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July 25, 2018
Josh Emerson
Department of Environmental Quality
700 NE Multnomah Street, Suite 600
Portland, OR 97232-4100
Phone: 503-229-5696
IntegratedReport@deq.state.or.us
RE: Microplastics Data Submitted in Response to State of Oregon Water Quality
Data Request for 2018 Integrated Report
Dear Mr. Emerson,
The Center for Biological Diversity appreciates the opportunity to submit data
regarding microplastics in the state waters of Oregon, in response to the State of Oregon
Department of Environmental Quality’s (“DEQ”) request for water quality data for the
2018 Oregon Integrated Report. By submitting this data we hope to inform the Oregon
DEQ and the public on the prevalence of and the urgent need for the state to reduce
microplastic pollution in Oregon’s surface waters.
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I. Water Quality Standards Applicable to Microplastic Pollution
Oregon should list its marine and fresh waters as impaired as required by section
303(d) of the Clean Water Act because existing pollution controls are insufficient for
state waters to meet the state’s water quality standards (33 U.S.C. § 1313(d)). On its
impaired waters list, Oregon must include all water bodies that fail to meet “any water
quality standard,” including numeric criteria, narrative criteria, water body uses, and
antidegradation requirements (40 C.F.R. § 130.7 (b)(1),(3), & (d)(2)).
There are several water quality standards that must be used to gauge if waters
with microplastic pollution are impaired.
The following water quality objective applies to the waters under the jurisdiction
of Oregon DEQ: [T]he highest and best practicable treatment and/or control of wastes,
activities, and flows must in every case be provided so as to maintain [...] overall water
quality at the highest possible levels and [...] toxic materials [...] and other deleterious
factors at the lowest possible levels. (“Statewide Narrative Criteria”, OAR, § 340-0410007)
Oregon has a general policy of water quality antidegradation for waters within its
jurisdiction, the purpose of which is to “prevent unnecessary further degradation from
new or increased point and nonpoint sources of pollution, and to protect, maintain, and
enhance existing surface water quality to ensure the full protection of all existing
beneficial uses.” (“Antidegradation”, OAR, § 340-041-0004)
The High Quality Waters Policy ensures that “[w]here the existing water quality
meets or exceeds those levels necessary to support fish, shellfish, and wildlife
propagation, recreation in and on the water, and other designated beneficial uses, that
level of water quality must be maintained and protected.” (OAR, § 340-041-0004 (6))
Further, the Outstanding Resource Waters Policy states that “[w]here existing
high quality waters constitute an outstanding State or national resource such as those
waters designated as extraordinary resource waters, or as critical habitat areas, the
existing water quality and water quality values must be maintained and protected (OAR,
§ 340-041-0004 (8))
Waters of the state must also be of sufficient quality to support aquatic species
without detrimental changes in the resident biological communities. (”Biocriteria”, OAR,
§ 340-041-0011)
Toxic substances may not be introduced above natural background levels in
waters of the state in amounts, concentrations, or combinations that may be harmful, may
chemically change to harmful forms in the environment, or may accumulate in sediments
or bioaccumulate in aquatic life or wildlife to levels that adversely affect public health,
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safety, or welfare or aquatic life, wildlife or other designated beneficial uses. (“Toxic
Substances Narrative”, OAR, § 340-041-0033 (1))
Human health must also be protected: waters of the state must “protect
Oregonians from potential adverse health effects associated with long-term exposure to
toxic substances associated with consumption of fish, shellfish and water.” (“Human
Health Numeric Criteria”, OAR, § 340-041-0033 (3))
Beneficial uses are designated for each water of the state and include fishing,
aesthetic quality, fish and aquatic life, and wildlife and hunting for all coastal basins.
(“Mid Coast Basin”, OAR, § 340-041-0220, “North Coast Basin”, OAR, § 340-0410230, “South Coast Basin”, OAR, § 340-041-0300)
Oregon must evaluate the attainment status of each of these standards with respect
to microplastics pollution. To do so, Oregon should be evaluating all readily available
information about microplastics pollution. There are increasingly comprehensive data
sets that contain information on microplastics pollution, and Oregon must evaluate these
data to assess its marine and fresh waters for impairment by microplastics.
II. Microplastics Threaten Water Quality and Ecosystem Health
Microplastics, generally defined here as plastic particles that are less than 5
millimeters (“mm”), are emerging as a major threat to marine wildlife and water quality.
The sources of microplastics pollution include industrial and domestic cleaning products,
medicines including consumer care products and cosmetics, and synthetic textiles
(Browne et al. 2011; Browne 2015; Boucher & Friot 2017). They also originate from
plastic products such as Styrofoam, plastic grocery bags, plastic bottles, or other
packaging that breaks down when plastic products fragment or degrade by either photo-,
thermal, or biological degradation (Morret-Ferguson et al. 2010; Browne 2015). Another
common source of microplastics is plastic pellets, or nurdles, that are used to
manufacture plastic products.
Microplastics are ubiquitous to coastal and marine environments, found at sites
worldwide from the poles to the equator (Bergmann et al. 2015a). Microplastic pollution
covers the ocean’s surface, floor, is frozen in sea ice, and permeates shoreline sediments
and the water column (Barnes et al. 2009; Browne et al. 2011; Ivar do Sul & Costa 2014).
Microplastics are rapidly being dispersed globally and accumulating in remote locations
far from population centers, including in Arctic (Cózar et al. 2017) and Antarctic (Isobe
et al. 2016) waters. It was recently discovered that both Arctic Sea ice and deep-sea
sediments from the Atlantic Ocean, Mediterranean Sea and Indian Ocean contain
concentrations of microplastics several orders of magnitude greater than those previously
reported in highly contaminated surface waters, such as those of the North Pacific Gyre
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(Obbard et al. 2014; Woodall et al. 2014), indicating that deep-sea sediments and sea ice
are major sinks for microplastics.
Unfortunately, the amount of plastic available to enter the world's oceans is on the
rise, with a predicted increase by an order of magnitude by 2025 without dramatic source
reduction efforts and improvements in waste management (Jambeck et al. 2015). Global
trends indicate that accumulations are increasing in aquatic habitats (Thompson et al.
2004; Goldstein et al. 2013), consistent with trends in plastic production–increasing 560
fold in just over 60 years (Thompson et al. 2004). The rapidly growing body of research
suggests that there is not one square mile of surface ocean anywhere on earth that is not
polluted with microplastics (M. Eriksen, pers. comms.). Tragically, under a business-asusual scenario, the ocean is expected to contain one ton of plastic for every three tons of
fish by 2025, and more plastics than fish (by weight) by 2050 (Ellen Macarthur
Foundation 2016).
Microplastics comprise the majority of plastic pollution in the world’s oceans. For
instance, a study by Moore et al. (2011) on plastic particles flowing from two rivers into
coastal areas and beaches in southern California found that plastic particles less than five
millimeters in size were 16 times more abundant and had a cumulative weight three times
greater than larger particles. Global estimates indicate somewhere between 15 and 51
trillion plastic particles currently floating in the world's oceans (van Sebille et al. 2015),
92 percent of which are microplastics (Eriksen et al. 2014).
While secondary microplastics–those which originate from the degradation of
large plastic waste into smaller fragments once exposed to the marine environment–make
up a significant portion of microplastics in the ocean, a recent report by the International
Union for Conservation of Nature demonstrates that primary microplastics are globally
responsible for a major source of plastics in the oceans (Boucher & Friot 2017). The
study estimates that primary sources of microplastics–microplastics that are directly
released into the environment as small plastic particles–account for between 15 and 31%
of all of the plastic in the oceans. The overwhelming majority of the losses of primary
microplastics (98%) are generated from land based activities. One of the largest
contributors of these particles stem from the laundering of synthetic textiles, which enter
