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Abstract

Plastic pollution in the marine environment is an increasing concern. Microplastics (0.3-5 mm in size) are of most concern because they cannot be easily spotted, last the longest, and are easily ingested by marine organisms and make their way through the food chain. This study examines the distribution of microplastics found on Seattle beaches and on beaches to the north and south of the city. I collected sediment from three 1 m2 quadrats on each beach of my 12 sample sites using the Beach Sampling Protocol from the Port Townsend Marine Science Center to ensure comparison of data with other studies. The results show a total of 1,776 microplastic pieces/m2 collected at all twelve beaches, with a weak connection between spatial distribution and population density of nearby cities. As beaches erode, these microplastics are transported into Puget Sound and the Pacific Ocean. It remains an open question of how many and how much of these microplastic particles are exported from the beaches into the ocean.


Introduction
[bookmark: _GoBack]Marine debris is a relatively new area of research. It can be described as any enduring solid material that is created in manufacturing processes, used in marine industries or consumer products that ends up in the marine environment, regardless of purpose or intention (Wessel, C. et al. 2016). Although humans may be putting more litter into the environment now than ever before (given the increasing population on Earth), this is likely not the only reason the amount of litter found in all parts of the oceans is on the rise. Increasing global industrialization and coastal urbanization also play a huge role. It is estimated that 5 trillion pieces of plastic are currently floating in the ocean, with 4.8 - 12.7 million tons having reached the marine environment in 2010 alone (Wessel, C. et al. 2016). It is estimated that 60-80% of anthropogenic marine debris is plastic (Carvalho, D. et al. 2016). The reason debris is accumulating is because the majority consists of plastic and plastic never truly breaks down: it simply is reduced in particle size and then deposited. It is important to understand that most of what is known about the amount of marine plastic debris is because much of it is buoyant and remains at the surface. However, a model showed that wind-driven mixing vertically distributes plastic debris throughout the upper water column, and that recorded concentrations of surface plastics is likely an under-estimate of total plastic load in the ocean (Kukulka, T. et al. 2012). 
Plastics are synthetic polymers that revolutionized consumer consumption. In the United States, they became increasingly popular around the time of World War II (History of Plastics, 2016) due to their lightweight, durable, and long-lasting nature. Items such as plastic bags, plastic containers for food and storage, and plastic toothbrushes continue to be a persistent resource and pollutant. Their intended “one time” use contributes to a throw-away perspective. Businesses and schools also use plastic for things such as laminating banners and posters. In addition, an estimated 640,000 tons of abandoned fishing gear is added to the oceans annually (Good, T. et al. 2010), much of which is plastic that never fully degrades. 
	There are three types of plastics that predominantly show up in marine environments. Polyethylene (PE) is commonly used for plastic bags, polypropylene (PP) for bottle caps and fishing lines and nets, and polystyrene (PS) for Styrofoam (Hansen, L. 2016). Although these products are long lasting, these different types of plastics eventually break down into smaller particles over time. Megaplastics are plastics greater than 10 cm, macroplastics are between 5 mm and 10 cm, microplastics are between 0.3 mm and 5 mm, and nanoplastics are smaller than 0.3 mm (Davis, W. et al. 2015). Microplastics can be separated into two categories: primary microplastics which are intentionally made to be 0.3-5 mm, and secondary microplastics which result from the breaking down of macroplastics (Alomar, C. et al. 2016). Plastics break down into fragments, fibers, spheres and pellets, and exist in all shapes and sizes throughout our oceans (Carvalho, D. et al. 2016). 
