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ABSTRACT
Plastic pollution has taken the international stage as a global environmental problem.
Despite the global consequences it is important to focus on local issues and solutions. This
report focuses on marine litter in Miami after a 6-month investigation into cleanup efforts,
research, knowledge and knowledge gaps in Biscayne Bay. This is followed by a brief
discussion of the economic threats litter poses to Miami, and the current state of legislation
culminating in a number of recommendations on how to best proceed.
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Introduction
Concerns about plastic in the ocean are not new. The first reports of plastic in
the marine environment come from the early 1960s, followed by reports of
ingestion (Kenyon & Kridler, 1969), and entanglement (Fowler, 1987). By 1972,
plastic pellets and microscopic fragments were collected from the ocean’s surface by
1972 (Carpenter & Smith, 1972), and there were growing concerns about chemical
toxins (Carpenter et al, 1972). In the last decade, interest in marine litter has
resurged (Ryan, 2015) taking the stage as an environmental crisis of global concern
(Scientific and Technical Advisory Panel (STAP), 2011).
Two devastating events recently brought the problem to the public’s
attention. The first was the 2011 earthquake in Japan that damaged the Fukushima
nuclear power plant, and sent millions of tons of potentially radioactive debris into
the Pacific Ocean. The disaster raised questions about dispersal and accumulation as
debris began washing up on the North American west coast (NOAA, 2013). The
second was the loss of Malaysia Flight 370 and subsequent inability to find the
wreckage. Numerous times search and rescue efforts raised the hopes of the world,
before discovering they had found shipping containers or large pieces of trash adrift
in the South Indian Ocean (Parker, 2014).
Today, plastic has been documented in every ocean basin and at both poles.
Uninhabited islands miles away from civilization have been found covered with
trash. Litter has conquered the deep sea before researchers have even set down
there (Bergmann et al, 2015).
Each year, eight million tons of plastic enter the world’s oceans; this is the
equivalent of a dump truck every minute (World Economic Forum (WEF), 2016).
There are 500 times more microplastic fragments in our oceans than stars in our
galaxy (WEF, 2016) and by 2050 researchers warn that there may be more plastic
(by weight) than fish (UNEP, 2017). Even more troubling, these projections may be
underestimating the marine plastic load by up to 80% (Lavers et al, 2016).
This report documents The Litter Mermaid Project’s six-month investigation
into marine litter in Miami. It looks at cleanup efforts, current research, and
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identifies knowledge gaps. A brief discussion of the economic threats litter poses to
Miami and the current state of legislation is followed by recommendations on how
to move forward.

Background
Plastic: Production, Use & Pathways
Plastic is a universal material. Light weight, cheap to produce, and infinitely
versatile, it makes up 15% of a car, and 50% of a Boeing airplane (WEF, 2016). The
creation of synthetic polymers has transformed every aspect of life.
The first synthetic plastic was created in 1907, but it was after WWII that
production rapidly expanded and plastic became a common household material. There are
many types of plastic, but the most common are polyethylene (PE), polypropylene (PP),
polystyrene (styrofoam) and polyvinyl (PVC). Chemical additives, such as antioxidants,
antimicrobials and flame-retardants, are incorporated within the plastic backbone to give
the desired characteristics (i.e. color, flexibility, strength) (American Chemistry Council
(ACC), 2017). About 50% of plastics have one or more hazardous components that can
leach out and cause harm (Lithner et al, 2011). For example, bisphenol A (BPA) is added to
polycarbonate to create a hard, transparent plastic, which can disrupt endocrine function.
Polystyrene and polyvinyl monomers are known to be carcinogenic (Rochman, 2015).
In 2014, an estimated 311 million tons of plastic was produced globally. Production
is expected to double in the next twenty years (WEF, 2016). China is the number one
plastic producer (27.8%), followed by the US (18.5%) and Europe (18.5%) (Plastic Europe,
2015). Up to 90% of plastic is derived directly from virgin feedstock, consuming 6% of the
world’s petroleum reserves. Packaging represents 26% of plastic use worldwide.
Alarmingly, 32% of plastic packaging leaks into the natural environment, including eight
million tons that enter the ocean each year (WEF, 2016). The global plastic recycling rate is
15%, with rates in Europe has high as 30%. The US plastic recycling rate is 9% (WEF, 2016;
Plastic Europe, 2015; EPA, 2015).
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Marine Litter
Marine litter is officially defined as “any persistent, manufactured or processed solid
material discarded, disposed of or abandoned in the marine and coastal environment”
(UNEP, 2009, p.13). The term covers everything from derelict ships and lost shipping
containers to plastic bags and microplastics. Local coast guards often deal with large, nearshore debris, which represent significant threats to navigational safety (Bright, 2011).
Microplastics, on the other hand, are difficult to see with the naked eye, but represent 31%
of the world’s ocean plastic load. Their sources and impacts are not well understood, and
there is currently no viable cleanup method for them (Lusher, 2015).
Usually marine litter is categorized by source, type, and/or size. Though glass, wood,
paper, metal, and rubber all end up in the marine environment, plastic is by far the most
dangerous representing up to 95% of marine litter in some locations (Galgani et al, 2015).

