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Chapter 1: Introduction to the Plastic

Problem



Plastics are both a modern marvel and a pervasive contaminant. Plastic provides
inexpensive, cheap, durable, and efficient materials for packaging, construction, and
many other applications. Their widespread usage has invoked a Plastic Age of our
society, with a remarkable increase in plastic production in recent years (Borrelle et al.,
2020; Thompson et al., 2009b, 2009a). Since the beginning of large-scale plastic
production in the 1950s until 2015, an estimated 8,300 million metric tons (Mt) of virgin
plastics had been produced, of which 30% were still in use (Geyer et al., 2017). An
increase in plastic production has coincided with its increasing mismanagement. Global
plastic released into aquatic ecosystems could reach 90 million metric tons by 2030 if
plastic management and production continues on its current trajectory (Borrelle et al.,
2020). Law et al. (2020) found that the United States was the largest generator of plastic
waste, with 0.83 million metric tons of litter estimated in 2016. Current efforts to quell
the threat of plastic pollution include current proceedings in the United Nations to

develop a Global Plastics Treaty (United Nations Environmental Programme, 2022).

Waste management in the United States has recently struggled as a result of decreasing
demand for recyclables following the 2017 Chinese import ban of most plastic waste
(Brooks et al., 2018). The recycling industry following this ban is operating at a net loss,
with widespread implications for global waste management. Locally, in 2020, the
Onondaga County Resource Recovery Agency (OCRRA) in Central New York was set to
lose $2 million USD and was considering other options with potential economic and
environmental ramifications, including adding hauling fees or incinerating recyclables

(Coin, 2020). Additionally, not all plastic is recycled, with past trends indicating only 9%



of plastics being recycled, 12% incinerated, and the remaining 79% accumulating in
landfills or the environment (Geyer et al., 2017). A report by Greenpeace (Greenpeace,
2022) placed the 2021 recycling rate of plastics in the United States (US) at 5%. If
current waste trends continue, there will be a globally estimated 12,000 Mt of plastic

waste collectively in landfills and the environment (Geyer et al., 2017).

Strategies to manage plastic waste include ocean and beach clean-ups, plastic bag
bans and media campaigns targeting plastic as an unsustainable material, among
others. However, these management strategies do not always correct the underlying
issue and, in some cases, lack a full accounting of the life cycle of plastic. An increased
awareness of single-use plastic has prompted use of bioplastics, which are not always
compostable or not able to be composted due to a lack of proper industrial composting
facilities. For example, “biodegradable” tea bags, which persist in outdoor soil for 12
months (Mateos—Cardenas, 2022). A general shift in consumerism toward “green”
products has prompted the use of other packaging materials, like glass, in lieu of plastic.
However, glass is heavier and may be more carbon intensive to transport than plastic
and is not typically recycled in the US unless it is source-separated, which impacts its
overall carbon footprint (Pasqualino et al., 2011). Moreso, the sustainability of plastic,
both conventional and bio-based, and proposed alternatives is subject to greenwashing,
or the misleading of consumers on environmental claims related to products (Dangelico
and Vocalelli, 2017). The availability of reliable information for consumers to make
sustainable decisions concerning the use of plastics further contributes to the plastic

problem.



The shift toward approaches of a circular economy is essential to reduce resource and
plastic usage. The circular economy is an alternative to our linear (take-make-dispose)
economy in which materials are kept in use and reuse , rather than disposal after single

use (Cordier and Uehara, 2019). Approaches for a plastic circular economy include:

Limiting the production and generation of single-use plastics;

Designing materials for reusability and recyclability;

e Shifting plastic production to alternative, non-fossil fuel, feedstocks;

e Increasing the capture of mismanaged waste through expanded waste
management; and

e Mitigating plastic pollution in the environment (Mihai et al., 2022).

Source reduction requires the implementation of policies and incentives for behavioral
change that address single-use and highly littered plastic items, which may contribute to

plastic pollution.

Increases in plastic waste coupled with poor disposal of plastic products contribute to
the formation and transport of macro- (> 5 mm) and micro-plastics (length 1 ym - 5 mm)
into the environment. Microplastics are diverse in shape (Figure 1.1), size, and material

(Rochman et al., 2019), making effective monitoring and mitigation a challenge.
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Figure 1.1: Major morphology (shape) types in microplastic classification.

