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ABSTRACT 

Marine debris is a growing international problem rooted in inadequate understanding of the 

consequence of the public’s actions coupled with throwaway products and lifestyles and 

sometimes faulty or absent solid waste management. The harm to animals, from zooplankton to 

whales, through ingestion and entanglement is leading an increased presence of marine debris in 

the media and public mind. Strategic actions are needed to change behavior concerning marine 

debris and litter in general and to create solutions addressing marine debris. Effective solutions 

will require guiding federal policy combined with local level planning. 

 

This project is a synopsis of research and mitigation techniques for use by managers, 

municipalities, and citizens in their efforts to eliminate marine debris. The focus is U.S. centric 

and recommendations are targeted towards local level institutions. The synopsis of marine debris 

is presented through the total ecology lens – the interactions of biophysical, institutional, and 

human characteristics. Actions to reduce marine debris are presented as parts to include in 

strategic plans that can lead to successful solutions. 

 

Many strategies are required to address the issue of marine debris, including regulations, market-

based incentives, and public action. The economically and environmentally preferred solutions 

are prevention measures as opposed to remedial clean ups. Public education and raising 

awareness are essential and effective tools to mitigate marine debris. Best management practices 

and enforcement of laws are necessary to support effective education efforts. For most locales, a 

foundation of strategic partnerships and watershed-scale identification and targeting of 

concentrated sources of litter are necessary for effective solutions. 
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THE ISSUE 

Marine debris is an international problem rooted in inadequate understanding of the consequence 

of the public’s actions coupled with throwaway products and lifestyles and sometimes faulty or 

absent solid waste management. Debris entering the ocean includes organics, glass, metals, and 

plastic; it is plastics, however, that garner the most attention as they take the longest time to 

breakdown and become out of sight and out of mind and they are the most prevalent of marine 

debris when concerned with impact to wildlife. Derelict fishing gear, made of plastic and lost or 

abandoned, is a common form of marine debris and a leading cause of wildlife trapping and 

entanglement.  

 

Management of land-based marine debris has the potential to be both a complex and simple 

problem. Unlike some large-scale marine issues, runoff of litter is has little positive value, 

whereas runoff of nutrients can have a positive value for a farmer. Yet, solving the marine debris 

issue will be complicated. The sink for all litter is potentially the high seas, an open resource 

without sovereign laws or defense. In great soupy accumulations, debris from many countries 

mixes and thus creates a disincentive for individual countries to take responsibility for their 

wastes. Therefore, the most effective solution will require policy from source countries to stop 

runoff of litter before it reaches the ocean. 

 

PURPOSE OF THIS PAPER 

This paper seeks to provide a starting point to developing actions to halt the accumulation of 

marine debris. Marine Debris is a global issue, however, this paper’s focus is on the local level, 

which is taken to encompass municipalities and counties. There are two large categories of 
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marine debris: land-based and sea-based. This paper focuses on land-based debris as it is the 

largest source to the problem and presents an opportunity for local actions to make a large impact 

in halting the accumulation of marine debris. The paper’s first section covers the total ecology of 

marine debris; the interactions of biophysical, institutional, and human characteristics. The 

second section presents actions that can lead to successful solutions. This paper is an extension 

of A Total Systems Analysis of the Great Pacific Garbage Patch Issue (Gubler, Ornell, and 

Orbach 2010) written for internal use at Ocean Conservancy. 

 

Part 1: Understanding Marine Debris 
 

BIOPHYSICAL ECOLOGY 

Viewing marine debris from the biophysical perspective requires looking at the physical 

processes of transportation and degradation, and the biological impacts to non-human organisms. 

Land-based marine debris has far reaching impacts on the environment. Marine debris harms 

animals, from zooplankton to whales, through ingestion and entanglement (Derraik 2002). 

Ingestion of plastic by lower trophic zooplankton and fish has a potential of unknown impact on 

upper trophic predatory animals, many of which are eaten by people as toxins transfer up the 

food chain (Derraik 2002).  

 

The physical processes of the ocean accumulates the influx of land-based marine debris into 

garbage patches within large oceanic gyres (Figure 1) (Derraik 2002). The famous Great Pacific 

Garbage Patch is a clear example of the physical processes that dump amassed debris onto the 

Northwestern Hawaiian Islands, a critical oasis for a unique diversity of indigenous marine life. 
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Plastic is in all areas of the ocean and a percentage of all debris, depending on winds and 

currents, will deposit onto shorelines allowing for a cleanup opportunity before reentering the 

ocean. This plastic enters the ocean through streams and rivers, the main conveyor of plastic 

from inland to the sea. Almost everyone has the ability to input plastic into the ocean, including 

those that live far from the ocean, the only requirement is a watershed draining to the ocean 

(Gordon 2006).  
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Figure 1. The global extent of marine debris is evidenced by accumulations of debris in major oceans. Model 

shows simulated density of debris from a homogenous state based on weather and current patterns over a 

ten‐year period.  Units represent change in concentration (Maximenko 2008). 
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Processes and fates of plastic in the ocean 

Plastic is a highly durable material that has been heavily manufactured since the 1950s as a 

popular consumer material. It persists under a variety of environmental conditions leading to 

longevity in the ocean as litter (Barnes et al. 2009). It is unknown how long it takes for plastics 

to completely degrade (Rios et al. 2007), and it may take hundreds to thousands of years (Barnes 

et al. 2009). Therefore, it is probable that every piece of plastic ever manufactured that has not 

been incinerated still exists somewhere today (Thompson et al. 2005; Andrady and Neal 2009).  

 

Plastic degrades in the ocean via a combination of photodegradation by ultraviolet radiation, 

chemical oxidation, and mechanical abrasion (Colton et al. 1974; Gregory 1978; Andrady 2003; 

Thompson et al. 2004). Despite these forces, breakdown occurs more slowly than on land due to 

the limited sunlight and cooler temperatures of surface waters, and biofouling by bacteria and 

benthic marine organisms (Gregory and Andrady 2003). Over time, plastic marine debris 

degrades into increasingly smaller pieces, a process that continues down to the microscopic level 

(Barnes et al. 2009). However, no matter how small the plastic fragments become, they will 

perpetually remain as synthetic polymers resulting in an unending process of degradation 

(Barnes et al. 2009). 

 

Sources of marine debris 

It is commonly referenced that about 80% of all marine debris comes from land-based activities 

and the remaining 20% originates at sea (Danzig and Daley 1999; Ocean Conservancy 2010). 

This is an estimate soundly based on decades of surveying by the international coastal cleanup 

that is challenging to verify in the open ocean because of the omnipresence of marine debris in 
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the world’s oceans and the difficulty in identifying and measuring the myriad sources. Given this 

assumption, however, it can be tentatively assumed that plastic in the garbage patches also 

originates predominately from land-based sources and to a lesser extent from sea-based sources. 

