucial role in sustaining life on Earth, providing essential services to

humanity and supporting the livelihoods of over 20% of the global population.110 Yet, the

relaxation of government policies has facilitated excessive harvesting of timber and other forest

products, exacerbating deforestation rates. Moreover, the increased demand for hygiene and

sanitary products to prevent viral spread such as tissue paper, toilet paper, paper towels, and

alcohol-based hand rub has further strained forest resources.111 The surge in toilet paper sales,

which saw a 700% increase at the onset of the pandemic, also intensified pressure on forests and

increased demand for deforestation.112 Additionally, wood pulp and fiber are also utilized in the

production of masks, paper gowns, and other personal protective equipment (PPE), showing how

the pandemic further fueled deforestation.113

Furthermore, the pandemic has seen a rise in crime cases related to natural resources,

specifically illegal logging and deforestation, yet there has been a lack of effective policy

measures to prevent such illegal activities. Governments' diversion of public funds to the health

sector has left forests vulnerable, with inadequate budget allocation for protection and

conservation efforts. For instance, in Brazil deforestation rates surged within the pandemic

period, as 57 amendments made to their legislation in 2021 weakened policies in favor of forest

conservation efforts. Additionally, the Indonesian government altered its past policies to restore

abandoned peatland, diverting it for agricultural use to address food shortages during the

pandemic. Peatlands are known to be rich with carbon, so their destruction greatly increases

113 Singhal et al. 2024, 6.
112 Garbe, Rau, and Toppe 2020.
111 Food and Agriculture Organization 2020.
110 Ibid., 2.
109 Singhal et al. 2024, 2.
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carbon emissions, contributes to global warming, and threatens biodiversity even more so than

deforestation.

In addition to the relaxation of environmental protection policies and law enforcement

regarding deforestation, policymakers also reallocated budgets away from environmental sectors,

therefore opening avenues for environmental degradation. Many recovery packages announced

by governments globally across 64 cases and in 22 countries included withdrawals of

environmental protection budget, which further exacerbates the challenges faced by forest

conservation efforts.114 For example, countries like Mexico and Ecuador in Latin America have

already announced budget cuts in the natural resource management sector, compromising forest

protection initiatives.115 In many cases, funds earmarked for environmental protection have been

redirected to other sectors, undermining efforts to combat deforestation and preserve vital forest

ecosystems. Ultimately, policies that impact the environment are inseparable from the

conversation of public health. As Chapters 1 and 2 discussed, governments have been preparing

for a global pandemic for years now, as our constant environmental disruption increases the

likelihood of zoonotic disease transfer to humans. Our mistreatment of the environment created

this public health emergency, and policymakers’ focus on the COVID-19 emergency caused

further mistreatment of the environment. This shows a perpetual feedback loop that will spiral

into further environmental degradation and public health consequences without holistic policy

interventions that address public health, socio-economic development, and environmental

conservation all at once.

Case Study: Pandemic Fiscal Policy and Climate Change. During the pandemic, fiscal

policy initiatives saw an unprecedented increase, with fiscal spending surpassing levels observed

115 Singhal et al. 2024, 7.
114 Friedlingstein et al. 2022.
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during the 2007-08 financial crisis by a factor of four.116 As was previously discussed, this

spending often did not consider environmental externalities and was primarily focused on getting

the economy through the public health crisis without huge economic consequences. Fiscal

policies laid out by governments during the pandemic fell short of adequately addressing

environmental factors, climate change being a prime example. One study analyzing 8,000

government policies across 88 countries revealed that only a fraction of economic recovery

spending, approximately $279–334 billion USD or 9.7–11.1%, directly improved climate change

adaptation and resilience, which is not enough to adequately address climate adaptation needs.117

Adaptation to climate change refers to the process of adjusting to the impacts of climate change

over time, while resilience entails the ability to withstand and recover from those impacts,

ensuring the maintenance of essential functions and systems. Additionally, a considerable portion

of government recovery spending, approximately 27.6–28%, may have negatively contributed to

climate change adaptation and resilience, potentially solidifying outdated and low quality

infrastructure.

Climate change adaptation and resilience are integral components of public health

resilience, and investments in resilient infrastructure can be important for safeguarding human

health during and after crises. Resilient infrastructure, such as robust healthcare facilities,

reliable water and sanitation systems, and climate-resilient housing, can mitigate the adverse

health impacts of extreme weather events, natural disasters, and disease outbreaks. Additionally,

climate-resilient ecosystems contribute to food security, clean air and water, and protection

against vector-borne diseases, thereby enhancing public health outcomes. By prioritizing climate

change adaptation and resilience in fiscal policies, governments have the opportunity to "build

117 Ibid., 271.
116 Sadler et al. 2024, 271.
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back better," strengthening societal resilience to future crises and safeguarding public health for

generations to come.118 By integrating climate resilience into pandemic recovery efforts,

governments can not only address immediate health concerns but also lay the foundation for a

healthier, more resilient society in the long term.

Future Global Collaboration. Developing environmental policy during the pandemic,

both to address ongoing environmental issues and prevent the worsening of issues due to the

emergency COVID-19 protocol, proved to be extremely difficult. However, there is a silver

lining to the global extent of COVID-19’s reach. The shared experience of the pandemic showed

how interconnected global societies are, and highlighted the need for a collective response to

global public health emergencies. Calls for a "green recovery" have gained momentum,

advocating for economic stimulus packages that prioritize investments in renewable energy,

conservation efforts, and sustainable development. This would repair economies that took

massive hits during the pandemic from the ground up, as principles of sustainability would be the

foundation of their success.119 The lessons learned from the pandemic offer a unique opportunity

to build a more interconnected and sustainable world through international cooperation.

