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A framework for inland cities
to prevent marine debris: A
case study from Durham,
North Carolina

Nancy E. Lauer and Michelle B. Nowlin*

Duke University School of Law, Durham, NC, United States

Land-based sources of litter are increasingly recognized as significant
contributors to marine debris, and rivers can carry debris to the coast from
far-inland sources. In this paper, we demonstrate the important role inland
cities can play in the marine debris crisis by reducing their own marine debris
contributions. Given this role, we provide a framework for inland cities to
prevent plastic pollution along with the lessons learned from introducing these
strategies in Durham, North Carolina, a mid-sized, inland city that drains to the
ocean through the Cape Fear and Neuse River watersheds. This framework
guides city officials, resource managers, and community partners on how to
characterize the plastic pollution problem in their city by collecting baseline
data on plastic waste and litter. This framework also provides practical and
equitable solutions for inland cities to address plastic pollution. We
recommend that inland cities prioritize policy solutions that reduce waste at
the source — to the extent that their state constitutions allow — and to also use
authorities for stormwater controls to capture and remove debris as long as
litter persists. Replicating this framework in other inland cities opens vast
opportunities to manage and reduce marine debris from an often-
overlooked source.
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Introduction

Marine debris, most of which is plastic (Derraik, 2002), is one of the most pressing
and challenging environmental threats of our time. Compared to other materials, single-
use plastics (e.g., bags, bottles, straws, takeout containers, etc.) are slow to biodegrade in
the environment, taking tens to thousands of years depending on the type of plastic and
the environmental conditions (Chamas et al., 2020). Much of the plastic that enters the
environment accumulates in the oceans, where it chokes and entangles wildlife
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(Schuyler et al., 2014; Gall and Thompson, 2015), is a vector for
chemical pollutants (Engler, 2012), and breaks up into
microplastics and nanoplastics that contaminate the food
chain when consumed by fish and other marine organisms
(Wang et al., 2020a). The urgency to find solutions for marine
plastic pollution is exacerbated by the projected rise in plastic
waste generation: in a business-as-usual scenario, the global
estimate of mismanaged plastic waste is expected to triple by
2060 (Lebreton and Andrady, 2019).

The United States’ role in the marine debris crisis is
significant. In 2016, the United States produced 42 million
metric tons (MMT) of plastic waste, more than any other
country in the world (Law et al, 2020). This ranking is not
driven merely by the United States’ relatively large population;
the United States’ per capita plastic waste generation, at 130
kilograms/year, is the highest rate among top plastic waste-
generating countries (Law et al., 2020). The wide availability of
waste management infrastructure in the United States has not
been enough to keep plastic waste from entering the
environment. The United States still mismanages 1.13 to 2.24
MMT of plastic waste each year (Law et al., 2020). It is the
second largest plastic waste exporter (Brooks et al., 2018) and the
third largest contributor of plastic to the coastal environment
(Law et al., 2020).

For the United States to seriously curb its contribution to
marine pollution, a comprehensive national strategy is needed.
Federal statutes enacted to date fall short. The Marine Plastic
Pollution Research and Control Act of 1987 prohibits vessels
from discharging plastics into jurisdictional waters of the United
States but does nothing to address on-land sources of debris. In
2020, Congress took another small step by passing the Save our
Seas 2.0 Act, but this statute is inadequate to the task. Instead of
reducing plastics at the source, the Act requires research on
plastic reuse in consumer products, microfiber pollution,
circular polymers, and derelict fishing gear sources and
recycling; authorizes funding for domestic clean-up and waste
management infrastructure; and encourages international
engagement. The Break Free from Plastic Pollution Act of
2021 is the strongest and most aggressive bill introduced to
Congress to date to address plastic pollution. Among many
directives, the bill places responsibility on producers to manage
products after consumer use, phases out single-use products,
standardizes labelling for recyclable and compostable products,
and limits plastic waste exports to other countries. Whether
Congress will pass the Break Free from Plastic Pollution Act into
law, however, remains uncertain.

Absent a national plastic reduction strategy, the
implementation of reduction policies in the United States has
been, and must continue to be, driven by state and local
governments. In this paper, we examine how scientific
understanding of the geographic sources of marine debris has
evolved and argue that local policies must evolve in response.
Marine debris is commonly thought to be a coastal problem, and
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local policies to reduce single-use plastics (i.e., straws, takeout
containers, and bags) have been concentrated in coastal areas
(The Surfrider Foundation, 2021). However, inland cities have a
pivotal role to play in combatting the marine debris crisis by
reducing their own contributions of debris to inland waters.
Recognizing this critical function, we provide a framework for
inland cities to prevent plastic pollution - through effective
“upstream” and “downstream” solutions — along with the lessons
learned from introducing these strategies in Durham,
North Carolina.

