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Amphipods
Microplastics have been
foundinthe guts of
amphipods across six

of the deepest ocean
trenches. A new species
of amphipod was recently
named after the plastics
that it had ingested,
nearly 7 kilometers deep
in the Mariana Trench.

Whales and dolphins
Entanglement threatens all types of whales and
dolphins, primarily from discarded or active fishing nets.
Large plastic items such as bags and flip-flops have
been found in toothed whales. Baleen, or filter-feeding,
whales are especially threatened by microplastics.

Corals

Discarded fishing gear and
plastic waste physically
damage coral reefs, prevent
filter feeding, and carry
pathogens. Corals also
ingest microplastics, and
these have been found in
corals living across ocean
depths, from shallow
waters tothe deep sea.

SCIENCE sciencemag.org

Figure 1. Science Magazine released a special issue focusing on the harms that synthetic materials
have on animals and ecosystems. (Science, 2021, https://doi.org/10.1126/science.abj9099

By 2050, it's estimated the weight of all plastic in the oceans will outweigh fish



https://doi.org/10.1126/science.abj9099
https://www.washingtonpost.com/news/morning-mix/wp/2016/01/20/by-2050-there-will-be-more-plastic-than-fish-in-the-worlds-oceans-study-says/?noredirect=on
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Highlights

> Fossil fuel-derived synthetic fibers
which are nonrenewable and
nonbiodegradable, currently comprise
approximately 60%¢2 of materials used by
the fashion, automotive, and home goods
industries and are projected to comprise
approximately 70% of materials by 20302

> Synthetic materials contain
microplastics, which accumulate and
persist in ecosystems for hundreds of years,
as well as toxins that poison ecosystems,
harm animals, and fuel climate change.

> Microplastics are proliferated around the
globe by air, rain, lakes, rivers, and oceans,
and are found in nearly every aquatic
environment tested for their presence,
including in deep sea trenches, remote
lakes, and Antarctica.

Defining material terms

Next-gen materials are more sustainable,
humane alternatives for:

. animal-derived leather, silk, wool, down,
fur, and exotic skins, which are sourced
from mare than 37 billion non-insect
animals and 1trillion insects each year,
and

. synthetic materials, which are primarily
sourced from petrochernicals,

Mext-gen materials use a variety of biomimicry
approaches to replicate the assthetics and
performance of their animal-derived and
synthetic counterparts. They can be derived from
plants, algae, fungi, microbes, cultured anirmal
cells, recycled materials, and other sustainable
SOUrCEes,

> Fibers from synthetic textiles contribute approximately 35% of the microplastics that enter

our waterways.

> Microplastics cause pain, suffering, and death to aquatic invertebrates, fish, birds,
mammals, flying insects, soil invertebrates, and other animals by reducing their food intake,
stunting their growth, decreasing their reproductive capabilities, and more.

> Once microplastics enter ecosystems, they are impossible to adequately remove using

current technologies.

> The prevalence of microplastics across taxa (microbial flora and fauna) and trophic (variable
temperature ecosystems) levels harms trillions of sentient beings.#

> Without the availability of sustainable, cruelty-free alternatives, fashion brands and other

|n

companies replace synthetics with “natura

animal-derived materials that are sourced from

the harming or killing of more than 1 trillion animals each year.

> For the health of our planet and future generations, it is critical that both synthetic and
animal-derived materials are replaced with sustainable and humane next-gen materials.



https://www.materialinnovation.org/what-we-do
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Synthetics are pervasive and circulating throughout all of Earth’s systems

The synthetic materials we wear and use every day in our clothes, cars, and homes contain
chemically stable microplastics (<5 mm) that can exist in the environment for hundreds of years
or longer. These microplastics contain harmful substances, including antimicrobials,
hydrocarbons, and flame retardants? and attract persistent organic pollutants such as
polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT), and polycyclic
aromatic hydrocarbons (PAHs).2

Microfibers originating from synthetic textiles are shed in large quantities during the process of
laundering clothes. A 2021 review of microfibers from synthetic textiles found them to be the
“most abundant microplastic forms found in the environment” and stated that they “are
released in massive numbers from textile garments during home laundering via sewage
effluents and/or sludge.”~

Once shed by synthetic materials, microplastics are proliferated around the globe by rain, lakes,
rivers, air, ocean currents, and ocean circulation patterns. They have been found in the Amazon
River and estuaries, deep sea trenches, remote lakes, Swiss Alps snow, Arctic ice, and all major
oceanic basinsg In 2017, the United Nations estimated that as many as 51 trillion (500 times as
many stars estimated to be in our galaxy) particles of microplastic are in the world's seas and
oceans alone.?