Chapter 5. Future Avenues Towards Sustainability in Healthcare

The COVID-19 pandemic’s influence on the relationship between the environment and

public health cannot be understated. Miraculously, the halt in global economic activity due to

mandated lockdowns and other activity-hindering policies resulted in a rejuvenation of the

environment through a reduction of air and water pollution. This has direct positive impacts on

society, as these are vital ecosystem services for humans and their cleanliness is paramount to

119 Yale Sustainability 2021.
118 Ibid., 274.
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human health. However, the lockdown was short lived, as were its positive effects. How do we

find a way to preserve these successes without taking extreme measures that were required for

the pandemic?

Additionally, the pandemic necessitated the use of single-use disposable items, especially

PPE, and overwhelmed the healthcare system and medical waste facilities. This exacerbated

pollution of the air and soil with microplastics and other harmful compounds, as the high

volumes of waste were often not properly disposed of or managed. Pollution has lasting negative

impacts on human health, as polluted soil and air can hurt pollinators and contaminate food

crops, therefore adversely affecting food justice. How do we correct the design flaws in PPE to

prevent pollution? How do we foster preparedness in the healthcare system to prevent

overcapacity that leads to medical waste? Most of all, how can we prevent the reoccurrence of

another pandemic of this nature altogether using environmental restoration strategies? These are

the questions that will be answered in Chapter 5 with my own policy recommendations,

economic reforms, and healthcare transformations.

Converting the Linear Economy to Circular. As explained in Chapter 3, one of the

greatest flaws in the healthcare system is the lack of responsibility for the waste accumulated.

Single-use items were used more than ever to prevent the spread of COVID-19, but this simply

exacerbated a larger design flaw within healthcare regarding waste. Other industries have felt

public pressure to reduce their carbon and plastic footprints, but the healthcare industry has not

faced this scrutiny enough for significant action to be taken. In 2018, the European office of the

World Health Organization published a comprehensive report explaining the risks and rewards of

converting to a circular economy in healthcare: it concluded that waste reduction and recycling

in healthcare, product life extension, reduced use of landfills and incineration, and substitution or
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reduced use of hazardous materials will have positive health impacts.120 It is important for

policies to provide support for researchers looking into the most efficient, safe, and health

conscious ways to recycle materials and treat waste in healthcare.

Another way that a circular economy can mitigate waste accumulation in healthcare

would be through the development of a biodegradable face mask with comparable filtration

properties. As discussed in Chapters 1 and 3, medical face masks used by healthcare workers and

the general public during the pandemic contain microplastics that degrade and disperse into the

earth and air. Reusable masks are a much more environmentally friendly option, but their

filtration properties are not as predictable because they can be made out of many different

textiles. We need biodegradable medical-grade face masks that will not harm ecosystems. One

potential solution would be using bioplastic, which are materials made of raw materials from

renewable sources such as corn, cassava, or cellulose, and have shorter life cycles than other

plastics of fossil origins.121 One study on the degradation of a face mask made of polylactic acid

(PLA) under varying pH conditions found that PLA masks could be considered a slightly greener

option under emergency circumstances as they do not generate secondary microplastic pollution;

however, these masks do not fully degrade fast enough to be considered an exhaustive fix.122

Biodegradable plastics are not the perfect solution, as these plastics often need hyper-specific

conditions to break down naturally, but they can still be a step in the right direction.

Policymakers should fund further research into biodegradable materials to support the effort to

control waste in healthcare.

Another essential component of the circular economy solution is the ability to recycle all

economic outputs. Efforts to recycle face masks during the pandemic were greatly slowed due to

122 Soo et al. 2022, 4.
121 Cubas and Vieira et al. 2023, 9.
120 World Health Organization ‎2018‎.
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concerns about viral transmission. However, one promising avenue for implementing circular

economy principles involves repurposing face masks for use in construction materials such as

concrete and pavement.123 Face masks are predominantly made from polypropylene, a material

commonly used in construction applications such as concrete, pavements, asphalt, and hot mix

asphalt. One study found that shredded face masks and incorporating them into the base layers of

pavements with recycled concrete aggregate met the stiffness and strength requirements for base

and subbase layers of pavements with up to 3% shredded mask concentration.124 Overall, it was

estimated that utilizing face mask waste in just 17% of road construction projects can help

mitigate the challenges associated with microplastic pollution, offering a sustainable solution to

both environmental and infrastructure needs.125 The implementation of circular economy

strategies will create resiliency in the healthcare industry and prevent waste management systems

from reaching overcapacity, as materials are designed to be reintegrated back into the supply

chain or safely decomposed in the environment.

Improvement of Medical Waste Treatment Methods. Circular economy strategies can be

difficult to conceptualize and implement, especially because there are still research gaps and no

perfect replacement for current disposable face masks developed. If policymakers want to start

smaller, they can look into improving methods of medical waste treatment. Improving medical

waste disposal techniques is paramount for safeguarding both environmental integrity and public

health. Inadequate management of medical waste poses significant risks, including the spread of

infectious diseases, contamination of air and water sources, and the proliferation of hazardous

chemicals and pollutants. By implementing more advanced and environmentally responsible

waste disposal methods, such as sterilization technologies, chemical treatments, and autoclaving,

125 Najafighodousi et al. 2023, 12587.
124 Saberian et al. 2021.
123 Najafighodousi et al. 2023, 12584.
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healthcare facilities can effectively neutralize pathogens and reduce the potential for disease

transmission. Policymakers should make efforts to phase out practices of landfill and

incineration, because these create large amounts of waste without reducing it in a sustainable

manner. There are many emerging sustainable methods of waste treatment to be explored,

including decontamination via vaporized hydrogen peroxide, ozone, or ultraviolet light, and low

heat technologies such as microwaving or autoclaving.126 It is important to note that the best

methods of waste disposal depend on the volume and type of waste being disposed of.