Figure 1. Pathways by which land-based litter enters the ocean (UNEP, 2016)

Marine litter is partitioned between land and sea-based sources. Though it can be
difficult discerning the primary source of litter, this type of separation can help create
effective legislation. For example, only 20% of marine litter comes from sea-based sources
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partially due to the fact that dumping and discharge are prohibited under international law
(Chen, 2015). The remaining 80% of marine litter comes from diffuse, land-based sources
(Figure 1).
Developing nations tend to have higher rates of litter because waste management
infrastructure expansion does not keep pace with consumer demand (Ocean Conservancy,
2015). 65% of all marine litter comes from five countries in Southeast Asia (China,
Indonesia, Thailand, the Philippines, and Vietnam). At the 2017 UNEP Ocean Conference in
New York City, these countries came together and pledged to keep plastic out of the ocean
(Harrabin, 2017); (Ocean Action 19824); (Ocean Action 15986).
Identifying litter by type, size or item is also useful depending on the goals of the
study and sampling methods. For example, research interested in toxicological effects of
plastic debris look at the resin code of litter (Giacomo Avio, et al., 2015), where studies
concerned with the impacts on marine organisms (e.g. sea turtles) focus on the size and
color of fragments (Lazar & Gracan, 2011). Nonstandard sampling and reporting protocols
makes it difficult to compare litter composition across studies (Galgani et al, 2015).

Figure 2: Marine litter accumulates near the center of each ocean gyre (Maximenko, Hafner & Niller, 2012)

Once litter enters the ocean it disperses worldwide. On a large scale, litter will move
in a predictable manner and accumulate in one of the five ocean gyres (Maximenko et al,
2012)(Figure 2). However, on a smaller scale the movement and accumulation of litter is
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difficult to predict. Plastic has been found in the remotest corners of the globe. A study
looking at 22 years of deep-sea ROV footage found 1,537 pieces of trash in the deep
canyons of the Monterey Bay (Schlining, et al., 2013). Uninhabited islands in the Pacific are
covered in trash (Lavers & Bond, 2017) and surveys conducted at both poles have found
high concentrates of plastic despite their remoteness (Cozar, et al., 2017); (Waller, et al.,
2017).
Exposure to UV light, salt, water, and wave action breaks plastic into smaller and
smaller pieces. All plastic ever synthesized still exists somewhere on the planet. As large
pieces break up they become less visible and more difficult to remove, but they never truly
degrade (Andrady, 2015).
Reports of plastic ingestion by sea birds began in the late 1960’s. Today, over 1,341
species have been documented interacting with marine litter in some way (AWI-LitterBase,
2017). Ingestion can cause death through starvation either from a false sense of satiation
so that animal ceases to feed, or by limiting nutrient uptake because plastic has
accumulated in the digestive tracts. A secondary threat of ingestion is toxicological.
Concentrations of harmful chemicals such PCBs, DDT, PBDEs and PAH’s have been found a
million times higher on plastic pieces than in surrounding water (International Pellet
Watch). Many of these chemicals are known to be harmful, and to bioaccumulate. The
implications for human health is not well understood. However, recent studies show that
humans are likely consuming ocean plastic with seafood (Cauwenberghe & Janssen, 2014)
and based on what we know about the chemicals associated with these plastics, there is a
high probability that this is causing human health problems (Galloway, 2015). Linking
health issues directly with seafood consumption is nearly impossible given the amount of
dangerous chemicals that people are exposed to daily, and so far, no research has shown
conclusively that there is an effect.
Marine litter can incur significant cost, as well as loss of revenue to local areas and
industries (Ofiara & Seneca, 2006). The cost of cleaning beaches can be compounded by
loss of tourism due to the high density of litter. The illusion of dirty beaches can deter
visitors and drive down tourism rates, costing local economies millions of dollars (Newman
et al, 2015). Fisheries are also hurt by marine litter due to damage done to gear, and ghost
fishing, which can remove up to 4.5% of a viable fishery (Antonelis et al, 2011). The global
8

shipping industry is threatened by damage done to propellers, which can delay ships and
cost millions of dollars to repair (Newman et al, 2015).

Florida
Florida has 8,426 miles of tidal shoreline, second in the nation behind Alaska
(National Ocean Economics Project, 2006). It is bordered on the west by the Gulf of Mexico
and on the east by the Atlantic Ocean. The state is known for its sandy beaches, alligator
infested swamps, tangled mangrove shorelines and offshore coral reefs.
Florida is the fourth most populous state, with 20,612,439 residents (US Census
Bureau, 2016). It is also the 4th largest economy, behind California, Texas, and New York.
In 2015 the state’s gross domestic production (GSP) was $840 billion. Florida’s largest
industries are tourism, agriculture, international trade and aerospace/aviation (Walton,
2016). The state’s economy is inextricably linked to the ocean. While comprising 56% of
the states land area Florida’s coastal counties represent 77% of the states population and
GSP (NOEP, 2006).
4.7% of Florida’s GSP
is tied to the ocean. In 2011,
this amounted to $35 billion,
$8 billion of which came from
out of state tourists (Florida
Ocean Alliance , 2013). The
ocean economy comprises of
living resources (1.7%),
marine transportation
(37.1%) marine industry

Figure 3: Florida's Ocean Economy Breakdown (Florida Ocean Alliance, 2013).

