Draft date: November 2025

How to use this starter package

This starter package is a supplemental resource for Interdisciplinary Team members with
summaries providing background information and context relevant to the workshops, tasks, and
objectives for developing this strategy.

Don’t worry about reading all of this before the first workshop, we will be referencing it throughout
our workshop series. If you want to dive into more detail about any particular topic, links to the
supporting resources are included at the end of each section.

This starter package also includes a description of the process ahead of us and the objectives for
deliverables expected at the end of this process. The final strategy narrative will build on the
information here and at our workshops and through all our discussions and opportunities for your
review.

Disclaimer

This project has been funded wholly or in part by the United States Environmental Protection
Agency (EPA) under assistance agreement PC-01J95801 to the Washington Department of Ecology
(Ecology). The contents of this document do not necessarily reflect the views and policies of the
EPA or Ecology, nor does the EPA or Ecology endorse trade names or recommend the use of
commercial products mentioned in this document.
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Toxics in Fish Implementation Strategy Overview

The Puget Sound recovery program is guided in part by Implementation Strategies (IS) developed

through regional collaboration of experts and practitioners, and focused on a steady progression
of actions that will lead to improvement of specific Puget Sound Vital Signs. The Toxics in Fish IS
(TIF 1S) was developed to address multiple indicators for the Toxics In Aquatic Life (TIAL) Vital Sign,
and includes the following strategies related to (but not directly addressing) microplastics:

e Chemicals of Emerging Concern (CEC) prioritization, prevention and management
e Incentivizing swap-outs of toxic consumer products

¢ Finding and fixing toxic hotspots

e In-water and near-water cleanup

While these strategies are meant to reduce toxics in aquatic species and improve the TIAL Vital
Sign indicators for PCBs and PBDEs in juvenile and adult salmon, English sole, Pacific herring, and
caged mussels, the human health impacts of toxics have become a point of focus in workshops
and subgroups run by the Stormwater Strategic Initiative Lead (SWSIL). The SWSIL team is
responsible forimplementing the TIF IS using EPA Geographic Funds for strategic projects that
directly or indirectly reduce loads or improve management of toxic chemical pollution.

Figuring out what SWSIL can do over the short and long-term to address microplastics and their
many associated CECs is something our collaborators, partners, and regional stakeholders are
asking for, that researchers and health experts are raising concerns about, and that intersects with
other CEC issues many people are actively working on. Microplastics are ubiquitous and
chemically complex (often associated with CECs like PFAS, 6PPD, and phthalates), and emerging
scientific research suggests linkages with significant health impacts to people, aquatic species,
and our environment. We will be expanding this strategy to recognize and include human health
impacts from microplastics as well as impacts on aquatic species and the environment.

Microplastic pollution is an emerging problem that starts with our manufacturing and use of
thousands of potentially hazardous chemicals to create plastics that we use daily in every facet of
our economy and lives. Plastic degradation products (e.g. micro and nanoscale plastic particles
and CECs like PFAS or bisphenols) are demonstrated to bioaccumulate in the tissues and organs
of humans, terrestrial, and aquatic species. This causes significant health risks, including cancer
and developmental issues, among a host of potential health impacts (see Health Impacts
section).

Plastic litter and marine debris have long been known to be a mortality problem for sea birds and
aquatic life since the 1960s and 70s. Recently, tire wear particles (one type of microplastic) and
leaching of the vulcanization agent 6PPD and its derivative 6PPDQ have been linked to urban
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runoff mortality syndrome in some salmon species. While research on marine and freshwater
species has been underway for two decades, concern has increased given that microplastics
have been discovered in the brain, organs, circulatory and reproductive systems of humans, with
new studies finding linkages to some health problems.

We need a starting point to begin addressing the growing microplastic pollution problem in the
Puget Sound region and protect the things we value, including: the health of our children and
families, the ability to safely eat locally harvested fish and shellfish, thriving aquatic species and a
marine food web that supports a vibrant and sustainable Puget Sound environment and economy.

The Microplastic Pollution strategy will be used to guide future strategic investments of EPA
Geographic Funds in subawards from the SWSIL and build a plan for actions (research,
monitoring, and other actions) that everyone can take to collectively reduce sources of and better
manage microplastic pollution in the Puget Sound region.

This strategy is not intended to substitute for formal risk assessment or regulatory determination.
Rather, we hope it can serve to inform those processes and decisions in the future as we grow the
body of regional scientific data to understand the problems and impacts to Puget Sound, aquatic
species, and people living in the region.

Definitions

First, let's start with some basic definitions for things we cover in workshops and discussions:

Bioplastic: a type of plastic material derived from renewable biomass sources rather than
from petroleum

Contaminants of Emerging Concern (CEC): toxic chemicals and mixtures of chemicals
that are suspected of or known to be hazardous to the health of people and other biota
including, but not limited to: PFAS chemicals, 6PPD, phthalates, PVC, and BPA.

Exposure: the process by which an organism comes into contact with a chemical,
physical, or biological agent through environmental pathways, resulting in a potential for
absorption and uptake into the organism

Hopeful Action: generally speaking, this would be an action, connected to an intervention
point, that meets decision criteria we will create in workshops together. A hopeful action is
one that we can all agree is relatively easy to initiate and complete over the next 4-5 years
and has a high return on investment (in terms of MP pollution load reduction and/or health
improvement, or resolving an uncertainty or barrier to action).

Intervention: a category of actions to reduce sources or improvement management and
removal of plastics or MPs, actions to reduce health or exposure risks, make policy, or
expand our knowledge (see Table 3).
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Macroplastics: plastic items with a diameter of 5mm or larger. We are organizing these by
plastic sectors and uses (see Table 1).

Microplastics (MPs): plastic degradation products including filaments, fragments, films,
and spheres that are smaller than 5mm, often referred to herein as MPs.

Nanoplastics: plastic degradation products that are 1um or smaller. These particles can
have CECs attached to them and pass the blood-brain barrier or pass from mother to child
through the placenta. For now, we include nanoplastics in the general definition of MPs.
Plastic: Unless otherwise specified, we will generally refer to petroleum-based plastics,
including a range of chemicals intentionally used or unintentionally presentin rigid,
flexible, or liquid resin plastic or plastic-coated materials (see also Monclus et al, 2025).

Plastic chemicals are usually derived from byproducts of petroleum refinement.
Additionally, plastics can include CECs (e.g. PFAS, phthalates, or BPA) added to enhance
the physical or chemical properties of the plastics or from contamination during
manufacturing. The chemical composition of a plastic material is formulated around how it
is used (see Plastic Sector below).

Plastic Sector: an organization schema based on the use of plastic materials and may
include a wide variety of types of plastic chemicals in each sector (see Table 1).

Toxic Hazard: A potential source of danger or harmful health effect from a toxic chemical
or mixture of chemicals.

Toxic Risk: the likelihood that harm from a specific hazard will occur, typically expressed
as Risk = Hazard x Exposure.

Uncertainty: a lack of knowledge or data needed to support an assertion, understanding,
or rationale for action. Uncertainties are resolved through scientific research and
monitoring or other actions to fill in knowledge or data gaps or mitigated through
precautionary actions.

General State of the Science on Microplastic Pollution

The following information is just a highlight of the key findings from published journal articles, grey
literature, and recent scientific presentations. We will be discussing this information in more
depth at workshops, and we will curate these resources as part of our final deliverables. We do not
expect you to read everything but encourage everyone to take a little time and skim this material
before our first workshop to familiarize yourself with some of the underlying context and state of
knowledge for microplastics. We especially encourage you to dig into the parts of this that most
interest you or pertain to your job.

Overview of the microplastic pollution problem

Microplastics are degradation products from larger plastic materials (secondary MPs) or are
plastics manufactured to be small (primary MPs, such as nurdles). There are many types and uses
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of plastics throughout the materials economy, and they are ubiquitous in consumer products.
Plastics manufacturing utilizes chemical byproducts from the oil refining process, and those
chemicals can be used to make a wide variety of useful products that we’ve come to depend on as
part of modern society.

Plastic products degrade and break down into smaller pieces over time, sometimes over many
decades, due to a variety of environmental factors including solar radiation, heat, and abrasion or
other mechanical means of crushing or breaking (Sutkar et al, 2023). Once plastics are broken
down into very small pieces they are called microplastics (less than 5mm, including nanoparticles
to align with California’s definition). The degradation products are generally classified as: fibers,
fragments, films, foams, and spheres (usually from primary plastic nurdles).

When degradation products are identified in the environment, it can be difficult to impossible to
tell which specific plastic sources it came from. To begin to understand potential sources we must
also consider the environmental and anthropogenic mechanisms that can transport microplastics
and the media in which they are found. For example, microplastic fibers in wastewater often come
from textiles and washer effluent or clothes dryer emissions. Another example linking
microplastics to original source is tire wear particles that are primarily found in stormwater runoff
from roads and other impervious surfaces that cars and other vehicles drive on. There are also
less obvious micro- and nano-plastic particles that come from food and beverage packaging and
are easily consumed by people and animals.

Plastic waste, debris, and degradation products are known problems for birds, marine mammals,
sea turtles, and other aquatic and terrestrial species. Over the last decade research and
monitoring have found that plastics and microplastic pollution are a growing global problem with
potential impacts affecting the health of the environment (air, water, and soil), aquatic species,
and humans. Technology for quantifying micro and nanoplastic pollution has improved and
become less expensive, allowing for identification of particles in the environment and in organic
tissues. Laboratory methods for analysis of MPs in waters and sediments have been developed
(Masura et al, 2015), and the need for more standardized methods was identified by the PSEMP
Toxics Workgroup as a top priority uncertainty in 2024 (see section on Uncertainties) to better
compare results between different studies in Puget Sound.

Recent scientific research has found that many Contaminants of Emerging Concern (CECs) are in
and on plastic particles, emphasizing the close connection between plastics and CEC reduction
efforts. Some CECs are also priority toxic chemicals with action plans developed by Washington
State: the forever-chemicals (PFAS), halogenated organochlorine chemicals like flame retardants
(PBDEs), and the recently discovered 6PPD-Q which comes from tire wear particles is highly toxic
to some salmon species and the chronic effects on other aquatic species and humans are still
being studied.
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The following resources were used for this summary and go into more detail about the
microplastics pollution problem in general.

Journal Articles and Grey Literature:

Brander, S. M., K. Senathirajah, M. O. Fernandez, J. S. Weis, E. Kumar, A. Jahnke, N. B. Hartmann, et al.
2024. The time for ambitious action is now: Science-based recommendations for plastic chemicals to

inform an effective global plastic treaty. Science of The Total Environment 949: 174881.

Iwanowicz, D.D., A.K. Baldwin, L.B. Barber, V.S. Blazer, S.R. Corsi, J.W. Duris, S.C. Fisher, M. Focazio, S.E.
Janssen, J.R. Jasmann, D.W. Kolpin, J.M. Kraus, R.R. Lane, M.E. Lee, K.B. McSwain, T.D. Oden, T.J. Reilly, &
A.R. Spanjer. 2024. Integrated science for the study of microplastics in the environment—A strateqic

science vision for the U.S. Geological Survey (Circular 1521). U.S. Geological Survey, Reston, VA.

Masura, J., J.E. Baker, and G.D. Foster. 2015. Laboratory methods for the analysis of microplastics in the

marine environment: recommendations for quantifying synthetic particles in waters and sediments.
NOAA technical memorandum NOS-OR&R; 48.