the marine environment through wastewater treatment systems (Id).
A growing number of studies demonstrate that microplastics harm a wide range of
aquatic species. Ingestion of microplastics by wildlife was first brought to light in 1987,
when surveys of Laysan Albatross and Wedge-tailed Shearwaters on Midway and O’ahu
Island, Hawai’i identified 90% of 50 chicks surveyed had plastic fragments, toys, bottle
caps, and other plastics in their upper gastrointestinal tract (Frye et al. 1987). 12 of 20
adult shearwaters surveyed ingested plastic fragments or pellets 1-3 mm thick and 2-7
mm long (Id). More recent studies suggest seabirds are particularly sensitive to plastic
pollution due to high frequency of ingestion, impacts on body condition and transmission
of toxic chemicals (Wilcox et al. 2015). More than 90% of seabird species are believed to
have ingested plastic globally, and by 2050 the percentage is estimated to increase to
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99%, resulting in increased mortality and decreased reproduction (Wilcox et al. 2015).
Consistent with this prediction, Donnelly-Greenan et al. (2014) documented a dramatic
increase in the amount of ingested plastic in Pacific northern fulmars (Fulmarus glacialis
rogersii) washed up on beaches in Monterey Bay, California between 2003 and 2007. Sea
turtles are also highly vulnerable to plastic pollution. A recent study found that over 50%
of sea turtles worldwide are expected to have ingested plastic, which can lead to
starvation due to false sense of satiation, intestinal blockage, and transfer of dangerous
chemicals (Schuyler et al. 2012).
A quickly growing body of evidence points to bioaccumulation of plastics and
adsorbed pollutants as an increasing ecological threat to marine organisms as well as
humans (Engler et al. 2012). For example, Setälä et al. (2014) demonstrated the potential
of microplastic particles to transfer via planktonic organisms from one trophic level
(mesozooplankton) to a higher level (macrozooplankton), suggesting a clear pathway for
the bioaccumulation of microplastics and associated pollutants within the marine food
web. Higher trophic-level organisms such as fish-eating birds, omnivorous birds, and
marine mammals are exposed to toxic compounds via their consumption of prey. Even
baleen whales, among the largest animals on earth, are exposed to micro-litter ingestion
as a result of their filter-feeding activity; a recent study documented the presence of
phthalates traced to microplastic pollution in the tissue of stranded fin whales (Fossi et al.
2012). Generally, typical polychlorinated biphenyls (“PCB”) levels increase by a factor
of 10- to 100-fold when ascending major consumption levels in a food chain (Gobas et al.
1995). Specifically, Wasserman et al. (1979) reported that for marine food webs,
concentrations of PCBs in zooplankton range from < 0.003 to 1 µg g–1, whereas top
consumers, such as seals and fish, had ranges of PCBs from 0.03 to 212 µg g–1.
Therefore, if PCBs and other contaminants are abundant in lower trophic levels, they will
be amplified through the food chain to levels that can adversely affect higher trophiclevel organisms. As a result, people who ingest fish may be exposed to dangerous levels
of PCBs (EPA 2006). Due to the toxin’s accumulation properties, many scientists believe
there is no safe level of exposure to PCBs (Id).
Large pelagic fishes, including many consumed by humans, have been shown to
ingest microplastics (Romeo et al. 2015). Choy & Drazen (2013) report that 19% of
fishes sampled from 10 species captured by the Hawaiian longline fishery had ingested
plastic particles. Similarly, Rochman et al. (2015) discovered that approximately a
quarter of fish sold at markets in California and Indonesia for human consumption had
ingested anthropogenic debris, primarily in the form of microplastics and microfibers
from textiles. Considered in conjunction with the findings of Rochman et al. (2013b),
which demonstrate the transfer of adsorbed pollutants from ingested plastics to the tissues
of fishes, ingestion of plastic by fishes targeted for human consumption has potentially
serious human health implications that have yet to be thoroughly investigated (Bergmann
et al. 2015a).
Because of microplastics’ size they are also available to invertebrates, including
deposit feeders such as sea cucumbers (Graham & Thompson 2009), the lug worm, that
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feeds by stripping organic matter from particulates (Moore et al. 2011), gooseneck
barnacles (Goldstein et al. 2013), oysters (Green 2016), clams (Davidson & Dudas 2016),
and shore crabs (Watts et al. 2014). A recent study of sceletarian corals on Australia's
great barrier reef indicates ingestion rates of microplastics similar to the rate of plankton
ingestion (Hall et al. 2015). Ingested microplastics were found in the coral gut cavity,
suggesting that ingestion of high concentrations of microplastic debris could potentially
impair the health of corals (Hall et al. 2015).
A third of shellfish found in seafood markets in Indonesia and California
contained anthropogenic debris, primarily in the form of microplastics (Rochman et al.
2015). Mussels ingest microscopic plastic of less than 1 mm, accumulate it in the gut and
transfer it to the circulatory system (Brown et al. 2008). Microplastics persist in mussels
for over 48 days despite transfer to clean water, suggesting similar fates for these
particles in predators like birds, crabs, starfish, and even humans (Brown et al. 2008).
European researches found microplastics present in two bivalve species cultured for
human consumption, with an average load of 0.36 particles per gram of tissue (Van
Cauwenberghe & Janssen 2014). They conclude that the annual dietary exposure of
European consumers can be up to 11,000 microplastics (Id). Planktonic Pacific oyster
(Crassostrea gigas) larvae readily ingest waterborne nanoplastic and microplastic
polystyrene particles (Cole & Galloway 2015). Nano-sized polystyrene particles may
permeate into the lipid membranes of organisms, altering the membrane structure,
membrane protein activity, and therefore cellular function (Rossi et al. 2014). Acute
exposure to microplastics results in significant biological effects including weight loss,
reduced feeding activity, increased phagocytic activity and transference to the lysosomal
(storage) system (Von Moos et al. 2012; Wagner et al. 2014; Browne et al. 2013; Lee et
al. 2013; Rochman et al. 2013b).
Ecological impacts from plastic pollution on nearshore environments, such as
sandy beaches, include ingestion by a variety of organisms (Graham and Thompson
2009), sediment contamination from leached plasticizers (Oehlmann et al. 2009), and
adsorbed persistent organic pollutants (Rios et al. 2007). Carson et al. (2011)
demonstrated how the presence of microplastics on Hawaiian beaches can alter the
physical properties of beaches such as heat transfer and water movement, and noted that
the observed effects may have broad ecological implications for a wide variety of beach
dwelling organisms and their eggs, including crustaceans, mollusks, polychaetes, fish,
interstitial meiofauna, and sea turtles. Emerging research suggests microplastic pollution
is capable of driving shifts in ecological communities. A study by Green (2016) indicates
that repeated exposure to high concentrations of microplastics could alter community
assemblages in important marine habitats by reducing the abundance of benthic fauna.
The ability of plastics to adsorb hydrophobic pollutants from the marine
environment is well documented (Rios et al. 2007; Teuten et al. 2009). Many plastics
adsorb PCBs, organo-chlorine pesticides, polybrominated diphenyls (“PBD”), polycyclic
aromatic hydrocarbons (“PAH”), metals, and petroleum hydrocarbons, some of which
may desorb in acidic stomachs resulting in uptake by the animal (Teuten et al. 2009; Van
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et al. 2012; Rochman et al. 2013b). Indeed, it has been shown that seabirds that ingested
plastic demonstrate higher PCB concentrations in their fat tissues (Ryan et al. 1988), and
seabird chicks fed plastics showed increasing PCB concentrations (Teuten et al. 2009).
Polybutylene terephthalates (“PBT”), found on recovered plastic debris globally (Hirai et
al. 2011), bioaccumulate in foodwebs (Teuten et al. 2009) and are linked with adverse
ecological effects including endocrine disruption, decreased fish populations and reduced
species richness (McKinley & Johnston 2010; Rochman et al. 2013a). Plastic fragments
can concentrate organic pollutants up to 106 times that of the surrounding seawater, with
release rates in an endotherm gut 30 times higher than in seawater (Bakir et al. 2014).
Plastic additives, such as Bisphenol A (“BPA”), phlalate plasticizers and alkylphenol can
also leach from ingested plastics into the tissue of organisms inducing adverse effects
including estrogenic mimicry and reduced testosterone levels (Teuten et al. 2009;