Policymakers should make this information readily available to healthcare and waste disposal

facilities in order to facilitate the transition to sustainable waste disposal. They should also

reallocate budgets towards researching sustainable alternatives and funding implementation of

sustainable waste treatment centers on a large scale. This will contribute to the resilience of the

healthcare industry in the face of future public health crises and prevent environmental damage

resulting from waste treatment overcapacity.

Healthcare Education and Accessibility as Preparedness. A major problem throughout

the pandemic was the unwillingness of the public to listen to the advice of policymakers.

Oftentimes, new waves of the virus would sweep through populations and infect vulnerable

people because of ignorance and disregard for lifesaving social distancing measures. Another

huge issue was the lack of accessibility to healthcare, because when people cannot receive

medical treatment they are able to spread the virus further, therefore worsening the crisis.

Educating the public on the importance of seeing their doctor, utilizing preventative healthcare to

protect the population, and creating universal healthcare will keep the population themselves

prepared for another pandemic, should it occur. Additionally, the education of the future

126 Teymourian et al. 2021.
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healthcare workforce on sustainability is equally important, as they have the power to implement

green initiatives from the ground up.127

Educating the public on the importance of keeping up with their health can give the

healthcare system a huge preparedness advantage in the event of another pandemic, and

consequently reduce the environmental impact such an event would have. Regular practices of a

healthy lifestyle and attending yearly physicals will reduce populations at a greater risk for health

complications in the event of getting sick. It will also keep people informed about their health-

for example, someone who regularly attends yearly physicals would know if they are asthmatic

and extra vulnerable to COVID-19 symptoms, and they therefore would take extra precautionary

measures to avoid getting sick. Keeping people informed about their health is an incredible way

to prevent people from getting sick at all, therefore preventing the environmental conundrums

created by COVID-19.

Additionally, access to healthcare can be a huge barrier for at-risk individuals, especially

those whose health is disproportionately impacted by environmental pollution. For instance, the

Bronx, New York has the poorest residents of any borough in New York City, but children in the

Bronx have the highest rates of asthma hospitalizations in the country.128 Based on this fact, the

people who need healthcare the most have the least ability to receive it, because the United

States does not provide universal healthcare. Multiplayer systems, introduced in Chapter 4,

contribute to the inefficient and often inequitable separation of public health and medical care,

and discussed in Chapter 1. For Americans who did not have insurance or health coverage, their

diagnosis and treatment were delayed, therefore increasing the possibility of viral transmission.

Studies estimate that a universal healthcare system in the United States would have saved

128 Pala et al. 2019.
127 Sherman et al. 2020, 8.
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roughly 212,000 lives just in the year 2020, and 105.6 billion USD of medical expenses would

have been avoided.129 Research shows that countries with stronger universal health coverage

actually fared better during the pandemic, having lower numbers of infections and deaths.130 This

shows that universal healthcare made countries more prepared to handle a public health crisis,

reducing their environmental impact alongside their sick and deceased numbers.

Another recommended solution to prevent the overcapacity of healthcare during a future

pandemic would be the reoutlining of an emergency strategy in the event of another national or

global health crisis. The stark reality of the COVID-19 pandemic exposed vulnerabilities in

healthcare systems worldwide, from strained resources and overwhelmed medical facilities to

logistical challenges in the distribution of essential supplies. A comprehensive emergency

healthcare plan is essential to avert a recurrence of this situation, as was discussed in Chapter 2

regarding past pandemics. This plan should have robust strategies for resource allocation, surge

capacity, and rapid response coordination. Adequate stockpiling of medical supplies including

PPE and pharmaceuticals should be prioritized. Clear protocols for the deployment of healthcare

workers, responsive testing and vaccination campaigns, and seamless outlets to deliver

information would be crucial components. It is also fundamental to foster international

collaboration through organizations like the WHO, as expertise, resources, and technology can

be shared. An emergency healthcare plan acts as a shield against the potentially devastating

impact of another global pandemic, and ensures that all nations are equipped and organized in

their approach to handling such a scenario.

Preventative Measures against Zoonotic Disease Transmission. COVID-19, like many

other infectious diseases, is zoonotic in nature, originating from animals and being transmitted to

130 Saengtabtim et al. 2023.
129 Galvani et al. 2022, 1.
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humans. As extensively discussed in Chapter 1 and reiterated throughout this thesis, the

likelihood of zoonotic disease transmission escalates with environmental degradation, especially

through practices such as deforestation. While numerous solutions focus on enhancing healthcare

infrastructure and response mechanisms, this proposal suggests addressing the root cause of

pandemic diseases. By prioritizing efforts to prevent the spillover of zoonoses in the first place,

we can significantly diminish the risk of global health emergencies and thus mitigate the

likelihood of future pandemics. Implementing comprehensive strategies that target the

agriculture industry, forest conservation efforts, and zoonotic disease hotspots can serve as

crucial preventive measures against the emergence and spread of zoonotic diseases, safeguarding

both human and environmental health for generations to come.

Targeting the agriculture industry presents a promising avenue for reducing the spillover

of zoonotic diseases and thus preventing future pandemics. The intensification of animal

agriculture, or increasing efficiency per unit of land area through infrastructure investments, has

been thought of as an avenue to decrease deforestation. However, efficiency leads to cost

reduction, which decreases market price and increases consumer demand, therefore resulting in

rebound effects of increased deforestation.131 Therefore, semi-intensification of agriculture must

be coupled with additional regulatory policies for this to remain effective. Recent research

indicates that worldwide shifts in diets hold the potential to effectively counteract persistent

deforestation patterns, yielding 5 to 11 gigatons of carbon dioxide removal annually across 5 to

12 million square kilometers.132 Achieving such dietary changes requires more targeted

interventions such as implementing rewards or incentives, possibly through taxation policies.