This uncertainty in the knowledge surrounding the source locations and activities that contribute 

to the marine debris issue highlights the need for additional research. 

 

Many people, activities, and industries contribute, both intentionally and unintentionally, to the 

plastic debris that travels to the ocean and becomes marine debris. Most of it is caused by 

inattentiveness to the pollution issue, compounded by the difficulty of developing, implementing, 

and enforcing appropriate public policies. Connectedness of the global oceans to one another 

through large-scale circulation patterns, and currents can carry lightweight plastic debris over 

great distances allowing for litter in one part of the world to impact another part (Knauss 2005) 

(Figures 2 & 3). As such, improperly disposed of plastic originating from virtually anywhere on 

Earth, both on land and at sea, could become part of the Garbage Patches and the marine debris 

impacting coastlines. 
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 Figure 2. Global ocean current circulation patterns (Wisconsin‐Madison).

 Figure 3. Global wind patterns. 
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Biological and physical effects of marine debris on wildlife 

Marine debris both floating and sinking in our waterways and oceans threatens marine life in 

many ways, several of which are not completely understood. Research in the open oceans and 

coastlines of the world on the effects plastic debris has on marine species continues to expand 

our knowledge of the many impacts associated with plastic littering and dumping. 

 

Ingestion and Entanglement 

Ingestion and entanglement affect a wide range of marine species in ways ranging from slight 

disturbance to lethal impact. Entanglement in larger pieces of synthetic products, such as six-

pack rings and derelict fishing gear, generally occurs close to land, where the items are 

frequently discarded. This is because only lighter plastic items travel further out to sea, and as it 

does, it breaks down into smaller pieces. Therefore, much of the plastic debris in the Garbage 

Patches is too small to cause entanglement, but is small enough to be ingested.  

 

Of major concern is that as plastic fragments 

become smaller, the number of animals that may 

accidentally consume them becomes larger (Barnes 

et al. 2009). Plastic fragments are ingested by 

marine animals at almost every trophic level, from 

the single-celled zooplankton that float throughout 

the ocean to the seabirds that mistake plastic pellets 

for fish eggs (Figure 4) (Ryan 1987; Toda et al. 

1994; Laist 1997; Derraik 2002; Thompson et al. 2004). Because plastic is highly resistant to 

Figure 4. Albatross carcass containing plastic on 
Midway Atoll. Credit: Isabel Junkin 
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breakdown, animals are unable to digest pieces they eat, and so it will remain in the animal’s 

stomach, pass through the animal unchanged, or become assimilated into the animal’s fat tissues, 

if they are small enough (Browne et al. 2008). The toxic effects that plastics can have on marine 

species are discussed in the following section.  

 

Ingestion of and entanglement in marine debris can severely decrease an animal’s ability to 

move, locate food, and avoid predators (Ryan et al. 1988). These reductions in fitness, if severe 

enough, will eventually result in death (Ryan et al. 1988). Fish have been found to selectively 

consume small white plastic pieces and pellets, which suggests that they may confuse plastic for 

fish eggs (Carpenter and Smith 1972). Thompson et al. (Thompson et al. 2004) introduced 

micro-plastic pieces to a tank of amphipods, lugworms, and barnacles, and all individuals 

consumed the pieces within a few days. These animals represent detritivores, deposit feeders, 

and filter feeders, respectively. Loggerhead sea turtles in the Mediterranean have also been found 

to preferentially eat white plastic, and six of the world’s seven sea turtle species are adversely 

impacted by marine debris (Laist 1997). Marine mammals are also affected; 26 species are 

known to consume floating plastic worldwide, and debris affects 43% of all species (Laist 1997; 

Baird and Hooker 2000). In total, at least 267 marine species are harmed by marine debris, in 

varying manners and degrees, around the world (Laist 1997). 

 

The majority of studies on plastic ingestion focus on seabirds, because most seabirds feed in the 

top of the water column, where the majority of the plastic is located (Azzarello and Van Vleet 

1987). Scientists are able to obtain robust sample sizes since seabird carcasses are usually found 

on land (Moore et al. 2001). Plastic consumption can be deadly for a seabird, because it can 
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cause mechanical damage by puncturing the bird’s stomach or blocking its esophagus, and it 

gives the seabird the false feeling of being full, which leads to death by starvation (Young et al. 

2009). 

 

Midway Atoll consists of two uninhabited islands situated in the center of the Great Pacific 

Garbage Patch. The islands are home to a large population of Laysan albatrosses that rear their 

chicks there each year (Henry 2004). Of the approximately 500,000 chicks hatched on the 

archipelago annually, 200,000 die before fledging, and all sampled dead chicks have plastic in 

their stomachs (Weiss et al. 2006). Albatross parents on Midway feed their chicks up to five tons 

of plastic debris each year, and once the chicks die, the plastic becomes available to be eaten 

again (Weiss et al. 2006). 

 

Toxic Chemicals 

Plastic marine debris acts as both a source and a sink for toxic chemicals (Mato et al. 2001), and 

several studies have indicated that it can adversely affect marine life via the transfer of these 

chemicals to animal fat tissues (Koch and Calafat 2009; Oehlmann et al. 2009; Talsness et al. 

2009). A vast array of marine animals, including seabirds, fish, invertebrates, sea turtles, and 

marine mammals, have been observed to mistakenly ingest plastic. Even tiny zooplankton at the 

base of the food chain could potentially consume plastic, if the fragments are small enough 

(Thompson et al. 2004). Apart from the mechanical issues that plastic consumption can cause, 

chemicals previously absorbed by plastic fragments can also become assimilated into animal fat 

tissues (Browne et al. 2008). Microscopic plastic fragments can themselves be absorbed into an 

animal’s body, which could pose unpredictable health risks (Browne et al. 2008). Toxins 
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absorbed by plastic are known to cause hormonal, developmental, and reproductive problems, 

and these chemicals are transferred up the food chain each time a contaminated animal is eaten 

(Azzarello and Van Vleet 1987; Teuten et al. 2009). Evidence of biomagnification, or the 

increase in the concentration of a particular toxin as it migrates up the food chain, implies that 

top predators are most at risk for contamination by plastic debris (Thompson et al. 2004). 

 

Plastic in the form of polypropylene and polyethylene has been found to absorb water-borne 

contaminants (Rice and Gold 1984; Rios et al. 2007). One study found that PP and PE pellets 

placed in baskets in Tokyo Bay for an 18-day period concentrated polychlorinated biphenyls 

(PCBs) up to 1,000,000 times the level observed in the ambient seawater (Endo et al. 2005). 