Geographic sources of marine
debris: (In)land and sea

Riverine plastics

Scientists” understanding of the sources of marine debris has
changed since plastic contamination in the ocean was first
discovered in the 1970s (Carpenter et al., 1972; Carpenter and
Smith, 1972). In early studies, marine plastics were attributed to
ocean-based sources, such as shipping vessels (Scott, 1972; Colton
et al,, 1974; Horsman, 1982), or to discrete wastewater discharges
from plastics manufacturing plants (Colton et al., 1974; Kartar et al,,
1976). Starting in the late 1980s, the scientific consensus shifted to
recognize that most marine debris originates from diffuse, on-land
sources, primarily urban runoff and stormwater discharges (Bean,
1987; Gregory, 1991; Faris and Hart, 1994; Nollkaemper, 1994;
UNESCO, 1994). Accordingly, focus shifted from ocean-based
sources to quantifying and addressing waste mismanagement in
coastal communities (Ribic et al, 2010; Jambeck et al, 2015).
Jambeck et al. (2015) estimated 8.7 MMT of plastic debris enter
the oceans every year from communities within 50 kilometers of
the coast.

In the last decade, studies have documented that marine
debris can originate farther inland than previous estimates
acknowledged, uncovering the role that inland communities
play in contributing to, and thus preventing, marine debris.
Rivers carry debris to the ocean from inland areas (Lechner et al.,
2014; Morritt et al., 2014; Rech et al., 2014; van Emmerik et al,,
2019; Duncan et al., 2020), and rivers draining relatively more
urbanized watersheds contain higher concentrations of micro-
and macro-plastics (Browne et al., 2011; Yonkos et al., 2014;
Baldwin et al., 2016; Birch et al., 2020). This is not only because
urban areas generate more plastic pollution, but also because
plastics are more mobile in urbanized watersheds due to the
effectiveness of impervious surfaces and stormwater
conveyances at transporting littered plastics (Baldwin
et al., 2016).

Scientists are just beginning to understand the magnitude of
marine debris contributions from inland areas, but they are finding
the contributions are significant. Lebreton et al. (2017) estimated
that 1.15 to 2.41 MMT of plastic waste enter the ocean every year
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from inland areas (>50 km upstream) via river transport. Another
study on riverine plastic exports generated similar results,
estimating that 0.47 to 2.75 MMT of plastic are deposited in the
ocean from rivers every year (Schmidt et al., 2017).

Mismanaged plastic exports

River discharges are not the only way that inland cities
contribute to marine debris. Plastic waste exports can also
become marine debris when mismanaged by the importing
country. Beginning in the 1990s, municipal recycling programs
profited from exporting plastic waste, as it became costly to
process and recycle the low-quality, mixed waste in the United
States. From 1988 to 2016, the United States exported 26.7 MMT
of plastic waste (Brooks et al., 2018). In 2016 alone, 1.99 MMT of
plastic collected by United States’ recycling programs were
exported (Law et al., 2020). Most of this exported plastic went
to countries that mismanage at least 20% of their waste,
primarily China. However, since China’s National Sword
policy went into effect in 2018, banning most plastic waste
imports, the recycling market has been severely disrupted.
Some municipal recycling programs in the United States
shuttered; others redirected their waste exports to countries in
Southeast Asia that also have high rates of waste
mismanagement, including Thailand, Malaysia, and Vietnam
(Jambeck et al., 2015; Law et al., 2020; Wang et al., 2020b). Thus,
it is reasonable to assume that a portion of the United States’
plastic exports end up as marine debris.

10.3389/fmars.2022.983256

A framework for inland cities to
reduce marine debris

A comprehensive solution to the marine debris crisis
requires inland cities to reduce their contributions of plastic
debris to the environment. However, developing
recommendations for local governments presents unique
challenges compared to developing a national strategy. Local
governments operate under different legal regimes since their
powers are granted by the state, and limits on local government
authority narrow the policy toolkit. Local governments also have
varying access to waste management infrastructure. For
example, only 59.5% of the United States’ population has
access to curbside recycling services (Sustainable Packaging
Coalition, 2020-2021). Access to municipal composting to
process compostable plastics is rare. Only 7% of the 1,000
largest United States’ cities have a municipal curbside
composting program that accepts both food waste and
compostable packaging (GreenBlue, 2020).