(10.3%), and tourism/recreation (50.9%) (Figure 3). The value of Florida’s coastal
economy was $584 billion in 2010 (Florida Ocean Alliance , 2013).
Beyond the quantifiable economic contribution, it is also important to acknowledge
the non-market value of the ocean. Non-market values represent “the value visitors place
on the marine resources they use, beyond what they have to pay to access these resources”
(NOEP, 2006, p.95). Non-market values can be challenging to estimate, but their
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consideration is crucial to accurately understanding the importance of the ocean Florida’s
economy.
In Florida, the major contributors of non-market value are beaches, wildlife
viewing, recreational fishing, diving and snorkeling. The estimated non-market value of a
beach day is $46 per person. Based on this, in 2000, the non-market value of beach use was
$10.75 billion. Wildlife viewing is worth $9.6 billion. Bird watching along brings in $6
billion a year. A fishing day in Florida is worth $80 that represents a non-market value of
$4.5 billion annually. The value of SCUBA diving is $54 million and snorkeling adds
another $1.1 billion each year (NOEP, 2006). Ultimately, the non-market value of Florida’s
natural marine resources is around $25.6 billion each year. Though this value is not
directly accounted for by traditional economic analysis, it cannot be ignored.

Miami
The Miami-Fort Lauderdale metropolitan area accounts for 33% of the state
employment, 36% of wages, 35% of the states GSP, and 34% of the state’s
population, but it is only 14% of the land area (NOEP, 2006). It stretches 110 miles
of coastline across three counties and houses a population of 6 million, making it the
8th most populous metro area in the country (Bureau of Economic Analysis (BEA),
2016). The city is narrow, never reaching more than 20 miles wide, which
concentrates this high density of people directly along the coastline and local
network of waterways. Additionally, the area welcomes over 15.7 million visitors a
year (Greater Miami Convention & Visitors Bureau, 2017).
Miami is demographically unique. The population is 66.7% Hispanic or Latino, and
only 14.4% White. More than half of the population is foreign born, and only 27% have a
college education (US Census Bureau, 2016). With this diversity comes the largest income
disparity in the United States (Ponczek & Lu, 2016).
Miami–Dade County contains only 14% of Florida’s population, but it contributes
over 16% to the states economy. This is because Miami has a $4.6 billion tourist industry
(Florida Ocean Alliance , 2013) and is home to the 13th largest shipping port in the United
States (Logistics Management , 2014). Miami’s economy is irrefutably linked to the ocean.
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This link makes the city vulnerable to ocean issues like ocean acidification, sea level rise,
over fishing, and marine litter.

Mapping Miami’s Marine Litter
Data from coastal cleanups, especially the data collected from the International
Coastal Cleanup in September, are important for quantifying litter in the ocean. In some
areas this is the only data that exists
(Ocean Conservancy, 2015). A recent
study that these data may be
underestimating the plastic load of the
ocean by 80%, it is still the best
information that exists (Lavers et al,
2016).
There is a very active
community of beach cleanup
organizers and volunteers in Miami.
More than 215 cleanups occurred in
2016. These included participation in
the International Coastal Cleanup, and

Figure 4. Plastic is the dominant type of litter collected in Miami
(Ocean Conservancy , 2016).

the counties Baynaza event. In Miami, as in most places, plastic is the dominant type of
marine litter (Figure 4).
Volunteercleanup.org is an effective way of mobilizing and informing volunteers of
where and when cleanups are taking places. Monthly cleanups occur on Virginia Key (run
by the Frost Science Museum) and at Bill Baggs State Park. Non-profit organizations,
including Debris Free Oceans, Miami Waterkeeper and Surfrider regularly organize
cleanups and outreach events. Still, many of these cleanups do not sort, count or log their
impact, and without a better understanding of litter patterns, sources and movements,
cleanup efforts will never keep pace with the rates at which trash is entering the bay.
To determine if there is significant spatial variation of litter and cleanups within
Biscayne Bay, the Litter Mermaid Project conducted a basic distributional analysis using
ArcGIS. Understanding the distribution of trash and clean up efforts will help local
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organizers choose locations and maximize the effects of their labor. The analysis
considered two main questions: 1) Does marine litter show any spatial trends, either in
total, by material, or by specific item? and 2) Where are cleanups occurring?
Marine litter and cleanup data was downloaded from The Ocean Conservancy’s
Clean Swell app (2016) and NOAA’s Marine Debris Tracker app (2017). Data was extracted
for the area directly adjacent to Biscayne Bay, was organized by cleanup, location, (latitude
and longitude), item type, and quantity of each item.

Analysis
Data was analyzed in three ways. First, the totals were considered. Then, items were
separated by material (plastic, fishing gear, paper/lumber, glass, metal & rubber). Finally,
the top five plastic items found worldwide (bottle caps, bottles, bags, food wrappers and
straws) were examined (Ocean Conservancy , 2016). A separate analysis looked at the
frequency of cleanups in a given location.