Policymakers should enable measures with standards for regulating supply and demand of

132 Ibid., 4.
131 Hakek 2022, 3.
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products requiring excessive land use, such as restricting imports of soybeans, beef, palm oil, and

other products linked to deforestation.133 Some sources have called for transitions to less

land-intensive animal products to reduce deforestation, such as pigs or chickens. However, while

cattle farming contributes to land use and deforestation, a shift towards increased chicken

consumption could exacerbate risks of zoonotic disease emergence due to elevated confinement

and antibiotic use.134 Therefore, there should be more focus on overall gradual dietary shifts

toward plant-based meals, as most animal agriculture is linked to zoonotic disease spillover.

Building upon previous explorations in Chapter 4, zoonotic disease transmission can be

mitigated through blatant deforestation regulations and reforestation policies by governments.

Through increasing natural vegetation, roughly ten years' worth of human-caused emissions

would be captured by 2050, therefore aiding in both habitat and biodiversity restoration.135

Conservation initiatives enforced by governments are also crucial in preventing continued

deforestation, both illegally and legally. Unfortunately, due to the global nature of our economy

as outlined in Chapter 3, conservation efforts can often result in the movement of a forest

product’s harvesting where conservation laws aren’t as strong. Therefore, this solution will

require conservation initiatives on a global scale through the collaboration of nations, and a

unified commitment to taking any actions necessary to stop future zoonotic pandemics regardless

of economic impacts.

In addition to large scale global policies, special attention should be paid to the source of

pandemics. These can often be identified very easily as emerging disease hot spots: these

locations only account for 4% of the globe, yet they are responsible for 60% of the global risk for

135 Ibid., 3.
134 Hayek 2022.
133 Vora et al. 2023.
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zoonotic disease spillover.136 Community designed interventions in these areas can reduce

zoonoses contraction, such as restricting to human contact with wildlife through physical barriers

along forests or penalties through fines. Additionally, as learned in Chapter 1, extensive sources

hypothesize that COVID-19 was transmitted to humans through illegal wildlife markets. Law

enforcement against these markets will not only protect wildlife from human encroachment, but

also reduce the likelihood of zoonotic disease transmission. Funding virology research will also

give clues into what microbes are likely to have the ability to infect humans based on their

current hosts137, and policies can be geared towards avoiding human contact with those viruses

specifically.

Conclusion. Chapter 5 delves into future pathways toward sustainability in healthcare,

addressing the inextricable relationship between environmental conservation and public health

resilience. From circular economy principles to advanced medical waste disposal techniques and

enhanced healthcare accessibility, there are many ways to mitigate environmental degradation

and prevent future pandemics through policies, research, and other initiatives. Embracing

circular economy strategies in the healthcare industry and advancing medical waste treatment

will prevent negative impacts on the environment, especially during healthcare emergencies.

Investing in healthcare education and accessibility creates resilience against future health crises

by fostering healthy populations. Targeting the causes of zoonotic disease transmission by

reducing deforestation fortifies global health security and environmental sustainability. By

integrating policy recommendations, economic reforms, and healthcare transformations, Chapter

5 looks toward a future where human health and environmental well-being are intrinsically

linked, paving the way for a more resilient and sustainable world for generations to come.

137 Daszak 2012, 1884..
136 Vora et al. 2023.



51

Bibliography

“2014-2016 Ebola Outbreak in West Africa.” 2019. Centers for Disease Control and Prevention.

https://www.cdc.gov/vhf/ebola/history/2014-2016-outbreak/index.html

Arora, Naveen Kumar, Mishra, Jitendra. 2020. “COVID‐19 and importance of environmental

sustainability” Society for Environmental Sustainability. Springer.

https://doi.org/10.1007/s42398-020-00107

Babanyara Y. Y., Ibrahim D. B., Garba T., Bogoro A. G., Abubakar, M. Y. 2013. “Poor Medical

Waste Management (MWM) Practices and Its Risks to Human Health and the

Environment: A Literature Review” World Academy of Science, Engineering and

Technology.

Berman, Jesse D., and Keita Ebisu. 2020. “Changes in U.S. Air Pollution during the COVID-19

Pandemic.” Science of The Total Environment 739: 139864.

https://doi.org/10.1016/j.scitotenv.2020.139864.

Bourdeaux, Margaret, Annmarie Sasdi, Shefali Oza, and Vanessa B. Kerry. 2023. “Integrating

the US Public Health and Medical Care Systems to Improve Health Crisis Response.”

Health Affairs 42, no. 3: 310–17. https://doi.org/10.1377/hlthaff.2022.01255.

Bourrier, Mathilde S., and Michael J. Deml. 2022. “The Legacy of the Pandemic Preparedness

Regime: An Integrative Review.” International Journal of Public Health 67 (December).

https://doi.org/10.3389/ijph.2022.1604961.

Brevik, Eric C., Lily Pereg, Joshua J. Steffan, and Lynn C. Burgess. 2018. “Soil Ecosystem

Services and Human Health.” Current Opinion in Environmental Science & Health 5:

87–92. https://doi.org/10.1016/j.coesh.2018.07.003.

https://www.cdc.gov/vhf/ebola/history/2014-2016-outbreak/index.html
https://doi.org/10.1007/s42398-020-00107-z
https://doi.org/10.1016/j.scitotenv.2020.139864


52

Chen, Xianwen, de Vries, Sjerp, Assmuth, Timo, Dick, Jan, et al. 2019. “Research challenges for

cultural ecosystem services and public health in (peri-)urban environments” Science of

the Total Environment. Elsevier. https://doi.org/10.1016/j.scitotenv.2018.09.030

Chung, Hye Won, Apio, Catherine, Goo, Taewan, et al. 2021. “Effects of government policies on

the spread of COVID‐19 Worldwide.” Scientific Reports 11:20495.

https://doi.org/10.1038/s41598-021-99368-9

Corradini, Andrea, Wibke Peters, Luca Pedrotti, Mark Hebblewhite, Natalia Bragalanti, Clara

Tattoni, Marco Ciolli, and Francesca Cagnacci. 2021. “Animal Movements Occurring

during COVID-19 Lockdown Were Predicted by Connectivity Models.” Global Ecology

and Conservation 32 (December). https://doi.org/10.1016/j.gecco.2021.e01895.