Despite these challenges, we have identified a set of unifying
principles for local action and policy. This framework
encourages inland cities to 1) collect data prior to policy
development, 2) develop policies that reduce waste at the
source, and 3) use stormwater controls to capture mismanaged
waste (Figure 1). Since 2016, the authors of this perspective have
been working with the City of Durham, North Carolina to
implement this framework. Durham is a mid-sized
(population: 283,506), inland city located 125 miles from the

Plastic Lifecycle

Common Tools for
Local Government
Intervention

FIGURE 1

Optimal Tools for
Local Government

Intervention

Litter Surveys, Waste
Characterization Studies,
Business Surveys

y

Bans, Fees, Taxes, Opt-in
Policies, Procurement Policies
7 WQSs and TMDLs, Stormwater

B Trash Capture Devices

The plastics lifecycle shown with the common and optimal policy tools to reduce plastic pollution at the local level.
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coast. Durham drains to the Atlantic Ocean through the Neuse
River Basin (HUC 030202) and the Cape Fear River Basin (HUC
030300). While our policy work remains in progress as of this
writing, our framework and lessons learned are valuable to city
officials, resource managers, and community partners in other

inland cities.

Collect data to inform policies

One benefit of addressing marine debris at the local level is
that policies can be tailored to the needs of an individual
community. However, for a policy to be responsive to those
needs, data-collection must be done upfront to identify
frequently mismanaged plastics and stakeholder concerns. In
Durham, we conducted litter surveys, reviewed waste
characterization studies, and surveyed local businesses prior to
shaping a proposal to require businesses to charge a fee for
single-use bags, no matter their material, at the point-of-sale.
This proposal was informed by the prevalence of plastic bags and
films in Durham’s waste and litter streams and widespread
support from local businesses for a bag-fee policy.

Litter surveys and waste characterization studies reveal the
types and quantities of plastic items that dominate the waste
stream and frequently escape to the environment. This
information can inform which plastic items a policy should
target and provide baseline data for measuring the policy’s
effectiveness following implementation. In Durham, for
example, we documented the number and types of litter in 13
stretches of urban stream, two parks, and along roads of one
neighborhood. We categorized over 7,000 pieces of litter and
found that plastic film was the most common litter type (39% of
litter by number). Municipalities can also conduct a waste
characterization study, which identifies the types and amounts
of trash the community generates to inform reduction policies
and goals. According to Durham’s 2015 Waste Characterization
Study, ~7% of landfilled waste by weight is non-rigid plastic film,
the largest category among plastic waste types.

While litter surveys and waste characterization studies identify
the plastic item(s) a policy should target, surveying businesses
informs what interventions would be practical for businesses to
implement. Prior to developing our proposal, we surveyed local
businesses (supermarkets, restaurants, convenience stores, retailers,
etc.) on their attitudes about plastic reduction strategies and found
that 85% of the 60 responding business supported or were neutral
towards a plastic bag fee (Don’t Waste Durham, 2021). We also
found that businesses were concerned with the cost of alternatives,
confirming the need for a policy that would not require businesses
to purchase expensive alternatives. Distributing surveys in person
provided the opportunity to engage with business owners and
managers, who sometimes shared perspectives that went beyond
the survey questions. These conversations highlighted the need for
city-driven education and outreach to accompany any policy, and
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for the city to provide free reusable alternatives to low-wealth
community members.

Reduce waste at the source

For inland cities, the problems with plastic consumption and
pollution extend beyond the downstream effects of marine
debris. Limited landfill space, the siting of landfills in low-
wealth communities of color (Norton et al., 2007), the costs to
clean up litter (Stickel et al., 2013), microplastics in drinking
water (Pivokonsky et al, 2018), and contamination of the
municipal recycling stream may all be reasons why an inland
city government would act. Indeed, all local governments in the
United States implement some laws and programs to reduce
mismanaged plastics. For example, all 50 states have some form
of litter law to discourage litter through fines and penalties
(NCSL, 2022). Many local governments provide curbside
garbage collection and remove litter along roadways through
street sweeping and storm drain cleaning. Local governments
also partner with non-profits, such as Keep America Beautiful
affiliates and Riverkeepers, to support volunteer cleanups.
However, these common interventions manage plastics only at
the end-of-life. To maximize the co-benefits of a marine debris
policy, we recommend that inland cities shift their policies and
programs to intervene as early in the plastic lifecycle as possible
by prioritizing reduction at the source (Figure 1). Source
reductions should prioritize items that dominate the litter and
waste streams.

Reducing plastic use and waste generation has shown to
reduce mismanaged plastic waste in models (Jambeck et al,
2015; Lebreton and Andrady, 2019) and in practice. Bans, fees,
and taxes have been successful in reducing single-use plastic
consumption and mismanagement. Following taxes on single-
use bags in Chicago, Illinois (Homonoff et al, 2018) and
Montgomery County, Maryland (Homonoff, 2018), fewer
customers used single-use bags, more customers used reusable
bags or no bag at all, and customers who still used disposable
bags used fewer. Diana et al. (2022) found that bans and fees
reduced plastic bag consumption by an average of 66% across 27
jurisdictions all over the world. These reductions have translated
into less bag waste and fewer bags littered in the environment
(Schnurr et al., 2018).