Persistent organic pollutants found in plastics sampled from the North Pacific Gyre include 

PCBs, polycyclic aromatic hydrocarbons (PAHs), and the pesticide DDT (Rios et al. 2007). In a 

study in Japanese waters by Mato et al. (Mato et al. 2001), polypropylene pellets were found to 

absorb PCBs, DDE, and nonylphenols from the ambient water. A large range in the types and 

concentrations of chemicals is found in pellets as a result of the diversity of polymers, additives, 

and structures used (Mato et al. 2001). These chemicals are harmful even at very low doses, so 

marine species living and/or foraging on marine debris are at risk for contamination. 

 

Plastic pieces also become a source of chemical pollution as they slowly degrade over time, 

although these consequences are still poorly understood (Mato et al. 2001; Sajiki and Yonekubo 

2003). As plastic pieces degrade, chemical additives known as plasticizers are released into the 

water or into the host animal’s body (Teuten et al. 2009). These plasticizers, such as bisphenol A 
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and polystyrene-based oligomers, can affect marine animals via endocrine disruption and 

diseases such as cancers (Sajiki and Yonekubo 2003; Teuten et al. 2009). 

 

Invasive Species 

Floating plastic debris is the most utilized means of transport for potentially invasive fouling 

organisms (Highsmith 1985; Jokiel 1990; Gregory 2009). In the presence of plastic debris, 

marine organisms worldwide have doubled their opportunities to invade non-native waters 

(Highsmith 1985; Jokiel 1990). Plastic debris is a favorable transport mechanism due to its long 

lifetime, slow movement, and omnipresence (Gregory 2009), has been colonized by a vast array 

of species, including coralline algae, foraminifera, bryozoans, barnacles, polycheate worms, 

hydroids, and mollusks (Barnes 2005; Gregory 2009). 

 

Fouling of plastic debris can cause several negative impacts on the marine environment. Most 

severe is the threat that non-native species pose when they invade delicately balanced 

ecosystems (Winston et al. 1997). Research suggests that global oceanic transport of species 

could reduce marine species diversity by up to 58% (McKinney 1998). The transport of species 

out of their native areas can lead to some species being outcompeted by others to the point of 

extinction, which could then result in serious disruptions of food webs and ecosystem 

functioning (Winston et al. 1997; McKinney 1998).  

 

Sinking Plastic 

Over 70% of all plastic marine debris eventually sinks, and the hazards it may cause in the water 

column and on the seafloor are poorly understood (UNEP 2009). Plastics have been observed on 
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the seafloor in every ocean and sea around the world (Barnes et al. 2009). A piece of plastic 

because it is heavier than water or fouling and degradation compromises its floatability 

(Thompson et al. 2009). For example, the products of Styrofoam decomposition, known as 

polystyrenes, are denser than seawater (1.050 g/cm3, as opposed to 1.025 g/cm3 for seawater), 

and therefore sink. Thin plastic films, such as sandwich bags and plastic wrap, are colonized by 

many species causing such pieces to sink (Ye and Andrady 1991).  

 

The ecological effects that sunken plastic pieces have around the Great Pacific Garbage Patch 

have not been studied, due to the technical difficulty and expense associated with observing and 

sampling the seafloor (Barnes et al. 2009; NRC 2009). However, researchers believe that plastic 

on the seafloor may threaten abyssal plain species with anoxia and hinder important gas 

exchange processes occurring in the deep ocean (Goldberg 1997; Gregory and Andrady 2003). 

Some scientists believe the growing number of plastic pieces resting on the seafloor will 

eventually inhibit the ocean’s ability to sequester carbon dioxide, resulting in global 

consequences (Goldberg 1997). 

 

Garbage patches in the ocean 

There are five major oceanic gyres in the world’s oceans: the North Pacific Gyre, where the 

Great Pacific Garbage Patch exists; the South Pacific Gyre; the North Atlantic Gyre; the South 

Atlantic Gyre; and the Indian Ocean Gyre (Figure 5). These gyres all operate similarly: They 

occur at mid-latitudes and experience slack winds and slow, spiraling currents (Kubota 1994). 

Although the North Pacific Gyre has received the most attention in recent years in the popular 

and scientific presses, studies on plastic debris and explorations into the other four gyres are 
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being conducted. Scientific expeditions to these gyres have revealed similar patterns of plastic 

fragment accumulation occurring in each as in the North Pacific Gyre (Carpenter and Smith 

1972; Colton et al. 1974; Martinez et al. 2009). 

 

Figure 5. Five major oceanic gyres, with the North Pacific Gyre labeled (Parsons 2009).  Heightened concentrations of marine 

debris have been identified within all five gyres. 

 

Research indicates that the North Atlantic Gyre, also known as the Sargasso Sea after the 

floating mat of sargassum seaweed swirling within its currents, is a large garbage patch (Law et 

al. 2010). Anthropogenic and oceanographic conditions in and around the North Atlantic Gyre 

differ somewhat from the North Pacific Gyre; there is a higher coastal population and more 

ocean-draining waterways on the East than on the West coast of the United States, so there are 

more avenues for plastic to make its way to sea. However, rougher seas and faster winds in the 
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North Atlantic Ocean, caused by annual tropical storms and hurricanes, may spread the debris 

out over a larger area, thereby lowering its density within the Gyre itself. 

 

Both the North Pacific and North Atlantic Gyres have been found to collect plastic micro-debris. 

The first study in the North Atlantic to document plastic debris was in 1972, where researchers 

observed a mean of 9,000 plastic fragments per mi2 (Carpenter and Smith 1972). The density of 

plastic debris was not observed to be uniform across the Gyre, but rather varied between 130 and 

31,000 pieces per mi2, almost all of them between 2.5 and 5 mm in diameter (Carpenter and 

Smith 1972). The Sea Education Association (SEA) has been recording the incidence of plastic 

in the North Atlantic Gyre for the past 20 years, and has performed over 6,000 surface tows 

(Law et al. 2010). Plastic has been observed in over half of these samples, most of it in tiny 

pieces less than 0.5 in long (Gill 2010). Dr. Lavender Law of the SEA says that the highest 

concentrations of plastic are found between 22° N and 38° N, where densities of up to 518,000 

pieces per mi2 have been measured (Gill 2010). “That’s a maximum that is comparable with the 

Great Pacific Garbage Patch,” Dr. Lavender Law said (Gill 2010). The SEA’s 2010 expedition in 

the North Atlantic Gyre yielded 48,571 pieces of plastic in 128 net tows (Law et al. 2010). 