Microplastics can occur as primary microplastics, which are manufactured at a size less
than 5 mm, or as secondary microplastics, which are formed by the degradation of
larger plastics. Primary microplastics include plastic pellets, or nurdles, that originate
from manufacturing plants (Horton and Dixon, 2018), as well as microbeads and glitter.
While there has been an increasing focus on policies addressing microbead pollution by
banning their usage in rinse-off cosmetics (Xanthos and Walker, 2017), few policies
address the usage of plastic particles in other abrasives or cleaning supplies (Browne et

al., 2011).

Microplastics are ubiquitous; occurring in marine (Cole et al., 2011), freshwater (Eerkes-
Medrano et al., 2015), and terrestrial ecosystems (Horton et al., 2017), , air (Brahney et
al., 2020; De Falco et al., 2020), and snow (Bergmann et al., 2019; Napper et al., 2020)
consumer products (Mason et al., 2018). Despite growing concerns over mismanaged

waste and microplastics, which have been exacerbated by an increase in single use
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plastic waste during the COVID-19 pandemic (Prata et al., 2020), research gaps remain
on the approaches to study the prevalence, behavior, fate and processing of
microplastics in freshwaters. Mitigation of freshwater plastic pollution sources requires
monitoring on a regional or watershed-scale to determine the likely sources and

pathways for microplastics in the environment.

In 2015, 70% of freshwater used for irrigation and public supply came from surface
water bodies, which may act as a pathway for both environmental and human exposure
to microplastics from agricultural use or ingestion. Additional risks and harm have been
established for biota that interact with plastics in the environment. Macroplastics can
result in entanglement or ingestion by biota, resulting in harm or death (Isangedighi et
al., 2020). There is limited understanding of the health impacts of environmentally
relevant microplastic exposure in freshwater ecosystems and in humans (Bucci et al.,
2020), but ingestion has been linked to reduced reproduction, growth, and fitness of
marine invertebrates (Horton et al., 2017). Human exposure to microplastics can occur
by ingestion and/or inhalation, causing inflammation and other effects (Wright and Kelly,
2017), but human risk has not been adequately assessed due to a lack of data (VKM et

al., 2019).

Impacts on human and ecosystem health are limited by current estimates of
microplastic abundance, morphology, and size distribution to evaluate environmentally
relevant mixtures and exposure. These risks pervade through time due to the
persistence and storage of plastics in freshwater ecosystems (Emmerik and Schwarz,

2020). Therefore, reliable monitoring of freshwaters is essential to assess the
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effectiveness of mitigation strategies for plastic pollution source controls, determine the

full extent of contamination, and understand possible exposure and effects to human

and environmental health. Quantification of microplastics in freshwaters has increased in

the literature with time (Blettler et al., 2018), but is still under-investigated compared to

the marine environment. In addition, due to regional influences on microplastic

presence, such as type and severity of contamination, further monitoring and

particularly increasing the geographic scope of monitoring is necessary to develop and

assess effective mitigation strategies.

In this dissertation | seek to inform circular economy approaches from an

interdisciplinary perspective through three phases of research:

In the first phase (Chapter 2) | consider waste generation and plastic and waste
perceptions by the individual. In this chapter, waste production of an
environmentally oriented population is characterized and understanding of
perceptions of waste and plastics issues are sought. Furthermore, participant
views are compared with views presented in popular media (Google) and
scientific articles (Google Scholar).

In the second phase (Chapter 3) | evaluate methods to reliably quantify
freshwater microplastics. | compare plastic particle capture and diversity
achieved by different sampling methodologies in fresh surface waters in an urban
and rural lake in Central New York. | also discuss how improvements in quality
control could impact concentration values. In addition, | summarize the quality

assurance and quality control (QA/QC) associated with water sampling and
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analysis and discuss the results of a spike test spanning the full diversity of
microplastic morphologies.