Monclus, L., H.P.H. Arp, KJ. Groh, A. Faltynkova, M.E. Loseth, J. Muncke, Z. Wang, R. Wolf, L.
Zimmermann, and M. Wagner. 2025. Mapping the chemical complexity of plastics. Nature, Vol.643
pp349-355. July 2025.

Sutkar, P.R., R.D. Gadewar, and V.P. Dhulap. 2023. Recent trends in degradation of microplastics in the

environment: A state-of-the-art review. Journal of Hazardous Materials Advances. Vol.11, August 2023.

Thompson, R.C., W. Courtene-Jones, J. Boucher, S. Pahl, K. Raubenheimer, and A.A. Koelmans. 2024.

Twenty years of microplastic pollution research- what have we learned? Science 386.

UN Environment Programme (UNEP) and Secretariat of the Basel, Rotterdam and Stockholm

Conventions. 2023. Chemicals in plastics: a technical report. Geneva.

Wagner, M., L. Monclus, P.H.H. Arp, K.J. Groh, M.E. Loseth, J. Muncke, Z. Wang, R. Wolf, and L.
Zimmermann. 2024. State of the Science on Plastic Chemicals. Plastichem.
http://dx.doi.org/10.5281/zenodo.10701706.

Websites:

ITRC (Interstate Technology & Regulatory Council). 2023. Microplastics Team Materials. Washington DC:

ITRC, MP Team.

USGS website. Microplastics in our Nation's waterways.

Webmap:

Marine Microplastics | National Centers for Environmental Information (NCEI)
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https://app.box.com/file/1912420513635
https://app.box.com/file/1912420513635
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https://repository.library.noaa.gov/view/noaa/10296
https://repository.library.noaa.gov/view/noaa/10296
https://repository.library.noaa.gov/view/noaa/10296
https://app.box.com/file/1968518401412?s=8ucxoevuppf8k2015y7sl21q96zj0mv3
https://app.box.com/file/1968518401412?s=8ucxoevuppf8k2015y7sl21q96zj0mv3
https://app.box.com/file/1968518401412?s=8ucxoevuppf8k2015y7sl21q96zj0mv3
https://www.sciencedirect.com/science/article/pii/S2772416623001146
https://www.sciencedirect.com/science/article/pii/S2772416623001146
https://app.box.com/file/1922715369011
https://app.box.com/file/1922715369011
https://app.box.com/file/1912419426837
https://app.box.com/file/1912419426837
https://app.box.com/file/1912413926385
https://app.box.com/file/1912413926385
https://app.box.com/file/1912413926385
https://mp-1.itrcweb.org/introduction/#1_1
https://mp-1.itrcweb.org/introduction/#1_1
https://labs.waterdata.usgs.gov/visualizations/microplastics/index.html
https://experience.arcgis.com/experience/b296879cc1984fda833a8acc93e31476

Other resources:

PLASTICAST | Pacific Northwest Consortium on Plastics (OSU podcast on plastics pollution
research and policy)
Plastics Research Webinars | Pacific Northwest Consortium on Plastics

Plastic Sectors and Uses

The term plastic sector is being used in this strategy as a top-level categorization for the different
types of plastic uses in the materials and consumer economies. The chemical formulation of
plastic material varies based on the intended use, and the chemical design can affect end-
product management and associated CECs. We propose using the plastic sectors described in
Table 1 and are open to feedback to improve our classification so that it is clear and easy to
understand.

Not all plastics will degrade into secondary microplastics at the same rate and the pathways into
the environment may be different between uses. Not every plastic sector and use can be
addressed by this strategy so we will need to narrow down to particular uses or sectors for
implementation of this strategy using decision criteria that we will begin discussing in the first
workshop. Plastic sectors and uses will also be used later as an organizing principle for
interventions to reduce microplastic pollution.

Table 1: Proposed Classification Schema of plastic sectors and uses.

Plastic Sector Types of Uses (not an exhaustive list)

Primary Microplastics Nurdles or liquid resins used to make plastic products

Flexible Film Plastic Packaging Flexible film plastic packaging materials used for: industrial
(non-consumer) packaging, secondary consumer packaging
(product wrapping), and tertiary consumer packaging
(wrapping of products for transport)

Rigid Plastic Packaging Rigid plastic packaging materials for industrial packaging
(non-consumer), secondary consumer packaging (product
packaging), and tertiary consumer packaging (for
transporting multiple products

Synthetic Textiles Synthetic apparel, footwear and accessories, outdoor gear,
personal protective equipment, synthetic bedding & towels,
microfiber cloths

Agriculture & Landscaping Landscape fabrics and geotextiles, livestock feed packaging,
greenhouse films, irrigation lines and fixtures, smaller bags
and packaging material, plastic twine, nursery trays and
plant pots, deer and erosion fencing
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Interior Furnishings

Commercial or residential furnishings that use synthetic
textiles, rugs, storage or organizing containers, mattresses,
appliances

Hygiene, Cleaning Products &
Cosmetics

Rigid plastic dental and personal care items (e.g.
toothbrushes, floss, picks, hairbrushes, eyeglasses),
abrasives, thickeners, opacifiers, sponges, polishers, and
some cosmetics

Food Service

Single-use plastic products including straws, utensils,
condiment packages; or other primary consumer plastic
packaging or plastic-coated food storage containers, plastic
bottles, plastic coated cans, cutting boards, tea bags thin-
film produce bags, kitchen tools/utensils,

Transportation
(Automotive/Aviation)

Tires, traffic cones or other safety equipment, vehicle parts,
paint on road surfaces, road markers and reflectors, sealants
and adhesives

Construction & Building
Materials

PVC pipes and fixtures, paint, synthetic flooring materials
(including carpeting), underlayment, vapor barriers,
insulation, adhesives, coatings and sealants, vinyl products
(siding, trim, roofing, and window casings), sheeting,
crushed glass fill

Toys, Sports & Recreation

Synthetic turf, playground equipment, rubber playground
surfaces, children’s toys, glitter?

Smoking and Drug Related
Products

Cigarette filters and rigid plastic vapes

Hospital & Medical Products

Tubing, surgical gloves and other PPE, syringes and
catheters,

Events, Travel, & Hospitality

Single-use plastic items, plastic key cards, name tags, event
swag

Maritime

Fishing line and nets, foam floats, buoys, crates,

There are a lot of different plastic uses that we could focus on, and we need to figure out which

uses are most important for us to begin working on for this strategy. Our first workshop will include

a discussion about the plastic uses we could focus on and develop decision criteria to prioritize

plastic uses to address with hopeful (intervention) actions for future Puget Sound Geographic

Program funding.

The following resources were used for this summary and go into more detail about different plastic
uses and their microplastic impacts.

Journal Articles and Grey Literature:
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Ahamed, A., A. Veksha, A. Giannis, and G. Lisak. 2021. Flexible packaging waste- environmental

implications, management solutions, and the way forward. Current Opinion in Chemical
Engineering. Vol. 32, June 2021, 100684.

Ali, A., S. Qamer, M. Shahid, B. Tomkova, M.Z. Khan, J. Militky, J. Wiener, and M. Venkataraman. 2024.
Micro- and Nanoplastics Produced from Textile Finishes: A Review. Langmuir 2024, 40, 34, 17849-17867.
https://doi.org/10.1021/acs.langmuir.4c00552.

Brander, S.M., G.A. Langellotto, M.T. Mistry, S.L. Singleton, M.A. Hainey, L.M. Kashiwabara, K. Arthur, E.F.
Granek, K. Baird, R. Palazuelos, N. Campos, H. Trim, L. Sommer, S. Harper, and G.R. Tetteh. 2025. Reining
in plasticulture from land to sea: Pacific Northwest (USA) perspectives on agriculture and aquaculture.
Frontiers in Sustainable Food Systems, Vol 9. https://doi.org/10.3389/fsufs.2025.1634747.

Chinglenthoiba, C., M.N. Lani, S.T. Anuar, K.T.T. Amesho, P.K. L, and J. H. Santos. 2025.
Microplastics in food packaging: Analytical methods, health risks, and sustainable alternatives.
Journal of Hazardous Materials Advances. Vol.18, 100746.

Erdle, L.M., and M. Eriksen. 2023. Monitor compartments, mitigate sectors: A framework to deconstruct

the complexity of plastic pollution. Marine Pollution Bulletin 193.

McGrath, T., R. Stamm, V. Singla, and B.C. Almroth. 2024. Building’s Hidden Plastic Problem.
Habitable.

Prasittisopin, L., W. Ferdous, V. Kamchoom. 2023. Microplastics in construction and built environment.
Developments in the Built Environment, Vol.15 October 2023.
https://doi.org/10.1016/j.dibe.2023.100188.

Shafea, L, Yap, J., Beriot, N., Felde, V.J., Okoffo, E.D., Enyoh, C.E. and Peth, S., 2023. Microplastics in
agroecosystems: A review of effects on soil biota and key soil functions. Journal of Plant Nutrition and
Soil Science, 186(1), pp.5-22.

Zimmerman, L., B. Geueke, L.V. Parkinson, C. Shir, M. Wagner, and J. Muncke. 2025. Food contact

articles as source of micro- and nanoplastics: a systemic evidence map. Science of Food 9, 111.
https://doi.org/10.1038/s41538-025-00470-3.

Websites:

PennState Extension Website. Microplastics in Agricultural Lands. September 15, 2025.

Microplastics from textiles: towards a circular economy for textiles in Europe | Publications |
European Environment Agency (EEA) 09Feb2022.

NRDC website. Single-Use Plastics 101. https://www.nrdc.org/stories/single-use-plastics-101
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https://www.frontiersin.org/journals/sustainable-food-systems/articles/10.3389/fsufs.2025.1634747/full
https://www.frontiersin.org/journals/sustainable-food-systems/articles/10.3389/fsufs.2025.1634747/full
https://www.frontiersin.org/journals/sustainable-food-systems/articles/10.3389/fsufs.2025.1634747/full
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https://www.sciencedirect.com/science/article/pii/S2772416625001585
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What we know about the spatial distribution of microplastics in Puget Sound

The circulation and hydrodynamics of the Puget Sound and greater Salish Sea are complex, and
water is exchanged between Puget Sound basins due to a variety of factors including watershed
inflows, wind, tidal exchanges, and bathymetry, while vertical exchange throughout the water
column is a function of salinity and temperature gradients. Circulation and exchange rates vary
between basins and between inlets and bays within basins.

\

Microplastics in marine waters may
originate from point source discharges to
marine waters or from watershed inflows,
or from atmospheric deposition of
aerosolized microplastic particles or
microfibers. Microplastic loads in
watershed inflows come from point and
nonpoint sources into rivers and lakes

. within each watershed. Monitoring efforts
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Figure 1: The number of MP monitoring studies in the Salish Sea region.

have analyzed the presence of
microplastics in sediments, water, fish, and
biota throughout the Salish Sea in order to
characterize both their extent and impact.