Cuadros, Diego F., Juan D. Gutierrez, Claudia M. Moreno, Santiago Escobar, F. DeWolfe Miller,

Godfrey Musuka, Ryosuke Omori, Phillip Coule, and Neil J. MacKinnon. 2023. “Impact

of Healthcare Capacity Disparities on the COVID-19 Vaccination Coverage in the United

States: A Cross-Sectional Study.” The Lancet Regional Health - Americas 18: 100409.

https://doi.org/10.1016/j.lana.2022.100409.

Cubas, Anelise Leal, Vieira, Moecke, Siegel, Elisa Helena, Provin, Ana, Dutra, Paula, et al.

2023. “The Impacts of Plastic Waste from Personal Protective Equipment Used during

the COVID-19 Pandemic” Polymers. MDPI. https://doi.org/10.3390/polym15153151

Daszak, Peter. 2012. “Anatomy of a Pandemic.” The Lancet 380, no. 9857 (December):

1883–84. https://doi.org/10.1016/s0140-6736(12)61887-x.

Doremalen, Neeltje van, Trenton Bushmaker, Dylan H. Morris, Myndi G. Holbrook, Amandine

Gamble, Brandi N. Williamson, Azaibi Tamin, et al. 2020. “Aerosol and Surface Stability

https://doi.org/10.1016/j.scitotenv.2018.09.030
https://doi.org/10.1038/s41598-021-99368-9
https://doi.org/10.3390/polym15153151


53

of SARS-CoV-2 as Compared with SARS-CoV-1.” New England Journal of Medicine

382, no. 16 (April): 1564–67. https://doi.org/10.1056/nejmc2004973.

Eby, Peggy, Alison J. Peel, Andrew Hoegh, Wyatt Madden, John R. Giles, Peter J. Hudson, and

Raina K. Plowright. 2022. “Pathogen Spillover Driven by Rapid Changes in Bat

Ecology.” Nature 613, no. 7943 (November): 340–44.

https://doi.org/10.1038/s41586-022-05506-2.

Falk, Gene, Carter A Jameson, Isaac A Nicchitta, Emma C Nyhof, and Paul D Romero.

“Unemployment Rates During the COVID-19 Pandemic: In Brief.” Congressional

Research Service, March 12, 2021.

Food and Agriculture Organization. 2020. “The Impacts of COVID-19 on the Forest Sector:

How to Respond?” Rome: FAO, 6.

Friedlingstein, Pierre, Matthew W. Jones, Michael O’Sullivan, Robbie M. Andrew, Dorothee C.

Bakker, Judith Hauck, Corinne Le Quéré, et al. 2022. “Global Carbon Budget 2021.”

Earth System Science Data 14, no. 4 (April): 1917–2005.

https://doi.org/10.5194/essd-14-1917-2022.

Galvani, Alison P., Alyssa S. Parpia, Abhishek Pandey, Pratha Sah, Kenneth Colón, Gerald

Friedman, Travis Campbell, James G. Kahn, Burton H. Singer, and Meagan C.

Fitzpatrick. 2022. “Universal Healthcare as Pandemic Preparedness: The Lives and Costs

That Could Have Been Saved during the COVID-19 Pandemic.” Proceedings of the

National Academy of Sciences 119 (25). https://doi.org/10.1073/pnas.2200536119.

Garbe, Lisa, Richard Rau, and Theo Toppe. 2020. “Influence of Perceived Threat of Covid-19

and HEXACO Personality Traits on Toilet Paper Stockpiling.” PLOS ONE 15, no. 6

(June). https://doi.org/10.1371/journal.pone.0234232.

https://doi.org/10.1073/pnas.2200536119


54

Goswami, Mrinalini, Goswami, Pranjal J., et al. 2021. “Challenges and actions to the

environmental management of Bio-Medical Waste during COVID-19 pandemic in India.”

National Library of Medicine. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7962757/

Griffin, Jeff. 2020. “The History of Medicine and Organized Healthcare in America.” Employee

Benefits Consultants - JP Griffin Group.

https://www.griffinbenefits.com/blog/history-of-healthcare.

Gunja, Munira Z., Evan D. Gumas, and Reginald D. Williams II. 2023. “U.S. Health Care from a

Global Perspective, 2022: Accelerating Spending, Worsening Outcomes.”

Commonwealth Fund (January). https://doi.org/10.26099/8ejy-yc74

Hao, Ying‐Jian, Yu‐Lan Wang, Mei‐Yue Wang, Lan Zhou, Jian‐Yun Shi, Ji‐Min Cao, and

De‐Ping Wang. 2022. “The Origins of COVID‐19 Pandemic: A Brief Overview.”

Transboundary and Emerging Diseases 69, no. 6 (October): 3181–97.

https://doi.org/10.1111/tbed.14732.

Hayek, Matthew N. 2022. “The Infectious Disease Trap of Animal Agriculture.” Science

Advances 8, no. 44 (November). https://doi.org/10.1126/sciadv.add6681.

Herre, Bastian, Veronika Samborska, and Max Roser. 2023. “Tourism.” Our World in Data,

December. https://ourworldindata.org/tourism.