	There are two main sources of plastics to the marine environment: sea-based and terrestrial. Some sea-based sources are from shipping traffic and fishing boats. Some examples of terrestrial sources (75-90% of the total amount of plastic marine debris) (Wessel, C. et al. 2016) are river run-off, to which industrial activity (Carvalho, D. et al. 2016), waste-water discharge, and landfills or recycling plants all contribute. In addition, wind transportation or direct dumping add to the load (Alomar, C. et al. 2016). Where plastics end up in the marine environment depends on the plastic’s ability to float, sink, or be suspended in the water column. Plastic distribution is also largely determined by the density of each particle, which can be increased via biofouling, the process by which microorganisms, algae, plants, or animals accumulate on a wet surface. Biofouling can cause plastic to sink if it is more dense than the surrounding seawater (Clunies-Ross, P. et al 2016), enabling more microplastics to reach sediments, rather than remaining in the surface layer of the ocean (Alomar, C. et al. 2016). More importantly for this study, though, is the fact that microplastics can get left behind on beaches during high tide events or deposited during storm conditions once the tide ebbs.  
	Puget Sound was formed during the last glacial period when glaciers moved south over the area, carving out the estuary. With approximately 2,500 miles of shoreline, Puget Sound is the second largest estuary in the United States (Gilman, N. 2013). Its broad bathymetric range is largely influential on basin-specific residence times and net flow through the Sound. It is comprised of four basins: North Puget Sound, Main Basin, Hood Canal, and South Puget Sound (Figure 1). This study was primarily conducted in the Main Basin; however, two sample sites, Shine Tidelands State Park and Tolmie State Park, are located in the Hood Canal and South Puget Sound basins, respectively (Figure 2). The Main Basin has the highest population density due to the two major cities on its east side, Seattle and Tacoma. The population density of the east side of this basin is 2,924 people/km2 (Gilman, N. 2013) with the population of Seattle at 684,451 people as of 01 July 2015 (Table 1).  
Beaches have the potential to be a good representation of microplastic accumulation over time because beaches are the interface between coastal waters and land-based sources (Yu, X. 2016). Dense populations and increasing urbanization of cities located near either coastlines or other marine bodies of water result in greater amounts of anthropogenic pollution entering the environment. Large activities and events, as well as everyday life tasks, that occur in major cities have the potential to produce more microplastic pollution in the long-run to the marine environment compared to less populated, non-metropolitan regions (Alomar, C. et al. 2016).  
Puget Sound is an ideal location to study microplastics because of the area’s lack of current research regarding plastic marine debris. Additionally, the geology, physical characteristics, and biology of this region have been well studied, and more specifically, the individualized basin circulation patterns present here allow for a spatially narrow application of microplastic research. Of over 3,500 studies conducted on microplastics in the marine environment worldwide, only 3.3% have looked at their influence on the Puget Sound region. However, some of that small percentage looked at plastics in beach sediments and they tended to have some conclusions in common: 1) plastic distribution between sample sites is due to anthropogenic factors, and 2) various physical factors of the system control the distribution once in the Sound (Davis, W. et al. 2015) (Gilman, N. 2013) (Lavelle, J. et al. 1988).   
This study examines the concentration of microplastics in beach sediments during the high low tide. Tides in Puget Sound are mixed semidiurnal, meaning that there are two unequal high and two unequal low tides each day. Tides, currents, and residence times all play a major role in how particulates get distributed throughout the estuary and between and among the four distinct basins: North Puget Sound, Main Basin, Hood Canal, and South Sound Basin (Figure 1). Although residence times in the Main Basin are relatively faster than in the South Sound Basin, there is low turbidity in the bottom water of both basins to stir up and horizontally transport the sediment and any imbedded microplastics. Plastics that are transported into each of these basins are likely to remain in that basin for some time related to the basin’s residence time. If debris gets buried in sediments or gets trapped at depth, it can stay in the basin longer and partially degrade there, rather than breaking down as it travels through the Sound. These plastics then have the potential to get washed up on beaches in the basin via tides and winter storm wave conditions. 
My hypothesis is that the concentration of microplastics is greater in sediments of Seattle beaches than it is in sediments from beaches north and south of the city. Proximity to source is often the main factor in looking at concentration of materials. For example, being close to an industrial factory, one usually finds higher concentrations of greenhouse gas emissions. The hypothesis is simple if anthropogenic forcing is the only factor. If other influences intervene, the result may be more complex.