Sediment

Microplastic loads were substantially
higher in Puget Sound compared to the
more remote San Juan Archipelago. Within
Puget Sound beaches, sediments from
Seattle accounted for 60.14% of all
microplastic pieces collected (Esham-

Arzadon, 2017). Regional hotspots included Victoria Harbour and the North Coast (Prince Rupert
area) in British Columbia (Noel et al, 2022). Eshom et al’s study revealed that among Puget Sound
beaches sampled between 2016 and 2017, Howarth Park, Carkeek Park, and Alki Beach Park

exhibited the highest MP abundances.
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Sediment microplastic concentrations varied widely across the Salish Sea:

e British Columbia Coast: Averaged 32.6 = 5.3 particles/kg dry weight (DW), with a
maximum of 141.6 particles/kg (Noel et al, 2022).
e Puget Sound Nearshore: Averaged 0.19 pieces/g DW (20-650 pieces/kg DW) (Black et al,

2018).

e Puget Sound Beaches: Averaged 148 MP/m” (range 30-312 MP/m?) (Eshom-Arzadon,

2025).

e SanJuan Archipelago: Averaged 12.33-16.77 MP/m? (Eshom-Arzadon, 2025).

e Strait of Georgia: Microplastic concentrations were higher in suitable sand lance habitats
(mean 460 MP/kg) than in unsuitable ones (mean 120 MP/kg) (Peters, 2018).

Hydrodynamic conditions strongly influenced microplastic distribution. Concentrations were
significantly higher in lower-energy drift cells such as those found in bays and estuaries.
Conversely, actively moving drift cells exhibited lower microplastic levels, suggesting offshore

dilution and redistribution. Protected
beaches consistently contained more
microplastics than exposed beaches or
subtidal sediments. Higher
concentrations were also observed in
shallow (< 40 m) zones, sandy and fine-
grained sediments, poorly sorted
materials, and artificial substrates.

In Eshom-Arzadon’s 2025 San Juan study,
wave exposure and embayment type did
not significantly influence MP levels at
Puget Sound sites, although artificial
sediments had the highest loading (mean
312 MP/m?). Unlike chemical
contaminants measured in mussels,
sedimentary microplastic
concentrations showed little correlation
with watershed land cover or
urbanization metrics. This indicates that
hydrodynamic processes may
overshadow direct land-use influences
on MP accumulation.

Campbell

Riv@ %
Vancouver = Q§

@8
Island 5

Olympic
Coast National
Marine
Sanctuary

Sample Type

® Combined
® Water

@ Sediment
© Biota

® Fish

Garibaldi

Provincial

Figure 2: MP sampling locations by matrix type.
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Fibers were the dominant form of microplastic across all studies. In the SAM study, fibers were
270% more abundant than non-fibrous forms such as spheres, films, foams, fragments, or line,
and in the 2023 Puget Sound study, fibers made up 95.5% of all plastics. A 2018 nearshore
sediment study by Black et al found microplastics in sediment sampled at 25 of 41 sites in the
Puget Sound region, with the abundance of fibers was 270% higher than non-fibers in both large
and small size classes. These are largely attributed to clothing and textiles, implicating
wastewater treatment effluent as a major source. Smaller particles (355 pm-1 mm) were roughly
three times more common than larger ones (> 1 mm) in the SAM nearshore sediments. In Elliott
Bay (Kirby et al, 2021), 54% of plastics were between 1-2.5 mm in length.

Polymer composition varied by region, with polyester dominating in BC coastal sediments (Noel et
al, 2022), followed by polyethylene, while in Puget Sound bed sediments (Robbins, 2024),
polypropylene was most prevalent, followed by polyethylene. Epoxy-based paint flakes, used for
sealing ship hulls, were found near shipyards such as Howarth Park and Carkeek Park.
Micropellets reached exceptionally high concentrations in Lambert Channel and Baynes Sound,
BC, up to 25,328 particles/kg DW.

Research on sediment microplastics in the Salish Sea has become increasingly sophisticated,
reflecting an increase in baseline knowledge. Standardization has been central to recent efforts.
NOAA’s Marine Debris Program (Masura et al, 2015) provided foundational methods for
quantifying synthetic particles in water and sediments, commonly using wet sieving, density
separation, and wet peroxide oxidation to remove organic matter. Visual identification (typically at
40x magnification) remains inexpensive but error-prone, often leading to misidentification.
Studies increasingly rely on spectroscopic confirmation via Fourier-transform infrared or Raman
spectroscopy to accurately identify polymers. However, high costs and potential sample loss
during analysis continue to limit full-spectrum confirmation.

Water

Monitoring efforts focused on microplastics in the water of the Salish Sea have identified
widespread contamination, primarily consisting of fibers and foam, with concentrations often
linked to proximity to urban centers and human activity. The Seattle Aquarium conducted the first
long-term monitoring of anthropogenic microparticle concentrations at depth in Elliott Bay,
located on the waterfront of the central Puget Sound region of the southern Salish Sea (Harris et
al, 2021). Additional regional studies include community science efforts (Puget Soundkeeper,
2020), surface water trawls (Davis and Murphy, 2015; Serdan et al, 2017), and water column
samples (Harris et al, 2021). These studies found microplastic contamination throughout the
Salish Sea, with studies confirming its presence in both surface and subsurface waters from the
Strait of Georgia to Puget Sound.
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Microplastic concentrations were found to be highest near urbanized and industrialized regions,
particularly around Seattle, Everett, and the Whidbey Basin. These are areas where wastewater
discharge, stormwater runoff, and maritime activity serve as major inputs. Surface trawl data
consistently show elevated microplastic densities near harbors and marinas, with some studies
finding levels more than ten times greater than those observed at remote offshore sites (Davis and
Murphy, 2015; Serdan et al, 2017). Despite this, in Serdan’s 2017 analysis there was no direct
correlation to any individual factor was found, although the relationship with human population
was strongest (Serdan, 2017). Microplastics were found even in less developed coastal areas,
indicating wide dispersal through tidal and estuarine circulation.

University of Washington researchers reported finding microplastics in many places throughout
Puget Sound (Baer et al, 2020) and that the level of anthropogenic activity can be linked to
abundance of microplastics in marine waters. Another 2017-18 study by Keely A. Hall (UW School
of Oceanography undergraduate student) analyzed spatial and temporal variation of MP
abundance at nine stations on the Puyallup River. They found that microplastic abundance varied
between river stations and suggested that Puget Sound rivers convey microplastics to marine
waters.

Across all Puget Sound monitoring studies, fibers and filaments were the dominant microplastic
forms found, often comprising over 90 percent of the particles observed in subsurface and
nearshore samples. Surface samples had higher concentrations of foam fragments, primarily
expanded polystyrene, across the Salish Sea and Inside Passage, representing up to 95 percent of
debris in some datasets. Polymer analyses confirm that these materials include polyethylene
terephthalate, polyester, polyethylene, and polyamide.

Long-term and regional monitoring efforts have been essential for characterizing spatial patterns
and trends. In Elliott Bay, near-continuous sampling since 2019 has revealed consistent fiber
dominance at depth and clear links between microplastic abundance and human activity (Harris
et al, 2021). Temporal analyses showed an 81 percent decline in microparticle concentrations
during the early months of the COVID-19 pandemic, coinciding with reduced tourism and
waterfront. Community science surveys and surface trawls across Puget Sound have extended the
understanding of the spatial extent of microplastics.

Monitoring programs in the region employ standardized but diverse methods. Surface samples are
typically collected using neuston or manta trawls fitted with 333-micrometer mesh, while
subsurface samples are obtained through pumped seawater systems and fine sieving. Laboratory
processing involves oxidation of organic matter, density separation, and visual sorting under
magnification, followed by polymer confirmation using Fourier Transform Infrared spectroscopy.
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Fish

Studies that monitor microplastics in fish are less common than those focused on sediment or
water, however recent studies across the Salish Sea reveal that microplastic contamination in fish
is widespread and ecologically significant. Research led by Selden and Baker (2023) at the
University of Washington, Collicutt et al. (2019) at the University of Victoria and Hakai Institute,
and Gillies et al. (2024) at the University of the Fraser Valley collectively show that both forage fish
and salmon are ingesting microplastics at high rates.

Salmon are consistently the most affected, with studies finding that 59-100% of individuals
contain microplastics. Importantly, the study that found microplastics in 59% of salmon was
studying juvenile salmon. Comparatively, only 23-25% of the forage fish that were sampled
contained microplastics. These studies sampled across diverse Salish Sea habitats from the San
Juan Archipelago to the Fraser River mouth, demonstrating the broad spatial extent of
contamination.

A clear pattern emerges across studies which show that fibers overwhelmingly dominate the
microplastics found in fish, accounting for roughly 70-95% of total particles. Most fibers are black,
blue, or clear, suggesting a link to textile sources and wastewater effluent. These fibers and other
microplastics showed evidence of moving beyond the digestive tract and into the bloodstream.
One study found a nearly equal concentration of microplastics in the liver and in the stomach,
suggesting widespread translocation. Microplastics were also found in the muscle tissue of
Sockeye salmon in the study conducted by Gillies et al (2024), suggesting the potential for human
exposure through seafood consumption.

Spatial and ecological trends indicate that microplastic accumulation is influenced by both
habitat and trophic level. Studies from both Colicutt et al (2019) and from Selden and Baker (2023)
sampled salmon at both exposed and protected locations in the Salish Sea, and both found that
salmon showed elevated concentrations regardless of habitat. Send and Baker similarly sampled
forage fish, but found that those in more protected beach sites had higher prevalence of
microplastics than those in exposed or offshore areas.

Biota

Studies that monitor microplastics in non-salmon biota of the Salish Sea reveal that microplastic
contamination is widespread across species, particularly among filter feeders and planktivorous
fish. Work led by regional institutions such as the University of Washington, the University of
Victoria, and the Hakai Institute revealed that Pacific blue mussels, Manila clams, oysters, and
zooplankton are all exposed to synthetic microparticles. Mussels collected across Washington’s
coast contained microplastics in 42-63% of individuals, averaging 0.75 MPs per gram of wet tissue
(Harris et al, 2023), while aquaculture mussels and clams near the Fraser River mouth in British
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Columbia exhibited higher concentrations of 2.6-10.5 MPs/g (Gillies, 2024). In contrast, Pacific
oysters showed much lower contamination, with only 0.02-0.14 MPs/g and just 2% of particles
confirmed as plastic, indicating species- and habitat-specific variation in exposure (Martinelli et
al, 2020).

Across these studies and species, microplastic fibers overwhelmingly dominate as the primary
contaminant type and represent between 80 and 90% of total microplastics detected in each
study. The majority of these fibers are blue, black, or clear microfibers composed of synthetic
polymers such as polyester, polypropylene, or nylon. These fiber types indicate that textiles may
be a major contaminant source, with likely ties to wastewater effluent.

Spatial patterns indicate that exposure risk is linked to both organism size and feeding behavior.
Zooplankton and larval herring in Baynes Sound contained extremely low levels of microplastics,
averaging fewer than one particle per thousand individuals, while juvenile herring had higher
ingestion rates of about 0.09 particles perindividual (Mahara et al, 2022). This size-dependent
pattern reflects that larger organisms feeding on particles in the 1-4 mm range are more likely to
encounter microplastics than smaller planktonic species. Overall, microplastics have become a
pervasive contaminant in Salish Sea food webs.

Data Limitations

While the monitoring and research of microplastics in the Salish Sea has been increasingin
sophistication, there remain limitations to research consistency and data verification that hinder
the development of baseline knowledge. Efforts have been made to standardize practices, such
as through NOAA’s Marine Debris Program methods (2015), though these protocols only apply to
waters and sediments. In addition to the lack of standardization, the process of analyzing
microparticles is prone to error. Visual identification leads to high misidentification rates, and the
use of spectroscopic methods remains expensive while also resulting in sample destruction
which limits the process of verification. Methodological changes such as a shift away from
manual identification and the standardization of measuring microplastic mass have been
suggested for improving the consistency of data.