Figure 5. GIS model used to analyze logged marine litter items in Miami

After a basic spot check, data was uploaded into Arc GIS Pro and separated into 12
datasets – one for each material (6), one for each item (5), and one with total quantities (1).
A model was built to perform basic spatial analysis for all twelve datasets (Figure 5).
Densities were normalized by number of cleanups that occurred in a given area and
extrapolated.
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Results
No significant trends were found, suggesting that litter is evenly distributed
throughout the bay. The mean centers were all located between the Rickenbacker and
Venetian causeways near the cities center, and standard distributions spanned all of the
northern part of the bay.
In an attempt to better understand small-scale variation, litter densities for each
dataset were extrapolated and mapped. There are variations in the distribution of different
materials, but these were not directly compared nor measured for significance (Figure 6).

Figure 6. Interpolated density of litter based on 2016 data. Plastic (n = 126,740) Metal (n = 2,622) Glass (n=4,727)

The analysis looking at cleanup locations identified areas of high rates of clean ups,
and revealed locations that are getting little attention (Figure 7). The number of cleanups
was highest at the Vizcaya Museum & Gardens; with high rates were along the
Rickenbacker causeway to Key Biscayne, Matheson Hammock Park, Miami Beach, and
where the fork of the Miami River. Fewer cleanups were identified in North Miami, Coral
Gables, and Cutler Bay.
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Spatial analysis of cleanup data suggests that there are no trends in litter
distribution throughout Biscayne Bay. This
was surprising given the expectation that
materials would move differently based on
density, ocean currents, and rates of use.
However, it is important to note that no
significance is still significant.
The total trend, or lack thereof, is
possibly due to the inaccurate normalization
for effort. There was no reliable
documentation of volunteer hours. Without
this information, data may not adequately
represent local litter density or composition.
There are also high rates of
uncertainty and bias within the data, given
the citizen science aspect of its collection. It
has been documented that volunteers are

Figure 7. Interpolated density of cleanups based on 2016
data.

more likely to pick up large item and be selective by color (Lavers et al, 2016) both of
which could have skewed the results. Nevertheless citizen science initiatives are useful and
have been shown to be reliable sources of data (Hidalgo-Ruz & Thiel, 2015). Other
confounding variables include sand grooming and the prohibition of glass containers on
most public beaches.
It was not surprising that cleanups were concentrated along the Rickenbacker
Causeway, and Matheson Hammock Park. Beaches that are well known with easy access
and free parking are prime locations to organize volunteers.
Further analysis is needed to ascertain trends in regards to cleanup efforts and
accumulation. Comparing cleanup behavior, and litter accumulation with local land use
may uncover new trends. Over all, a more complete dataset is essential to understand what
is occurring in Biscayne Bay.
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The Litter Mermaid: 2017 Surveys
The Litter Mermaid Project collected data from twelve cleanups in Miami between
March and June, logging a total of 10,821 items.
No distributional analysis was run for this subset of data. Nevertheless,
qualitative observations between different sites still illustrate local trends.
Crandon Park on Key Biscayne can be broken down into three main areas that
revealed different litter trends. The North Crandon shoreline, from Crandon Marina
through Bear Cut, is shallow sand, exposed at low tides, and lined with mangroves. It is
accessible from land, but appears that most of the litter is being transported onto shore by
tidal currents. South Crandon (right of Crandon Marina) borders the golf course, and is
lined with thick mangroves. Though fishing line and rope were collected from the area,
other than an disproportionate amount of golf balls, it was refreshingly clean and free of
litter. Crandon Beach, on the east side of Key Biscayne, is an easily accessible and popular
public beach with extensive parking. The litter collected there reflected these
characteristics, appearing to be beach and recreationally based.
Though Hobie Beach is cleaned frequently, a small stretch of beach on the north side
of the Rickenbacker Causeway is rarely cleaned. The litter consisted mostly of metal beer
caps, with a smattering of port based litter (notably luggage tags from cruise liners) that
probably drifted onto the beach during falling tides. Kennedy Park, in Coconut Grove had a
very high rate of straws. The Ace’s Icee truck parked nearby is the likely source. The high
tide line in Kenneth Park had high density of plastic fragments. Larger pieces of litter were
probably filtered out by nearby mangroves as the tide rose, leaving behind smaller
fragments. The main litter found at Matheson Hammock Park was fishing and alcohol
related.

Microplastics
Microplastics are defined as plastic particulates less then 5 mm in size (IUCN ,
2017). A vast majority of primary microplastics comes from land-based activities including
laundering synthetic textiles (35%, 37.2 million tons) and erosion of tires (28%, 6.4 million
tons). According to the IUCN, 1.5 million tons of primary microplastics enter the ocean each
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year. Secondary microplastics are produced from the degradation of larger pieces of plastic
already in the environment (IUCN , 2017).
Microplastics are ubiquitous throughout the ocean, from deep-sea sediments to
surface waters, and from the poles to the tropics. The term “microplastic” first appeared in
the literature in 2004. Though a lot has been learned about theses particles in the last
decade, there are still more questions than answers regarding sources, impacts, and
solutions (Thompson, 2015).
The threat of microplastics is based on their size. With high surface area to volume
microplastics accumulate toxic chemicals, and are readily consumed by plankton and
moved up a food web. Research has shown microplastics in seafood meant for human
consumption (Cauwenberghe & Janssen, 2014). The human health implications of such
consumption are unknown.