Methods
Three 1 m2 quadrats were placed at each study site (Figure 2) and the surface sediment was collected and transported to the lab at UW. According to the Washington State Census, Alki Beach Park, Carkeek Park, Golden Gardens Park, Elliot Bay Marina, Discovery Park, and Dash Point State Park are in the city of Seattle whereas the other six chosen beaches are outside the Seattle area, which is why I chose to sample these twelve beaches. The control sample was collected at Shine Tidelands State Park along Hood Canal (Figure 2) because it is on the opposite side of the estuary and is less populated than the cities near the sample sites. Samples were collected during November and December of 2016, and January and February of 2017 during high low tide conditions, regardless of wet weather conditions. Once samples were collected, they were analyzed in the lab at the University of Washington.
For beach sampling, the methods followed a protocol written by Julie Masura at UW Tacoma, who modified the Port Townsend Marine Science Center’s Beach Sampling Protocol. Similar types of sediment were collected at each beach directly below the wrack line. 
A 1 m X 1 m square PVC quadrat was used to determine the bounds of where the sediment 
was collected. Position was recorded at each sample site using a hand-held GPS. 
Data analysis was conducted in a lab at UW using the procedures listed in the standardized microplastics lab manual from NOAA (Masura, J. et al 2015). All materials needed for this portion of the methods are listed on page 15 and the procedures can also be found on pages 16-19 of the manual. 
Samples were prepared by weighing a clean, dry 800 mL beaker. 400g of wet sediment was weighed, added to the beaker, and placed it in a drying oven at 90oC overnight. Once dry, the beaker and sediment were weighed to determine the dry sample weight. 
Density separation of the sample was accomplished by adding 300 mL of a 1.6 g/mL aqueous lithium metatungstate solution to the dried sediment. Then, the beaker of sand and water was stirred for several minutes to float out any microplastics. All floating materials were then transferred to a 0.3 mm sieve by scooping out the liquid and rinsing the beaker with distilled water to transfer all residual solids to the sieve. Next, the solids collected on the 0.3 mm sieve were transferred into a tared 500 mL beaker. This process was repeated until all floating debris was collected, at which point the beaker and solids were again placed in a 90oC drying oven overnight. 
The mass of the solids was determined by weighing the beaker and solids on an analytical balance and subtracting the mass of the tared beaker. This produced the mass of all microplastics and any natural materials in the sample. 
Wet Peroxide Oxidation (WPO) was then performed in the fume hood by adding aqueous 0.05 M Fe(II) solution and 30% hydrogen peroxide to the beaker containing the 
0.3 mm size fraction of collected solids. The mixture was left to stand at room temperature for five minutes before a stir bar was added and heated to 75oC on a hotplate.  As soon as gas bubbles were observed at the surface, the beaker was removed from the hotplate until boiling subsided. It was then heated to 75oC for an additional 30 minutes. Next, NaCl was added to increase the density of the aqueous solution and the mixture was heated to 75oC until the salt dissolved.   
Another density separation was performed by transferring the WPO solution from the previous step to the density separator. The WPO beaker was rinsed to transfer all remaining solids to the density separator where it was loosely covered with aluminum foil and left overnight to allow the solids to settle. The next day, floating solids were collected on a clean 
0.3 mm sieve by pouring the contents of the density separator into the sieve, rinsing it to transfer all solids to the 0.3 mm sieve, and allowing it to air dry while loosely covered with aluminum foil overnight. 
Finally, the remaining particulates were examined using a dissecting microscope at 40X magnification. Forceps were used to collect visible microplastics from the 0.3 mm sieve and transfer to a vial. The number of each type of microplastic (fibers, flakes, fragments, synthetic sponges, film, and Styrofoam) and total individual pieces collected were recorded for each beach sampled. 