In a study spanning four years, The Global Microplastics Initiative collected 2,677 water samples
across every ocean and continent to research microplastics pollution in aquatic ecosystemes. Its
research resulted in the largest and most diverse dataset documenting microplastic pollution on
a global scale. It found, “[o]n average, global water samples contained 11.8 pieces of microplastic
per liter. Open ocean samples contained on average higher concentrations of the pollutant than
did coastal samples, with polar regions containing the highest averages. Across studies,
microfibers, as opposed to other types of microplastics, were dominant: microfibers
composed 91% of marine particles, 92% of freshwater particles, and 80% of Gallatin [River]
particles.”?

The 2017 publication Primary Microplastics in the Oceans: A Global Evaluation of Sources by the
International Union for Conservation of Nature and Natural Resources (IUCN) reported a more
conservative estimate that 35% of microplastic pollution is from microfibers, most of which are
derived from synthetic textiles!

MII predominantly focuses on microplastics’ impacts on marine animals because the majority of
microfibers from synthetic materials are shed into aquatic ecosystems, yet microplastics are
found in nearly every environment scientists test for their presence. A 2019 scientific study noted
that, “[t]he fate of microplastics in the environment seemingly has no boundaries, and they have
become ubiquitous in ecosystems globally. The type, size, shape, and color of microplastics are
important factors that inform their fate in the environment and in biota."%


https://www.adventurescientists.org/wp-content/uploads/2021/12/2018_microplastics-report_final.pdf
https://portals.iucn.org/library/sites/library/files/documents/2017-002-En.pdf
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Where the Ocean’s e
Microplastics Come From

Estimated share of total microplastics
in the world’s oceans, by source

@SS

Synthetic textiles Car tires City dust
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Source: International Union for Conservation of Nature
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Figure 2. According to the IUCN, synthetic textiles are the number one source of microplastics in oceans
(Statista, 2022, bit.ly/3UZa8co)

Thousands of species and trillions of animals are known to ingest synthetics

As summarized in the graphics below, direct evidence reveals that animals across terrestrial,
freshwater, and marine ecosystems ingest plastics. This includes thousands of individual species
of fish, birds, invertebrates, mammals, reptiles, and amphibians. Considering the research in this
space is still relatively new, researchers expect that this may greatly underestimate the true
nature of plastic ingestion across the animal kingdom, with terrestrial and freshwater
ecosystems understudied compared to the marine environment.
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Figure 3. “Plastic flux and accumulation in the environment are shown by red arrows. Plastics are
circulating through all Earth systems and have been affecting animals with diverse niches and

ecological traits. All depicted animals have a record of plastic ingestion.” Santos et al., Science 373, 56-60
(2021)
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Figure 4. Top: Number of animal species reported in the literature from 1980 until early 2021 ingesting
plastics (macro- and microplastics) across terrestrial, freshwater, and marine ecosystemes.

Bottom: Percentage of vertebrate families with plastic ingestion (red bars) reported for at least one
species in the terrestrial, freshwater, and marine systems. Santos et al., Science 373, 56-60 (2021)

It is currently difficult to measure the number of individual animals who absorb synthetic waste.
But looking just at fish, about a third of all tested fish have contained microplastics. With over 3
trillion fish on our planet, that's 1 trillion fish who may be ingesting microplastics. According to
scientific research, the proportion of fish consuming plastic has doubled across all species within
the last decade, from an average of 15% to 33% of fish sampled.2 Factor in thousands of other
animal species, and the numbers of animals consuming microplastics appear to be staggering.

A publication titled Studies of the effects of microplastics on aquatic organisms concluded that,
“[t]he widespread distribution of MPs* in aquatic ecosystems (Lusher et al.,, 2013) and broad
range of physicochemical properties make a wide range of aquatic organisms potentially
susceptible to these emerging contaminants."2 It cites research studies that “ingestion may be
due to an inability to differentiate MPs from prey [or] ingestion of organisms of lower trophic
levels containing these particles (e.g. plankton containing MPs)” or through direct adherence to
organisms. A significant amount of microplastic ingestion is not accidental; rather, it is a result of
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plastic debris mimicking food sources for animals. According to one scientific study, “[p]lastic
ingestion can be considered as an evolutionary trap, where the sudden appearance of plastics in
the environment..mimic cues of food items."®

While the long-term impacts of microplastics on animals and the environment are not yet fully
understood, their prevalence across taxa (microbial flora and fauna) and trophic (variable
temperature ecosystems) levels are recognized as contributors to pollution, harm, and suffering
for trillions of animals

Microplastics harm animals who consume them in myriad ways

Microplastics harm animals who consume them in myriad ways, including by reducing their food
intake, delaying their growth, altering their behaviors, decreasing their reproductive capabilities,
causing inflammation and oxidative damage, poisoning them with toxins, and leading to
premature death.