 

The three Southern Hemisphere gyres have received little attention insofar as plastic 

accumulation is concerned, but this is beginning to change. 5 Gyres is the first non-profit 

research group to study gyre accumulation of plastic marine debris at the global scale 

(www.5gyres.org). In March 2010, Dr. Marcus Eriksen and Anna Cummins of 5 Gyres headed 

an expedition to the Indian Ocean Gyre, and plastic was observed in all 12 trawl samples taken 

(www.algalita.org). Another scientific expedition led by the same team, this time through the 
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South Atlantic Gyre, occurred in August 2010. The researchers hope to build upon the 

knowledge base that the AMRF has created with the Great Pacific Garbage Patch to better 

understand the global picture of plastics in the ocean, and will be organizing research expeditions 

to the other gyres in the future. 

 

Marine Debris Concentrations in Other Parts of the Ocean 

Marine debris, especially plastic debris, continues to grow in the Garbage Patch and in other 

oceanic gyres, but these are not the only areas with observable debris and an increasing trend. 

Studies done around the world have shown that plastic in the ocean is a ubiquitous problem 

(Ryan and Moloney 1993; Ribic et al. 1997; Torres and Jorquera 1999; Barnes et al. 2009; Ryan 

et al. 2009). Inputs of plastic into the ocean are increasing globally as well. In 1982, it was 

estimated that 640,000 pieces of plastic litter entered the ocean daily, primarily because of wind 

and runoff (Horseman 1982). Although more current approximations are not available, recent 

data suggest that this trend has greatly increased (Barnes 2005). 

 

Researchers who have sampled in low latitude areas (Gregory and Ryan 1997), around tiny, 

remote islands (Donohue et al. 2001; McDermid and McMullen 2004; Morishige et al. 2007), 

and even far out at sea (Matsumura and Nasu 1997) have recorded the incidence of plastic 

marine debris. These studies have aided in the identification of large-scale trends in 

accumulation. Higher densities are generally found in and around areas of human activity, such 

as shipping and fishing; near oceanic convergence zones, where water masses come together; 

and close to industrial and recreational areas and urban centers (Galgani et al. 1995; Sheavly 

2005). Additionally, Barnes and Milner (2005) have recorded a decreasing trend in debris 
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concentrations as one travels from the equator to either pole, likely due to a combination of the 

greater ocean area in the tropics; higher population concentrations in lower latitudes; and the 

prevailing ocean and wind current patterns.  

 

The Atlantic Ocean has been the subject of many debris studies. Barnes and Milner (2005) found 

debris, most of it plastic, in all samples collected in the Atlantic Ocean between 79° N and 68° S. 

Scientists also measured a doubling in marine debris on the coastline of the United Kingdom 

between 1994 and 1998 (Barnes 2002). Between 1972 and 1987, resin pellets in the North 

Atlantic Ocean increased in number by up to 400% in some areas (Heneman 1990). Recent data, 

however, shows a measurable decrease in the number of plastic pellets (Law et al. 2010). 

 

Away from the Great Pacific Garbage Patch, other parts of the Pacific Ocean are also 

experiencing a rise in debris, most of it plastic. NOAA cleans up approximately 100 tons of 

abandoned fishing gear around the Hawaiian Islands each year (UNEP 2005). Near urban centers 

along the Chilean coast, the amount of debris recorded ranged from one to 93 items per mi2 

(Thiel et al. 2003). Close to densely populated coastal areas in New Zealand, resin pellet 

concentrations have reached 259,000 per mi2 (Gregory 1989). 

 

Plastic marine debris has made its way into some unexpected places as well. Between 1994 and 

1998, concentration of debris near the Southern Ocean coast in Antarctica rose 100-fold (Barnes 

2002), most of it comprised of derelict fishing gear (Walker et al. 1997). The seafloor is another 

major destination for plastic marine debris, where about 70% of it eventually sinks due to fouling 

and breakdown (Barnes et al. 2009; UNEP 2009). Galgani et al. (2000) surveyed the seafloors of 
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several European seas and found debris densities ranging from 0 to 261,589 items per mi2. 

Available data have shown that plastic is the most prevalent form of debris on the seafloor, as it 

has accounted for over 50% of all observed debris at more than half of all sites studied to date 

(Barnes et al. 2009). Researchers studying the Mediterranean Sea, for example, found between 2 

and 2.5 billion pieces of plastic on the seafloor, which is between 70% and 80% of all observed 

debris (Barnes et al. 2009). 

 

The biophysical characteristics of marine debris, from wildlife impacts to accumulation patterns, 

influence the human ecology and institutional ecology. These characteristics lead to legislation, 

at many levels, that strives to alter the impacts, concentrations, and expansion of marine debris. 

 

INSTITUTIONAL ECOLOGY 

Marine debris, one of the most pervasive pollution challenges facing us today, requires a strong 

institutional system to ensure effective solutions. It has caught the attention of governing bodies 

at all levels, research and advocacy groups, and the media. This global awareness to the issue is 

reflected in international conventions that prohibit at-sea plastic dumping and restrict most other 

wastes disposal; federal laws that implement these conventions; state and local laws; and the 

efforts of many research and advocacy groups. Public sympathy for animals harmed or killed by 

marine debris ingestion and entanglement catalyzed legislation in the U.S., establishing and 

providing funding to marine debris research and cleanup programs (NRC 2009). 

 

There are a many federal and state laws that cover marine debris, but few that explicitly target 

land-based marine debris. At the federal level, three agencies that are responsible for marine 
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debris are the National Oceanic and Atmospheric Administration (NOAA), the Coast Guard, and 

the Environmental Protection Agency (EPA). NOAA performs research, monitoring, education, 

restoration, and fisheries management. The Coast Guard has responsibility over ship and port 

concerns including domestic enforcement of MARPOL Annex V, an international treaty related 

to ship garbage. The EPA regulates and monitors land-based sources of marine debris and is 

responsible for carrying out the London Convention, an international treaty, within the U.S. 

(NRC 2009). 

 

A few international treaties have influenced U.S. legislation. The Convention on the Prevention 

of Marine Pollution by Dumping of Wastes and Other Matter (1972), also known as the London 

Convention, and latter updated as the London Protocol states that all marine dumping is illegal 

unless the waste is listed in the Protocol (NRC 2009). The International Convention for the 

Prevention of Pollution from Ships (1973) and the Protocol of 1978, also known as Marpol, 

regulate both liquid and solid waste discharges from ships and prohibits disposal of plastic. 