Results
	The results show a total of 1,776 microplastic pieces/m2 collected from the beach sediment samples of all 12 beaches surveyed in Puget Sound (Figure 2). The distribution of plastics varied among all sample sites in this region, resulting in a division in the data. Three sites had a high abundance: Howarth Park, Carkeek Park, and Alki Beach Park. The sample collected at Howarth Park had the highest number of microplastics out of the three, and Carkeek Park and Alki Beach Park samples had the next two highest counts of microplastics, respectively. The lowest numbers of microplastics (1/11th and 1/8th of that found at Howarth Park) were found at Mukilteo Lighthouse Park and Edmonds Marina Beach, respectively, with mid-range numbers of items falling among the other seven sampled beaches (Table 2). 
	The study found six different types of microplastics among the 12 sample sites: Styrofoam, fibers, fragments, flakes, film, and synthetic sponges (Figure 3). Fibers were the most abundant overall. Howarth Park, Carkeek Park, and Alki Beach Park, with ~18%, 16%, and 14% of the total collected microplastics respectively, had the greatest numbers of fibers out of all 12 beaches sampled. Flakes and fragments showed the second and third highest counts, respectively. Flakes and sponges were the least abundant over all sample sites. Fibers were most abundant at every beach, not including Howarth Park. Excluding fibers, Styrofoam was the greatest occurring microplastic type at Shine Tidelands State Park, fragments at Alki Beach Park, flakes at Howarth Park, film at Golden Gardens and Picnic Point, and sponges at Golden Gardens and Dash Point State Park. Dash Point State Park showed the greatest variation in types of microplastics found in its sediments.   

Discussion and Conclusion

	Looking at the distribution of microplastics collected at all sampled beaches, my hypothesis is weakly supported. Microplastic concentrations were greater in Seattle beach sediments than the other beaches sampled (Figure 4). Knowing which of the twelve beaches are in Seattle, the sampled beach microplastic counts indicated that 60.14% of the total microplastic pieces collected were from Seattle sediments, while 39.86% were from non-Seattle beaches. The lack of stronger supporting evidence provided by this study does not mean that proximity to high population density  is not the primary variable; there are many other factors influencing its distribution once the plastics enter the marine environment.  
All beaches sampled for this study, excluding Shine Tidelands State Park, are cleaned by volunteer groups. Most beach cleanup events organized by the city of Seattle, Washington State Parks, Washington Department of Ecology, and others are scheduled on an annual basis. It is not clear which beaches are cleaned more regularly by these municipalities; however, it is probable that some Puget Sound residents provide their own individual cleanup efforts when spending time at a beach for recreational purposes. Although this cannot be measured, it must be taken into account when sampling and analyzing beaches for plastic debris. In addition, as my samples were collected over a three month period, different wind-wave and tidal contributions may have affected different beaches in a specific and differential manner.