Hidalgo-Triana, N., Picornell, A., Reyes, S., et al. 2022. “Perceptions of change in the

environment caused by the COVID-19 pandemic: Implications for environmental

policy.”  Environmental Impact Assessment Review 99, 107013.

https://doi.org/10.1016/j.eiar.2022.107013

Huang, Shaojie, Tiansong Zhou, Chengying Xu, and Jiahui Zheng. 2022. “Does Public Health

Influence Economic Performance? Investigating the Role of Governance and Greener

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7962757/
https://doi.org/10.26099/8ejy-yc74
https://doi.org/10.1016/j.eiar.2022.107013


55

Energies for the Case of China.” Frontiers in Public Health 10 (March).

https://doi.org/10.3389/fpubh.2022.864736.

Idowu, Gideon Aina, Oluwasogo Olalemi, Adewale, Festus Aiyesanmi, Ademola. 2022.

“Environmental impacts of covid-19 pandemic: Release of microplastics, organic

contaminants and trace metals from face masks under ambient environmental conditions”

Environmental Research. Elsevier. https://doi.org/10.1016/j.envres.2022.114956

Jeanne, Ludovic, Bourdin, Sébastien, Nadou, Fabien, Noiret, Gabriel. 2023. “Economic

globalization and the COVID‐19 pandemic: global spread and inequalities.” GeoJournal

(2023) 88:1181–1188. https://doi.org/10.1007/s10708-022-10607-6.

Kencono, Dewi Sekar. 2023. “Waste Management for the COVID-19 Essentials Kit: What Role

Does Government Perform?” Jurnal Manajemen Dan Ilmu Administrasi Publik (JMIAP)

5 (1): 11–17. https://doi.org/10.24036/jmiap.v5i1.588. 

Khalaf, Ahmad Taha, Wei, Yuanyuan, Wan, Jun, et al. 2023. “How Did the Pandemic Affect Our

Perception of Sustainability? Enlightening the Major Positive Impact on Health and the

Environment. Sustainability.” MDPI. https://doi.org/10.3390/su15020892

Khot, Umesh N. 2020. “Navigating Healthcare Supply Shortages during the COVID-19

Pandemic.” Circulation: Cardiovascular Quality and Outcomes 13, no. 6 (June).

https://doi.org/10.1161/circoutcomes.120.006801.

Klemes, Jiri Jaromir, Fan, Yee Van, Tan, Raymond R. Jiang, Peng. 2020. “Minimizing the

present and future plastic waste, energy and environmental footprints related to

COVID-19.” Renewable and Sustainable Energy Reviews 127, 109883.

https://doi.org/10.1016/j.envres.2022.114956
https://doi.org/10.1007/s10708-022-10607-6
https://doi.org/10.3390/su15020892


56

Laca, A., M. Herrero, and M. Díaz. 2011. “Life Cycle Assessment in Biotechnology.”

Comprehensive Biotechnology, 839–51.

https://doi.org/10.1016/b978-0-08-088504-9.00140-9.

Liu, Zhilin and Iris Geva-May. 2021. “Comparative Public Policy Analysis of COVID-19 as a

Naturally Occurring Experiment.” Journal of Comparative Policy Analysis: Research

and Practice, 23:2, 131-142, DOI: 10.1080/13876988.2021.1894074

Madhok, Anoop. 2021. “Globalization, de-globalization, and re-globalization: Some historical

context and the impact of the COVID pandemic.” Business Research Quarterly, Vol.

24(3) 199–203. https://doi.org/10.1016/j.jece.2023.109308.

Maher A, Dehnavi H, Salehian E, Omidi M, Hannani K. 2022. “Relationship Between Income

Level and Hospitalization Rate in COVID-19 Cases; an Example of Social Factors

Affecting Health.” Archives of Academic Emergency Medicine, 10(1): e23.

https://doi.org/10.22037/aaem.v10i1.1600.

Mann, Sarah. 2017. “Research Shows Shortage of More than 100,000 Doctors by 2030.”

AAMC.https://www.aamc.org/news/research-shows-shortage-more-100000-doctors-2030

Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-being: Synthesis. Island

Press, Preface. Washington, DC.

Najafighodousi, Atiyeh, Fariba Nemati, Arash Rayegani, Mohammad Saberian, Leila Zamani,

and Jie Li. 2024. “Recycling Facemasks into Civil Construction Material to Manage

Waste Generated during COVID-19.” Environmental Science and Pollution Research 31,

no. 8 (January): 12577–90. https://doi.org/10.1007/s11356-023-31726-8.

Oliveira, Ana M., Patrício Silva, Ana L., Soares, Amadeu M.V.M., Barcelo, Damia, Duarte,

Armando C., and Teresa Rocha-Santos. 2023. “Current knowledge on the presence,

https://doi.org/10.1016/j.jece.2023.109308


57

biodegradation, and toxicity of discarded face masks in the environment.” Journal of

Environmental Chemical Engineering 11 (2023) 109308.

http://dx.doi.org/10.1016/j.scitotenv.2022.159880.

Pala, Daniele, Pagán, Jose, Parimbelli, Enea, Rocca, Marica Teresa, Bellazzi, Riccardo, &

Vittorio Casella. 2019. “Spatial Enablement to Support Environmental, Demographic,

Socioeconomics, and Health Data Integration and Analysis for Big Cities: A Case Study

With Asthma Hospitalizations in New York City.” Frontiers in medicine, 6, 84.

https://doi.org/10.3389/fmed.2019.00084

Patlolla, Anita K., Smith, Zavier, and Paul Tchounwou1. 2022. “Indirect Impacts of COVID-19

on the Environment: A Global Review.” International journal of biomedical and clinical

analysis, 2(1), 9–19. https://doi.org/10.61797/ijbca.v2i1.160.

Rai, Prabhat Kumar, Sonne C., and Song H. and Ki-Hyun Kim. 2023. “Plastic wastes in the time

of COVID-19: Their environmental hazards and implications for sustainable energy

resilience and circular bio-economies.” Science of the Total Environment. Elsevier.

http://dx.doi.org/10.1016/j.scitotenv.2022.159880

“Resource Conservation and Recovery Act (RCRA) Laws and Regulations: Medical Waste.”