In the third phase (Chapter 4) | apply the most reliable method identified in
chapter 3, net sampling and appropriate QA/QC protocols, to determine
concentrations and types of plastic particles in Onondaga and Skaneateles lakes
from 3 years of sampling from 2019 to 2021. | also discuss potential impacts of
fall lake turnover on plastic particle concentrations November 2020 and 2021.
Finally, | summarize the conclusions from this dissertation research (Chapter 5)

and make recommendations for future study.
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1. Introduction

The overproduction of waste has resulted in increasing pollution to the environment.
Waste generation has been associated with negative ecological and human health
impacts due to the storage, treatment, or burning of waste (Giusti, 2009) as well as the
contribution of waste to plastic pollution. It is estimated that 19-23 million metric tons
(Mt) of plastic waste were released into aquatic environments in 2016, with an
anticipated future increase of 53 Mt annually by 2030 associated with increases in
plastic production, consumption and improper waste disposal (Borrelle et al., 2020).
Waste reduction, in addition to reintegrating and recycling materials, is essential for the
protection of human and environmental health. Achieving lasting change in global waste
management requires informed decision making and policy aimed at affecting human

behavior.

Plastic pollution, as either macro- (>5 mm) or microplastics (<5 mm), can have both a
physical and chemical impact or no effect on organisms and their associated
environment (Rochman et al., 2019). Plastic pollution can be ingested by organisms or
entangle them, resulting in suffocation, death, or potential changes in feeding habits
(Gall and Thompson, 2015). Plastics have been detected in a wide range of
environments and matrices (Allen et al., 2019; Free et al., 2014; Nelms et al., 2021; Ostle
et al., 2019; Rillig and Lehmann, 2020), including food and drink (Cox et al., 2019),
aquatic (Munno et al., 2021) and terrestrial (Eriksen et al., 2021) organisms, and have
only just begun to be studied in humans (Ragusa et al., 2021; Schwabl et al., 2019). In

recent years, plastic pollution has become a large topic of conversation in popular
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media (Volker et al., 2020). With this increase in popularity, misconceptions and myths,
such as that of the “Great Pacific Garbage Patch” (Henderson and Green, 2020), have
become pervasive. Prior work on this topic has noted differences in how risk associated
with plastic pollution is communicated in scientific vs. media articles (Vélker et al., 2020),
and who may have a different understanding of the current knowledge gaps and
uncertainties associated with plastics in the environment. Even within the scientific
literature, there have been topical debates on the misperceptions of single-use plastic
(Miller, 2020; Walker and McKay, 2021) and the priority of climate vs. ocean pollution
environmental threats (Avery-Gomm et al., 2019; Stafford and Jones, 2019). The
perception and misconceptions about plastic waste and plastic require study to drive
informed decision making and motivate change. Furthermore, waste reduction can be

informed by better characterization of individual waste generation and composition.

Globally, municipal solid waste (MSW) generation exceeds approximately 1,814 million
metric tons per year (Karak et al., 2012; Kaza et al., 2018). Waste generation has been
linked to demographic factors such as income (Bandara et al., 2007; Hoornweg and
Bhada, 2012), population density (Johnstone and Labonne, 2004), and degree of
urbanization (Hoornweg and Bhada, 2012; Johnstone and Labonne, 2004) and number
of household members (Bandara et al., 2007). Waste composition is also an important
factor in determining methods of waste disposal and reduction. Bandara et al. (2007)
found that waste composition in Moratuwa, Sri Lanka was predominantly biodegradable
organics, or compostables, but other studies have noted variations in composition with

location and income (Hoornweg and Bhada, 2012; Ozcan et al., 2016). In terms of global
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MSW composition, food and greens have a negative relationship with the income level
of a country, while non-perishable forms of waste, such as paper and cardboard, rubber
and leather, and plastic increase for high-income countries (Kaza et al., 2018). Action
toward waste reduction should be implemented on the household level following
changes in policy, but levels of individual waste production and perceptions must first be

understood and quantified.

Perception of the environment, waste, and plastic pollution are all important factors
impacting waste minimization, such as reduction and reuse. A U.K. case study of
household waste management found that predictors of reduction and reuse included
environmental values, knowledge, and concerned-based variables, whereas recycling is
considered normative behavior (Barr, 2007). While social norms influence recycling
behavior, personal norms have a stronger influence with waste prevention (Barr et al.,
2001; Bortoleto et al., 2012). Barr et al. (2001) found that waste reduction in Exeter,
England was more likely in older females with a knowledge of policy, whereas reuse was
dictated by perception of task difficulty and whether the individual had knowledge and

values which motivated their actions(Barr et al., 2001).