Figure 8. Microplastics sampled from Miami beaches by the Litter Mermaid Project

The Florida Microplastic Aware Program trains and utilizes citizen scientists to
monitor microplastics off the Florida coast. As of January 2017, the program had analyzed
874 samples from 315 locations across the state. Of the samples, 89% contained at least
one microplastic, with an average of 7.7 pieces per liter of water. The majority of
microplastics found were fibers (83%) (Florida Sea Grant , 2006)(Figure 8).
Prior to the Litter Mermaid Project, eight microplastic samples had been reported in
the area south of the Rickenbacker Causeway (Plastic Aware). These were collected in
January 2016, and all showed less than five pieces of microplastic (average 1.75
pieces/liter). Two found no microplastics at all. The five samples collected and processed
by the Litter Mermaid Project were the first collected at each location. These consistently
showed more microplastics than earlier (average 13 pieces/liter). The sample from
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Matheson Hammock Park had over 30 fibers. Even without this anomalous sample, the
average count was 6.75 pieces/liter. This is not a large enough sample size to claim that
microplastics are increasing in Biscayne Bay. However, the global trend indicates that they
are rapidly increasing in the oceans (IUCN , 2017).

Dispersal & Movements
As stated earlier, large-scale patterns in ocean currents dominate the transport of
marine litter worldwide, concentrating it in the ocean gyres (Figure 2). Understanding
where litter is coming from, where it is going, and if there are areas of accumulation could
help increase cleanup efficiency and
mitigation efforts. However modeling and
measuring flow on small scales is difficult.
The Florida Current, which becomes
the Gulf Stream, is the dominant ocean
current in the North Atlantic. The
geography of the Caribbean Sea and the Gulf
of Mexico leads to complex flow with local
and often ephemeral eddies. Based on
prevailing currents, litter lost in the
Caribbean could end up on the shores of the
eastern United States. Some items found
locally appear to be from Caribbean

Figure 9: Drift card & satellite tracks (CARTHE)

countries, but because of global trade and the large local South American population,
verifying this is impossible.
Movement through Biscayne Bay is complex. The geography of the bay causes there
to be high variability in current strength, direction, and flow and thus dispersal capacity
between nearby locations. Particles released from Crandon Beach do not disperse widely
(Fiorentino et al, 2014), suggesting that trash collected on the beach is sourced from the
beach or near shore fishing. Contrastingly, particles released from Bill Baggs State Park,
which is less then 2 miles south, shows rapid and high dispersal (Fiorentino et al, 2014)
suggesting that litter collected there might not be lost there. Virginia Key Beach and Hobie
17

Beach both show complex movements based on tide possibly due to their proximity to Bear
Cut (Fiorentino et al, 2014).
Satellite drifters, and drift cards, released by the Bay Drift Project (a partnership
between CARTHE, University of Miami, Vizcaya Museum & Gardens and the Frost Science
Museum), continues to investigate the dispersal of floating particles within the bay in order
to understand how trash is moving (Figure 9). The results so far show very complex
dispersal, with no clear patterns. Some of the drift cards even escaped the bay and were
found in North Carolina (CARTHE).

Recycling & Waste Management
Marine litter is not a problem in a vacuum. To construct viable solutions it must be
considered within the existing waste management infrastructure. Proper waste
management is an important aspect of litter mitigation efforts. In fact at the 2017 UN Ocean
Conference, the Vice Presidents of Plastics from the American Chemistry Council expressed
disappointment that emphasis was put on bans and reducing plastic use instead of
improving waste management and recycling (Toloken, 2017).
Ask a second grader what recycling is, and they’ll tell you that you put some things,
like bottles and cans into a special bin, and these things go to be made back into bottles and
cans. Ask their parents the same question, and you get essentially the same answer. The
truth is much more complicated.
Recycling is a for-profit, market driven industry. Though every thermoplastic can
technically be melted down and recycled, but doing so is not always cost effective. In
today’s market, it is still cheaper to use virgin plastics from fossil fuels than to use recycled
plastics (Hopewell, 2009). Recycled plastics are often impure because of outdated sorting
technology. There is relatively low demand for this low quality plastic, which fails to
encourage better sorting practices thus creating a vicious cycle.
Fixing recycling is going to require coordination and cooperation between producers,
collectors, processors, and importers/exporters and will be driven by demand and the
competitive cost of virgin plastics (World Economic Forum (WEF), 2017).
The United States recycles plastic at a rate of about 9% (global recycling rate is
14%). It exports 2.1 million tons of waste plastic (worth $1.05 billion) to China. Every year,
18