The following resources were used for this summary and provide more detail about the
microplastics in Puget Sound:

Baer, M.J., A. Deaton, and J. Masura. 2020. Microplastics Analysis and Quantification of Benthic
Sediments of the Salish Sea. University of Washington Tacoma. Poster for 2020 Salish Sea
Ecosystem Conference.

Black et al (2018). Nearshore Sediment Monitoring for the Stormwater Action Monitoring Program,
Puget Sound, Western Washington.
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Collicutt, B., F. Juanes, and S.E. Dudas. 2019. Microplastics in juvenile Chinook salmon and their

nearshore environments on the east coast of Vancouver Island. Environmental Pollution
Jan:244:135-142.

Davis, W., and A.G. Murphy. 2015. Plastic in surface waters of the Inside Passage and beaches of
the Salish Sea in Washington State. Marine Pollution Bulletin, 2015-08, Vol. 97 (1-2) pp169-177.

Esham-Arzadon, Frances (2017). Concentration of Microplastics in Beach Sediments Surrounding

Seattle, Washington in the Puget Sound Estuary. University of Washington, School of
Oceanography. July 2017.

Eshom-Arzadon, F.K., K. Conway, J. Masura, and M.R. Baker. 2025. Microplastics in Nearshore and
Subtidal Sediments in the Salish Sea: Implications for Marine Habitats and Exposure. Journal of
Marine Science and Engineering. Vol. 13(8), 1441.

Gillies, S.L., D. Jereb, B. Stam, and D. Arojojoye. 2024. Microplastics Found in Salmon and Bivalves
from the Salish Sea. Conference Proceedings, Paris France, February 19-20, 2024.

Hall, K.A. 2018. Comparison of Microplastics in Puget Sound via the Puyallup River from 2017-
2018. University of Washington, School of Oceanography. Environmental Science Undergraduate
Theses.

Harris, L. S.T., J. Fennell, R.J. Fales, and E. Carrington. 2021. Spatial-Temporal Growth,
Distribution, and Diffusion of Marine Microplastic Research and National Plastic Policies. Water
Air Soil Pollution, 232:400.

Harris, L.ST., L. La Beur, A. Y. Olsen, A. Smith, L. Eggers, E. Pedersen, J. Van Brocklin, et al. 2022.
Temporal Variability of Microparticles Under the Seattle Aquarium, Washington State:
Documenting the Global Covid-19 Pandemic. Environmental Toxicology and Chemistry 41: 917-
930.

Harris, L.S.T., S. Phan, D. DiMarco, J.L. Padilla-Gamifo, C. Luscombe, and E. Carrington. 2023.
Microparticles in marine mussels at regional and localized scales across the Salish Sea,
Washington. Marine Pollution Bulletin, Vol. 196 Nov 2023, 115609.

Larino, Hannia (2024). Preliminary Analysis of Identifying Microplastic Polymers Using FTIR

Spectroscopy from Surface Waters in the Pacific Northwest. Environmental Science
Undergraduate Theses. 9.

Mahara, N. and J.J. Alava. 2022. Assessing size-based exposure to microplastic particles and
ingestion pathways in zooplankton and herring in a coastal pelagic ecosystem of British Columbia,

Canada. Marine Ecology Progress Series 683:139-155.
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Health Impacts

Human health

Human health impacts from MPs are being included in this strategy because they are inextricably
linked to environmental and aquatic species impacts and in themselves are significant motivators
for action. Family doctors, health clinics, and local public health jurisdictions are the ones who
carry public health messages, provide guidance, and run programs to reduce peoples’ risks of
exposure to MPs. Epidemiologists and toxicologists working for Washington State Departments of
Health and Ecology also consider human health impacts when making policy decisions and
implement programs like Safer Products for Washington to restrict dangerous products and find
safer alternatives that are healthy for people and the environment.

Some human health clinical studies and experimental animal studies of MPs have been
completed, and while more studies are needed recent findings from studies around the world
suggest that MPs (including nanoplastics which are degradation products of microplastics)
present significant health risks. In addition to the impacts of MPs themselves, some research
findings point to the ability of MPs to adsorb CECs like PFAS chemicals and translocate those
CECs throughout the human body, but the data is mixed and more research is needed to better
understand potential impacts.

Humans can be exposed to MPs through ingestion, inhalation, injection, or dermal absorption
depending on the plastic source and pathway. Risk of MP exposure can be somewhat mitigated
but never fully eliminated because of the ubiquity of plastics and MPs in our everyday lives. Risks
of ingesting or inhaling MPs are higher than from injection or dermal absorption. Trasande et al
(2024) estimates a total cost of $226-$228 billion in plastic-attributable disease burden in 2018;
the majority of the costs were the result of PBDE, PFAS, and phthalate exposures.

Ingestion

MPs can be ingested orally and accumulate in the gut where they can be translocated through
intestinal walls and transported throughout the human body with documented accumulation in
other tissues, organs, and bones (e.g. cardiac, brain, placenta, etc.). Sources of MPs that may lead
to ingestion include food packaging, beverage containers, dental hygiene products, drinking water,
paint chips, and food already contaminated with MPs including locally harvested fish, shellfish,
meats, and honey as a few examples. Risks of exposure can be reduced but not eliminated by
selecting consumer products that are safer alternatives and use less plastic (food packaged in
glass or metal, toothpaste tablets instead of in plastic squeeze bottles, etc). However, placing
pressure on consumers to make what are currently more expensive choices is problematic.
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Inhalation

MPs can be inhaled, leading to accumulation in the pulmonary system where they can be
translocated through lung tissues and transported throughout the human body, potentially
accumulating in other tissues, organs, and bones. MPs from upholstered furniture, carpets and
rugs, clothing and other textiles all potentially contribute MP fibers to our indoor environments
where they accumulate as dust and then adults and children inhale the airborne particles. Risks
of exposure can be mitigated through more frequent cleaning of indoor spaces and reducing the
use of some plastic building and household materials; especially those containing CECs. For
example, when replacing synthetic carpeting, switch to natural fibers without stain blocking
chemicals like PFAS or other materials with low potential for shedding MPs.

Injection
There are important uses of plastics in medical and health equipment and products yet some
medical equipment can lead to injection into bodies.

Dermal absorption

Penetration of MPs and associated CECs (e.g. PFAS) into a person’s skin through skin pores can
occur when using some cosmetics or other skin applied products that contain MPs, or from
wearing clothing made from plastic. Physical size of MPs and an individual’s pores affect this risk
of exposure and sublethal effects such as local inflammation and cytotoxicity. This exposure
pathway is not as significant a source as inhalation or ingestion pathways.

The following resources were used for this summary and provide more detail about studies and
findings of a variety of human health impacts from MPs.

Journal Articles and Gray Literature:

Amato-Lourenco, L.F., K.C. Dantas, G. Ribeiro Jr., V.R. Paes, R.A. Ando, R. de Oliveira Freitas,
O.M.M.M. da Costa, R.S. Rabelo, K.C. Soares Bispo, R. Carvalho-Oliveira, and T. Mauad. 2024.
Microplastics in the Olfactory Bulb of the Human Brain. JAMA Network Open. 2024.7(9):e2440018.

Danopoulos, E., M. Twiddy, R. West, and J.M. Rotchell. 2021. A rapid review and meta-regression

analysis of the toxicological impacts of microplastic exposure in human cells. Journal of
Hazardous Materials, https://doi.org/10.1016/j.jhazmat.2021.127861.

Li, Y., L. Tao, Q. Wang, F. Wang, G. Li, M. Song. 2023. Potential Health Impact of Microplastics: A
Review of Environmental Distribution, Human Exposure, and Toxic Effects. Environment & Health,
Vol1, Issue 4, pp249-257.

Mahalingiah, S., K.C. Nadeau, D.C. Christiani. 2025. Microplastics and Human Health. JAMA,
150c¢t2025. D0i:10.1001/jama.2025.14718.
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https://pmc.ncbi.nlm.nih.gov/articles/PMC11504192/
https://jamanetwork.com/journals/jama/article-abstract/2839990
https://jamanetwork.com/journals/jama/article-abstract/2839990

Pelepenko, L.E., M.C. de Oliveira, D.A. Masaro, G.M.M.M. Lustosa, T. Mazon, R.F. Castilho, L.M.
dos Reis, F. Mac-Way, L. Hénaut, S. Kamel, L. Louvet, and R.B. Oliveira. 2025. Effects of
microplastics on the bones: a comprehensive review. Osteoporosis International 36:1327-1345.

Ragusa, A., A. Svelato, C. Santacroce, P. Catalano, V. Notarstefano, O. Carnevali, F. Papa, M.C.A.
Rongioletti, F. Baiocco, S. Draghi, E. D'Amore, D. Rinaldo, M. Matta, and E. Giorgini et al. 2021.
Plasticenta: First evidence of microplastics in human placenta. Environment International Vol.146
(2021) 106274

Savchuk, K. 2025. Microplastics and our health: What the science says. Stanford Medicine,

Environment & Sustainability, 29 January 2025.

Swee-Li Yee, M., L-W. Hii, C.K Looi, W-M. Lim, S-F. Wong, Y-Y. Kok, B-K. Tan, C-Y. Wong, and C-O.
Leong. 2021. Impacts of Microplastics and Nanoplastics on Human Health. Nanomaterials 2021,
11, 496.

Trasande, L., R. Krithivasan, K. Park, V. Obsekov, and M. Belliveau. 2024. Chemicals Used in Plastic
Materials: An Estimate of the Attributable Disease Burden and Costs in the United States. Journal

of the Endocrine Society, Vol 8, pp1-9.

USEPA. 2014. Summary of Expert Discussion Forum on Possible Human Health Risks from
Microplastics in the Marine Environment. U.S. Environmental Protection Agency, Office of
Wetlands, Oceans and Watersheds, Marine Pollution Control Branch. 6February 2015.

Other resources:

Koelmans, Bart. 2021. Micro- and nanoplastics and human health. Wageningen University.

Swanson, Maureen. 2025. Project TENDR: Plastics and Children’s Health. Toxics & Health
Integration Workshop, 13June2025.

Aquatic species health

The health impacts of MPs on aquatic species can vary by species and associated CECs. Tire wear
particles and 6PPD-Q negatively affect coho salmon and possibly steelhead while data shows that
chinook salmon do not express the same sensitivity and health impacts. Aquatic species are
exposed to MPs from wastewater and stormwater discharges as well as larger marine plastic
debris that breaks down and releases MPs directly to marine waters (USEPA, 2016, and Brander
S.,2025).

Marine plastic debris (including rope netting, plastic bags, and fishing debris) has long been a
problem for aquatic species mortality from entanglement and ingestion. Inadvertent ingestion of
MPs by aquatic species can be influenced by the size of the macro and microplastic pieces and
particles. Smaller particles have more relative surface area than larger particles, which generally
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increases binding sites for the adsorption and desorption of CECs (transfer of toxic chemicals).
The 2016 USEPA literature summary of aquatic life impacts describes both field research and
laboratory observations and measurements of sublethal effects of micro and nanoplastics, and
potential for CEC transfer.

Fibers, fragments, and films in the guts of commercial fishery species can translocate from the gut
to other organs and tissues where they bioaccumulate and can cause a variety of sublethal
effects on survival including growth, gene expression, development, reproduction, and behavior.
Even planktonic species at the base of the marine food web and invertebrates like bivalves and
arthropods can ingest and be affected by microplastics. The life stage of an aquatic species during
exposure to MPs affects its sensitivity to, and expression of, sub-lethal health impacts. Early life
stages can be particularly sensitive to MPs affecting typical growth and development trajectories
of individuals, based on lab studies.