An individual’s environmental behavior is not only influenced by their values toward the
environment, but is dictated by the indirect relationship between their environmental
conscience, awareness of environmental problems, social responsibility, and perception
of task difficulty (Kolimuss and Agyeman, 2002). Pro-environmental consciousness
consists of knowledge, values, attitude, and emotion toward the environment (Kollmuss

and Agyeman, 2002). A model by Bortoleto et al. (2012) found that individuals with a
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stronger environmental consciousness were more aware of environmental issues and
felt a greater sense of responsibility for their waste production (Bortoleto et al., 2012).
This sense of responsibility influenced their behavior to reduce their waste and their
perception of task difficulty, which has been supported by other studies. A study
conducted in Ghana considered prevalent attitudes and behaviors towards single-use
plastics, noting a distinct group called “avoiders.” The avoiders possessed behaviors
that reduced usage of single-use plastic and were more likely to avoid or pay extra to
avoid single-use plastics (Adam et al., 2021). Similarly, a survey in Canada found the
majority of respondents (93.7%) were motivated to reduce their personal single-use
plastic packaging footprint with respect to food packaging, primarily due to

environmental concerns (Walker et al., 2021).

A common way to measure environmental attitudes, in the form of broader
environmental worldviews, is the New Environmental/Ecological Paradigm (NEP)
(Dunlap, 2008). This measure can be used to determine the prevailing environmental
attitudes in a population and explore how these attitudes may relate to the behaviors or

views on certain topics, such as waste and plastic pollution.

1.1 The present research

Importantly, a large focus on waste generation and plastic pollution reduction is on end-
of-pipeline measures, such as clean-ups, waste burning, and recycling, to name a few.
These solutions are partly limited by the availability of data on waste production,
behaviors, and perceptions. To add to the social lens of the waste discussion, in this
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work | provide a quantitative assessment of a social media challenge aimed at
increasing consumer awareness of their non-perishable waste generation. This social
media challenge, Futuristic February, directs participants to collect their non-perishable
waste for a portion or the entire month of February. In this paper | explored the survey
data collected from participants in Futuristic February in 2020, with a focus on their:
waste composition, perceptions toward waste and plastic pollution issues, and
environmental worldview using the NEP scale (Dunlap et al., 2000, p. 200). In addition, |
conducted a mini-review of common statements about waste which are sources of
uncertainty or misinformation. The mini-review consisted of top search results in
popular media (Google) and scholarly articles (Google Scholar). The goal of the mini-
review was to determine how the different groups (popular media, scholarly articles, and
our surveyed population) aligned, but also whether popular media and the scientific
community are expressing the certainty around these topics differently. This analysis

focused on the following research questions:
i) What are the environmental attitudes of Futuristic February participants?

i) What is the primary composition and weight of non-perishable waste produced by

Futuristic February participants?
iii) How do Futuristic February participants perceive waste and plastic pollution issues?

iv) How are waste and plastic pollution issues portrayed in popular media and scholarly

articles?
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2. Materials and Methods

2.1. Participants

At the end of February 2020, an online survey through Qualtrics was distributed to
participants in Futuristic February. The survey was distributed to known participants in
Futuristic February through the creator of the event’s Instagram (sustainableduo), in
addition to those who were subscribed to newsletters from the Futuristic February

campaign.

| received 111 responses to the survey, 62 of which were 100% complete submissions
from either participating groups (households, work) (n=12) or individuals (n=50).
However, for coherent analysis | chose to explore only individual responses for this
analysis (Table 2.1). Of the 50 respondents, 25 submitted usable data on non-perishable
trash weight due to challenges with either obtaining a measurement or disposing of their

waste prior to survey completion.

Table 2.1: Summary of survey respondents demographic information (n=50).