China, either directly or through Hong Kong imports 87% of the world’s waste plastic. Once
this plastic is in China, there is no conclusive evidence that it is actually recycled (Velis,
2014).
Plastic recycling would be more accurately described as down cycling. Rarely are
plastic products remade into high quality plastic. Instead they are used in lower quality
products that are not recyclable and are ultimately destined for a landfill (Velis, 2014). For
example PET, the plastic most beverage bottles are made from, has the highest rate of
recycling, and a competitive market price (Velis, 2014). Most of the time it is down cycled
into thread and used to make clothing (Hopewell et al, 2009). Clothes, however, are not
recyclable, at least not in terms of their plastic content, and as discussed earlier, there is
growing concern about microfibers.
Progress is being made. The World Economic Forum partnered with the Ellen
McArthur Foundation is building a New Plastic Economy. Working with manufactures,
users, recyclers, and other important industries, they are closing the recycling loop. As
noted by the World Economic Forum (2016), “the overarching vision of the New Plastic
Economy is that plastics never become waste; rather, they re-enter the economy as
valuable technical or biological nutrients,” (WEF, 2016, p.7). The current focus is on
redesigning plastic products, especially food wrappers, so that they are recyclable, and
working with collection, sorting, and
recycling companies to better handle
waste (WEF, 2017).
In addition to making sure
products are designed in a way that
facilitates recycling, efforts must be
undertaken to increase the rate and
accuracy of recycling by the general
public. Simple laws like bottle
deposit bills significantly increase

Figure 10. Tour of recycling plant in Pembroke Pines (3/22/17).

the rate of collection for beverage
bottles and cans (Containers Recycling Institute , 2016).
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Recycling in South Florida is complicated. 30% of what is collected for recycling is
contaminated, and sent to the landfill. The processing plant in Pembroke Pines (Broward
County) handles 50 tons of recycling an hour (Figure 11). Incorrect recycling damages
equipment and must be cleared by hand, which leads to millions of dollars of loss.
Though there is overwhelming local support for recycling, a clear understanding of
the processes, and what can and cannot be recycled, is still missing. This costs the industry,
and makes it difficult to advance recycling efforts.

Economic Threats to Miami
The cost of marine litter to a local economy is challenging to quantify. Given Miami’s
location, size and diversity, the city is potentially a huge source of litter, but also immensely
susceptible to economic consequences of litter. Damages include direct expenditures made
to manage litter on beaches and reefs, and loss of revenue from fisheries and shipping due
to equipment damage. It is important to take into consideration the non-market value of
volunteers, loss of biodiversity, and damage to reputation.

Market & Non-Market Costs
Miami-Dade’s beach grooming program (Beach Raker), Florida Wildlife Conservation
Commission’s derelict lobster trap removal program (FWC) and Florida’s Department of
Environmental Protection Clean Marina Program (DEP ) are obvious expenditures. Some
costs are less clear-cut. Ghost fishing can remove viable fish from a fishery, damage to
propellers can hurt the shipping industry, and accumulations of toxins can lead to
deterioration of human health (NOEP, 2006). A complete analysis of the county’s budget
and expenditures was not completed for this report, but preliminary examination of readily
available data suggest these costs could be substantial.
The county of Miami-Dade spends $3.6 million a year grooming 15 miles of public
beach (Miami-Dade County , FY 2015-16). Recognizing the importance of litter free beaches
to the cities economy, South Beach has proposed conducting their own sand grooming. This
would cost the city $157,000 annually (Askew, 2017).
The Florida Fish and Wildlife Conservation Commission contracts out a derelict
lobster trap removal program at the end of the lobster season, and charges the responsible
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fishing licensee $10 for each recovered trap. No data were found on how much the contract
is, nor how many traps are typically recovered.
As of March 2015 more than 200 marinas in Florida have pledged to the Clean
Marina Program that is a voluntary program that aims to prevent pollution. The cost of
implementation falls to each marina, and a comprehensive look at the cost of such
measures was not available.
Volunteers contribute to economic production, even if time and effort is not
compensated for monetarily. This type of labor is often not are not considered in normal
economic analyses (Roy & Ziemek, 2000). The estimate of labor cost performed by
volunteers in the United States is about $7 billion (Roy & Ziemek, 2000).
Loss of revenue to Miami’s $6.6 billion fishing industry and damage to its $14 billion
shipping industry is another threat. A report out of the Asian-Pacific Economic Commission
(2009), one of the only reports looking specifically at the economic cost of marine litter,
reports millions of dollars lost annually to the fishing and shipping industries from damage
to vessels and (APEC, 2009). In the Chesapeake Bay, removal of 34,408 derelict crab pots
over 6 years increased local harvest of blue crabs (Callinectes sapidus) by 27%,
corresponding to 3,504 Mt and valued at $21.3 million (Schled et al, 2015).
It is even more challenging to quantify the non-market value of a litter free
environment. Non-market values look at “important environmental and recreational
values not found in the marketplace” (NOEP, 2008). How much does society value the
ability to snorkel on a pristine coral reef, sun bathe on a beach, or to view birds in the
Everglades? One way to quantify these values is to look at what people pay (or are willing
to pay) for these activities. Miami has a $5.6 billion tourism industry (Florida Ocean
Alliance , 2013) people from all over the world flock to the city to enjoy the beaches, warm
water, sunshine and wildlife. Research has shown that litter is a factor in local beach choice,
and that a reduction in litter (75%) can generate $45 million in benefits. On the other hand,
a litter event at a popular beach destination in South Korea resulted in lost revenue of up to
$32 million (Newman et al, 2015).
Snorkeling and diving on coral reefs are among the main draws of Miami. No study
has looked at the economic impacts linked to the loss of iconic species (manatees, turtles,
sharks, or the coral themselves) but shark diving excursions in the Bahamas bring in as
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much as $40 million to the local economy each year (Gallagher & Hammerschlag, 2011). It
is logical to assume that loss of these species would lead to loss of revenue.
Marine litter also disperses animals’ long distances and greatly increases the threat
of invasion. Florida already has a problem with invasive species. For example, $6 million
has been spent to manage Burmese pythons in the Everglades (US FWS , 2012). Marine
litter will most likely vector marine diseases. Halofolliculina sp., a ciliate linked to a coral
disease, has been documented on floating marine litter (Kiessling et al, 2015). It is
impossible to predict which species will invade and the impacts, but Florida’s marine
ecosystem is fragile and any degree of invasion threatens its health.