Rochman et al. 2013b). Small and microscopic plastic fragments in particular present a
likely route for the transfer of toxic chemicals to marine organisms because of their large
surface area to volume ratio, allowing for an increased uptake of contaminants (Rios et al.
2007).
Finally, because plastics do not readily degrade and are long-lived they provide an
effective invasive species dispersal mechanism (Barnes et al. 2009; Gregory 2009).
Pelagic plastic items are commonly colonized by a diversity of encrusting and fouling
epibionts, including barnacles, tube worms, foraminifera, coralline algae, and bivalve
mollusks (Gregory 2009) as well as unique pathogen assemblages (Zettler et al. 2013).
The environmental importance of this process is widely recognized, as pelagic plastic,
(including nano- and microplastics) may be vectors in the dispersal of aggressive and
invasive marine organisms that could endanger endemic biota (Barnes et al. 2009).
III. Summary of Data on Microplastic Pollution in Oregon*
Oregon’s marine waters and beaches are significantly impacted by microplastic
pollution and violate numerous water quality standards. The following is a brief summary
of studies documenting the presence of microplastics in Oregon state waters:
1. Sea Turtles Forever 2012 - All four beaches sampled demonstrated elevated
levels of microplastics, with an average of 228, 453, and 467 microplastic
pellets/m2 at Cape Blanco, China Beach, and Whiskey Beach respectively. The
average number of plastic pellets collected on Crescent Beach increased
dramatically from 95 pellets/m2 in 2010, to 343 in 2011 and to 721 in 2012.
2. Sea Turtles Forever 2014 - 11,616 plastic pellets, and over 3180g of microplastic
were collected on one square meter of beach at Fort Stevens State Park.
3. Jauregui 2017 - 494 plastic microfibers were found in 30 oysters reared for human
consumption from six oyster vendors along the Oregon coast.
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*See Appendix A for a summary of microplastics data, water bodies to be designated as
impaired, and water quality standard violations. These data demonstrate water body
impairments that are described below.
IV. Water Bodies to Be Listed as Impaired and Water Quality Violations
1. State marine waters off Crescent Beach
The marine waters off Crescent Beach warrant listing because sediment samples
from Sea Turtles Forever (2012) indicate various water quality violations summarized in
Appendix A. Sea Turtles Forever found that the level of microplastics on Crescent beach
increased dramatically from 2010 to 2012. High volumes of microplastics on beaches
indicate elevated concentrations of microplastics in adjacent waters (e.g. Wessel et al.
2016), suggesting waters off the Crescent Beach are laden with microplastics and are
impaired.
These data, which demonstrate a dramatic increase in microplastic pollution and
associated degradation of water quality, indicate waters off Crescent Beach listed above
violate the state’s Antidegradation water quality standards, which “prevent unnecessary
further degradation from new or increased point and nonpoint sources of pollution, and to
protect, maintain, and enhance existing surface water quality to ensure the full protection
of all existing beneficial uses.” (OAR, § 340-041-0004)
Data presented by Sea Turtles Forever (2012) reveal that Crescent Beach is
inundated with significant amounts of visually offensive plastic trash. High
concentrations of plastic pellets are certainly offensive to the sense of sight and inhibit
aesthetic enjoyment when sunbathing, beachcombing, sightseeing, and studying tide-pool
marine life. The recurrence an increase of microplastic on Crescent Beach, year after
year, shows that the adjacent waters are polluted. Therefore, the marine waters off
Crescent Beach violate the aesthetic quality beneficial use of the North Coast Basin and
should be listed as impaired. (OAR, § 340-041-0230)
Elevated and increasing levels of microplastics on Crescent Beach pose a threat to
marine wildlife including in shellfish, sea turtles, fish and seabirds.
Bour et al. (2018) recently demonstrated how environmentally relevant
concentrations of microplastics (25 mg/kg of sediment) negatively impact two species of
sediment dwelling bivalves. Several other studies have demonstrated how
environmentally relevant concentrations of microplastics be deleterious to marine fauna.
For example, Green (2016) demonstrated how microplastic concentrations of 80 µg L–1
harmed a variety of marine benthic organisms including periwinkles, isopods, and clams
in lower intertidal to shallow subtidal zones on temperate beaches, indicating that
numerous species of marine life on Oregon beaches and in surrounding waters are likely
to encounter detrimental concentrations of microplastics. Indeed, Jauregui (2017)
documented nearly 500 microplastic fibers in 30 Pacific oysters (Crassotrea gigas) from
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various oyster farms along the Oregon coast, raising alarms about potential impacts of
microplastic pollution on commercial shellfish operations and marine wildlife in Oregon
waters, as well as on the health of Oregonians who consume locally sourced shellfish.
The tendency for microplastics to concentrate toxic POPs is well documented, and
discussed at length above. Various studies have documented elevated levels of POPs on
microplastics found on West Coast beaches (e.g. Rios et al. 2007; Ogata et al. 2009; Van
et al. 2012). Microplastics prevalent on Oregon beaches exhibit significant levels of
persistent organic pollutants, including PCBs (Marc Ward, Sea Turtles Forever, pers.
comms.). Evidence suggests microplastics and associated adsorbed pollutants are capable
of bioaccumulating and pose an increasing ecological threat to marine organisms,
including commercially harvested fish and shellfish (Rochman et al. 2013b; Rochman et
al. 2015), as well as humans (reviewed by: Chae & An 2017).
Rochman et al. (2013b) showed that fish exposed to microplastics with chemical
pollutants sorbed from the marine environment bioaccumulate these chemical pollutants
and suffer liver toxicity and pathology. Fish fed virgin microplastics also showed signs of
stress (Id).
The harm to sea turtles from plastic pollution is discussed above. Considering
three species of federally endangered sea turtle (Loggerhead turtle (Caretta caretta),
Green turtle (Chelonia mydas), and Leatherback turtle (Dermochelys coriacea) (Oregon
Dept. of Fish and Wildlife)) frequent waters off the Oregon coast, it is highly likely that
endangered sea turtles encounter microplastic pollution off of the beaches considered
here.
As discussed previously, Carson et al. (2011) demonstrates how the presence of
microplastics on beaches may have broad ecological implications for a wide variety of
beach dwelling organisms. Therefore, data presented by Sea Turtles Forever (2012)
indicate shellfish and other benthic and sediment dwelling organisms on Crescent Beach
encounter concentrations of microplastics that could potentially negatively influence their
ecology. It is likely that fishes, sea turtles and seabirds also encounter potentially
damaging levels of microplastics in marine waters off Crescent Beach. The water body in
question therefore violates the High Quality Water Policy which protects beneficial uses
and water quality necessary to support fish, shellfish and wildlife propagation (OAR, §
340-041-0004 (6)) and various beneficial uses of the North Coast Basin including fishing,
fish and aquatic life, and wildlife (OAR, § 340-041-0230) and should be listed as
impaired.
DEQ must also evaluate whether the data presented here demonstrate that marine
waters off Crescent Beach violate the Toxic Substances Narrative which states “[t]oxic
substances may not be introduced above natural background levels in waters of the state
in amounts, concentrations, or combinations that may be harmful, may chemically change
to harmful forms in the environment, or may accumulate in sediments or bioaccumulate
in aquatic life or wildlife to levels that adversely affect public health, safety, or welfare or
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aquatic life, wildlife or other designated beneficial uses (OAR, § 340-041-0033 (1)), as
well as the Human Health Numeric Criteria which protects “Oregonians from potential
adverse health effects associated with long-term exposure to toxic substances associated
with consumption of fish, shellfish and water.” (OAR, § 340-041-0033 (3))
2. State marine waters off Cape Blanco, China Beach, Whiskey Beach and Fort
Stevens State Park
The marine waters off Cape Blanco, China Beach, Whiskey Beach, and Fort
Stevens State Park warrant listing because sediment samples from Sea Turtles Forever
(2012; 2014) indicate various water quality violations summarized in Appendix A. Sea
Turtles Forever discovered 228, 453, 467, and 11,616 microplastic pellets/m2 at the four
beaches, respectively (Table 1).
Year