Plastic bag reduction policies are one of the most common
local policy tools (Wagner, 2017), likely due to the prevalence of
bags and the many problems specific to mismanaged bags.
Littered plastic bags are eye-catching and mobile, and easily
snag on trees and storm drains. Plastic bags also jam equipment
at sorting facilities for recyclables and can be costly to clear from
machinery. In Durham, our immediate proposal targets single-
use bags only. However, a comprehensive reduction strategy
would target all plastics that commonly end up as marine debris,
such as utensils, straws, beverage bottles, and take-out containers
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(Ocean Conservancy, 2021). The reduction policy toolkit
available to local governments is provided in Table 1.
Importantly, some municipalities will be limited in what they can
do by their state constitutions. In other states, local governments are
preempted from regulating plastics (Bell and Todoran, 2022). In
such cases, local governments can encourage businesses to
voluntarily reduce plastics by recognizing their efforts through a
certification or other market-based incentive program. They may
also prohibit using municipal funds to buy single-use plastics.

Plastic reduction strategies should be designed to minimize
burdens on disadvantaged community members. Low-income
households are disproportionately affected by fees and taxes
because they spend a larger proportion of their income on food
and basic expenses (Johnson, 1999). One way to make fee-policies
more equitable is to exempt low-income residents, defined by those
who participate in supplemental assistance programs, such as SNAP,
WIC, or Medicaid. Another strategy is to distribute and recirculate
free reusable items. Local Durham nonprofit and our client, Don’t
Waste Durham, runs two programs, Boomerang Bags and
GreenToGo, that provide and recirculate reusable bags and takeout
containers through select retailers. In Durham, we proposed using
the revenue from a bag fee policy to support and expand this type of
reuse infrastructure to provide low-wealth residents with easily
accessible, free alternatives to single-use plastics.

Use stormwater controls to capture leaks

Even with a comprehensive reduction strategy, plastics will
escape to the environment. While common strategies

10.3389/fmars.2022.983256

implemented by local governments target plastics at the end of
life, these strategies largely ignore stormwater- and river-
transported plastics, major inland sources of marine debris.
However, all local governments have the authority to manage
these sources under the federal Clean Water Act. Under this
authority, which requires urban areas to obtain pollution control
permits for discharges from their Municipal Separate Storm
Sewer Systems (MS4), local governments can require trash
capture devices such as curb inlet covers, catch basin screens,
and in-stream booms to reduce the amount of trash discharged
via stormwater. In addition, governments can require businesses
whose waste is collected by the MS4 to improve their on-site
solid waste management practices (Sechley and Nowlin, 2017).

Trash capture devices, especially those installed at the
stormwater inlet, can contribute to flooding during heavy
storms if not properly maintained. As such, cities must invest
in the necessary infrastructure (staff capacity, vacuum trucks,
etc.) to ensure devices are regularly cleared. Since our initial 2018
proposal to the City of Durham to amend Durham’s Stormwater
Management Program Plan to address litter, the City of Durham
has begun a pilot study to determine the effectiveness of catch
basin collection devices. The city has partnered with a local non-
profit, the Ellerbe Creek Watershed Association, to monitor and
clean the devices. This type of partnership can lessen the time
burden to municipal stormwater offices and may be vitally
important to ensure that trash capture devices are well-
maintained. In such an arrangement, non-profits will incur
additional expenses and should be compensated. In sum, the
costs and efforts associated with waste removal underscore the
importance of reduction at the source.

TABLE 1 Policy options available to local governments aimed at reducing plastics at the source.

Policy tool Commonly Description Considerations
targeted plastics
Bans Bags, Straws, Stirrers, Polystyrene Prohibits retailers from providing single-  As has been shown for single-use bags (Taylor and Villas-

Foodware use item(s).

Fees and Taxes
Containers

retained by the retailer, by the
government, or shared.

Opt-in or “Available Only  Takeout Utensils, Straws,
Upon Request” Policies Stirrers, Condiment Packets

Procurement Policies Potentially All Single-use
Plastics, including Bags,

Foodware, Bottled Beverages, etc.

Frontiers in Marine Science

Bags, Bottled Beverages, Takeout Requires retailers to charge a small fee

Retailer provides item(s) only if a
customer specifically requests the item(s).  saving businesses money. They require additional employee

Boas, 2016; Taylor, 2019; Macintosh et al., 2020), increased
consumption of other single-use items can occur unless
there is a ban or fee on the alternatives.

The design of the charge is important for determining its

($0.05-$0.25) for the item(s). Fees may be classification as a fee or a tax. For some municipalities,

imposing a tax is unlawful without explicit state
government approval. If the charge is remitted to the city,
it can be classified as a fee if designated to a fund for
related purposes, such as waste management, litter clean-
ups, or providing reusable items to residents.

Opt-in policies reduce unnecessary plastic waste while

training and consumer education to implement.