Interpretation of Results

Overall, the plastic deposits were dominated by fibers, reaching about 73% of the total pieces collected. Microplastic fibers in Puget Sound are likely a result of the fibers shed by clothing during machine washing.  Hartline et al. (2016) found that polyester jackets and sweaters shed seven times more fibers in top-load than in front-load machines, and stated that most of the microfibers in the environment originate from washing machine effluent which then pass untreated or unfiltered through the public water treatment plants. Another potential source is the degradation of intentionally or unintentionally abandoned fishing gear. In support of this hypothesis, Good et al. (2010) found the greatest amounts of derelict fishing gear in the Northern region of Puget Sound out of all his sample sites, and suggested that the reason for this is that salmon fishing is most abundant in the northern Sound. 
Flakes were the next most abundant (>11% of total) overall and the dominant type at Howarth Park in Everett, which is about five miles away from the Port of Everett. Stolte et al. (2015) suggests that flakes can come from chipped paint on shipping hulls and found evidence for their claim. Using FTIR analysis, particles were identified as epoxy-based paint flakes used for sealing ship hulls (Stolte, A. et al. 2015). Although Stolte et al.’s study was conducted on a different region, it suggests that Howarth Park may have so many flakes due to its close proximity to the marina that hold up to 2,300 boats (Port of Everett, 2017).
Fragments were the third most abundant (~10% of total) and are likely the result of degrading hard plastic from land-based sources. These fragments could be pieces of broken- down bottle caps, single-use plastics such as plastic utensils from fast food restaurants, beach toys left on the beach, etc. 
Pieces of Styrofoam were found to contribute almost 4% of the total. A likely land-based source of Styrofoam to Puget Sound is to-go containers from both eat-in and take-out restaurants. In addition, microplastic Styrofoam could be a result of degrading aquaculture infrastructure. According to Hinojosa and Thiel (2009), Styrofoam is used by mussel farms to float rafts on which shellfish grow. Taylor Shellfish, farming shellfish in the Pacific Northwest since 1890, has shellfish farms in four locations in Puget Sound: South Puget Sound, Hood Canal, Samish Bay, and Willapa Bay. They grow clams, mussels, and oysters, and state that their mussels are grown on “floating rafts”, which suggests the use of Styrofoam (Taylor Shellfish Farms, 2017). With the occurrence of seasonal storms and general wear and tear, these rafts are subject to a faster degradation rate in the natural environment than if they were indoors, leading to more pieces of Styrofoam in the marine system. 
Film contributed almost 2% of the total. Plastic films were not analyzed for material make-up for this study; however, Claessens et al. (2011) identified all their plastic film fragments as nylon, despite thoughts that it would turn out to be polyethylene (commonly used in packaging materials). Nylon packaging is abundant in particular types of packing such as frozen foods, balloons, vacuum packaging, and medical supplies.  Claessens et al. (2011) hypothesized that nylon films are either more abundant in marine systems or they settle out of the water column and into the sediments more readily due to a greater density than polyethylene (Claessens et al 2011). Ng and Obbard (2006) also found nylon films in their samples, but only in the sediments. These studies suggest that microplastic films found on Puget Sound beaches are possibly nylon, since they were abundant and found in sediments. 
Synthetic sponges, similar to dishwashing sponges, accounted for <1% of the total pieces. It is possible that these sponges are made of similar materials to Styrofoam, although sponges were flexible and Styrofoam pieces were not. Both, however, could be used in packing and plastic containers (Sruthy and Ramasamy 2017).  

Linking Results with Physical Factors of Puget Sound

Freshwater from river input and groundwater runoff enter the Sound from land and exit the Sound at the surface at Admiralty Inlet. There are seven main fluvial inputs to Puget Sound, of which five are close to the beaches in this study. Simultaneously, cold, dense seawater from the Pacific Ocean flows in at depth (Figure 5). This net exchange occurs in the Strait of Juan de Fuca before entering the north end of Puget Sound. Wind direction and strength also influence its flow (Gilman, N. 2013), as well as tides. 
Circulation patterns in Puget Sound vary in each basin. Residence times vary due to size, shape, and bathymetry of the basin. A total residence time for Puget Sound is estimated at about 90 days and ranges from 20 to 120 days in each basin (Gilman, N. 2013). Residence times for the three basins sampled from for this study are as follows: Main Basin has a mean residence time of 21.6 and 37.8 days for the surface and deep layers, respectively; Hood Canal has a mean of 8.4 days for the surface and 14.6 days for the deep water; and South Puget Sound has a mean of 23.8 days for the surface and 23.0 days for the deep. 
One bathymetric feature that can cause increased residence times by trapping water at the base, and therefore limiting flow and transport of material, are sills. There are three main sills in Puget Sound (Figure 1) that separate the four basins. The sill at Admiralty Inlet is the reason the residence time in the Main Basin is so long; surface water can get mixed up above the sill because of friction and pulled back into Main Basin. 
The Main Basin is a region with depths of 200+ meters and tidal currents usually less than 0.25 m/s (Lavelle, J. et al. 1988). There is less mixing in Hood Canal, where the control sample was collected, than Main Basin because it is narrow with low river input relative to Main Basin. Seasonal seawater fluxes have been shown to have the greatest ranges between Admiralty Inlet and Main Basin. This means that the transport range of the seawater flux, which could potentially be carrying microplastics, is smaller between the other basins.  This may suggest that it does not matter as much in terms of which time of year is the most accurate to sample if only sampling through one season. Babson et al. (2006) explained that, according to their model, Main Basin circulation decreases with an increase in total transport due to an increased river flux (Babson, A. et al. 2006). Greater amounts of rain in the winter months in the Puget Sound region causes river input into the estuary to increase significantly. If Babson et al.’s model is accurate, this means that there is less circulation in Main Basin during the winter due to a greater density gradient created by the magnified flux of freshwater coming in from rivers, resulting in an increased accumulation of microplastic particles. However, winter storms and winds cause increased mixing in the water, which can overcome this density gradient if strong enough. 
The other major factor that affects the deposition and erosion of beach materials is wind driven waves. While the dominant wind is from the southwest, major storms in winter can come from the west and northwest, dramatically impacting erosion and deposition on each one of the beaches. To more clearly interpret beach depositions, one needs to have daily and monthly records of significant wave height at the different stages of the tides. Such data would then allow a more sophisticated dissection of the results. 