Beach

2010
2011
2012
2011
2011
2011
2013

Crescent Beach
Crescent Beach
Crescent Beach
Cape Blanco
China Beach
Whiskey Beach
Fort Stevens State Park

Plastic Pellets
(#/m²)
95.33
343.50
721.50
228.00
453.50
467.00
11616

Plastic Pellets (g/m²)
1.96
7.35
15.42
4.62
10.14
8.15
212

Table 1. Summary of microplastic collected at five Oregon beaches. For detailed reporting see Appendix B.

As noted above, high volumes of microplastics on beaches indicate elevated
concentrations of microplastics in adjacent waters (e.g. Wessel et al. 2016), suggesting
waters off the beaches listed above are impaired.
Microplastics particles have been shown to accumulate in gut tissue of mussels
(Mytilus edulis), and subsequently translocate to the circulatory system, indicating
microplastics and associated toxins may bioaccumulate in food chains (Browne et al.
2011). A third of shellfish found in seafood markets in California contained
anthropogenic debris, primarily in the form of microplastics (Rochman et al. 2015).
Jauregui (2017) has documented high levels of plastic microplastic fibers in Pacific
oysters (Crassotrea gigas) reared for human consumption at oyster farms along the
Oregon coast.
Taken together, these studies, in conjunction with data from Sea Turtles Forever
(2012; 2014) demonstrate that shellfish on and off the beaches considered here could be
negatively impacted by harmful concentrations of microplastics, and humans ingesting
shellfish collected from the region are likely being exposed to microplastics and
associated pollutants.