EPA, February 26, 2024.

https://www.epa.gov/rcra/medical-waste#:~:text=Concern%20for%20the%20potential%2

0health,on%20management%20of%20medical%20waste.

Riedel, Stefan. 2005. “Edward Jenner and the History of Smallpox and Vaccination.” Baylor

University Medical Center Proceedings 18, no. 1: 21–25.

https://doi.org/10.1080/08998280.2005.11928028.

http://dx.doi.org/10.1016/j.scitotenv.2022.159880
https://doi.org/10.3389/fmed.2019.00084
https://doi.org/10.61797/ijbca.v2i1.160
http://dx.doi.org/10.1016/j.scitotenv.2022.159880
https://doi.org/10.1080/08998280.2005.11928028


58

Rosell, Jordi. 2023. “Did governments neglect the environment during the COVID-19 pandemic?

An empirical analysis of green public procurement.” Economic Analysis and Policy, 80,

835–849. https://doi.org/10.1016/j.eap.2023.09.027

Rume, Tanjena, and S.M. Didar-Ul Islam. 2020. “Environmental Effects of COVID-19 Pandemic

and Potential Strategies of Sustainability.” Heliyon 6, no. 9 (September).

https://doi.org/10.1016/j.heliyon.2020.e04965.

Saadat, Saeida, Rawtani, Deepak, and Chaudhery Mustansar Hussain. 2020. “Environmental

perspective of COVID-19” Science of the Total Environment. Elsevier.

https://doi.org/10.1016/j.scitotenv.2020.138870

Saberian, Mohammad, Jie Li, Shannon Kilmartin-Lynch, and Mahdi Boroujeni. 2021.

“Repurposing of Covid-19 Single-Use Face Masks for Pavements Base/Subbase.”

Science of The Total Environment 769 (May): 145527.

https://doi.org/10.1016/j.scitotenv.2021.145527.

Saengtabtim, Kumpol, Tang, Jing, Leelawat, Natt, Egawa, Shinchi, Suppasri, Anawat, &

Fumihiko Imamura. 2023. “Universal health coverage mitigated COVID-19

health-related consequences in Asia Oceania.” International journal of disaster risk

reduction : IJDRR, 92, 103725. https://doi.org/10.1016/j.ijdrr.2023.103725

Sadler, Alexandra, Nicola Ranger, Sam Fankhauser, Fulvia Marotta, and Brian O’Callaghan.

2024. “The Impact of Covid-19 Fiscal Spending on Climate Change Adaptation and

Resilience.” Nature Sustainability 7, no. 3 (February): 270–81.

https://doi.org/10.1038/s41893-024-01269-y.

https://doi.org/10.1016/j.eap.2023.09.027
https://doi.org/10.1016/j.scitotenv.2020.138870
https://doi.org/10.1016/j.ijdrr.2023.103725


59

Schneider, Ingrid E., Budruk, Megha, Shinew, Kim, et al. 2021. “COVID-19 compliance among

urban trail users: Behavioral insights and environmental implications” Journal of

Outdoor Recreation and Tourism. Elsevier. https://doi.org/10.1016/j.jort.2021.100396

Sherman, Jodi D., Thiel, Cassandra, MacNeill, Andrea, et al. 2020. “The Green Print:

Advancement of Environmental Sustainability in Healthcare.” Resources, Conservation

& Recycling. Elsevier. https://doi.org/10.1016/j.resconrec.2020.104882

Shilling, Fraser, Tricia Nguyen, Malak Saleh, Min Khant Kyaw, Karla Tapia, Gabrielle Trujillo,

Mireya Bejarano, et al. 2021. “A Reprieve from US Wildlife Mortality on Roads during

the COVID-19 Pandemic.” Biological Conservation 256 (April): 109013.

https://doi.org/10.1016/j.biocon.2021.109013.

Singhal, Vibha, Dinesh Jinger, Avinash Chandra Rathore, Rama Pal, Ipsita Samal, Tanmaya

Kumar Bhoi, Venkatesh Paramesh, et al. 2024. “Covid-19, Deforestation, and Green

Economy.” Frontiers in Forests and Global Change 6 (February).

https://doi.org/10.3389/ffgc.2023.1305779.

Soo, Xiang Yun Debbie, Wang, Suxi, Yeo, Chee Chuan Jayven, Li, Jiuwei, Ni, Xi Ping, Jiang,

Lu, Xue, Kun, Li, Zibiao, Fei, Xunchang, Zhu, Qiang, & Xian Jun Loh. 2022. “Polylactic

acid face masks: Are these the sustainable solutions in times of COVID-19 pandemic?”

The Science of the total environment, 807(Pt 3), 151084.

https://doi.org/10.1016/j.scitotenv.2021.151084

Teymourian, Targol, Teymoorian, Termeh, Kowsari, Elaheh et al. 2021. “Challenges, Strategies,

and Recommendations for the Huge Surge in Plastic and Medical Waste during the

Global COVID-19 Pandemic with Circular Economy Approach.” Mater Circ Econ 3, 6.

https://doi.org/10.1007/s42824-021-00020-8

https://doi.org/10.1016/j.jort.2021.100396
https://doi.org/10.1016/j.resconrec.2020.104882
https://doi.org/10.1016/j.scitotenv.2021.151084
https://doi.org/10.1007/s42824-021-00020-8


60

“The Black Death: The Plague, 1331-1770.” 2017. The Black Death.

https://hosted.lib.uiowa.edu/histmed/plague/.

Tomes, Nancy. 1990. “The Private Side of Public Health: Sanitary Science, Domestic Hygiene,

and the Germ Theory, 1870-1900.” Bulletin of the History of Medicine 64, no. 4: 509–39.

http://www.jstor.org/stable/44443182.