Governments are also required under Annex V to provide garbage receptacles at their ports so 

that ships docking there have an incentive to dispose of their trash shoreside (IMO 2006). The 

Washington Declaration on Protection of the Marine Environment from Land-Based Activities 

(1995) recognized the interconnectedness of the land and sea and the ease with which waste 

generated on land can make its way into the ocean (Leous and Parry 2005). Implementation of 

the agreement has been difficult to track because the text is non-binding and policy development, 

implementation, and monitoring and enforcement have not occurred (Leous and Parry 2005). 
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The federal Clean Water Act of 1972 governs the discharge of pollution, including land-based 

and ship-based debris, into U.S. navigable waters. Among the statute’s main goals is the 

reduction of pollutants from direct discharge and from stormwater runoff. These goals relate 

directly to the amount of plastic entering the ocean from U.S. sources. In coastal regions, 

nonpoint source pollution is subject to joint control by the EPA and NOAA, under the Coastal 

Zone Management Act. The EPA creates and enforces regulations under the Clean Water Act 

that prevent unreasonable degradation to the marine environment (NRC 2009). The Clean Water 

Act lead to the state of California adopting a total maximum daily load, also known as a tmdl, of 

zero plastic in the Los Angeles River (Gordon and Zamist 2006). 

 

States are required to develop management plans for controlling nonpoint source pollution under 

section 319 of the Clean Water Act (NRC 2009). These Regulations require municipalities to 

adopt best management practices and milestones for implementation on stormwater discharge 

(Gerba and Straub 2006); (NRC 2009). Best management practices aid in preventing plastic from 

entering waterways and subsequently the ocean.  

 

The Coastal Zone Management Act (16 U.S.C. § 1451 et seq.) assists states and territories in 

protecting, preserving and developing their coasts by providing funding for the development of 

coastal zone management programs and policies. Funding is on the basis that federal standards 

are met concerning protection, conservation, and development guidelines (NRC 2009). Directed 

by both NOAA and EPA, the Coastal Zone Reauthorization Amendments of 1990 (16 U.S.C. § 

1451b) require best management practices for coastal nonpoint source pollution control 

programs. A successful example of this initiative is the Clean Marina Program, currently 
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operating in 12 states (NRC 2009). The CZM Act could be further utilized to reduce marine 

debris with federal requirements that states consider and investigate their contribution to the 

issue and create enforceable mitigating actions.  

 

The Beaches Environmental Assessment and Coastal Health Act (33 U.S.C. § 1251 et seq.) 

amends the Clean Water Act in an effort to protect recreational waters. The EPA, under this Act, 

provides assistance in monitoring and assessing floating debris. The EPA report, “Assessing and 

Monitoring Floatable Debris,” discusses current plans and programs actively reducing floating 

debris; the New York/New Jersey Floatables Action Plan, the EPA’s combined sewer overflow 

program, and Ocean Conservancy’s International Coastal Cleanup Campaign are all examples 

mentioned (NRC 2009). 

 

There is other federal legislation related to sea-based sources of marine debris. The Marine 

Protection, Research, and Sanctuaries Act of 1972 implements the international London 

Convention into the U.S. (NRC 2009) by regulating the dumping of all material into the ocean 

(Kalo et al. 2007). The Act to Prevent Pollution from Ships of 1982 and the Marine Plastic 

Pollution Research and Control Act of 1987 implements MARPOL Annex V under U.S. law and 

makes it illegal to dump any plastics in the ocean and also regulates the dumping of several types 

of non-plastic trash (NRC 2009). The Shore Protection Act of 1988 aims to stop the dumping of 

municipal and commercial waste into coastal waters (NRC 2009). The Coral Reef Conservation 

Act of 2000 provides assistance to states through NOAA to remove abandoned fishing gear, 

marine debris, and abandoned vessels from coral reefs (NRC 2009). 
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The Marine Debris Research, Prevention, and Reduction Act of 2006 is the only federal 

legislation explicitly targeting marine debris. Known as the Marine Debris Act of 2006 and 

administered by NOAA, the Act was enacted to increase federal attention to marine debris, to 

better understand the marine debris issue and create a national clearinghouse of information on 

marine debris, and to start the effort on removal of marine debris, which has focused on derelict 

fishing gear. The Act created NOAA’s Marine Debris Prevention and Removal Program and 

tasked it to research and find solutions to the marine debris issue. The Act also restored the 

Interagency Debris Coordinating Committee, pushed the Coast Guard to improve 

implementation of MARPOL Annex V, and mandated that NOAA establish a federal 

interagency marine debris data clearinghouse (NRC 2009). The information clearinghouse is 

available online to the public.  

 

NOAA was appropriated $10 million through the Act to implement their directives, and in the 

years since the Act’s inception there has been much headway in research, mapping, and removal 

of fishing gear and plastic debris. The Coast Guard was appropriated $2 million for their role in 

strengthening domestic MARPOL Annex V programs (NRC 2009).  

 

Set to expire in 2010, the Marine Debris Act Reauthorization Amendments would allow for 

appropriation from 2011 to 2015. Amendments to the Act refine the U.S. marine debris goals 

from “helping identify, determine sources of, assess, reduce, and prevent marine debris and its 

adverse impacts on the marine environment and navigation safety” to “addressing the adverse 

impacts of marine debris to the marine environment, navigation safety, and the economy through 

investigation and source identification, assessment, reduction, removal, and prevention.” 
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The amendments build upon the original act by explicitly asking for key improvements to 

NOAA’s tasks. One of these tasks, an investigation into plastics impact on the health of the 

marine environment, independently assesses the problem of plastic from the problem of derelict 

fishing gear. This is necessary as the two marine debris problems have different causes and 

impacts. NOAA is also tasked with developing tools and products for researchers, the marine 

debris community, and the general public that address the marine debris problem. These tools 

and products may include useful technological advances, best-management practices, protocols 

for monitoring marine debris, and standardized reporting methods. The amendments also ask for 

development of international cooperation to build capacity and strategic partnerships in 

international with region forums. 

 

Legislation at the state level manages marine debris both directly and indirectly through bag and 

bottle taxes or bans and indirectly through recycling laws. California has used both routes in an 

effort to encourage behavior change by consumers with recycling laws at the state level and bans 

at the municipal level (California Integrated Waste Management Board 2003). Bag bans or fees, 

at the municipal and county level, have been enacted with San Francisco and Washington D.C. 

being the most visible examples. Los Angeles County recently took the idea of banning plastic 

even further; after enacted a bag ban they banned polystyrene containers in county facilities 

(County of Los Angeles 2010) 

 

Institutional ecology also includes the scientific and non-profit organizations involved in marine 

debris. Citizen scientist organizations, such as Algalita Marine Research Foundation, Project 
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Kaisei, and 5 Gyres, are researching marine debris to use the information for education. Some 

organizations, such as Project Kaisei, Environmental Cleanup Coalition, Abundant Seas 

Foundation, and The Clean Oceans Project, are researching potential at-sea cleanup methods. 

Other organizations, such as SEAPLEX expedition of Scripps Institution of Oceanography and 

International Coastal Cleanup of Ocean Conservancy, are researching marine debris to expand 

knowledge of marine debris. Science-based advocacy groups, such as Ocean Conservancy, 

Surfrider, and many more grass-roots organization, actively work to reduce litter and fight for 

clean water.   