Prohibits the use of government funds to  Significant consideration should be given to replacement
purchase single-use item(s).

items to ensure that one environmental harm is not being
replaced with another. If replacing plastic with
compostable or disposable alternatives, the city must have
the appropriate composting or recycling infrastructure to
properly manage the waste.
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Conclusions

Inland cities contribute significantly to marine debris
through river discharges and mismanaged plastic exports.
Until an effective national plastic reduction strategy is
implemented, local level action is an essential component of a
response to the marine debris crisis. The framework presented in
this article encourages inland city officials, resource managers,
and community partners to 1) collect data prior to policy
development, 2) develop policies that reduce waste at the
source, and 3) use stormwater controls to capture mismanaged
waste. Stakeholder involvement and equity must be a central
focus of any plastic reduction strategy to lessen the burden on
and respond to the needs of those most affected, especially local
businesses and low-wealth residents. Implementing this
framework in inland cities across the United States will reduce
the problems with marine debris downstream and the problems
with plastic waste at home, such as contaminated drinking water,
contaminated recycling, landfill space, and litter.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Author contributions

NL wrote the first draft of the manuscript. MN revised the
manuscript several times. Both authors contributed to the
conception of the framework and the supporting research. All
authors contributed to the article and approved the
submitted version.

References

Baldwin, A. K, Corsi, S. R,, and Mason, S. A. (2016). Plastic debris in 29 great
lakes tributaries: Relations to watershed attributes and hydrology. Environ. Sci.
Technol. 50 (19), 10377-10385. doi: 10.1021/acs.est.6b02917

Bean, M. J. (1987). Legal strategies for reducing persistent plastics in the marine
environment. Mar. Pollut. Bull. 18 (6), 357-360. doi: 10.1016/S0025-326X(87)
80026-7

Bell, L., and Todoran, G. S. (2022). Plastic bag legislation in the united states:
influential factors on its creation. J. Environ. Stud. Sci. 12 (2), 260-271.
doi: 10.1007/s13412-021-00736-8

Birch, Q. T., Potter, P. M., Pinto, P. X,, Dionysiou, D. D., and Al-Abed, S. R.
(2020). Sources, transport, measurement and impact of nano and microplastics in
urban watersheds. Rev. Environ. Sci. Biotechnol. 19 (2), 275-336. doi: 10.1007/
$11157-020-09529-x

Brooks, A. L., Wang, S., and Jambeck, J. R. (2018). The Chinese import ban and
its impact on global plastic waste trade. Sci. Adv. 4 (6), eaat0131. doi: 10.1126/
sciadv.aat0131

Frontiers in Marine Science

06

10.3389/fmars.2022.983256

Acknowledgments

The authors gratefully acknowledge the many students and
interns in the Duke Environmental Law and Policy Clinic that have
supported the policy efforts that feed into this framework. We also
thank our Clinic’s client, Don’t Waste Durham, and its founder and
CEO, Crystal Dreisbach, for their efforts in implementing waste
reduction strategies in Durham, North Carolina.

Conflict of interest

The Duke Environmental Law and Policy Clinic is an academic,
experiential-learning program offered by Duke Law School and
open to law students as well as professional degree students from
Duke’s Nicholas School of the Environment. The Clinic is funded
by the Law School. The Clinic teaches the practice of environmental
law and policy through formal representation of non-profit clients
that seek assistance addressing environmental problems in their
respective communities. Under supervision of Clinic faculty,
students interact directly with these clients, conduct legal,
scientific and policy research on their behalf, provide guidance,
and represent their interests in legal, regulatory, and policy settings
as appropriate. All services are provided on a pro bono basis. Our
article arises from work we and our students have conducted on
behalf of Clinic client Don’t Waste Durham. Our perspective and
distillation of best practices is based on this experience.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Browne, M. A, Crump, P, Niven, S. ], Teuten, E., Tonkin, A., Galloway, T., et al.
(2011). Accumulation of microplastic on shorelines woldwide: Sources and sinks.
Environ. Sci. Technol. 45 (21), 9175-9179. doi: 10.1021/es201811s

Carpenter, E. J., Anderson, S. J., Harvey, G. R,, Miklas, H. P, and Peck, B. B.
(1972). Polystyrene spherules in coastal waters. Science 178 (4062), 749-750.
doi: 10.1126/science.178.4062.749

Carpenter, E. J., and Smith, K. L. (1972). Plastics on the Sargasso Sea surface.
Science 175 (4027), 1240-1241. doi: 10.1126/science.175.4027.1240

Chamas, A., Moon, H., Zheng, J., Qiu, Y., Tabassum, T., Jang, J. H., et al. (2020).
Degradation rates of plastics in the environment. ACS Sustain. Chem. Eng. 8 (9),
3494-3511. doi: 10.1021/acssuschemeng.9b06635