Big Picture Impacts and Solutions

Plastics have been found as the main cause of death of marine wildlife such as sea turtles and sea birds. Smaller-sized plastic particles such as microplastics may be more hazardous to marine organisms than larger-sized particles, since organisms in lower trophic levels can unintentionally consume microplastics. This results in predatory organisms in higher trophic levels indirectly consuming the debris via bioaccumulation. When ingested, microplastics can cause internal injuries, disrupt digestive functions, and even lead to starvation. If the pollutants are in the organism long enough, they can leach toxic chemicals into the inner organs, leading to poisoning and/or death (Carvalho, D. et al. 2016).
According to Gilman (2013), the easiest way to mitigate and prevent future plastic pollution and its hazardous effects on marine wildlife is to reduce the amount of plastic one consumes – purchases, uses, then discards – and to contribute to clean-up efforts on an individual and/or community level. This can be accomplished by removing the pollution from the environment and properly disposing of the pieces. Plastics can be picked up off neighborhood streets to prevent them from ever reaching the marine environment, in addition to local beaches and coastal shorelines. Clean-up efforts are most effective when they occur at locations that have greater amounts of plastic pollution. Understanding the physical behavior and characteristics of an environment such as the Puget Sound helps to focus studies on the spatial distribution of microplastics in that region, leading to more focused clean-ups. 

Conclusion

	While my hypothesis was that concentrations of microplastics would be highest in sediments from Seattle beaches due to the high population density, I found only a weak amount of supporting evidence. Although there were the most plastic pieces found in Seattle beaches all together, microplastics were clearly evident at every beach sampled. There are many factors influencing the abundance and distribution of microplastics in the marine environment in addition to anthropogenic forcing such as the physical characteristics of Puget Sound.  

Suggestions for Future Research

In thinking about the marine system as a whole, I would suggest a study that would involve taking both sediment and water samples from each site, as well as marine data such as wave height and predominant wind direction. Moreover, longer-term use of additional information on tidal height corresponding to specific dates versus average tidal data would be helpful in making insightful conclusions. Having both sample sources from water and sediment, as well as the preceding environmental forcing factors, after analyzing for microplastics would allow for comparison of plastic types, abundances, and distribution. It would also be beneficial to look at these three aspects in all four seasons as well as on a longer-term basis. 
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Figures and Tables:
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Figure 1. The four basins of Puget Sound are defined by the sills that separate them (denoted by black dashed lines): A) North Puget Sound, B) Main Basin, C) Hood Canal, and D) South Puget Sound (Gilman, N. 2013).
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Figure 2. A map of all samples sites in Puget Sound, Washington, including the control in Hood Canal shows the relative proximity of beaches sampled to each other. 



Figure 3. The total number of microplastic pieces per m2 found on each beach sampled is broken up by type.