10

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 11 of 20

Choy and Drazen (2013) found that 19% of pelagic game fish sampled in the
North Pacific had ingested plastic. Rochman et al. (2013b) demonstrated how chemical
pollutants sorbed from the marine environment, as well as hazardous chemicals from the
material itself are able to transfer from microplastic particles to the tissue of fishes and
bioaccumulate, inducing liver toxicology and pathology.
Additionally, the work of Green (2016) illustrates how environmentally relevant
concentrations of microplastic are capable of harming a variety of marine organisms,
indicating that repeated exposure to high concentrations of microplastics could alter
assemblages in marine habitat by reducing abundance of benthic fauna. Therefore, ocean
surface waters off the Oregon beaches listed above violate beneficial uses protecting and
water quality necessary to support fish, shellfish and wildlife propagation (OAR, § 340041-0004 (6)) and various beneficial uses of the South Coast Basin including fishing, fish
and aquatic life, and wildlife (OAR, § 340-041-0300) and should be listed as impaired.
DEQ must also evaluate whether the data presented here violate the Toxic
Substances Narrative (OAR, § 340-041-0033 (1)), as well as the Human Health Numeric
Criteria. (OAR, § 340-041-0033 (3))
Lastly, DEQ must consider whether the elevated concentrations of microplastics
found in ocean waters off the beaches considered here violate the State’s Antidegradation
water quality standards, which “prevent unnecessary further degradation from new or
increased point and nonpoint sources of pollution, and to protect, maintain, and enhance
existing surface water quality to ensure the full protection of all existing beneficial uses.”
(OAR, § 340-041-0004) Beneficial uses adversely impacted by microplastic pollution, as
argued above, include fish, shellfish and wildlife propagation fishing, fish and aquatic
life, and wildlife.
4. Other water bodies should be considered
Data from studies that are conducted within Oregon State waters and along
shorelines or adjacent areas must be considered. A selection of data compiled by Kapp et.
al (2018) demonstrate significant levels of microplastic pollution in the Columbia river.
This river should be evaluated for violation of state water quality standards including
relevant beneficial uses, the High Quality Water Policy, and Antidegradation.
Further, DEQ should evaluate data currently being collected by Dr. Elise Granek
at Portland State University on levels of microplastics in Pacific razor clams (Siliqua
patula) to determine whether marine waters off Oregon beaches violate various water
quality standards.
VI. CONCLUSION
We urge DEQ to designate as impaired the specific water bodies identified in this
letter. The Department must consider all readily available data on the impacts of
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microplastics on the State of Oregon’s waters for its water quality assessment and
consider the attainment status of all of Oregon's relevant water quality standards.
Additionally, due to the unique properties of microplastics, DEQ should adopt a water
quality criterion particular to microplastics. A criterion of “less than one item of
microplastic (≤5mm) m–2 for sediments or m–3 in the water column and no more than one
synthetic fiber 50 mL–1 sediment for subtidal sediments” is appropriately based upon the
measurement standards noted by Hidalgo-Ruz et al. (2012). Finally, we urge the state to
improve its own monitoring program so that it can effectively detect microplastics-related
water quality problems.
Sincerely,

Blake Kopcho
Oceans Campaigner
Center for Biological Diversity
1212 Broadway, Suite 800
Oakland, CA 94612
bkopcho@biologicaldiversity.org
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Appendix A. Summary of Water Quality Violations for Water Bodies of the State of
Oregon
Waterbody/
Beach
Marine waters off:
Crescent Beach

Measurement

Reference

Methodology

2010:95 pellets/m2
2011:343 pellets/m2
2012:721 pellets/m2

Sea Turtles
Forever
2012

Beach
transect

Violation of Applicable
Water Quality Standard
OAR, § 340-041-0004
OAR, § 340-041-0004 (6)
OAR, § 340-041-0230

Marine waters off:
Cape Blanco
China Beach
Whiskey Beach
Fort Stevens State Park

2

228 pellets/m
453 pellets/m2
467 pellets/m2
11,616 pellets/m2

Sea Turtles
Forever
2012, 2014

Beach
transect

OAR, § 340-041-0004
OAR, § 340-041-0004 (6)
OAR, § 340-041-0300

Appendix B. Microplastics Data and Methodology for Water Bodies of the State of
Oregon (Hyperlinked)
Relevant Studies:
● Sea Turtles Forever 2012
● Sea Turtles Forever 2014
● Jauregui 2017
Data:
● Sea Turtles Forever 2012
● Sea Turtles Forever 2014
● Jauregui 2017
Methodology:
● Sea Turtles Forever 2012 (please see pg. 3 manuscript for detailed methodology)
● Sea Turtles Forever 2014 (please see pg. 2 of manuscript)
● Jauregui 2017 (please see pg. 10 of manuscript)

13

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 14 of 20

References (Hyperlinked)
Bakir, A., Rowland, S. J., & Thompson, R. C. (2014). Enhanced desorption of persistent
organic pollutants from microplastics under simulated physiological
conditions. Environmental Pollution, 185(November), 16–
23. http://doi.org/10.1016/j.envpol.2013.10.007
Barnes, D. K. A., Galgani, F., Thompson, R. C., & Barlaz, M. (2009). Accumulation and
fragmentation of plastic debris in global environments. Philosophical Transactions of the
Royal Society of London. Series B, Biological Sciences, 364(1526), 1985–
1998. http://doi.org/10.1098/rstb.2008.0205
Barrows, A. P. W., Neumann, C. A., Berger, M. L., & Shaw, S. D. (2016). Grab vs.
neuston tow net: a microplastic sampling performance comparison and possible advances
in the field. Anal. Methods, 0, 1–8. http://doi.org/10.1039/C6AY02387H
Bergmann, M., Gutow, L., & Klages, M. (2015). Marine Anthropogenic Litter.
Springer. http://doi.org/10.1007/978-3-319-16510-3
Bergmann, M., Sandhop, N., Schewe, I., & D’Hert, D. (2015b). Observations of floating
anthropogenic litter in the Barents Sea and Fram Strait, Arctic. Polar
Biology. http://doi.org/10.1007/s00300-015-1795-8
Boucher, J., & Friot, D. (2017). Primary Microplastics in the Oceans: a Global
Evaluation of Sources. Retrieved from
https://portals.iucn.org/library/sites/library/files/documents/2017-002.pdf
Bour, A., Haarr, A., Keiter, S., Hylland, K. (2018). Environmentally relevant
microplastic exposure affects sediment dwelling bivalves. Environmental Pollution, 236,
652-660. https://www.ncbi.nlm.nih.gov/pubmed/29433106
Browne, M. A., Dissanayake, A., Galloway, T. S., Lowe, D. M., & Thompson, R. C.
(2008). Ingested Microscopic PlasticTranslocates to the Circulatory System of the
Mussel, Mytilus edulis (L.). Environ. Sci. Technol, 42(13), 5026–
5031. http://doi.org/10.1021/es800249a CCC: $40.75
Browne, M. A., Crump, P., Niven, S. J., Teuten, E. L., Tonkin, A., Galloway, T., &
Thompson, R. C. (2011). Accumulations of microplastic on shorelines worldwide:
sources and sinks. Environmental Science & Technology, (September), 9175–
9179. http://doi.org/10.1021/es201811s
Browne, M. A., Niven, S. J., Galloway, T. S., Rowland, S. J., & Thompson, R. C. (2013).
Microplastic moves pollutants and additives to worms, reducing functions linked to
health and biodiversity. Current Biology, 23(23), 2388–
2392. http://doi.org/10.1016/j.cub.2013.10.012
Browne, M. A., Underwood, A. J., Chapman, M. G., Williams, R., Thompson, R. C., &
van Franeker, J. A. (2015). Linking effects of anthropogenic debris to ecological
impacts. Proceedings. Biological Sciences / The Royal Society, 282(1807), 20142929. http://doi.org/10.1098/rspb.2014.2929