Tsukiji, Makoto, Gamaralalage, Premakumara Jagath Dickella, Pratomo, Isnanto Solihin Yugo,

Onogawa, Kazunobu, Alverson, Keith, et al. 2020. “Waste management during the

COVID-19 pandemic” United Nations Environment Programme. 978-92-807-3794-3.

Tushar, Saifur Rahman, Md. Fahim Alam, A.B.M. Mainul Bari, and Chitra Lekha Karmaker.

2023. “Assessing the Challenges to Medical Waste Management during the COVID-19

Pandemic: Implications for the Environmental Sustainability in the Emerging

Economies.” Socio-Economic Planning Sciences 87: 101513.

https://doi.org/10.1016/j.seps.2023.101513.

van de Pas, Remco. 2020. “Globalization Paradox and the Coronavirus Pandemic.” Clingendael

Netherlands Institute of International Relations. www.clingendael.org.

van Straten, Bart, Ligtelijn, S., Droog, L., Putman, E., Dankelman, J., Sperna Weiland N. H. and

T. Horeman. 2021. “A life cycle assessment of reprocessing face masks during the

Covid‐19 pandemic.” Sci Rep | (2021) 11:17680

https://doi.org/10.1038/s41598-021-97188-5

Vardon, Michael, Paul Lucas, Steve Bass, Matthew Agarwala, Andrea M. Bassi, Diane Coyle,

Anthony Dvarskas, et al. 2022. “From COVID-19 to Green Recovery with Natural

Capital Accounting.” Ambio 52, no. 1 (July 27): 15–29.

https://doi.org/10.1007/s13280-022-01757-5.

https://hosted.lib.uiowa.edu/histmed/plague/
http://www.jstor.org/stable/44443182
https://doi.org/10.1038/s41598-021-97188-5
https://doi.org/10.1007/s13280-022-01757-5


61

Vora, Neil M., Lee Hannah, Chris Walzer, Mariana M. Vale, Susan Lieberman, Ashley Emerson,

Jonathan Jennings, et al. 2023. “Interventions to Reduce Risk for Pathogen Spillover and

Early Disease Spread to Prevent Outbreaks, Epidemics, and Pandemics.” Emerging

Infectious Diseases 29, no. 3 (March): 1–9. https://doi.org/10.3201/eid2903.221079.

Wang, Qian, Tiantian Zhang, Huanhuan Zhu, Ying Wang, Xin Liu, Ge Bai, Ruiming Dai, Ping

Zhou, and Li Luo. 2020. “Characteristics of and Public Health Emergency Responses to

COVID-19 and H1N1 Outbreaks: A Case-Comparison Study.” International Journal of

Environmental Research and Public Health 17, no. 12 (June): 4409.

https://doi.org/10.3390/ijerph17124409.

Woolf, Steven H., and Laudan Y. Aron. 2013. U.S. health in international perspective: Shorter

lives, Poorer Health. Washington, D.C.: The National Academies Press.

“Who Coronavirus (COVID-19) Dashboard.” World Health Organization.

https://covid19.who.int/.

Windfeld, Elliott Steen, and Marianne Su-Ling Brooks. 2015. “Medical Waste Management – A

Review.” Journal of Environmental Management 163: 98–108.

https://doi.org/10.1016/j.jenvman.2015.08.013.

“World Economic Outlook, January 2021 update.” 2021. International Monetary Fund.

https://www.imf.org/en/Publications/WEO/Issues/2021/01/26/2021-world-economic-outl

ook-update#:~:text=The%20global%20growth%20contraction%20for,the%20second%20

half%20of%202020).

World Health Organization. Regional Office for Europe. ‎2018‎. “Circular economy and health:

opportunities and risks.” World Health Organization. Regional Office for Europe.

https://iris.who.int/handle/10665/342218

https://www.imf.org/en/Publications/WEO/Issues/2021/01/26/2021-world-economic-outlook-update#:~:text=The%20global%20growth%20contraction%20for,the%20second%20half%20of%202020
https://www.imf.org/en/Publications/WEO/Issues/2021/01/26/2021-world-economic-outlook-update#:~:text=The%20global%20growth%20contraction%20for,the%20second%20half%20of%202020
https://www.imf.org/en/Publications/WEO/Issues/2021/01/26/2021-world-economic-outlook-update#:~:text=The%20global%20growth%20contraction%20for,the%20second%20half%20of%202020
https://iris.who.int/handle/10665/342218


62

Wu, Hsiu, Soe, Minn M, Konnor, Rebecca, Dantes, Raymund, et al. 2021. “Hospital capacities

and shortages of healthcare resources among US hospitals during the coronavirus disease

2019 (COVID-19) pandemic” National Healthcare Safety Network, Infection Control &

Hospital Epidemiology (2021), 1–4. doi:10.1017/ice.2021.280

“Yale Experts Explain a Green Recovery from Covid-19.” 2021. Yale Sustainability. July 30,

2021. https://sustainability.yale.edu/explainers/what-is-a-green-recovery-from-covid-19. 

Zhang, Qi, Carolien Kroeze, Shilei Cui, Yanan Li, Lin Ma, Vita Strokal, Paul Vriend, et al. 2024.

“Covid-19 Estimated to Have Increased Plastics, Diclofenac, and Triclosan Pollution in

More than Half of Urban Rivers Worldwide.” Cell Reports Sustainability 1, no. 1: 1–9.

https://doi.org/10.1016/j.crsus.2023.100001.

https://sustainability.yale.edu/explainers/what-is-a-green-recovery-from-covid-19

	Pandemic Pandemonium: The Interconnectedness of Environmental and Public Health Through the Lens of COVID-19
	Pandemic Pandemonium: The Interconnectedness of Environmental and Public Health Through the Lens of COVID-19