A literature review titled Harmful effects of the microplastic pollution on animal health
described the harms caused by microplastics to invertebrates, fish, and mammals (pages 6-16) %
It summarized, “[t]he number of published studies considering the effects of microplastic
particles on aquatic organisms is considerable. In aquatic invertebrates, microplastics cause a
decline in feeding behavior and fertility, slow down larval growth and development, increase
oxygen consumption, and stimulate the production of reactive oxygen species. In fish, the
microplastics may cause structural damage to the intestine, liver, gills, and brain, while affecting
metabolic balance, behavior, and fertility; the degree of these harmful effects depends on the
particle sizes and doses, as well as the exposure parameters.”

Muscles. MP suppresses the activity of
Brain. MP causes a decrease in the activity of  glutathione reductase, causes an increase in  Gastrointestinal tract. MP causes

acetylcholinesterase and glutathione reductase,  the level of lipid peroxidation, oxidative oxidative stress and neutrophil

an increase in level of lipid peroxidation in stress, structural damage. infiltration of the mucosa, structural
brain, changes in motor and feeding activity, damage, intestinal microbiome
changes in behavior in shallow water. changes.

MP

Reproductive system. MP causes
disturbances in the function of the
reproductive system and a decrease in
the production of caviar, it can

Gills. MP causes an increase in the
level of lipid peroxidation, oxidative
stress, an increase in neutrophil

nfiltration, structural damage of the

aills. e penetrate into the eggs.
Liver. MP causes changes in the activity of liver In embryos and fry, MP is detected in the intestine, gallbladder, liver,
enzymes, disorders of lipids, carbohydrates, amino gills, pancreas. heart, and brain. MP suppresses the expression of genes
acids and nucleic acids metabolism, oxidative stress, involved in the development and functioning of the nervous system,
fatty degeneration of hepatocytes and inflammatory causes a decrease n the survival of fry after hatching, slows down the
changes in the liver. growth of fry, changes in motor activity

Figure 5. Harmful effects of microplastics on fish (Zolotova N, et.al. 2022)
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Microplastics cause the most damage to
ecosystems through harming keystone
species®—including some species of
zooplankton, crabs, and coral—all of whom
serve critical functions for entire ecosystems.

Some species of zooplankton, which are
primary consumers in marine ecosystemes,
have been proven to grow more slowly and lay
fewer eggs as a result of consuming
microplastics, thereby decreasing food
available to entire ecosystems.®

Video of plankton ingesting microfiber

“{T}he sight of plankton ingesting plastic
was a relatively common sight... {in the
video} the fibre has made a loop inside
the animal's gut, you can actually see
the consequences of something as small
as the arrow worm consuming
microplastic.”

Richard Kirby, Plankton Scientist

Microplastics in corals: An emergent threat found that microplastics have an abundance of

negative impacts on keystone coral species, including “reduced growth, a substantial decrease of
detoxifying and immunity enzymes...high production of mucus, reduction of fitness...tissue
necrosis, lower fertilization success, decreased skeletal growth and calcification...coral bleaching...
impairment of feeding performance and food intake..and increased exposure to contaminants,
pathogens and other harmful compounds.”@ Coral reefs are among the most biodiverse marine
ecosystems on Earth and vital for the survival of thousands of species; the impact their health has

on entire ecosystems is therefore profound.