Colton, J. B., Knapp, F. D., and Burns, B. R. (1974). Plastic particles in surface waters of
the northwestern Atlantic. Science 185 (4150), 491-497. doi: 10.1126/science.185.4150.491

Derraik, J. G. B. (2002). The pollution of the marine environment by plastic
debris: a review. Mar. Pollut. Bull. 44 (9), 842-852. doi: 10.1016/50025-326X(02)
00220-5

frontiersin.org


https://doi.org/10.1021/acs.est.6b02917
https://doi.org/10.1016/S0025-326X(87)80026-7
https://doi.org/10.1016/S0025-326X(87)80026-7
https://doi.org/10.1007/s13412-021-00736-8
https://doi.org/10.1007/s11157-020-09529-x
https://doi.org/10.1007/s11157-020-09529-x
https://doi.org/10.1126/sciadv.aat0131
https://doi.org/10.1126/sciadv.aat0131
https://doi.org/10.1021/es201811s
https://doi.org/10.1126/science.178.4062.749
https://doi.org/10.1126/science.175.4027.1240
https://doi.org/10.1021/acssuschemeng.9b06635
https://doi.org/10.1126/science.185.4150.491
https://doi.org/10.1016/S0025-326X(02)00220-5
https://doi.org/10.1016/S0025-326X(02)00220-5
https://doi.org/10.3389/fmars.2022.983256
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Lauer and Nowlin

Diana, Z., Vegh, T., Karasik, R., Bering, J., D. Llano Caldas, J., Pickle, A., et al.
(2022). The evolving global plastics policy landscape: An inventory and
effectiveness review. Environ. Sci. Policy 134, 34-45. doi: 10.1016/
j.envsci.2022.03.028

Don’t Waste Durham (2021) The cost of single-use plastic bags in Durham, north
Carolina. Available at: http://www.dontwastedurham.org/plastic-waste-
prevention-policy (Accessed August 26, 2022).

Duncan, E. M., Davies, A., Brooks, A., Chowdhury, G. W., Godley, B. J.,
Jambeck, J., et al. (2020). Message in a bottle: Open source technology to track
the movement of plastic pollution. PloS One 15 (12):1-19. doi: 10.1371/
journal.pone.0242459

Engler, R. E. (2012). The complex interaction between marine debris and toxic
chemicals in the ocean. Env. Sci. Technol. 46 (22), 12302-12315. doi: 10.1021/
€s3027105

Faris, J., and Hart, K. (1994). “Seas of debris: a summary of the third international
conference on marine debris”. Alaska Fisheries Science Center, Seattle, WA, United States.

Gall, S. C., and Thompson, R. C. (2015). The impact of debris on marine life.
Mar. pollut. Bull. 92 (1), 170-179. doi: 10.1016/j.marpolbul.2014.12.041

GreenBlue (2020) Mapping composting infrastructure and supporting legislation.
Available at: https://greenblue.org/work/compostingmaps/ (Accessed June 29,
2022).

Gregory, M. R. (1991). The hazards of persistent marine pollution: drift plastics
and conservation islands. J. R. Soc N. Z. 21 (2), 83-100. doi: 10.1080/
03036758.1991.10431398

Homonoff, T. A. (2018). Can small incentives have large effects? the impact of
taxes versus bonuses on disposable bag use. Am. Econ. J. Econ. Policy 10 (4), 177-
210. doi: 10.1257/pol.20150261

Homonoff, T., Kao, L., Palmer, D., and Seybolt, C. (2018). Skipping the bag.
assessing the impact of chicago’s tax on disposable bags (University of Chicago-
Energy and Environment Lab).

Horsman, P. V. (1982). The amount of garbage pollution from merchant ships.
Mar. pollut. Bull. 13 (5), 167-169. doi: 10.1016/0025-326X(82)90088-1

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A.,
et al. (2015). Plastic waste inputs from land into the ocean. Science 347 (6223), 768-
771. doi: 10.1126/science.1260352

Johnson, S. M. (1999). Economics v. equity: do market-based environmental
reforms exacerbate environmental injustice. Wash. Lee. L. Rev. 56, 111.

Kartar, S., Abou-Seedo, F., and Sainsbury, M. (1976). Polystyrene spherules in
the Severn estuary — a progress report. Mar. Pollut. Bull. 7, 52. doi: 10.1016/0025-
326X(76)90092-8

Law, K. L,, Starr, N, Siegler, T. R., Jambeck, J. R., Mallos, N. J., and Leonard, G.
H. (2020). The united states’ contribution of plastic waste to land and ocean. Sci.
Adv. 6 (44), 1-7. doi: 10.1126/sciadv.abd0288

Lebreton, L., and Andrady, A. (2019). Future scenarios of global plastic waste
generation and disposal. Palgrave. Commun. 5 (1), 6. doi: 10.1057/s41599-018-0212-7