 
[bookmark: OLE_LINK1]Figure 4. Seattle beaches are Alki Beach Park, Carkeek Park, Golden Gardens Park, Elliot Bay Marina, Discovery Park, and Dash Point State Park and the other six chosen beaches are outside the Seattle area, resulting in the majority of collected microplastics coming from Seattle beaches. 
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Figure 5. Puget Sound estuarine circulation patterns and river input is shown above with arrows depicting direction of water movement (Water and nutrient circulation in Puget Sound).

Table 1. The major cities in Washington 
State and their estimated populations 
as of 2015 are led by Seattle 
(USA: Washington 2016). 
[image: ]




Table 2. The total number of microplastics found for this study and at each beach sampled 

	BEACH
	Total Pieces /m2 

	Alki Beach Park
	249

	Carkeek Park
	285

	Golden Gardens Park
	135

	Howarth Park
	312

	Mukilteo Lighthouse Park
	30

	Dash Point State Park
	138

	Tolmie State Park
	111

	Elliot Bay Marina
	126

	Discovery Park
	135

	Shine Tidelands State Park (control)
	102

	Picnic Point Park
	114

	Edmonds Marina Beach Park
	39

	TOTAL MICROPLASTICS
	1,776









Pieces of Styrofoam	Alki	Carkeek	Golden Gardens	Howarth	Mukilteo	Dash Point State Park	Tolmie State Park	Elliot Bay Marina	Discovery Park	Shine Tidelands State Park (control)	Picnic Point	Edmonds Marina Beach	15.0	3.0	0.0	3.0	3.0	6.0	6.0	6.0	0.0	27.0	0.0	0.0	Fibers	Alki	Carkeek	Golden Gardens	Howarth	Mukilteo	Dash Point State Park	Tolmie State Park	Elliot Bay Marina	Discovery Park	Shine Tidelands State Park (control)	Picnic Point	Edmonds Marina Beach	183.0	237.0	84.0	147.0	24.0	117.0	102.0	90.0	111.0	66.0	96.0	27.0	Fragments	Alki	Carkeek	Golden Gardens	Howarth	Mukilteo	Dash Point State Park	Tolmie State Park	Elliot Bay Marina	Discovery Park	Shine Tidelands State Park (control)	Picnic Point	Edmonds Marina Beach	45.0	6.0	36.0	3.0	0.0	3.0	3.0	27.0	24.0	9.0	9.0	6.0	Flakes	Alki	Carkeek	Golden Gardens	Howarth	Mukilteo	Dash Point State Park	Tolmie State Park	Elliot Bay Marina	Discovery Park	Shine Tidelands State Park (control)	Picnic Point	Edmonds Marina Beach	0.0	36.0	0.0	159.0	0.0	0.0	0.0	3.0	0.0	0.0	0.0	0.0	Pieces of Film	Alki	Carkeek	Golden Gardens	Howarth	Mukilteo	Dash Point State Park	Tolmie State Park	Elliot Bay Marina	Discovery Park	Shine Tidelands State Park (control)	Picnic Point	Edmonds Marina Beach	0.0	0.0	9.0	0.0	3.0	3.0	0.0	0.0	0.0	0.0	9.0	6.0	Sponges	Alki	Carkeek	Golden Gardens	Howarth	Mukilteo	Dash Point State Park	Tolmie State Park	Elliot Bay Marina	Discovery Park	Shine Tidelands State Park (control)	Picnic Point	Edmonds Marina Beach	0.0	0.0	6.0	0.0	0.0	6.0	0.0	0.0	0.0	0.0	0.0	0.0	
Total Microplastic Pieces / m2 by Type




Total Plastic Pieces / m2  

Seattle	Non-Seattle	Control	1068.0	606.0	102.0	Beaches Sampled


Plastic Pieces / m2 
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Population’

Name Estimate (E)
20150701

1| seattle 684,451
2| spokane 23272
3 | Tacoma 207,948
4|Vancower | 172,860
5| Bellevue 139,820
6| Kent 126,952
7| Everett 108,010
8| Renton 100,242
9| Federal Way| 95,171
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