While more data on MPs in Puget Sound aquatic species is needed, microplastics have been
found in mussels, razor clams, and commercially grown oysters. Oysters and other bivalves are
filter feeders and may ingest MPs from the water column or benthic sediments after which they
can bioaccumulate in their guts, but they can also eliminate some MPs naturally through fecal
pellets (Cauwenberghe and Janssen, 2014, Lozano-Hernandez et al, 2021, and Alarcén-Ortega et
al, 2025). There are likely sublethal health effects of microplastic ingestion on other aquatic
species but more research is needed to better understand and quantify those effects.

The following resources were used for this summary and provide more detail about studies and
findings of a variety of aquatic species health impacts from MPs.

Journal Articles and Gray Literature:

Alarcén-Ortega, L.C., N. Ramirez-Alvarez, F.A. Hernandez-Guzman, E.A. Lozano-Hernandez. 2025.
Potential human consumption risks from microplastics and non-synthetic microfibers in cultured

oysters from a low-human-impact lagoon. Continental Shelf Research, V 295.

Baechler, B.R., E.F. Granek, S.J. Mazzone, M. Nielsen-Pincus, and S.M. Brander. 2020. Microplastic
exposure by razor clam recreational harvester-consumers along a sparsely populated coastline.

Frontiers in Marine Science, Vol.7, Issue 980, pp588-481.

Cauwenberghe, L.V., and C.R. Janssen. 2014. Microplastics in bivalves cultured for human
consumption. Environmental Pollution. V 193. pp65-70.

Lozano-Hernandez, E.A., N. Ramirez-Alvarez, L.M. Rios Mendoza, J.V. Macias-Zamora, J.L.
Sanchez-Osorio, F.A. Hernandez-Guzman. 2021. Microplastic concentrations in cultured oysters

in two seasons from two bays of Baja California, Mexico. Environmental Pollution V 290.
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Siddique, S., S.J. Hutton, J.M. Dickens, E.I. Pedersen, S.L. Harper, and S.M. Brander. 2023. Natural
and synthetic microfibers alter growth and behavior in early life stages of estuarine organisms.

Frontiers in Marine Science. 9:991650.

USEPA. 2016. A Summary of Literature on the Chemical Toxicity of Plastics Pollution to Aquatic
Life and Aquatic Dependent Wildlife. EPA-822-R-16-009.

Other Resources:

Brander, Susanne. 2025. Plastics Updates: Peril, Promise, and Action. Toxics & Health Integration
Workshop, 13June2025.

Environmental health (water, air, soil, climate)

Environmental impacts from plastics begin with the refinement of petroleum which creates the
chemicals and feedstocks used to manufacture plastic materials for our economy. The rise of
plastics in modern life is directly related to the increase in petroleum manufacturing and the need
to make use of the byproducts from refineries. There are air, water, and soil quality impacts due to
petroleum extraction and refinement activities, but we will not be focusing on that for this
microplastics strategy because there are other federal and state laws and programs that cover
those activities to protect environmental quality. However, we should start with the recognition of
where plastic chemicals originate and the driving forces behind their use.

Plastics are manufactured, not naturally produced, and the process of manufacturing also has
impacts, including industrial discharges that are regulated through federal and state programs like
the National Pollutant Discharge Elimination System (NPDES) under the federal Clean Water Act.
There are potential interventions to address microplastic and CEC problems at this level, but there
are currently no requirements for regulating microplastic releases specifically while some CECs
are now being included in permits (e.g. PCBs and 6PPD-Q in stormwater, or PBDEs in wastewater).

Eliminating the production of harmful plastics and CECs is the best way to prevent their
environmental release and subsequent environmental contamination, but once those plastics are
created, they are subject to various factors that affect how quickly they degrade into microplastic
particles. Itis at this part of the plastics lifecycle and economy that we begin to see sublethal, and
sometimes lethal, effects on the health of the environment, species, and humans.

Air, surface waters and groundwaters, and the land surface (including permeable and
impermeable land covers, and landfills) can be both sinks for plastics and MPs as well as
transport pathways that affect exposure of aquatic and terrestrial species and humans.
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Water Quality

The fate and transport of microplastics in the environment should be considered for both the
outside environment as well as the indoor spaces we inhabit, work, and shop in. Stormwater
runoff can transport plastic litter and atmospherically deposited MPs to surface water bodies
(rivers, lakes, and marine waters) where plastic litter degrades from ultraviolet radiation and
physical abrasion into MPs. Once MPs are in surface waters, they can be transported to areas far
beyond the immediate sources and expose aquatic species to MPs. This is particularly true of
microfibers, which are light enough to travel long distances in water or via atmospheric transport.

Wastewater is another transport pathway for MPs to surface water bodies. Residential and
commercial sewage include microplastics from wash water (e.g. washing machines or hygiene
products we wash off our bodies) or MPs that were ingested but pass through our guts without
accumulating in our bodies. Once MPs are in the wastewater treatment process, some particles
will be discharged in wastewater effluent to surface waters and others will accumulate in the
sludge and biosolids where they end up being landfilled or incinerated in the case of sludge, or
land applied, often to agricultural fields, in the case of biosolids. In Oregon and Washington,
roughly 70% and 50% of biosolids are reapplied to land, respectively

While data are needed to understand the extent to which Puget Sound aquifers have MPs,
particles have been found in groundwater in other locales. Groundwater and sediment quality are
connected. Given the ubiquitousness of MPs and common pathways for transport into
groundwater (e.g. groundwater recharge from precipitation on land surfaces with plastic
contaminated soils, compost, recycled materials for bedding, or other soilamendment,
residential septic system leachate, engineered groundwater recharge systems for stormwater or
wastewater effluents, uncontrolled landfill leachate), MPs are likely already in some aquifers.

MPs can adsorb persistent organic pollutants and heavy metals and transport them through the
environment, potentially affecting aquatic species and drinking water quality for people. Further
research is needed to understand the hydrogeologic factors and MP characteristics that present
the greatest risks for groundwater contamination and potential health impacts.

Air Quality

When looking at air quality impacts of MPs, we should consider outdoor air transport and
exposure pathways differently than indoor air. Sources of outdoor airborne MPs are diverse and
include tire wear particles, synthetic textiles, incomplete incineration of plastic waste, litter,
plastic in paints and construction materials, and other plastic waste that is subject to degradation
from UV radiation, abrasion, or other weathering. These particles can be mobilized by wind or
mechanical action (e.g. driving, recycling centers, HVAC exhausts) and deposited on land
surfaces, where they can be carried away in stormwater runoff entering rivers, lakes, and marine
waters.
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Sources of indoor airborne MPs generally include upholstered furniture, carpets, rugs, curtains,
clothing and other synthetic textiles as well as paints. Indoor ventilation, furnishings, and cleaning
activities can influence the concentration of MPs suspended in indoor dust.

Soil and Sediment Quality

When it comes to soil quality, the concentration of MPs varies across diverse land uses (i.e.,
agricultural land, urban areas, etc.). Sources of MPs in soils can include: agricultural plastic uses
(e.g., row covers, greenhouse coverings, irrigation lines, etc.), plastic construction materials,
recycled crushed glass bedding (construction grade crushed glass can be contaminated with
plastic fragments), biosolids or organic compost inadvertently contaminated with plastic trash
and used as a soil amendment. These microplastics can move in and out of soils through abiotic
factors (i.e. stormwater runoff or blown off fields by wind) and biotic factors (i.e. bioturbation and
food chain interactions). Infiltration of water carrying microplastics with particle sizes smaller
than the soil’s pore spaces also risks contamination of groundwater (Kang et al, 2025).

New research shows that nanoplastics can be taken up by plant roots and the impacts on crop
health and productivity in agricultural areas warrants further research (Luo et al, 2023). More
research of MP impacts on soil health is needed, but there are studies demonstrating negative
effects of microplastics on earthworms and other soil biota.

Landfills are a major sink for plastics and a potential risk of MP migration from landfills to soils and
other environments. Monkul and Ozhan (2021) discuss landfills as a potential source of MPs, the
risk of migration of MPs and CECs in leachate, and some contributing risk factors that could lead
to contamination. Waste management in Washington State relies on working partnerships
between state and local governments and private-sector businesses. Municipal solid waste
contains many of the plastic materials from the sectors and uses we are talking about in this
strategy. How much that contributes to MP leachate in landfills in the Puget Sound region is
unknown at this time. Solid waste handling rules (Chapter 173-350 WAC) are implemented by the
Department of Ecology with permitting and design standards for landfills and guidance for local
solid waste programs, and rules for moderate-risk and hazardous waste management.

The following resources were used for this summary and provide more detail about studies and
findings of environmental health impacts from MPs.

Journal Articles and Gray Literature:

Abad Lépez, A.P., J. Trilleras, V.A. Arana, L.S. Garcia-Alzate, and C.D. Grande-Tovar. 2023.
Atmospheric microplastics: exposure, toxicity, and detrimental health effects. Royal Society of
Chemistry Advances, Vol. 13, 7468.
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Dey, U., D. Raj, M. Mondal, P. Roy, A. Mukherjee, N.K. Mondal, and K. Das. 2023. Microplastics in
groundwater: An overview of source, distribution, mobility constraints and potential health

impacts during the Anthropocene. Groundwater for Sustainable Development, Vol. 23.

Dong, D., W. Gao, L. Li, Y. Liu, Y. Dai. 2025. Comprehensive understanding of microplastics in

compost: Ecological risks and degradation mechanisms. Science of the Total Environment, Vol.
958, 178104, ISSN 0048-9697.

Kang, Q., K. Zhang, S.C. Dekker, and J. Mao. 2025. Microplastics in soils: A comprehensive review.

Science of the Total Environment, V.960.

Lara-Topete, G.O., J.D. Castanier-Rivas, M.F. Bahena-Osorio, S. Krause, J.R. Larsen, F.J. Loge, J.
Mahlknecht, M.G. Gradilla-Hernandez, M.E. Gonzalez-Lépez. 2024. Compounding one problem
with another? A look at biodegradable microplastics. Science of the Total Environment, Vol. 944,
173735.

Luo,Y.,L. Wang, T. Cao, J. Chen, M. Lv, S. Wei, S. Lu, and X. Tian. 2023. Microplastics are
transferred by soil fauna and regulate soil function as material carriers. Science of the Total
Environment. V. 857, Part 3.

Monkul, M.M., and H.0. Ozhan. 2021. Microplastic Contamination in Soils: A Review from

Geotechnical Engineering View. Polymers (13/23).

NOAA. 2015. Laboratory Methods for the Analysis of Microplastics in the Marine Environment |
Marine Debris Program. US Dept. of Commerce, Technical Memorandum NOS-OR&R-48.

Shafea, L., J. Yap, N. Beriot, V.J. Felde, E.D. Okoffo, C.E. Enyoh, and S. Peth, 2023. Microplastics in

agroecosystems: A review of effects on soil biota and key soil functions. Journal of Plant Nutrition
and Soil Science, 186(1), pp.5-22.

Velasquez, P.M., L. Green, J. Scott, and A.D. Steinman. 2025. Year-Round Characterization of
Microplastics and 6-PPD Quinone in a Suburban Lake System Impacted by Highway Runoff. (pre-
print version) 25August2025.

Websites:

US EPA webpage | Microplastic Science Inventory

PennState Extension webpage. Microplastics in Agricultural Lands. Last updated 15 September
2025.