14

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 15 of 20

Carson, H. S., Colbert, S. L., Kaylor, M. J., & McDermid, K. J. (2011). Small plastic
debris changes water movement and heat transfer through beach sediments. Marine
Pollution Bulletin, 62(8), 1708–1713. http://doi.org/10.1016/j.marpolbul.2011.05.032
Carson, H. S., Lamson, M. R., Nakashima, D., Toloumu, D., Hafner, J., Maximenko, N.,
& McDermid, K. J. (2013). Tracking the sources and sinks of local marine debris in
Hawai’i. Marine Environmental Research, 84, 7683. http://doi.org/10.1016/j.marenvres.2012.12.002
Chae, Y., & An, Y.-J. (2017). Effects of micro- and nanoplastics on aquatic ecosystems:
Current research trends and perspectives. Marine Pollution Bulletin, 1–9.
http://doi.org/10.1016/j.marpolbul.2017.01.070
Choy, C. A., & Drazen, J. C. (2013). Plastic for dinner? Observations of frequent debris
ingestion by pelagic predatory fishes from the central North Pacific. Marine Ecology
Progress Series, 485(July), 155–163. http://doi.org/10.3354/meps10342
Cole, M., & Galloway, T. S. (2015). Ingestion of Nanoplastics and Microplastics by
Pacific Oyster Larvae. Environmental Science and Technology, 49(24), 14625–
14632. http://doi.org/10.1021/acs.est.5b04099
Cózar, A., Martí, E., Duarte, C. M., García-de-lomas, J., Sebille, E. Van, Ballatore, T. J.,
Pedrotti, M. L. (2017). The Arctic Ocean as a dead end for floating plastics in the North
Atlantic branch of the Thermohaline Circulation, (Table 1), 1–9.
http://doi.org/10.1126/sciadv.1600582
Davidson, K., & Dudas, S. E. (2016). Microplastic Ingestion by Wild and Cultured
Manila Clams (Venerupis philippinarum) from Baynes Sound, British
Columbia. Archives of Environmental Contamination and Toxicology, 71(2), 147–
156. http://doi.org/10.1007/s00244-016-0286-4
Donnelly-Greenan, E. L., Harvey, J. T., Nevins, H. M., Hester, M. M., Walker, W. A.
(2014). Prey and plastic ingestion of Pacific Northern Fulmars (Fulmarus glacialis
rogersii) from Monterey Bay, California. Marine Pollution Bulletin, 85(1), 214–
224. http://doi.org/10.1016/j.marpolbul.2014.05.046
Ellen MacArthur Foundation. (2016). The New Plastics Economy: Rethinking the future
of plastics. Ellen MacArthur Foundation, 120.
Engler, R. E. (2012). The Complex Interaction between Mrine Debris and Toxic
Chemicals in the Ocean. Environmental Science and Technology, 46, 12302–
12315. http://doi.org/10.1021/es3027105
Eriksen, M., Mason, S., Wilson, S., Box, C., Zellers, A., Edwards, W., … Amato, S.
(2013). Microplastic pollution in the surface waters of the Laurentian Great Lakes.
Marine Pollution Bulletin, 77(1–2), 177–182.
http://doi.org/10.1016/j.marpolbul.2013.10.007
Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C., …
Reisser, J. (2014). Plastic Pollution in the World’s Oceans: More than 5 Trillion Plastic
Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS ONE, 9(12),
e111913. http://doi.org/10.1371/journal.pone.0111913

15

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 16 of 20

Fossi, M. C., Panti, C., Guerranti, C., Coppola, D., Giannetti, M., Marsili, L., Minutoli,
R. (2012). Are baleen whales exposed to the threat of microplastics? A case study of the
Mediterranean fin whale (Balaenoptera physalus). Marine Pollution Bulletin, 64(11),
2374–2379. http://doi.org/10.1016/j.marpolbul.2012.08.013
Fry, D. M., Fefer, S. I., & Sileo, L. (1987). Ingestion of plastic debris by Laysan
Albatrosses and Wedge-tailed Shearwaters in the Hawaiian Islands. Marine Pollution
Bulletin, 18(6), 339–343. http://doi.org/10.1016/S0025-326X(87)80022-X
Gobas, F. A. P. C., Z’Graggen, M. N., & Zhang, X. (1995). Time Response of the Lake
Ontario Ecosystem to Virtual Elimination of PCBs. Environmental Science &
Technology, 29(8), 2038–2046. http://doi.org/10.1021/es00008a024
Goldstein, M. C., Titmus, A. J., & Ford, M. (2013). Scales of spatial heterogeneity of
plastic marine debris in the northeast Pacific Ocean. PLoS
ONE, 8(11). http://doi.org/10.1371/journal.pone.0080020
Graham, E. R., & Thompson, J. T. (2009). Deposit- and suspension-feeding sea
cucumbers (Echinodermata) ingest plastic fragments. Journal of Experimental Marine
Biology and Ecology, 368(1), 22–29. http://doi.org/10.1016/j.jembe.2008.09.007
Green, D. S. (2016). Effects of microplastics on European flat oysters, Ostrea edulis and
their associated benthic communities. Environmental Pollution, 216, 95–
103. http://doi.org/10.1016/j.envpol.2016.05.043
Gregory, M. R. (2009). Environmental implications of plastic debris in marine settings-entanglement, ingestion, smothering, hangers-on, hitch-hiking and alien
invasions. Philosophical Transactions of the Royal Society of London. Series B,
Biological Sciences, 364(1526), 2013–2025. http://doi.org/10.1098/rstb.2008.0265
Hall, N. M., Berry, K. L. E., Rintoul, L., & Hoogenboom, M. O. (2015). Microplastic
ingestion by scleractinian corals. Marine Biology, 162(3), 725–
732. http://doi.org/10.1007/s00227-015-2619-7
Hidalgo-Ruz, V., Gutow, L., Thompson, R. C., & Thiel, M. (2012). Microplastics in the
marine environment: A review of the methods used for identification and quantification.
Environmental Science and Technology, 46(6), 3060–3075.
http://doi.org/10.1021/es2031505
Hirai, H., Takada, H., Ogata, Y., Yamashita, R., Mizukawa, K., Saha, M., … Ward, M.
W. (2011). Organic micropollutants in marine plastics debris from the open ocean and
remote and urban beaches. Marine Pollution Bulletin, 62(8), 1683–
1692. http://doi.org/10.1016/j.marpolbul.2011.06.004
Isobe, A., Uchiyama-Matsumoto, K., Uchida, K., & Tokai, T. (2016). Microplastics in
the Southern Ocean. Marine Pollution Bulletin, 114(1), 623–
626. http://doi.org/10.1016/j.marpolbul.2016.09.037
Ivar do Sul, J., & Costa, M. F. (2014). The present and future of microplastic pollution in
the marine environment. Environmental Pollution, 185, 352–
64. http://doi.org/10.1016/j.envpol.2013.10.036