Legislation
The marine litter issue is entangled in numerous laws at multiple levels of
government from International dumping regulations to citywide bans. Each plays an
important role in dealing with the issue on different scales.
The two most important international policies are the 1996 London Protocol that
prohibits ocean dumping, and MARPOL Annex V (1988) which prohibits discharge of
plastic into the ocean (Tanaka, 2012). Each Regional Seas Program has a marine debris
report, and UNEP has recommended action be taken immediately (UNEP, 2009). In 2017,
UNEP announced its Clean Seas Initiative to encourage cleanups and promote changes in
consumption (UNEP, 2017).
The Marine Protection, Research and Sanctuaries Act (1972) is the United States
codification of the London Protocol, and prevents US flagged ships from dumping trash into
the ocean. The 2006 Marine Debris Research, Prevention and Reduction Act created
NOAA’s Marine Debris Program with the prerogative to “reduce and prevent the
occurrence and adverse impacts of marine debris on the marine environment and
navigation safety,” (U.S.C. 33 §§1951-1958, 2006). In particular it authorizes the program
to assess the impacts of marine litter, improve reduction efforts and undertake outreach
and education.
The power to regulate waste management and consumption falls to the state. Sadly,
Florida is among ten states that have limited the ability for local municipalities to regulate
plastic use. In 2008, Florida legislature asked for a report from the Department of
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Environmental Protection about the threat of plastic bags. In the interim a stipulation that
“…no local government, local governmental agency, or state government agency may enact
any rule, regulation, or ordinance regarding use, disposition, sale, prohibition, restriction,
or tax of such auxiliary containers, wrappings, or disposable plastic bags” (Fla.Stat.
§403.7033, 2008) was added to the law. The Florida DEP published its recommendation in
2010 saying that the legislature should take measure to encourage use of reusable bags,
and discourage use of plastics bags. Since then the state has done nothing, and the ban on
bans still stands.
Despite Florida’s stance on plastic regulations, parts of Miami have made progress.
Miami Beach, in 2006, banned beachfront establishments from providing plastic straws
(Code of the City of Miami Beach, 2017). In 2016, South Beach voted to ban Styrofoam take
out containers, and Coral Gables recently voted to ban plastic bags. The legality of the most
current ban is now in the hands of the courts (Ammann, 2017). The outcome will not only
set an important precedent statewide as other cities have pledged to regulate bags and
plastic products if they were allowed to, but also nationwide, to the ten other states that
have similar bans on bans.
The Florida Marine Debris Reduction Plan (2017) is meant to increase coordination
and cooperation among stakeholders. The plan breaks down its five overarching goals into
specific goals and actions. The overarching goals are: 1) Reduce the amount of consumer
debris, 2) reduce the amount of derelict fishing gear, 3) reduce the amount of abandoned
and derelict vessels, 4) increase the capacity to respond to emergency debris, and 5) reduce
the impacts on wildlife and habitats. Though the report gives a thorough overview of the
problem, and good solutions, it has no budget, and leaves implementation entirely to local
organizations.

Ethnographic Observations
It is important to understand the social perspectives that this issue is imbedded in
so that effective policy can be created. An ethnographic study into the motivations of
cleanup coordinators and volunteers is a good place to start.
Ethnographic studies are conducted through extensive interviews with
stakeholders, and through participatory observations, which lead to a more in-depth
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understanding of social and cultural biases and perspectives that cannot accurately be
captured or quantified by a survey or other more statistically relevant forms of inquiry. 1