Other Resources:

Granek, E. 2024. Microplastics: the state of the science in the PNW. PSEMP Toxics Workgroup
Meeting, 13June2024.
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Landrigan, P.J. 2024. Climate Change and Pollution: Human Health Protection Must Be Center
Stage. Toxics & Health in Context Workshop. 3December2025.

Sofield, S. 2024. Contaminants of Emerging Concern in Puget Sound: Ecotoxicology and CEC
Research. Toxics & Health in Context Workshop. 3December2025.

OSU. Plastics from Farm to Table Conference. OSU Webinar Recording, 13September2024.

Uncertainty & Risk

Even though attention on MPs from scientists around the world has resulted in research thatis
helping us understand the distribution and impacts of micro and nanoplastics over the last
decade, there is still a lot we need to know more in order to understand and quantify the risk of
health impacts from exposure to MPs and nanoplastics. As we progress through the strategy
workshops we will identify uncertainties and data gaps that need more research or monitoring to
inform future implementation and adaptation of this strategy and actions to address MP pollution.

Cunningham et al (2023) frames up the critical gaps in nanoplastic research and describes what is
needed for risk assessment. Microplastics in the environment and in tissues can be measured,
and microplastics break down in the environment into smaller nanoplastic particles. However, it is
very difficult and expensive to measure and study nanoplastics given current methods and
detection limits. The researchers assembled a list of conclusions on exposure routes, ecological
and toxicological effects, and identify some data gaps. They also provide some observations on
several recent publications estimating risk due to microplastics and propose a nanoplastic risk
assessment framework.

Identified research needs

In a recent update to the research agenda for the Toxics in Aquatic Life Implementation Strategy,
University of Washington Puget Sound Institute (PSI) co-developed (with experts) a microplastics
research agenda for Puget Sound. In 2024 PSI convened microplastics experts from Portland State
University, University of Washington Tacoma, San Francisco Estuary Institute, and U.S. Geological
Survey (USGS) to identify and prioritize microplastics research needs for Puget Sound. A larger
group of Puget Sound toxics experts (including members of the Stormwater SIL Toxics Pod and the
PSEMP Toxics Work Group) then provided feedback on the research needs and suggested others.
The Puget Sound microplastics research agenda includes eleven research needs, five of which are
top priorities (Table 2).
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Table 2: Puget Sound microplastics research agenda. Grand Uncertainties Matrix ID number (TIF ###) is provided for reference.

Uncertainty Priority ID
Level
What is the relative distribution of microplastic sources (e.g., fishing gear, Top TIF 151

clothes, etc.) and the primary pathways (e.g., stormwater, aerial
deposition, in water activity, etc.) of microplastics in Puget Sound?

What is the distribution of microplastics among different matrices (e.g., Top TIF 152
sediment, fish, water) in Puget Sound?

Develop/adopt a standard analytical method/protocol for microplasticsin | Top TIF 153
Washington State, including a focus on tire wear particles.

What is the toxicology of microplastic fibers across a range of types, sizes, | Top TIF 154
and species?

How effective are stormwater BMPs (e.g., trash capture devices) at Top TIF 155
removing microplastics?

What are non-regrettable substitutions for plastics, particularly High TIF 156
plasticizers?

What is the ecotoxicity of microplastics (of various types, features, etc.) High TIF 157
that are found in the environment?

How can plastic use be reduced (e.g., via single-use bag bans, changes to No priority | TIF 158
food and packaging, reducing consumption, etc.)?

To what extent does PFAS connect/bind to microplastics? No priority | TIF 159
What types of plastics are more likely to become nanoplastics? No priority | TIF 160
How effective is wastewater treatment at removing microplastics? No priority | TIF 161

More information about the development of the research agenda is available in PSI’s Toxics in
Aquatic Life Implementation Strategy Research Agenda Update 2024/2025: Microplastics report.
PSl also identified two other research needs specifically about tire wear particles during
concurrent development of research agendas for microplastics and the chemical 6PPD-Q. Both
needs are low priority relative to other 6PPD-Q and microplastics uncertainties:

e Are tire wear particles and microplastics continued sources of toxics? (TIF 149)

e Tire wear particles are considered micro and nanoplastics. What are the environmentally
relevant concentrations of tire and road wear particles, tire wear particles? (TIF 150)

The microplastics research needs (and the rest of the Toxics in Aquatic Life research agenda) is
documented in the Grand Uncertainties Matrix, a database of research needs for Puget Sound.

Research themes based on lwanowicz et al. (2024) and other resources (Granek, 2024; Paterson
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et al., 2024) were already used to guide PSI’s discussion with experts to develop the research
agenda described above.

Other sources of research needs for the forthcoming microplastics strategy may include:

California Ocean Protection Council. 2025. Exploring Solutions for Tire Wear Pollution Workshop

Summary report. CA Ocean Protection Council and CA Ocean Science Trust.

Cunningham, B.E., E.E. Sharpe, S.M. Brander, W.G. Landis, and S.L. Harper. 2023. Crucial Gaps in
Nanoplastic Research and their Connection to Risk Assessment. Frontiers in Toxicology, 4;
5:115438. D0i.10.3389/ft0x.2023.1154538.

EPA. 2021. A Trash Free Waters Report on Priority Microplastics Research Needs: Update to the
2017 Microplastics Expert Workshop. U.S. EPA, Office of Wetlands, Oceans and Watersheds. EPA-
842-R-21-005.

lwanowicz, D.D., A.K. Baldwin, L.B. Barber, V.S. Blazer, S.R. Corsi, JW. Duris, S.C. Fisher, M.
Focazio, S.E. Janssen, J.R. Jasmann, D.W. Kolpin, J.M. Kraus, R.R. Lane, M.E. Lee, K.B. McSwain,
T.D. Oden, T.J. Reilly, & A.R. Spanjer. 2024. Integrated science for the study of microplastics in the
environment—A strategic science vision for the U.S. Geological Survey (Circular 1521). U.S.

Geological Survey, Reston, VA.

Materevolve, LLC. (2025, March). California Statewide Microplastics Strategy Workshop: Textile
sector summary report. California Ocean Protection Council.

Provencher, J.F., G.A. Covernton, R.C. Moore, D.A. Horn, J.L.. Conkle, and A.L. Lusher. 2020.
Proceed with caution: The need to raise the publication bar for microplastics research. Sci Total
Environ. Dec 15:748:14126. Doi: 10.1016/j.scitotenv.2020.141426.

Provencher, J.F., M. Liboiron, S.B. Borrelle, A.L. Bond, C. Rochman, J.L. Lavers, S. Avery-Gomm, R.
Yamashita, P.G. Ryan, A.L. Lusher, S. Hammer, H. Bradshaw, J. Khan, and M.L. Mallory. 2020. A
Horizon Scan of research priorities to inform policies aimed at reducing the harm of plastic

pollution to biota. Science of the Total Environment, 733, 139381.
https://doi.org/10.1016/j.scitotenv.2020.139381

Websites:

ITRC (Interstate Technology & Regulatory Council). 2023. Microplastics Team Materials. Interstate
Technology & Regulatory Council, MP Team.

U.S. EPA. (2021, December). A Trash Free Waters report on priority microplastics research needs:
Update to the 2017 Microplastics Expert Workshop (EPA-842-R-21-005). Office of Wetlands,
Oceans and Watersheds, United States Environmental Protection Agency.
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Interventions: Summary of Opportunities and Current Actions

Intervention Classification Schema Description for this Strategy

Put simply, interventions are actions to address macro- and micro-plastics at different points in
the life-cycle of plastics. We are proposing the draft intervention classification schema in Table 3
to organize current and future actions described in this strategy. Interventions apply to one or
more plastic uses and provide the connection between plastic uses, microplastic degradation
products, and actions to address their reduction, prevention, or elimination. Some interventions
are action-oriented (cleanup or risk reduction outreach) while others may be policy-based.
Research and monitoring actions are also embedded in each relevant subcategory.

We will discuss and ultimately decide on intervention decision-criteria to prioritize hopeful
actions that we can begin working on to implement this strategy. Our primary assumption is that
removal or reduction of plastic uses, use of safer alternatives, and removal of macro and
microplastics will reduce risk of harm to all biota, including humans.

Table 3: Proposed Intervention Classification Schema. Each subcategory has associated actions including research and
monitoring. See Table 4 for more detailed actions associated with each subcategory.

Intervention Major Category

Intervention Subcategory

Prevention

1. Reduce plastic production

2. Innovate design and materials

3. Decrease waste generation

Source Control

4. Improve waste management

5. Capture Waste

6. Minimize marine disposal

MP Exposure and Risk Reduction 7. Toxicology Research

8. Education & Engagement

WA Strategies and Policies

Washington’s Legislature has passed five bills concerning plastics since 2019. The 2019 Plastic
Packaging Evaluation and Assessment Act (SB 5397) directed the Department of Ecology to
assess plastic packaging sold into the state and develop options to reduce plastic packagingin
the waste stream. The resulting reports (listed below) provided several recommendations for
legislative action that were the subject of subsequent bills.

e (Cascadia Consulting Group et al. 2020. Plastic Packaging in Washington: Assessing Use,

Disposal, and Management.
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https://apps.ecology.wa.gov/publications/SummaryPages/2007024.html
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e (Cascadia Consulting Group et al. 2020. Recycled Content Use in Washington: Assessing
Demand, Barriers, and Opportunities.

e Funomia Research and Consulting. 2020. Successful Plastic Packaging Management
Programs and Innovations.

e Cascadia Consulting Group et al. 2020. Plastic Packaging Study Stakeholder Consultations.

e Cascadia Consulting Group et al. 2020. Recommendations for Managing Plastic Packaging
Waste in Washington.

e Washington Department of Ecology. 2020. Evaluation, Assessment, and Recommendations
for the Responsible Management of Plastic Packaging in Washington. Report to the
Legislature. Solid Waste Management Program.

The 2020 Reusable Bag Act (SB 5323):

e Prohibited the use of single-use plastic bags. If made of plastic, carryout bags must have a
minimum thickness of no less than 2.25 mils until 12/31/25 and beginning 1/1/26 must
have a minimum thickness of 4 mils to encourage reuse.

e Required that bags provided by retail establishments contain recycled content.

e Required a pass-through charge of eight cents on paper and plastic carryout bags to
encourage shoppers to bring their own reusable carryout bags.

e Required the Departments of Commerce and Ecology to assess the effectiveness of the
pass-through charge and thickness requirement to allow for amendments during the 2025
legislative session.

o Jessup and Wagner. 2025. Evaluating Washington State’s Retail Carryout Bag Policy
Report. Report to the Legislature.

The 2021 Recycling and Waste Litter Reduction Act (SB 5022):

e Added minimum postconsumer recycled content requirements for plastic beverage
containers, trash bags, and household cleaning and personal care products.

e Prohibited expanded polystyrene products including ice chests, food service products, and
packing peanuts.

e Developed opt-in standards for single-use service ware (e.g., utensils, straws, condiments,
beverage cup lids) at food service businesses.

¢ Required convening of a stakeholder advisory committee to provide recommendations for
additional minimum postconsumer recycled content requirements for types of plastic
packaging not subject to this bill.
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o Ross Strategic. 2021. Plastic Packaging Stakeholder Advisory Committee Report.

The 2023 Plastic Pollution Reduction Act (HB 1085):
e Amended state building codes to require bottle filling stations.

e Prohibited installation of overwater structures containing plastic foam that is not fully
enclosed and contained in a shell.

e Restricted lodging establishments to providing plastic containers of personal health or
beauty products only upon request.