Lebreton, L., van der Zwet, J., Damsteeg, ].-W., Slat, B., Andrady, A., and Reisser,
J. (2017). River plastic emissions to the world’s oceans. Nat. Commun. 8 (1), 1-10.
doi: 10.1038/ncomms15611

Lechner, A., Keckeis, H., Lumesberger-Loisl, F., Zens, B., Krusch, R., Tritthart,
M, et al. (2014). The Danube so colourful: a potpourri of plastic litter outnumbers
fish larvae in europe’s second largest river. Environ. Pollut. 188 (100), 177-181.
doi: 10.1016/j.envpol.2014.02.006

Macintosh, A., Simpson, A., Neeman, T., and Dickson, K. (2020). Plastic bag
bans: Lessons from the Australian capital territory. Resour. Conserv. Recy. 154,
104638. doi: 10.1016/j.resconrec.2019.104638

Morritt, D., Stefanoudis, P. V., Pearce, D., Crimmen, O. A, and Clark, P. F.
(2014). Plastic in the Thames: A river runs through it. Mar. Pollut. Bull. 78 (1),
196-200. doi: 10.1016/j.marpolbul.2013.10.035

NCSL (2022) States with littering penalties. Available at: https://www.ncsl.org/
research/environment-and-natural-resources/states-with-littering-penalties.aspx
(Accessed June 29, 2022).

Frontiers in Marine Science

07

10.3389/fmars.2022.983256

Nollkaemper, A. (1994). Land-based discharges of marine debris: From local to
global regulation. Mar. Pollut. Bull. 28 (11), 649-652. doi: 10.1016/0025-326X(94)
90299-2

Norton, J. M., Wing, S., Lipscomb, H. J., Kaufman, J. S., Marshall, S. W., and
Cravey, A. J. (2007). Race, wealth, and solid waste facilities in north Carolina.
Environ. Health Perspect. 115 (9), 1344-1350. doi: 10.1289/ehp.10161

Ocean Conservancy (2021). International coastal cleanup.

Pivokonsky, M., Cermakova, L., Novotna, K., Peer, P., Cajthaml, T., and Janda,
V. (2018). Occurrence of microplastics in raw and treated drinking water. Sci.
Total. Environ. 643, 1644-1651. doi: 10.1016/j.scitotenv.2018.08.102

Rech, S., Macaya-Caquilpan, V., Pantoja, J. F., Rivadeneira, M. M., Jofre
Madariaga, D., and Thiel, M. (2014). Rivers as a source of marine litter-a study
from the SE pacific. Mar. Pollut. Bull. 82 (1-2), 66-75. doi: 10.1016/
j.marpolbul.2014.03.019

Ribic, C. A, Sheavly, S. B,, Rugg, D. ], and Erdmann, E. S. (2010). Trends and
drivers of marine debris on the Atlantic coast of the united states 1997-2007. Mar.
pollut. Bull. 60 (8), 1231-1242. doi: 10.1016/j.marpolbul.2010.03.021

Schmidt, C., Krauth, T., and Wagner, S. (2017). Export of plastic debris by rivers
into the Sea. Environ. Sci. Technol. 51 (21), 12246-12253. doi: 10.1021/
acs.est.7b02368

Schnurr, R. E. J,, Alboiu, V., Chaudhary, M., Corbett, R. A., Quanz, M. E,,
Sankar, K., et al. (2018). Reducing marine pollution from single-use plastics (SUPs):
A review. Mar. Pollut. Bull. 137, 157-171. doi: 10.1016/j.marpolbul.2018.10.001

Schuyler, Q. A., Wilcox, C., Townsend, K., Hardesty, B. D., and Marshall, N. J.
(2014). Mistaken identity? visual similarities of marine debris to natural prey items
of sea turtles. BMC Ecol. 14 (1), 14. doi: 10.1186/1472-6785-14-14

Scott, P. G. (1972). Plastics packaging and coastal pollution. Int. J. Environ. Stud.
3 (1-4), 35-36. doi: 10.1080/00207237208709489

Sechley, T., and Nowlin, M. (2017). An innovative, collaborative approach to
addressing the sources of marine debris in north Carolina. Duke. Envtl. L. Pol’y. F.
28, 243.

Stickel, B., Jahn, A., and Kier, B. (2013). Waste in our water: The annual cost to
California communities of reducing litter that pollutes our waterways (San Rafael,
CA: Kier Associates).

Sustainable Packaging Coalition (2020-2021). Centralized study on availability
of recycling.

Taylor, R. L. C. (2019). Bag leakage: The effect of disposable carryout bag
regulations on unregulated bags. J. Environ. Econ. Manage. 93, 254-271.
doi: 10.1016/j.jeem.2019.01.001

Taylor, R. L., and Villas-Boas, S. B. (2016). Bans vs. fees: Disposable carryout bag
policies and bag usage. Appl. Econ. Perspect. Policy 38 (2), 351-372. doi: 10.1093/
aepp/ppv025

The Surfrider Foundation (2021). “The surfrider foundation’s U.S. plastics policy
map.