 

The institutional ecology governs the behavior of people through the creation of rules to manage 

those human action that affect the biophysical ecology. Much federal legislation has been passed 

concerning pollution in the U.S.’s waters. The passage of the Marine Debris Research, 

Prevention, and Reduction Act of 2006 was a culmination of federal concern with marine debris 

and the amendments proposed for the act will refine the federal efforts to eliminate marine 

debris. Integration of laws and the many organizations researching and trying to solve the marine 

debris issue will lead to solutions that influence people’s actions and lessen the impact of marine 

debris on vital ecosystems. 

 

HUMAN ECOLOGY 

The Human Ecology section considers the human activity within, affecting, or affected by 

marine debris. All sources and impacts of plastic marine debris are anthropogenic; as a 

consequence people are responsible not only for the plastic trash entering the ocean, but the 

impacts that come with it. The growing mass of plastic in the Great Pacific Garbage Patch and 
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other gyres have direct negative consequences to humans as well as to the ocean ecosystem. 

Marine debris impacts humans at sea via degraded fisheries, damage to vessels, and even loss of 

life.  

 

Virtually anyone can be part of the problem, as there are many ways for waste to find its way 

into the ocean. On land, humans contribute to garbage patches through both intentional and 

unintentional littering. Even litter discarded far inland can enter a waterway and travel to the 

ocean.  Properly discarded trash headed for a landfill risks entering waterways if lost before and 

during transportation or from the landfill. Some examples include trashcans and dumpsters over 

filled, in disrepair, or blown over by the wind. 

 

Trash on land is both an aesthetic problem and infrastructure problem as it clogs storm drains. 

This leads to increased expenses for maintenance of infrastructure and the environment (Gordon 

2006). Debris can impact humans at sea by damaging ships and equipment as well as by 

degrading commercial fisheries (Derraik 2002). All irresponsibly discarded trash is contributing 

to the marine debris issue. 

 

The impact of land-based marine debris has the potential to grow as the use of plastic grows. In 

2009, 285 million tons of plastic were produced in the world (Thompson et al. 2009) and 

worldwide yearly usage is expected to grow by 4.1% annually, from 66 lbs per capita in 2005 to 

100 lbs per capita by 2015. In North America, per capita usage of plastic is 231 lbs and has 

potential to grow to 306 lbs by 2015 at an annual rate of 2.8%. The largest potential for growth 
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in plastic consumption is in Asian countries (excluding Japan), with a 6% annual growth rate. 

(PlasticsEurope 2009) 

 

Land-based plastic litter becomes marine debris primarily by blowing or washing from landfills 

or coastal recreation areas down waterways that drain to the ocean (Gordon 2006). A lack of 

effective litter traps installed along waterways allows for the passage of lightweight and buoyant 

plastic trash out to sea (Ryan et al. 2009). Improper or incomplete waste management facilities 

also allow plastic trash to enter the ocean. Heavy rains can cause storm drains to overflow, which 

enables untreated sewage to travel uncontrolled down streets and into rivers and streams (US 

Commission on Ocean Policy 2004). Ineffective sewage treatment facilities can also lead to 

accidental plastic pollution (Ocean Conservancy 2010). Plastic in landfills – and in trash 

receptacles everywhere – has the potential to become marine debris through poor waste 

management practices and incomplete burial of lightweight items that can escape via wind or 

drainage (Nollkaemper 1994); (Koutsodendris et al. 2008). 

 

One of the most-observed plastic items in the ocean are the tiny resin pellets that factories around 

the world melt down and then mold into a variety of everyday plastic products (Mato et al. 

2001). These pellets are accidentally spilled in transit to various end-use facilities due to poor 

housekeeping protocols, and then washed or blown out to sea (Mato et al. 2001).  

 

The capacity for toxin accumulation suggests that micro-plastics are both a transport medium for 

and a source of toxins (Mato et al. 2001). A potentially transfer of toxins to humans can come 

from the ingestion and exposure of small plastic particles by fish. Studies have shown 
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accumulated PCB in Great Shearwaters that consume plastic (Ryan et al. 1988). As several 

species of tuna, especially Albacore, Bigeye, and Bluefin, are important commercial fisheries 

occurring in the open ocean, within and around the North Pacific Gyre and other gyres, these 

species could be affected by marine debris in ways that we do not yet understand. Though, there 

is no direct evidence linking the chemical ingestion of fish to negative human impacts, this link 

might exist and pose another threat to human welfare (Derraik 2002).  

 

Plastic discarded at sea represents a smaller, but nonetheless significant, contribution to marine 

debris. The main sources of marine-based litter are shipping, fishing, pleasure, and military 

vessels; drilling rigs; and offshore aquaculture (NRC 1995). Most debris coming from ships 

relates to fishing, and includes synthetic nets, lines, and floats that are accidentally lost or 

illegally discarded to avoid port disposal fees (Clark 1997). It is speculated that shipboard plastic 

trash is sometimes shredded and mixed with food waste, which is legal to dump at sea (van 

Franeker et al. 2004). Small recreational fishing boats contribute to marine debris as well.  

 

The human ecology is the humans and human behaviors that affect, and are affected by the 

biophysical ecology. The accidental or intentional release of trash from both inland and coastal 

activities along with trash from vessels at sea contributes to marine debris. This debris has the 

potential to litter our shores and to become part of the oceanic garbage patches. Plastic debris 

inside the garbage patches impacts coastlines, fisheries, and ships, harming not only human 

beings, but also the ecosystems we rely on. The Great Pacific Garbage Patch is the result of 

human impacts on the environment, which in turn impacts humans. It is important for people to 
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understand that anybody who improperly discards trash is a potential contributor to the garbage 

patches of the world. 

 

Part 2: Actions to Reduce Marine Debris 
 

Strategic actions are needed to change behavior concerning marine debris and litter in general, 

yet this goal is hard to obtain as most people are disconnected from the ocean and the issue of 

marine debris. Multiple strategies are required to effectively address the issue of marine debris, 

including regulations, market-based incentives, and public action. Prevention actions are an 

economically and environmentally preferred solution to clean ups as cleaning up marine debris 

and coastal litter is expensive. Until the amount of litter entering the ocean is reduced, cleaning 

up marine debris will not be a sustainable solution (UNEP 2009). 