Sociocultural Perspective
Organizations that run beach cleanups can be divided into two groups. The first are
larger institutes that have a strong conservation and stewardship message, and use beach
cleanups as a way to encourage public involvement, but are not exclusively concerned with
marine debris or ocean health. Coordinators from large institutions may have better
support but this is not always the case. The second set of organizations are exclusively
concerned with marine debris. They tend to conduct cleanups more regularly, and work to
reaching diverse groups of people, with the intent of presenting a “plastic is bad for the
ocean” type of conservation message. Though there are similarities between the
coordinators themselves, the types of institution for which they work create conflict
between ideals and practices. Coordinators are not necessarily experts in marine debris,
nor do they always have a background in biology or conservation. Most often their primary
experience is in education, outreach, and event coordination. This can lead to the innocent
perpetuation of misinformation, especially if volunteers view the coordinators as an
authority on the subject.
According to the US Bureau of Labor Statistics, woman consistently volunteer more
than men (27.8% to 21.8% respectively) and Whites volunteer more than other ethnicities
(26.4% compared to Blacks (19.3%), Asians (17.9% and Hispanics (15.5%)). Based on
preliminary observations these trends hold when it comes to beach cleanups in Miami,
which is surprising given the extreme disparity between the United States and Miami
ethnic composition. Contrary to the US statistics, which shows that volunteer rates are
lowest for people between the age of 20 to 27, beach cleanups in Miami area beach
cleanups seem to attract this exact cohort.
An individual’s motivation to volunteer at a cleanup varies widely. There is always a
general sense of conservation, even if it doesn’t always pertain directly to the ocean. There
is also growing concern given the current political blitzkrieg against science and
1 These interviews were conducted as a project for my Political Ecology course, and include interviews with multiple

coordinators and volunteers.
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environmental protection. Clean ups often catch the attention of non-volunteers who were
always positive and inquisitive. They wanted to know what was going on, and how to be
involved.
One of the more interesting observations included a form of perceptual blindness
towards litter. It was common for volunteers to comment on how clean a shoreline looked
at the beginning of a cleanup, only to realize that there was a lot of litter right in front of
them. There is also a gap between understanding that single use plastics are destroying the
environment, and the actual refusal of these products.

Recommendations
There is a lot of concern about marine litter, lots of organizations that run cleanups
and a dedicated volunteer force. What is
needed is a way to harness this in a
scientifically productive manner. What is
being advocated for is a citizen science
network that logs data from cleanups, helps
coordinate times and locations and opens a
line of communication between cleanup
organizers, other researchers and
volunteers. This network should utilize
already existing platforms such as
volunteercleanup.org. All cleanups should
be posted here, and efforts should be made
to drive traffic to the site.
This type of network would be able

1) Citizen Science Network
a. Logging Data
b. Time & Locations
c. Equipment
d.Observations
e. Research coordination
2) Economic Risk Assessment
a. Identify stakeholders
b. Funding opportunities
c. True threat
3) Improve Prevention
4) Support Legislation
Figure 11: Recommended action

to spread out cleanup efforts more evenly around the bay, working together to come up
with fun and innovative ways to access less accessible areas (such as partnering with kayak
and SUP rental shops and conducting cleanups from the water like the Debris Free Oceans
Kayak/SUP cleanups run out of Crandon Marina).
Coordination could better utilize the interested volunteer force by not overlapping
times. It will also allow for the sharing of equipment and open a dialogue about what
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works, and new litter observations and trends. It is important that this network support
different types of research. This can be as simple as taking microplastic samples at every
beach cleanup, and making sure volunteers recognize drift cards and know how to report
their discovery. A detailed profile of marine litter on Miami’s beaches will help identify local
items of concern and create a detailed understanding of general distribution, variations in
distribution, and temporal changes.
A complete economic analysis detailing the impacts of marine litter on Miami’s local
economy will help quantify the threat. This type of analysis will identify new stakeholders
and offer a way to engage them. Monetizing the impact may present funding opportunities
for research, outreach and mitigation. It could also be used to persuade the passage of
legislation.
It is also important to pursue actions that prevent trash from ending up in the
environment. Confusion remains in regards to what materials and items are recyclable in
Miami, but additional education could improve the accuracy of public recycling. Upgrading
in sorting and processing techniques and increasing number of recycling bins near beaches
and public areas will also help.
Working with local businesses to change their habits should also be a priority,
especially businesses with a clear connection to litter. Along these lines, it is important to
continue to pursue efforts to ban the most prevalent, single-use plastic products (bags,
straws, balloons, etc). The outcome of the legal actions surrounding the Coral Gables plastic
bag ban will set an important precedent throughout the state, as other cities have claimed
they would be willing to enact such bans if the state were to allow it.

Conclusion
Concerns about plastic litter in the ocean has increased greatly over the past
decade, becoming an international priority in 2011 and a topic of focus at the 2017
UN Ocean Conference. Marine plastic litter comes in many shapes, sizes, and colors
and threatens wildlife, ocean health, and human health. Miami’s characteristics
create a potential source of significant amounts of marine litter, which in turn makes
it vulnerable to the impacts. Thus understanding where litter is coming from, how it
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is moving through Biscayne Bay, and what threat it represents to local ecosystems
and economy is essential to understanding and combatting the issue.
Research looking at microplastics and movement has revealed that the local
dynamics are complex. Litter seems to be evenly spread across local beaches,
though cleanup efforts are concentrated along the Rickenbacker causeway. A
comprehensive study should be completed to understand how significant the
economic risk is to Miami.
Marine litter is a global issue, but all too often it is presented as an
insurmountable problem in the worlds’ oceans hurting animals most people have
never seen in places that cannot be identify on a map. Instead focus should be on
how litter is impacting local beaches and wildlife, and how communities can make
small changes to protect their local environment.
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