16

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 17 of 20

Jambeck, J., Geyer, R., Wilcox, C., Siegler, T., Perryman, M., Andrady, A., … Law, K.
L. (2015). Jambeck et al. - 2015 - Plastic waste inputs from land into the
ocean. Science, 347(6223), 768–771.
Jauregui, Mia K. (2011). “Microplastic Concentrations in Crassotrea gigas: Establishing a
Baseline of Microplastic Contamination in Oregon’s Oyster Aquacultures”. Portland
State University Honors Theses. Paper 494.
https://pdxscholar.library.pdx.edu/honorstheses/494/
Kapp, K.J., Yeatman, E. (2018). Microplastic hotspots in the Snake and Lower
Columbia rivers: A journey from the greater Yellowstone ecosystem to the Pacific
Ocean. Environmental Pollution, 241(11280), 10820-190.
http://doi:10.1016/j.envpol.2018.06.033
Law, K. L., Mort-Ferguson, S. E., Goodwin, D. S., Zettler, E. R., Deforce, E., Kukulka,
T., & Proskurowski, G. (2014). Distribution of surface plastic debris in the eastern pacific
ocean from an 11-year data set. Environmental Science and Technology, 48(9), 4732–
4738. http://doi.org/10.1021/es4053076
Lee, J., Hong, S., Song, Y. K., Hong, S. H., Jang, Y. C., Jang, M., … Shim, W. J. (2013).
Relationships among the abundances of plastic debris in different size classes on beaches
in South Korea. Marine Pollution Bulletin, 77(1–2), 349–
354. http://doi.org/10.1016/j.marpolbul.2013.08.013
Mason, S. A., Garneau, D., Sutton, R., Chu, Y., Ehmann, K., Barnes, J., … Rogers, D. L.
(2016). Microplastic pollution is widely detected in US municipal wastewater treatment
plant effluent. Environmental Pollution, 218(September), 1045–
1054. http://doi.org/10.1016/j.envpol.2016.08.056
McKinley, A., & Johnston, E. L. (2010). Impacts of contaminant sources on marine fish
abundance and species richness: A review and meta-analysis of evidence from the
field. Marine Ecology Progress Series, 420, 175–191. http://doi.org/10.3354/meps08856
Moore, C. J., Lattin, G. L., & Zellers, a. F. (2011). Quantity and type of plastic debris
flowing from two urban rivers to coastal waters and beaches of Southern
California. Revista de Gestão Costeira Integrada, 11(1), 65–
73. http://doi.org/10.5894/rgci194
Morret-Ferguson, S., Law, K. L., Proskurowski, G., Murphy, E. K., Peacock, E. E., &
Reddy, C. M. (2010). The size, mass, and composition of plastic debris in the western
North Atlantic Ocean. Marine Pollution Bulletin, 60(10), 1873–
1878. http://doi.org/10.1016/j.marpolbul.2010.07.020
Obbard, R. W., Sadri, S., Wong, Y. Q., Khitun, A. A., Baker, I., & Thompson, R. C.
(2014). Global warming releases microplastic legacy frozen in Arctic Sea ice. Earth’s
Future, 2, 315–320. http://doi.org/10.1002/2014EF000240.Abstract
Oehlmann, J., Schulte-Oehlmann, U., Kloas, W., Jagnytsch, O., Lutz, I., Kusk, K. O., …
Tyler, C. R. (2009). A critical analysis of the biological impacts of plasticizers on
wildlife. Philosophical Transactions of the Royal Society of London. Series B, Biological
Sciences, 364(1526), 2047–62. http://doi.org/10.1098/rstb.2008.0242

17

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 18 of 20

Ogata, Y., Takada, H., Mizukawa, K., Hirai, H., Iwasa, S., Endo, S., … Thompson, R. C.
(2009). International Pellet Watch: Global monitoring of persistent organic pollutants
(POPs) in coastal waters. 1. Initial phase data on PCBs, DDTs, and HCHs. Marine
Pollution Bulletin, 58(10), 1437–1446. http://doi.org/10.1016/j.marpolbul.2009.06.014
Rios, L. M., Moore, C., & Jones, P. R. (2007). Persistent organic pollutants carried by
synthetic polymers in the ocean environment. Marine Pollution Bulletin, 54(8), 1230–
1237. http://doi.org/10.1016/j.marpolbul.2007.03.022
Rochman, C. M., & Browne, M. A. (2013a). Classify plastic waste as
hazardous. Nature, 494, 169–171. http://doi.org/10.1038/494169a
Rochman, C. M., Hoh, E., Kurobe, T., & Teh, S. J. (2013b). Ingested plastic transfers
hazardous chemicals to fish and induces hepatic stress. Scientific Reports, 3,
3263. http://doi.org/10.1038/srep03263
Rochman, C. M., Tahir, A., Williams, S. L., Baxa, D. V, Lam, R., Miller, J. T., … Teh, J.
(2015). Anthropogenic debris in seafood: Plastic debris and fibers from textiles in fish
and bivalves sold for human consumption. Nature Publishing
Group. http://doi.org/10.1038/srep14340
Romeo, T., Pietro, B., Pedà, C., Consoli, P., Andaloro, F., & Fossi, M. C. (2015). First
evidence of presence of plastic debris in stomach of large pelagic fish in the
Mediterranean Sea. Marine Pollution Bulletin, 95(1), 358–
361. http://doi.org/10.1016/j.marpolbul.2015.04.048
Rossi, G., Barnoud, J., & Monticelli, L. (2014). Polystyrene nanoparticles perturb lipid
membranes. Journal of Physical Chemistry Letters, 5(1), 241–
246. http://doi.org/10.1021/jz402234c
Ryan, P. G., Connell, A. D., & Gardner, B. D. (1988). Plastic Ingestion and Pcbs in
Seabirds - Is There a Relationship. Mar. Pollut. Bull., 19(4), 174.
Schuyler, Q., Hardesty, B. D., Wilcox, C., & Townsend, K. (2012). To eat or not to eat?
debris selectivity by marine turtles. PLoS
ONE, 7(7). http://doi.org/10.1371/journal.pone.0040884
Setälä, O., Fleming-Lehtinen, V., & Lehtiniemi, M. (2014). Ingestion and transfer of
microplastics in the planktonic food web. Environmental Pollution, 185, 77–
83. http://doi.org/10.1016/j.envpol.2013.10.013
Sussarellu, R., Suquet, M., Thomas, Y., Lambert, C., Fabioux, C., Pernet, M. E. J., …
Huvet, A. (2016). Oyster reproduction is affected by exposure to polystyrene
microplastics. Proceedings of the National Academy of Sciences, (February),
201519019. http://doi.org/10.1073/pnas.1519019113
Sutton, R., Mason, S. A., Stanek, S. K., Willis-Norton, E., Wren, I. F., & Box, C. (2016).
Microplastic contamination in the San Francisco Bay, California, USA. Marine Pollution
Bulletin, 109(1), 230–235. http://doi.org/10.1016/j.marpolbul.2016.05.077
Teuten, E. L., Saquing, J. M., Knappe, D. R. U., Barlaz, M. A., Jonsson, S., Bjorn, A., …
Takada, H. (2009). Transport and release of chemicals from plastics to the environment