UNESCO (1994). “Marine debris: Solid waste management action plan for the
wider caribbean”. UNESCO, France.

van Emmerik, T., Tramoy, R., van Calcar, C., Alligant, S., Treilles, R., Tassin, B.,
et al. (2019). Seine plastic debris transport tenfolded during increased river
discharge. Front. Mar. Sci. 6. doi: 10.3389/fmars.2019.00642

Wagner, T. P. (2017). Reducing single-use plastic shopping bags in the USA.
Waste. Manage. 70, 3-12. doi: 10.1016/j.wasman.2017.09.003

Wang, Y.-L., Lee, Y.-H., Chiu, L-J., Lin, Y.-F., and Chiu, H.-W. (2020a). Potent
impact of plastic nanomaterials and micromaterials on the food chain and human
health. Int. J. Mol. Sci. 21 (5), 1-14. doi: 10.3390/ijms21051727

Wang, C.,, Zhao, L., Lim, M. K, Chen, W.-Q., and Sutherland, J. W. (2020b).
Structure of the global plastic waste trade network and the impact of china’s import
ban. Resour. Conserv. Recycl. 153, 104591. doi: 10.1016/j.resconrec.2019.104591

Yonkos, L. T., Friedel, E. A., Perez-Reyes, A. C., Ghosal, S., and Arthur, C. D.

(2014). Microplastics in four estuarine rivers in the Chesapeake bay, U.S.A.
Environ. Sci. Technol. 48 (24), 14195-14202. doi: 10.1021/es5036317

frontiersin.org


https://doi.org/10.1016/j.envsci.2022.03.028
https://doi.org/10.1016/j.envsci.2022.03.028
http://www.dontwastedurham.org/plastic-waste-prevention-policy
http://www.dontwastedurham.org/plastic-waste-prevention-policy
https://doi.org/10.1371/journal.pone.0242459
https://doi.org/10.1371/journal.pone.0242459
https://doi.org/10.1021/es3027105
https://doi.org/10.1021/es3027105
https://doi.org/10.1016/j.marpolbul.2014.12.041
https://greenblue.org/work/compostingmaps/
https://doi.org/10.1080/03036758.1991.10431398
https://doi.org/10.1080/03036758.1991.10431398
https://doi.org/10.1257/pol.20150261
https://doi.org/10.1016/0025-326X(82)90088-1
https://doi.org/10.1126/science.1260352
https://doi.org/10.1016/0025-326X(76)90092-8
https://doi.org/10.1016/0025-326X(76)90092-8
https://doi.org/10.1126/sciadv.abd0288
https://doi.org/10.1057/s41599-018-0212-7
https://doi.org/10.1038/ncomms15611
https://doi.org/10.1016/j.envpol.2014.02.006
https://doi.org/10.1016/j.resconrec.2019.104638
https://doi.org/10.1016/j.marpolbul.2013.10.035
https://www.ncsl.org/research/environment-and-natural-resources/states-with-littering-penalties.aspx
https://www.ncsl.org/research/environment-and-natural-resources/states-with-littering-penalties.aspx
https://doi.org/10.1016/0025-326X(94)90299-2
https://doi.org/10.1016/0025-326X(94)90299-2
https://doi.org/10.1289/ehp.10161
https://doi.org/10.1016/j.scitotenv.2018.08.102
https://doi.org/10.1016/j.marpolbul.2014.03.019
https://doi.org/10.1016/j.marpolbul.2014.03.019
https://doi.org/10.1016/j.marpolbul.2010.03.021
https://doi.org/10.1021/acs.est.7b02368
https://doi.org/10.1021/acs.est.7b02368
https://doi.org/10.1016/j.marpolbul.2018.10.001
https://doi.org/10.1186/1472-6785-14-14
https://doi.org/10.1080/00207237208709489
https://doi.org/10.1016/j.jeem.2019.01.001
https://doi.org/10.1093/aepp/ppv025
https://doi.org/10.1093/aepp/ppv025
https://doi.org/10.3389/fmars.2019.00642
https://doi.org/10.1016/j.wasman.2017.09.003
https://doi.org/10.3390/ijms21051727
https://doi.org/10.1016/j.resconrec.2019.104591
https://doi.org/10.1021/es5036317
https://doi.org/10.3389/fmars.2022.983256
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	A framework for inland cities to prevent marine debris: A case study from Durham, North Carolina
	Introduction
	Geographic sources of marine debris: (In)land and sea
	Riverine plastics
	Mismanaged plastic exports

	A framework for inland cities to reduce marine debris
	Collect data to inform policies
	Reduce waste at the source
	Use stormwater controls to capture leaks

	Conclusions
	Data availability statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