The 2025 Recycling Reform Act (SB 5284) created an extended producer responsibility program
for residential packaging and paper products. Producers are required to join and fund a nonprofit
Producer Responsibility Organization that will work with local governments and solid waste

service providers. Ecology’s web page on the Recycling Reform Act explains how the program will
work.

Safer Products for Washington

In 2019, Washington State passed the Safer Products for Washington Act (SPWA) that establishes
an ongoing process for the State Departments of Ecology and Health to identify and regulate
priority chemicals over 4 phases in 5-year cycles. The goal for the program is ultimately to reduce
the use of toxic chemicals in consumer products by restricting or eliminating those chemicals
when safer alternatives are available. (see also slides from Marissa Smith’s presentation at the
Dec 3, 2024 Toxics & Health In Context workshop)

As of the end of 2025, there are two active SPWA
cycles. Cycle 1.5 includes CECs that are often
associated with plastics, like PFAS, phthalates,
and organohalogen flame retardants. Cycle 2
recently completed phase 3 that resulted in a list

Phase 1 Phase 3 of priority products reported to the Washington
Feiodaze E:;ﬁﬂ."t‘{',“r: legislature on May 30, 2025.
actions
While the list does not identify microplastics
. specifically, there are plastic uses included that

contribute to microplastics in the Puget Sound
environmentincluding: tires, PVC in plastic
packaging, artificial turf, and some caulks and
adhesives. The focus on these uses is primarily

Figure 3: Safer Products for Washington cycles (image credit: on their associated CECs. Future regulatory
WA Department of Ecology).

actions around microplastics could be included
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in Phase 1 of future SPWA cycles once the necessary toxicological research and environmental
occurrence data are sufficient for evaluation.

Application of Clean Water Act authorities to address plastic loadings into waterways

The EPA (2024) National Strategy to Prevent Plastic Pollution recommended exploration of how
Clean Water Act programs could be utilized more effectively and expansively to capture and
remove plastics that may enter or are already in waterways.

Several states have addressed trash in their water quality programs. EPA (2021a) provides a
compendium of trash-related Phase | and Phase Il stormwater permit language as a resource for
permit writers interested in developing or improving provisions to reduce trash loadings. EPA
(2021a) also synthesizes cost and effectiveness information about a variety of structural and non-
structural BMPs for reducing trash in stormwater. Seven states/territories (Alaska, California,
Connecticut, District of Columbia, Hawaii, Maryland, New York) have 303(d) listings for trash
impairment, and four states/territories (Alaska, California, District of Columbia, Maryland) have
established Total Maximum Daily Loads (TMDLs) for trash (EPA 2021b).

California’s Statewide Microplastics Strategy (California Ocean Protection Council 2022) identifies
developing a water quality objective (equivalent to Washington water quality standards) for
microplastics as a precursor for development and implementation of additional regulatory
actions.

More details can be found in:

U.S. Environmental Protection Agency. 2021a. Trash Stormwater Permit Compendium. EPA 841-R-
21-001.

U.S. Environmental Protection Agency. 2021b. Clean Water Act Tools for Trash. Web site archived
January 19, 2021.

Other State or National Strategies

California Microplastics Efforts

In 2018, California’s Legislature passed two bills related to microplastics. The first bill (SB 1263)
directed the California Ocean Protection Council to develop and implement a statewide

microplastics strategy to reduce microplastic pollution in the marine environment. The resulting

strategy, completed in 2022, was the first state-level microplastics strategy in the nation.
California’s Statewide Microplastics Strategy takes a two-track approach (Figure 4) to reduce and
manage microplastic pollution.

The first track focuses on solutions involving pollution prevention, pathway interventions, and
outreach and education. Twenty-two recommended early actions are identified. The second track
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outlines a comprehensive research strategy to enhance understanding and inform future actions.
Thirteen research priorities are identified.

Areport on implementation of the strategy to date will be submitted to California’s Legislature
before December 31, 2025.

Solutions Science to Inform Future Action

multi benefit solutions the state can act upon
now while the scientific knowledge of

microplastics further develops. refine future solutions.

* Pollution Prevention *Monitoring
to eliminate plastic waste at the source to understand and identify trends of
(products or materials from which microplastics microplastic pollufion statewide
originate)
*Risk
to improve understanding of critical thresholds
~* Pathway Interventions at which aquatic life and humans are
to intervene within specific pathways that adversely impacted by microplastic exposure
mobilize microplastics from a specific source
into Califomia waters
*Sources & Pathways Prioritization
to identify and prioritize future management
* Education solutions based on predominant ways
to inform the public and industries of microplastics enter California waters
microplastics sources, impacts, and solufions
*Evaluating New Solutions
to develop and implement potential future
solutions

Figure 4: Structure of the California Statewide Microplastics Strategy (image credit: California Ocean Protection Council).

The second bill (SB 1422) directed the State Water Resources Control Board to adopt a definition
of microplastics in drinking water, adopt a standard methodology to be used in testing drinking
water for microplastics, and conduct four years of testing and reporting of microplastics levels in
drinking water. Several states (Virginia, New Jersey, Illinois, and Rhode Island) have since followed
California’s lead and passed legislation to test drinking water for microplastics.

California microplastic resources include:

California Ocean Protection Council. 2022. Statewide Microplastics Strategy: Understanding and

Addressing Impacts to Protect Coastal Health.

Brander, S.M., E. Hoh, K.M. Unice, K.R. Bibby, A.M. Cook, R.C. Holleman, D.V. Kone, C.M.
Rochman, J.A. Thayer. 2021. Microplastic Pollution in California: A Precautionary Framework and
Scientific Guidance to Assess and Address Risk to the Marine Environment. California Ocean

Science Trust.
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Moore, S, T. Hale, S.B. Weisberg, L. Flores, and P. Kauhanen. 2021. California Trash Monitoring
Methods and Assessments Playbook. SFEI Contribution No. 1025. San Francisco Estuary Institute.

Materevolve, LLC and California Ocean Protection Council. 2025. California Statewide
Microplastics Strategy Workshop: Textile Sector Summary Report.

California Ocean Protection Council and California Ocean Science Trust. 2025. Exploring
Solutions for Tire Wear Particles Workshop Summary.

Microplastics Occurrence, Health Effects, and Mitigation Policies. Report to California State
Legislature. January 2023.

Statewide Plastics Monitoring Strategy and Plan under development by San Francisco Estuary
Institute (expected 2026)

California State Water Resources Control Board’s Microplastics web page includes information

about the adopted definition of microplastics and standard analytical methods for microplastic
particles in drinking water.

Commonly recommended interventions to address plastic pollution

Table 4 provides a compilation of commonly recommended interventions to address plastic
pollution sourced from:

e National Academies of Sciences, Engineering, and Medicine. 2022. Reckoning with the U.S.
Role in Global Ocean Plastic Waste. Washington, DC: The National Academies Press.
https://doi.org/10.17226/26132.

e U.S. Environmental Protection Agency. 2024. National Strategy to Prevent Plastic Pollution:
Part Three of a Series on Building a Circular Economy for All. EPA 530-R-24-006.

e Environmental Law Institute. 2024. Existing U.S. Federal Authorities to Address Plastic
Pollution: A Synopsis for Decision Makers. Prepared by M. Spring (Monterey Bay
Aquarium), C. Diedrich, T. Wilkerson, and J. Schnettler.

e Congressional Research Service. 2025. Plastic Pollution and Policy Considerations:
Frequently Asked Questions. R48293. Prepared by C.Y. Cho, L. Gatz, O.M. Hammad, J.D.
Haskett, K. Hite, A.C. Jones, C.M. Jordan, E. Lipiec, and J.H. Yen.

Table 4 is organized following the life cycle approach (Figure 5.) identified in the source materials.
Research and monitoring and education and outreach interventions are included within several of
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the individual intervention categories. A new category for microplastics health risk reduction was
added.

Interventions

1 2 3 3 5 6
Reduce Innovate Design Decrease Waste Improve Waste Capture Minimize
Plastic Production and Materials Generation Management Waste At-Sea Disposal
Producti Materials and Waste ~ Waste Plastic Waste in Plastic Waste
Product Design Generation Management the Environment in the Ocean

Figure 5: Flow diagram of potential plastic waste interventions from plastic production to direct input into the ocean. Source:
National Academies of Sciences, Engineering, and Medicine 2022.

This table should not be considered comprehensive. Itis a starting point for Interdisciplinary Team
discussions about a range of options that could be included in the strategy. The Second and Third
MP workshops will focus on current Puget Sound actions in each of these categories as well as
actions that we’d like to do in the future.

The Interdisciplinary Team is not limited to use of intervention categories as presented. These
categories can be reworked for the Implementation Strategy. For example, the California
microplastics strategy is structured in a way that combines interventions 1-3 into “Pollution
Prevention” and interventions 4-6 into “Pathway Interventions” then adds Education and four
discrete science priorities: Monitoring, Risk, Sources & Pathways Prioritization, and Evaluating
New Solutions.
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Table 4: Commonly recommended interventions to address plastic pollution organized by plastics life cycle stage

Intervention category

Example interventions

Progress in Washington

1. Reduce plastic production

Reduce production of
plastics

Develop fiscal incentives for companies shifting operations to circular
plastics

Tax primary or virgin plastic products

Identify single-use, unrecyclable, or frequently littered plastic products
and identify alternative materials, products, or systems with fewer
environmental impacts, including through lifecycle analysis

Restrict problematic
primary polymers and
chemicals of concern

Phase out or ban specific chemical in plastics (e.g., additives and
polymers that are particularly hazardous to human health and the
environment)

Safter Products for Washington
law

Research

Prioritize and evaluate research on primary plastic polymers, precursors,
and associated chemicals of concern to assist relevant agencies with
mitigating risks to public health or the environment

2. Innovate design and materials

Increase demand for
recycled plastic

Establish recycled content standards (e.g., requiring plastic packaging or
products to include a certain percentage of recycled plastic)

SB 5022

Revise state government purchasing criteria to require products with
recycled content

Innovate material and
product design

Establish design criteria and product standards for reuse and durability

Establish design criteria to improve recyclability (e.g., remove dyes,
pigments, and additives that interfere with recycling economics)
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Establish design criteria to address microplastic leakage during use (e.g.,
textiles and tires)

Establish design criteria to substitute away from plastics where beneficial
(e.g., paper plates or metal water bottles)

Develop or update compostable product standards

*Standards for labeling
and marketing

Improve labeling to support consumer sorting of waste and/or
demonstrate compliance with recycled content requirements

Develop voluntary “green” certifications to allow consumers to make
better choices

3. Decrease waste generation

Prohibit specific uses

Ban specific plastic products based upon criteria such as potential for
loss to the environment, toxicity, and necessity of use

SB 5323 (single-use plastic carry-
out bags), SB 5022 (expanded
polystyrene products), HB 1085
(foam used for overwater

or legal responsibility on producers for management and disposal of
plastic waste

structures)
Incentive tools Fee on purchase of specific items at point-of-sale to disincentivize use SB 5323 (plastic bags)
(e.g., shopping bags)
Develop deposit-refund strategies to incentivize return or reuse
Establish Extended Producer Responsibility requirements to place fiscal | SB 5284

*Consumer tools

Enhance reuse and refill systems (e.g., bulk dispensers in stores, amend
health laws to allow consumers to bring containers to fill)

SB 1085 (water bottle filling
stations)
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Opt-out standards for single-use products SB 5022 (food service ware), HB
1085 (hotel toiletries)