Demographic Category Percentage
Gender

Female 92%
Male 6%
Other 2%
Age

18-20 8%
21-29 60%
30-39 26%
40-49 4%
50-59 2%

Income Range

15



$100,001 or over 8%
$80,001 - $100,000 2%
$60,001 - $80,000 8%
$40,001 - $60,000 20%
$20,001 - $40,000 32%
Under $20,000 30%
Education

Doctorate 4%
Master’s Degree 12%
Bachelor’s degree 44%
Specialist Degree 4%
Vocational Training 0%
Associate Degree 8%
Some college but no degree 18%
High school degree or equivalent (e.g., GED) 10%
Race/Ethnicity

Asian 4%
Black/African 2%
Caucasian 82%
Croatian 2%
Hispanic/Latinx 8%
Mixed White/Latino 2%
Employment Status

Disabled, not able to work 4%
Employed, working 1-39 hours per week 24%
Employed, working 40+ hours per week 42%
Graduate Student 10%
Other 4%
Undergraduate Student 16%
Country

United States 70%
Canada 10%
Germany 4%
Australia 2%
Croatia 2%

16
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England 2%
Finland 2%
Singapore 2%
South Africa 2%
Switzerland 2%
The Netherlands 2%

2.2. Measures

2.2.1 Demographic information
Participants indicated their age, gender, income range, education, race/ethnicity,

employment status, and country of residence (Table 2.1).

2.2.2 NEP scale

| included the NEP scale to capture participants' environmental attitudes. Using 15 items
and five subscales, the NEP scale measures to what extent people belief that: 1) the
Earth’s resources are limited (limits to growth); 2) humans have the right to change and
control the natural environment (human domination over nature); 3) humans influence
the balance of nature (balance of nature) 4); humans are not excluded from the
restraints of nature (human exemptionalism); 5) an ecocrisis is possible and caused by
humans negative impact on the natural environment (risk of an ecocrisis) (Dunlap et al.,
2000).

2.2.3 Non-perishable waste generation and composition

Participants were asked to select the most commonly occurring waste materials (by
number of objects) among 5 categories (plastic, cardboard and paper, aluminum/steel,

glass, or other), which had accompanying images to guide selection. Following this,
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respondents answered an open-ended question on the most common type of waste
within this category.

2.2.4 Perception of waste and plastic pollution issues

| asked survey respondents to complete an 11-item series on frequent statements of
misinformation or uncertainty pertaining to waste on a 5-point Likert scale. These
statements spanned topics ranging from ocean trash gyre “islands” to recyclability of
plastic.

2.2.5 Mini-Review of popular media and scholarly articles

| investigated differences in perception of each of the survey statements in a mini-review
of 160 media and journal articles. The goal of this analysis was to determine if there is a
gap between how these statements are expressed in scientific literature, popular media,
and the views expressed in the surveyed population. In this analysis | attempted to
simulate how a participant might search for information on these statement topics on
two widely used search engines, one widely used by the scientific community (Google
Scholar) and one with a broader readership (Google). | determined the degree of
uncertainty of each statement on a 3-point Likert scale based on recent literature on
each topic published until the end of February 2020 and compared this to recent
popular media using the same search terms. Key search terms from each statement
were queried through Google Scholar and Google. In either case, the first 10 resulting
items from each search were scanned for relevance to the statement using keyword

searches (Table 2.2).
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Table 2.2: Waste and plastic pollution issue statements and, when applicable, their
relevant search terms used in the scholar and google mini-review. Note that statements
5, 6, and 10 were not included in the mini-review.

Statement Search term 1: Search term 2:
. . . bioplastics
1. Bioplastics are all biodegradable. biodegradable
biodegradable

2. Biodegradable plastics are able to break down

in the environment. plastics break down

environment

3. Glass is infinitely recycled in recycling glass infinite

4. Ocean trash gyres, locations in the ocean

where large quantities of trash are concentrated ocean garbage patch ocean garbage

by currents, have trash islands that can be seen visible from space patch visible
from space
from space.
5. Reducing our trash / garbage prevention is the
best way to reduce our overall environmental N/A
footprint.
6. Plastic pollution is the greatest threat to our N/A
environment.
7. Glass or paper are better alternatives to plastic alternatives plastic .
. alternatives
plastic. glass
paper
. plastic types
8. All plastics are equally recyclable. recyclability
single use
9. Single-use items are better if they can be composting
composted. environmental
impact
10. Waste (in the form of trash/garbage) is the N/A

greatest threat to our oceans.

11. Microplastic particles (broken up pieces of
larger plastic or smaller plastic like microbeads)
are toxic to humans and animals.

microplastics toxic ~ microplastics
animals toxic humans

Based on the content resulting from the keyword search and the general conclusions

provided by the article or text, the statement was assigned as “Agree,” “Unsure,” or

19
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Table B.3: Total number of particles of each morphology and sample type that were
chemically analyzed by FTIR.