18

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 19 of 20

and to wildlife. Philosophical Transactions of the Royal Society B: Biological
Sciences, 364(1526), 2027–2045. http://doi.org/10.1098/rstb.2008.0284
Thompson, R. C., Olsen, Y., Mitchell, R. P., Davis, A., Rowland, S. J., John, A. W. G.,
… Russell, A. E. (2004). Lost at Sea: Where Is All the Plastic? Science, 304(May),
838. http://doi.org/10.1126/science.1094559
U.S. EPA (2006), Polychlorinated Biphenyls (PCBs) and You, EPA 910-F-99-001,
available at
<http://yosemite.epa.gov/R10/TRIBAL.NSF/af6d4571f3e2b1698825650f0071180a/1e4f
27736563fc3a882571db0066 1b15/$FILE/910-F-99-001PCBS.pdf>
Van Cauwenberghe, L., & Janssen, C. R. (2014). Microplastics in bivalves cultured for
human consumption. Environmental Pollution, 193(July), 65–
70. http://doi.org/10.1016/j.envpol.2014.06.010
van Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N., Hardesty, B. D., van Franeker,
J. A., … Law, K. L. (2015). A global inventory of small floating plastic
debris. Environmental Research Letters, 10(12), 124006. http://doi.org/10.1088/17489326/10/12/124006
Van, A., Rochman, C. M., Flores, E. M., Hill, K. L., Vargas, E., Vargas, S. A., & Hoh, E.
(2012). Persistent organic pollutants in plastic marine debris found on beaches in San
Diego, California. Chemosphere, 86(3), 258–
263. http://doi.org/10.1016/j.chemosphere.2011.09.039
Von Moos, N., Burkhardt-Holm, P., & Köhler, A. (2012). Uptake and effects of
microplastics on cells and tissue of the blue mussel Mytilus edulis L. after an
experimental exposure. Environmental Science and Technology, 46(20), 11327–
11335. http://doi.org/10.1021/es302332w
Wagner, M., Scherer, C., Alvarez-Muñoz, D., Brennholt, N., Bourrain, X., Buchinger, S.,
… Reifferscheid, G. (2014). Microplastics in freshwater ecosystems: what we know and
what we need to know. Environmental Sciences Europe, 26(1),
12. http://doi.org/10.1186/s12302-014-0012-7
Wassermann, M., Wassermann, D., Cucos, S., & Miller, H. J. (1979). World PCBs Map:
Storage and effects in man and his biologic environment in the 1970s. Annals of the New
York Academy of Sciences, 320(1), 69–124. http://doi.org/10.1111/j.17496632.1979.tb56594.x
Ward, W. M., Wallace, J. N., Bunch, M. M., & Pincetich, C. (2012). Micro-Marine
Plastic Debris in an open system. Sea Turtles Forever. www.seaturtlesforever.org.
Unpublished.
Ward, W. M. 2014. Marine Micro Plastic Landfall on the Oregon Coast. Sea Turtles
Forever. www.seaturtlesforever.org. Unpublished.
Watts, A. J. R., Lewis, C., Goodhead, R. M., Beckett, S. J., Moger, J., Tyler, C. R., &
Galloway, T. S. (2014). Uptake and retention of microplastics by the shore crab carcinus
maenas. Environmental Science and Technology, 48(15), 8823–
8830. http://doi.org/10.1021/es501090e

19

RE: Data Submission on Microplastics Pollution
July 25, 2018
Page 20 of 20

Wessel, C. C., Lockridge, G. R., Battiste, D., & Cebrian, J. (2016). Abundance and
characteristics of microplastics in beach sediments: Insights into microplastic
accumulation in northern Gulf of Mexico estuaries. Marine Pollution Bulletin, 109(1),
178–183. http://doi.org/10.1016/j.marpolbul.2016.06.002
Wilcox, C., Van Sebille, E., & Hardesty, B. D. (2015). Threat of plastic pollution to
seabirds is global, pervasive, and increasing. Proceedings of the National Academy of
Sciences of the United States of America, 112(38), 11899–
11904. http://doi.org/10.1073/pnas.1502108112
Woodall, L. C., Sanchez-Vidal, A., Canals, M., Paterson, G. L. J., Coppock, R., Sleight,
V., … Thompson, R. C. (2014). The deep sea is a major sink for microplastic
debris. Royal Society Open Science, 1(4), 140317–
140317. http://doi.org/10.1098/rsos.140317
Yonkos, L. T., Friedel, E. A., Perez-Reyes, A. C., Ghosal, S., & Arthur, C. D. (2014).
Microplastics in four estuarine rivers in the chesapeake bay, U.S.A. Environmental
Science and Technology, 48(24), 14195–14202. http://doi.org/10.1021/es5036317
Zettler, E. R., Mincer, T. J., & Amaral-Zettler, L. A. (2013). Life in the “plastisphere”:
Microbial communities on plastic marine debris. Environmental Science and
Technology, 47(13), 7137–7146.

20