Public education and outreach about reducing plastic waste

Procurement rules Revise state government purchasing criteria to replace single-use items
favoring reusable with reusable goods

products

Reduce loss of Evaluate and adopt interventions to mitigate plastic and pellet loss during
preproduction pellets manufacturing and transport

4. |Improve waste management

Disposal, collection, and | Support the development, deployment, and investment in technologies
recycling improvements and infrastructure for solid waste collection, sorting, and recycling

Place and maintain receptacles in shoreline plastic “hotspot” or high-
traffic areas

Improve municipal litter management

Facilitate more effective composting of certified compostable products
(e.g., funding to improve community composting capacity)

Public education and outreach about litter reduction and recycling

Public education and outreach about impacts of plastic pollutionin the
marine environment

Treatment improvements | Explore expanded use of Clean Water Act and state Water Pollution
to remove plastic waste Control Act authorities to reduce loadings into waterways (e.g.,
from discharges wastewater treatment standards, stormwater permit requirements)

Establish regulatory limits on plastics in surface waters
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Support development of technologies to prevent microplastics and
nanoplastics from entering waterways

Products to prevent microfiber releases from equipment (e.g., washing
and industrial machines)

Tire wear particle capture devices

Add microplastic provision(s) to the Statewide General Permit for
Biosolids Management

Research

Evaluate the effectiveness of existing public policies and incentives for
decreasing waste generation and increasing the reuse, collection,
recycling, and conservation of plastic materials

5. Capture waste

Remove plastic waste
from waterways

Improve water management to increase trash and microplastic capture in
waterways and stormwater/wastewater systems

Trash capture devices in waterways

Ghost net removal

Research and monitoring

Measure trash and plastic pollution loadings into waterways to inform the
development of targeted mitigation strategies

Identify plastic waste and microplastic pollution hotspots

Develop standardized methods for collection, extraction, quantification,
and characterization of microplastics and nanoplastics

Increase and coordinate research on microplastics and nanoplastics in
waterways and oceans (e.g., sources, transport, fate, concentrations,
impacts)
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6. Minimize at-sea disposal

Increase enforcement

Improve enforcement mechanismes for at-sea dumping and disposal of
plastic waste (including trash)

Reduce ocean dumping
and disposal of trash

Explore options and support programs that address abandoned, lost, and
discarded fishing gear and vessels (e.g., biodegradable designs,
education, disposal and recycling options, clean-ups)

Work by Northwest Straits
Foundation, including the “Catch
More Crab” campaign, derelict
net removal program, and lost net
reporting line

Establish solid waste disposal infrastructure for end-of-life fishing gear

Create incentives for land-based (e.g., dockside) disposal of trash, gear,
and end-of-life fishing nets

Establish identification/tagging for fishing nets and pots

7. Health Risk Reduction and Education

All * interventions in
above categories

Local public health
programs

Epidemiological and
Ecotox Research on
health impacts

Conduct or support studies on human health impacts of exposure across
the plastic lifecycle, including microplastics, nanoplastics, and
associated additives
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The TIAL MP Pollution Strategy Development Process and
Products

The Process

We will be following a process that is similar to the development of the Toxics In Fish
Implementation Strategy including similar products, while trying to focus on the most value for the
IDT and efficient and timely development of a MP pollution strategy.

The strategy development will be informed by an interdisciplinary team (IDT) of practitioners,
knowledge holders, and frontline implementers through a series of carefully designed workshops.
We are committed to a transparent process, open to IDT feedback, and relying on science-based
information.

The IDT will have opportunities for review and feedback of draft materials. The SWSIL will be
responsible for managing the workshops, producing draft content, and making decisions when
finalizing all strategy products.

End-Products

The MP pollution strategy will include the following final products:

e Aconceptual model of the problem with microplastics in Puget Sound including sources,
exposure pathways, health impacts, risks and hazards, drivers of the problems, and
intervention points

e Aresults chain to map a pathway to MP pollution prevention and reduction

e Decision criteria for prioritizing plastic uses and hopeful actions for future investments

e A network map of people and organizations involved in research, monitoring,
implementation, and decision-making

e Aresearch and monitoring plan to resolve MP-related uncertainties and data-gaps

e A MP Pollution Strategy Narrative addendum to the Toxics In Fish Implementation
Strategies with 4-year implementation goals

Roles and Responsibilities for IDT Members

Interdisciplinary Team (IDT) members are participating on a voluntary basis to attend workshops
and provide feedback on draft materials. Workshops are places to learn more about microplastic
pollution in Puget Sound and talk about the things we should be doing in the coming years to
address it. The issues around plastics are complex and multi-disciplinary and we want an IDT that
reflects that; so that we can break down silos that often segregate our work and create
opportunities for cross-discipline learning.
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IDT members will be responsible for:

e Participating to the extent practicable for each individual, including: attending workshops,
preparing themselves with pre-workshop materials, providing review and feedback on draft
products.

e Sharing their experience, knowledge, and insightful questions with the rest of the IDT and,
as necessary and appropriate, be a conduit for sharing information with their organization.

e Being an active listener, respectful to others, and an honest broker of information.

IDT member roles may vary slightly depending on individual capacity to participate. Whether you
have work of your own to share and contribute, are coming to learn and just listen, or only have
time to track what is happening at a high-level, we welcome your participation.

Decision-making by the IDT, when appropriate, will follow a Gradients of Agreement framework
rather than consensus. At other times, the Stormwater SIL will be transparent and consider all
workshop input, IDT feedback, existing frameworks, and science-based information when making
decisions (e.g. when synthesizing and applying priority criteria, or when writing draft products. The
IDT will have opportunity to provide feedback on all draft products.

Workshop Series Overview

We are planning a series of five 4-6-hour workshops beginning December 2025 continuing through
the end of 2026. Workshops will be held virtually to reduce travel barriers and costs. Each
workshop will have a packet of information and an agenda that will be shared at least 1 week prior
to each workshop to help IDT members prepare.

Workshops and Rough Timeline

Qa+
Q4
CED
Dec 4
Q3-Q4 2025
2025
o Workshop #1 | Workshop #2

Define the Learn from

Workshop #5

Community Identify Review draft

i Finalize
Planglrr;gcg;z problem other listening priority products Deliverables
(DPSIR plastics session to criteria for Emeh
Recruitment Model) strategies ”"‘:\:r:;asqg ‘:Z':r::ls’ prioritization Integrate
Review the Identify Celebrate Actions into
AR LS science  actions we address Apply near- SWsIL
Preparation ] are already plastic priority : Investments
Identify doin pollution criteria for completion
_ priority g and reduce actions and Communicate
criteria for health risks
. uses Results

plastic uses and Products

Figure 6: Proposed Workshop series and rough schedule.
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The workshop series is designed to raise our shared level of understanding of the MP pollution
problem and what we can do about it. Workshop outputs will be used to develop the strategy
products that will be available for review and feedback throughout this process.

We will try to cover as many facets of the MP pollution issues as we can in the limited time that we
have. Through the workshops and our discussion, we want to bring strategic focus on the things
we should be doing in the short-term (next 2-4 years) that will line us up for long-term actions and
results that lead to meaningful and measurable reduction of MPs in the environment and risk
reduction for people and aquatic species in the Puget Sound region.

There are no costs to attend workshops, and participation is entirely voluntary. We will be using
Zoom for workshops and IDT members will be automatically registered and sent calendar events.
The structure of each workshop may be slightly different and total time per workshop are
estimates and subject to change to meet our collective needs.

Workshop 1: Defining the Microplastic Pollution Problem
Date & Time: December 4, 2025, | 10:00am-4:00pm

Objectives include:

e Create a shared understanding of the purpose and process for developing the MP Pollution
Strategy and how that integrates with Puget Sound recovery efforts.
e Learnthrough presentations by leading experts about:
o Toxicity and health impacts of microplastics on humans, aquatic species, and the
environment (air, water, soil, and the built environment)
o Occurrence of in Puget Sound through presentations from leading researchers in
these fields
e Discuss the different plastic sectors and uses, and the environmental and exposure
pathways for their MP degradation products using a prepared DPSIR model
e |dentify decision criteria for prioritizing plastic sectors for further strategy and action
development
e Begin collection of knowledge uncertainties and data gaps

We will be using online tools like Mural to capture feedback in an organized and systematic way.
Our primary method for defining the MP pollution problem is through development of a
microplastic pollution DPSIR (Driving Forces-Pressures-State-Impacts-Responses) conceptual
model. A DPSIR model will provide a shared structure for understanding the complexity of the MP
problem; general information about using a DPSIR framework can be found here.

Workshop 2: MP Interventions, Strategies, and Policy Examples

Date & Time: February 2026 | 9:00am-4:00pm
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Objectives include:

e Learn about options for interventions and actions to reduce MP pollution and health risks

e Learn about the MP strategies and policies other states and countries are developing or
implementing and discuss the kinds of things that we could add to our potential
interventions list for Puget Sound recovery

e Discuss and provide feedback on a draft results chain

As we begin to talk about the things we can do as a region to reduce MP pollution and protect
human and environmental health, we will be framing and organizing potential actions by their
associated intervention point category in the DPSIR model and a MP pollution reduction results
chain. Aresults chain is a tool used in the Implementation Strategies to map out how to get from
our current pollution state to achieve our pollution reduction goals through a series of
intermediate steps. The actions to satisfy the intermediate results and move us towards better
human and environmental health outcomes will be organized by type of intervention and the
applicable sector/s of plastic.

Workshop 3: Stakeholder Listening Session for Future MP Actions
Date & Time: March 2026 | 3-4 hours total

Objectives include:

e Inviting tribes, state and local governments, LHJs, researchers, CBOs, NGOs, business
associations, and others to explicitly share with us their needs for interventions related to
MP pollution reduction, exposure and health risk reduction, and programs or policies for
source control and prevention.

e Map the identified needs to our identified interventions

After spending two workshops over several months learning about the problem with MP pollution
and what we are dealing with in Puget Sound, we want to identify our regional needs and
objectives straight from those who are doing the research and monitoring or implementation
actions.

Microplastic pollution reduction needs are likely diverse and could include specific objectives or
general statements of principles for desired objectives but uncertain execution, it could be
research or monitoring, pilot programs, guidance development, or policy development. These
actions will correspond to the different types of intervention points and will feed into the next
workshop for prioritization.

Workshop 4: Develop Hopeful Action Criteria and Implementation Goals

Date & Time: May 2026 | 3-4 hours total
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Objectives include:

e Propose 4-year goals for implementation actions
e Identify decision criteria for hopeful actions and plastic sectors and uses
e Discuss how we will apply those criteria to develop a hopeful actions list

The IDT will help us by identifying criteria for evaluating and prioritizing potential actions. There will
be opportunity to discuss, accept, or reject potential criteria; we will use gradients of agreement
for final decision criteria.

Workshop 5: Synthesizing Workshop Outputs and Bringing It All Together
Date & Time: Early Fall 2026 | 3-4 hours total

Obijectives include:

e Sharing the initial draft of the MP strategy products with the IDT and discussing how prior
workshop feedback was synthesized into this version.

e Receive initial IDT reactions and discuss the independent review process that will start
right after the workshop.

Prior to this workshop the MP Strategy co-leads will synthesize all workshop info and IDT feedback
into the strategy products. There will be time for discussion and reflection at the workshop as well
as an independent 30-day review period following the workshop. The goal will be to turn around a
final version of the strategy products by the end of 2026 or beginning of 2027.
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