Number
Sample Analyzed by
Type Morphology FTIR
Grab Fiber 2
Grab Fragment 1
Bucket 355 Fiber 5
Bucket 355 | Film 3
Bucket 355 Foam 6
Bucket 355 Fragment 23
Bucket 355 | Sphere 1
Bucket 106 | Fiber 12
Bucket 106 | Film 6
Bucket 106 | Foam 35
Bucket 106 Fragment 106
Bucket 106 | Pellet 2
Bucket 106 | Sphere 19
Pump Fiber 7
Pump Foam 1
Pump Fragment 6
Net Fiber 153
Fiber /
Net Fragment 2
Net Fiber bundle 22
Net Film 90
Net Foam 148
Net Fragment 568
Net Pellet 9
Net Sphere 94

Table B.4: Total morphologies after subtraction, number chemically analyzed by FTIR,
and the percentage of each morphology analyzed by FTIR. Note that samples exceeding
100% analyzed are due to subtraction of cellulose results from morphology counts.

Number Percentage
Total After Analyzed by Analyzed
Morphology Subtraction FTIR by FTIR
Fiber 2219 179 8.1%
Fiber /
Fragment 5 2 40.0%
Fiber bundle 36 22 61.1%
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Appendix C: Exploring the Inter-Annual
Variability in Microplastics in Seasonally

Stratified Lakes using Net Sampling



186

2019 2020 2021
100% 4
Morphology
75% . Pellet
Sphere
= =
50% A S Film
= L
Foam
25% Fiber bundle
(22} [sed —
() - < 0 |
s & 5 5 Fiber
1= i = o —
0% 1 Fragment
. ]
75%
[
=)
g =
50% =
&
25% A
© «Q (=] =
(o] © < ~N
1] 1l 1 1]
0%4 < = < &
100% 4
75%
w
50% 2
=
25%4 rn
N -~
o © ~ ool o
-~ o ~N < 0
n 1l 1] 1] 1
0% 4 = = s c (=
Octz)ber Aug;ust Septie‘mber Novelmber JLJIy Nove'mber

Figure C.1: Relative proportion of morphologies with time at the northern, middle, and
southern lake positions in Onondaga Lake during different months (depicted on the x-
axis on a non-linear scale). N-values depict the total number of particles at a specific
time and lake position.
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Polymer / Material Type
Inconclusive
Cellulose
Cotton
Cellulose acetate
Alkyd varnish
D Ethylene vinyl alcohol (EVOH)
. Ethylene vinyl acetate (EVA)
D Rubber
Polyamide (PA)
Polychloroprene (CR)
Polyethylene terephthalate (PET)
Polystyrene (PS)
Polyurethane (PUR)
. Polypropylene (PP)
[ Potyethyiene (PE)

Figure C.2: Relative proportion of material types for particles subsampled for ATR-FTIR
with time at the northern, middle, and southern lake positions in Onondaga Lake during
different months (depicted on the x-axis on a non-linear scale). N-values depict the
number of chemically confirmed particles at a specific time and lake position.
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Figure C.3: Discharge at the Spencer Street USGS gauging station prior to and after Fall
Lake turnover in 2020 (U.S. Geological Survey, 2021). Note the scale change in relation
to Figure C.4.
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Figure C.5: Onondaga Lake temperature (°C), turbidity (NTU), dissolved oxygen (mg/L),
chlorophyll (ug/L), and specific conductance (uS/cm) profiles in South Deep for: A) the
day of fall turnover on October 28, 2020, B) the day of northern lake sampling on
November 4, 2020, C) midnight on the day of southern lake sampling on November 9,
2020, and D) noon the day of southern lake sampling on November 9, 2020 (Upstate

Freshwater Institute, 2023).
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Figure C.6: Onondaga Lake temperature (°C), turbidity (NTU), dissolved oxygen (mg/L),
chlorophyll (ug/L), specific conductance (uS/cm), and conductivity (mS/cm3) profiles in

South Deep for: A) the end of temperature stratification on November 6, 2021, B) the

end of salinity stratification and complete lake turnover on November 14, 2021, C) the
last available profile in Fall 2021 on November 22, 2021 (Upstate Freshwater Institute,
2023), and D) the day of sampling on November 30, 2021.
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