Microplasticsin corals: an emergent threat

- B D

Abundance

Size

-

Microplastictype

Selectivity of stress-tolerant species

Exposure time

Effects on corals

/ Reduced growth

* Negative effects on coral-
Symbiodiniaceae

'ﬂg,' f * Impairment of reproduction
Coral bleaching

Increase in diseases
Increases in the activities of
antioxidant enzymes
Tissues inflammation
Decrease of detoxifying and
immune enzymes
Decreased calcification
Impairment of feeding
performance

Decrease in food intake
Necrosis

Reduction of fitness
Changes on photosynthetic
performance

Increasing exposure to
contaminants and diseases
Alteration of metabolites
profiles

High production of mucus
Lower fertilization success /

Figure 6. According to scientific research, microplastics’ harm to coral represents “an emerging threat

globally.” (de Oliveira Soares, et. al. 2020)


https://www.bbc.com/news/science-environment-39217985
https://doi.org/10.1016/j.marpolbul.2020.111810
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Multiple scientific studies of keystone crab species have found that microplastics impair their
shell selection, attacking behaviors, and defending behaviors, all of which are important for their
survival. A review of studies about microplastics’ impacts on crabs and other decapods (including
prawns, shrimp, lobsters, and crayfish) stated that, “[nJumerous studies are available on the
accumulation of microplastics in tissues such as the gills, hepatopancreas and gastrointestinal
tract in these organisms.# Experimental studies have also highlighted the toxic effects of
microplastics such as oxidative stress, immunotoxicity and reproductive and developmental
toxicity in them.”

The study Microplastic exposure and effects in aquatic organisms: A physiological perspective
provides a simple and clear illustration of the myriad molecular, cellular, systemic and other
effects microplastics have on animals in aguatic ecosystems:#
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Figure 7. In the image above, an apical endpoint is an outcome for an animal (including altered
locomotion, growth, reproduction, and feeding) that can result from exposure to a pollutant like

microplastic and that indicates a diseased state for that animal. (Franzellitti S, et. al. 2019)

Microplastics are “magnets” for environmental toxins

While ingesting microplastics directly harms animals, microplastics can also act as sponges for
other hazardous substance, such as additives that were intentionally included in the synthetic
formulation (e.g., phthalates, well-known endocrine disrupting agents), or they can absorb and
concentrate pollutants in the environment (e.g., petrochemical residues from oil rigs)2% In one
recent scientific study, researchers found that “even very low concentrations of environmental
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pollutants, which are non-toxic to humans, once adsorb to the microplastic result in significant
increase in toxicity.2 This is because microplastics are a kind of 'magnet' for environmental
pollutants.”

A research study of the ecotoxicological effects of microplastics in aquatic environments cited
that there are more than 200 organic chemicals related to microplastics, including flame
retardants, antimicrobials, DDEs, and PCBs. It also found that microplastics may absorb and
concentrate other environmental toxins, and aquatic organisms who ingest them may serve “as
environmental carriers and vectors of toxic chemicals which they can transmit to marine
organisms and cause severe and adverse health effects.”# The scientists who recently published
Research on the Influence of Microplastics on Marine Life found similar toxicological effects of
microplastics and concluded, “[a]t present, the pollution of marine microplastics has become
more and more serious and has become a global pollution incident, but there is a lack of
effective treatment methods."# %

We cannot prevent microplastics from entering the environment once products
are sold

There are currently no effective interventions for adequately removing microplastics once they
are released into the environment. In many countries, microplastics are not filtered out by
wastewater treatment processes. Even in countries that have the technological capabilities to
remove the vast majority of microplastics during the wastewater treatment process, a large
quantity of microplastics and nanoplastics still escape into ecosystems, where they may wreak
havoc and persist for centuries. And while individuals with the means to do so can purchase
products that decrease the amount of microplastics escaping their washing machines, these
solutions require investments of time
and money and are not a
cost-effective, scalable, global solution
to the unbounded planetary problem

N of microplastic pollution.
l\‘\-\_‘ . (l_
( = . . .
¥ LN As microplastics continue to
) g \ ‘ accumulate and persist in

; / ecosystems across the globe,

» R i \ they may grow into an
: P existential threat.

Figure 8. Microplastics of various forms under a microscope. The long fibers are microfibers derived from
textiles. (Alex Aves/University of Canterbury. bit.ly/3Etw4GZ)

10
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Recycling is also not a cost-effective, scalable, and global solution to preventing microplastic
pollution. Though recycling is an option for some synthetic fibers, only a small percentage of the
synthetic materials we wear and use is recycled, microplastics are still released during the
process of recycling these materials, and recycling does not capture the microplastics released
during wear and washing. In addition, recycling technology faces numerous challenges,
including low efficiency of existing recycling technology, management of the underlying
materials’ toxicity, fiber shedding during recycling, transitional risk (increased emissions with
increase in recycling facilities to meet demand), the resource intensiveness of the recycling
process, and long-term dependency on virgin plastic production. To prevent the harms
microplastics cause to countless animals and ecosystems, they must be eliminated from
materials during the production process.