 

Strategic plans to halt the accumulation of marine debris are currently being developed and any 

new initiatives have valuable resources available. In the U.S., EPA and NOAA’s Marine Debris 

Program are developing plans and tools to reduce and prevent marine debris. Plans also exist 

internationally; the United Nations’ Environment Programme Regional Seas Programme 

develops and implements actions related to marine debris and waste management and it is a 

source of publications documenting actions taken in many countries around the World. Many 

non-profit organizations, large and small, have anti-litter and marine debris campaigns. To take 

strategies of mitigation further and facilitate collaboration and coordination, the Honolulu 

Strategy was created and documents a broad variety of actions to be taken at the global, regional, 

national, and local level. 
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Strategic partnerships are valuable in mitigating marine debris and helpful in sustaining 

coordinated implementation of strategic activities. Partnerships allow for sharing lessons and 

information, can have a broader influence, and provide accountability. A partnership between 

scales creates a more unified goal and potentially allows for more effective actions at the local 

level. 

 

Collecting political will for implementing marine debris solutions can be facilitated by 

understanding the sources and impacts of litter locally. Understanding sources and drivers of 

marine debris leads to the tailoring of actions between different locations (Ribic et al. 2010). 

Studies can highlight the impact of marine debris, and litter in general, on the local economy 

through the loss of ecosystem services and the costs of removal from beaches, marinas and 

private land. An estimated 11.5 billion is spent cleaning up litter each year and the presence of 

litter can decrease property values by as much as seven percent (KAB 2009). An example of lost 

ecosystem services is the impact of ghost fishing by derelict nets and traps. Being knowledgeable 

of and sharing the costs of marine debris helps build the larger effort in creating market-based 

solutions to marine debris (Ten Brink et al. 2009).  

 

Education 

Public litter prevention: The ubiquitous nature of litter requires a broad solution: public 

education. The greatest changes in environmental protection come with the raising of public 

awareness and encouragement to act more sensibly. In the United Nations Environmental 

Programme’s Marine Litter: A Global Challenge, changing attitudes and behaviors concerning 
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solid waste management are shown as an essential component in efforts to mitigate marine litter 

(UNEP 2009). Education of children yields high returns and should be a focus as they change 

habits more easily and are able to spread new habits into their families and friends. Effective 

education can be more powerful than strict laws (Derraik 2002).  

 

Any education endeavors can learn from those that have already preceded and obtained desired 

results. Israel, for example, experienced a 30 

percent reduction of litter in coastal areas after 

implementing the Clean Coast Index, an effort 

involving municipalities and NGOs in beach 

cleanups. Informational leaflets and competitions 

were utilized to raise awareness for the litter 

problem in public and tourist areas (UNEP 2009). 

“Keep the sea plastic free,” a campaign launched 

by the Australian government in 2004, is another 

attempt to educate and motivate the public in proper waste disposal (Greenpeace 2006).  

 

Public education in relation to marine debris comes in the form of increasing public awareness of 

proper disposal of wastes and promoting activities that create a sense of awareness in individuals 

of the waste they create. The distribution of educational materials to targeted audiences depends 

on the drivers of marine debris in the areas of action.  In developing education campaigns, 

materials should be tailored to the different user groups. Some actions may need to target beach 

goers and tourists, others may need to target recreational boaters and marina users. Other targets 

         
           

          
         
          

      

Marine debris threatens marine life and our oceans and 
coasts. It affects us too, whether we are boating, fishing, 
swimming, or simply enjoying a day at the beach. Trash 
can travel through storm drains, streams, and rivers and 
end up in your community, as well as in the ocean. 

Learn ways to stop this from happening. 

NOAA marine debris pamphlet 
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include users of waterfronts and parks, customers of restaurants and hotels, and residents in 

inland neighborhoods. 

 

An example of targeted education comes from Save Our Seas out of 

California who decided to create a new norm among cigarette smokers. 

Rather than create an educational campaign that used guilt, Save Our 

Seas created a catchy saying, “Save some fish. Feed me butts,” and a 

visibly entertaining boxes, called BaitTanks (Figure 6), that were 

strategically placed in areas of dense cigarette butt litter. The effort has 

been highly successful with a 50-70% decrease in cigarette butt litter 

and formally reluctant towns are now enthusiastically embracing the 

idea. The box costs about $400, but creates savings for town 

maintenance that no longer pick up large quantities of cigarette butts 

one-by-one (http://www.saveourshores.org/; http://www.thebaittank.com/index.html). 

 

Activities to facilitate education also include holding litter-free events and encouraging cleanup 

events such as the International Coastal Cleanup through Ocean Conservancy and the Great 

American Cleanup through Keep America Beautiful. The establishing of standards for clean 

beaches, waterfronts, and parks can support cleanup efforts by creating a mindset of not littering 

to support the actions of others, as existing litter is show to be a strong of contributor of further 

littering (KAB 2009).  

 

Figure 6  
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A result of public education would have consumers being conscious of the consequences of their 

choices. Consumers can be more intimate and thoughtful with their waste through education 

highlighting the life cycle of products and the savings of recycling. Promoting reusable products 

is a common method to help keep individuals aware of their actions. 

 

Litter prevention by industry: Improving industrial practices is, potentially, an effective method 

of reducing the input of plastic into the ocean. Businesses, like the general public, are potential 

sources of land-based marine debris, whether it is resin pellets, shavings, or traditional trash. By 

focusing on a smaller group of actors that have a large contribution to the issue, a significant 

change can occur with a smaller cost in enforcement.  

 

Understanding local industries and their contribution to litter, and subsequently marine debris, 

can lead to a targeted educational campaign. This education must bring awareness not only the 

owners and managers, but also the entire staff who will conduct the necessary housekeeping 

procedures (USEPA 1992).  

 

A proven source of land-based marine debris is the plastics 

industry. Plastic resin pellets are one of the most common 

and recognizable components of marine debris. These 

pellets are the result of improper handling by plastic resin 

processors, transporters, and packagers (Figure 7) (USEPA 

1992). Highlighting this problem encouraged voluntary 

improvements in practices leading to reductions in resin 

Figure 7. Resin pellets. Credit: EPA 
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pellet spillage resulting in a measurable reduction in resin pellets in the North Atlantic (Law et 

al. 2010). This led Law (2010) to conclude that reducing other plastic inputs from land-based 

sources may be measurably effective.  

 

Los Angeles River is an example of a measurable industrial plastic litter problem due to the large 

concentration of facilities processing plastic (Gordon and Zamist 2006). In this river basin, 

Promoting best management practices was a preferred alternative over implementing standard 

stormwater best management practices that do not typically target particles smaller than 5mm to 

avoid flooding. Resin pellets and other smaller plastic chips, usually smaller than 5mm, would 

not be caught by stormwater best management practices, thereby becoming marine debris. 

Monitoring and enforcing cleanliness can incentivize these facilities to adapt their practices and 

premises to be more environmentally conscious. Efforts to monitor and enforce will need a 

complete inventory of facilities and in-industry support. Though not a small task, it is much 

smaller than any efforts at ending litter by the public at large (Gordon and Zamist 2006).  