The research on this issue is continuing to evolve, but all signs point to dire
consequences

The answer to this problem is not simply more research on the effects of microplastic on animals.
A search within Google Scholar reveals over 20,000 individual scientific articles that contain the
terms “microplastics” and “animals.”

= Google Scholar  "microplastics” "animals”

& Articles

Figure 9. There has already been extensive research on microplastics and animals, and even more will
continue to be conducted in the coming years.

Some will argue that a “wait and see” approach is needed to fully understand the scale and
scope of microplastics’ effects on animal well being. It is true that with any environmental crisis,
continued research is necessary and warranted to fully comprehend the issue. However, research
continually indicates that due to the pervasive, toxic, and bioaccumulative nature of
microplastics, more and more animals will be exposed to these pollutants, and as environmental
migration and dispersion along the food chain continue to progress, more animals will be
harmed.

Time and time again, humanity has taken too little action while “waiting for more research.” For
example, the mid 20th century saw some of the worst occupational exposures to asbestos, a
useful mineral with deadly consequences when inhaled. The evidence of the harm of asbestos
was reported as early as 1899, but it took almost 100 years later for asbestos to be banned in many
use cases. In fact, asbestos is still in use in the U.S. in certain applications.® During that century of
heavy asbestos use, corporations argued for “more research” while millions of workers were
exposed to asbestos, leading to >200,000 annual deaths worldwide 22

n
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To avoid making the same mistakes with synthetics, we need to act now to find viable
alternatives that are high performance, aesthetically appealing, affordable, scalable, sustainable,
and that don't shed microplastics.

Without intervention, the use of synthetics or animal-derived materials will
continue to grow

Synthetic textiles are expected to remain the number one source of primary microplastics
globally in the coming decade as the industry grows. Synthetic materials comprise
approximately 60% of materials used by the fashion, automotive, and home goods industries
today and are projected to comprise 70% by 2030.

As research continues to surface about the environmental and animal welfare impacts of
synthetics, brands and retailers are under pressure to reduce their reliance on these materials. In
fashion especially, there is an increased push to equate synthetic materials with “plastics,”
necessitating a move back to “natural” products like leather, wool, and silk. Unfortunately,
without providing sustainable, cruelty-free alternatives, this backlash against synthetics will likely
lead to a resurgence in animal-derived materials, which are sourced from the harming or killing
of more than 1 trillion animals each year.

Without the development of next-gen materials, significant numbers of animals will be
harmed either through the prevalence of more microplastics or through the use of their skin,
hair, fur, feathers, and silk.

Wool does not contribute to microplastic
pollution

As a natural fibre, wool does not shed microplastics which can negatively affect ocean health.

Scientific studies show that wool is 100% biodegradable in both land and marine

environments and so. Machine washable treatments, such as Hercosett, are also fully

biodegradable

Figure 10. Woolmark campaign claiming wool as sustainable, because it does not create microplastics.
(https.//www.woolmark.com/industry/sustainability/wool-is-a-sustainable-fibre/)

12
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Next-gen materials are the solution to the synthetics crisis, offering viable
alternatives that will not harm animals in any point in their life cycle

The only truly effective long-term solution to the irreversible harms of synthetic and
animal-derived materials is to replace them with next-gen materials that replicate their
positive aesthetic and performance properties while eliminating their negative externalities.

Material Innovation Initiative (MIl) advances sustainable, animal-free next-gen materials and
helps drive material innovation. We were founded on the premise that consumers do not buy
materials because they come from animals or petrochemicals; they buy them based on their
performance, aesthetic, price, and availability. If the market provides consumers with products
that meet their needs, plus have the added benefits of being more sustainable and cruelty-free,
consumers will purchase these products.

The ideal next-gen material is derived from renewable, animal-free inputs such as cellulose,
chitin, proteins, or biosynthetics, and this material is able to safely return to nature as nutrients,
rather than pollutants. Thus across the life cycle, next-gen materials are poised to have much
lower environmental footprints, and avoid contributing to the plastic pollution crisis.

The MIl team conducts research, shares knowledge, and facilitates connections to profoundly
shift the way materials are produced and to foster a global market for sustainable products
across the fashion, automotive, and home goods industries. We envision a world where the
materials we interact with every day, from our shoes to our car seats, are produced in a way that
allows the planet, animals, and future generations to thrive.

13
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