 

Losses of plastic pellets and other industrial litter could be decreased with improved 

housekeeping and shipping practices. Examples include more frequent cleanups combined with a 

switch to puncture-resistant containment bags for transportation, the use and inspection of litter 

containment systems, and the inspection of shipping vessels before and after use (USEPA 1992). 

Instituting these efforts into the routine plant operations in addition to increased communication 

to spread knowledge of the issue and education of employees in their role in prevention would 

reduce the amount of industrial litter that washes into waterways (USEPA 1992).  
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Improvement of plastic facilities practices can be facilitated by utilizing Operation Clean Sweep, 

a partnership between the American Chemistry Council and the Society of the Plastics Industry, 

which seeks to reduce accidental resin pellet spillage (www.opcleansweep.org). Their website 

offers both company and employee best management practices pledges. If plastic-related 

industries were required to join Operation Clean Sweep or similar program and their results were 

public, the increased environmental pressure and citizen monitoring would create positive 

change, as accountability is a powerful incentive. 

 

Litter prevention by Port and Ocean users: Ocean users present a unique opportunity as the 

portion of society intimate with the ocean and potentially aware of the problem of marine debris. 

This group can be educated in their potential contribution to litter and the proper waste 

management practices for boaters. Fishermen can be taught best management practices that limit 

the occurrence and impact of derelict fishing gear. Targeted education can highlight ghost 

fishing’s known significant monetary impact on fisheries (NRC 2009; Ten Brink et al. 2009). 

 

Proper waste disposal and reduction: Proper disposal of solid waste is an important solution to 

the marine debris issue. This comes about through the education of the public, ocean users, and 

polluting industries. Related education should communicate the proper disposal methods and 

how not following these methods leads to people contributing to the marine debris issue. These 

methods include, but are not limited to, covering trashcans and not overfilling or using trashcans 

or dumpsters with holes for waste to escape. Education in proper waste disposal could be linked 

with campaigns to increase recycling or decrease littering. 
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Waste management 

Provide adequate receptacles in public places: Education 

campaigns that encourage proper waste disposal must 

address the availability of waste receptacles in targeted 

areas. Research in California has found that effective litter 

laws and additional strategically placed trash receptacles 

were the most cost effective management strategies of 

stopping litter (Gordon and Zamist 2006). A lack of waste 

receptacles may encourage littering and inadequate 

emptying of receptacles could overfill and become sources 

of litter and marine debris.  

 

Provide adequate port waste reception facilities: Adequate waste facilities and servicing at ports 

and marinas are necessary to encourage proper waste disposal. It is important for port waste 

reception facilities to be low-cost and convenient to provide an alternative to ocean dumping 

(NRC 2009).  

 

Promote and implement BMPs to capture trash in municipal stormwater systems:  Litter can be 

kept from entering waterways through stormwater 

best management practices. Nets and baffle boxes, 

which block or catch the litter, can be used at storm 

drains or consolidated at the end of pipe before 

 Photo: www.wcstorm.com 
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connecting to a waterway. Used as a best management practices these products can be extremely 

effective at stopping litter. An exception occurs in very large rainstorms, where catching litter in 

the stormwater system poses a risk of flooding. A drawback of stormwater best management 

practices is the costs, which range from hundreds to hundreds of thousands of dollars. California 

has been implementing these best 

management practices after a total 

maximum daily load requirement of zero 

plastic was created in the Los Angeles 

River (Gordon and Zamist 2006). These 

actions are expensive, but very effective in 

areas with higher concentrations of litter.  

 

Expand waste management plans:  Marine Debris should be included in waste management 

plans (UNEP 2009). A key component of expanding waste management plans is addressing 

waste at its source. These plans should find and address the local sources and deposition zones of 

litter and marine debris and include removal activities that respond in a timely manner. Local 

authorities have several options for improving their waste management systems and for 

encouraging better recycling. The need for adequate waste and recycling receptacles in public 

areas and ports should be addressed as well. These improvements encompass all efforts to reduce 

the amount of plastic entering the waste stream and ensure that the general public and waste 

management employees handle plastic trash properly.  

 

The United Nations Environment Programme advises local governments to adopt Integrated 

Photo: www.wastewaterpr.com 
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Waste Management (IWM) protocols is one approach to encourage greater efficiency and 

environmental stewardship. IWM involves addressing trash by type and then determining the 

best option for its disposal, be it in a landfill, incinerator, or the local recycling plant (USEPA 

1989; UNEP 2009). Although more labor-intensive than simply burying all trash, this process 

significantly reduces the amount of waste destined for landfills as well as generates jobs in the 

waste management field. IWM is a solution for the marine debris issue as it focuses more 

attention onto trash and provides a potentially more thoughtful plan of disposal.  

 

Legislation 

Anti-Litter laws: Anti-litter laws should be established and enforced and existing policies may 

need to be modified to be more effective. Enforcement of litter laws is difficult because officers 

must catch the litterer in the act (County of Los Angeles 2010). However, a study in California 

showed that littering would be reduced if the public knew that they would be penalized for 

littering (Gordon and Zamist 2006). Heavier fines on littering may reintroduce the public with 

the consequences of littering. Greater enforcement of litter laws may require increased 

collaboration between law enforcement and other government employees, professionals, and the 

public at large. Proactive efforts to inform the public of the consequences of littering and the 

presence of law enforcement would be an added deterrent. 

 

CONCLUSION 

In conclusion, marine debris, coming from everyday human activities, harms or ruins ocean 

ecosystems. When we pollute this invaluable resource, we steal from ourselves and from future 
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generations. Everyone should care about the impacts of land-based marine debris because a 

degraded marine environment is reflected in the resources we extract from the ocean. 

 

Public education and awareness-building programs are key to changing the way people think 

about how their everyday decisions impact the marine environment. Many are not informed 

about the interconnectedness of watersheds and oceans (Ten Brink et al. 2009), and have never 

considered that littering on a beach in California could potentially harm a Laysan albatross on 

Midway Atoll. Instilling in people a stronger sense of collective environmental responsibility and 

stewardship is the best way to make them care about the marine debris problem (Ten Brink et al. 

2009). The most effective education can occur in a classroom of kids, though this will require a 

longer timeframe in measuring success. 

 

The contributions to the problem by industry and commerce must be recognized and result in 

best management practice requirements for industry. Actions directed at these and other 

responsible industries include increased monitoring and enforcement of existing regulations, 

taxes and restrictions on environmentally harmful activities, and economic incentives to 

encourage better practices.  

 

Marine debris is a reflection of our throwaway lifestyles. Solutions are available and obtainable 

and evidence shows that successful actions can make a difference (Law et al. 2010). 
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