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A B S T R A C T

Single-use plastics, or SUPs (plastic bags, microbeads, cutlery, straws and polystyrene) are substantial sources of
plastic marine pollution, yet preventable via legislative and non-legislative interventions. Various international
legislative strategies have been reported to address plastic marine pollution from plastic bags and microbeads,
but these have since been accompanied by recent increasing public awareness triggered by international
agencies and organizations. The Sixth International Marine Debris Conference highlighted increasing inter-
vention strategies to mitigate SUP pollution. This study presents new multi-jurisdictional legislative interven-
tions to reduce SUPs since 2017 and incorporates emergence of new non-legislative interventions to mitigate
other types of SUPs at individual and private-sector levels that complement or influence legislative interventions.
Further, effectiveness of SUP bag interventions (e.g., bans vs. levies) to help reduce SUP marine pollution are
presented and range between 33 and 96% reduction in bag use.

1. Introduction

The marine environment has become sinks for vast quantities of
anthropogenic marine debris (Kershaw et al., 2011). The most abun-
dant and widespread source of marine debris is plastics, accounting for
60–95% of marine litter (Walker et al., 1997, 2006; Derraik, 2002).
Jambeck et al. (2015) estimated 8million metric tonnes (Mt) of mis-
managed plastic waste entered the oceans in 2010. Over 300 million
Mt. are produced annually, but 50% are discarded after a single-use
(Geyer et al., 2017). Single-use plastics (SUPs) can include plastic bags,
microbeads, cutlery, straws and polystyrene (including cups and food
containers) which are substantial sources of marine pollution (Xanthos
and Walker, 2017). Plastic is highly durable, potentially taking cen-
turies to degrade, and is considered hazardous due to release and
sorption of contaminants (e.g., endocrine disruptors and persistent or-
ganic pollutants) (Teuten et al., 2007; Rochman et al., 2013; Napper
et al., 2015; Wang et al., 2016). Although plastic marine pollution was
reported decades ago, it has only recently been recognized as a per-
vasive global issue (Andrady, 2011; Eriksen et al., 2013, 2014; Jambeck
et al., 2015; Walker, 2018a).
Plastic marine pollution comprises both macro- (> 5mm) and mi-

croplastics (0.1 μm to<5mm) (Thompson et al., 2004). Macroplastics
enter marine environments via rivers, dumping or poor waste man-
agement, harming wildlife from entanglement, ingestion or habitat
destruction (Barnes et al., 2009; Vegter et al., 2014). Microplastics

include primary microplastics (e.g., microbeads) and secondary mi-
croplastics (e.g., small plastic fragments derived from degraded mac-
roplastics, such as plastic bottles) (Pettipas et al., 2016). Although
microbeads were first created by Dr. John Ugelstad in the 1960s, they
were not widely used in as exfoliants in personal care products and in
cosmetics until the 1990s (Environment Canada, 2015). Microbeads are
also used in cleaning products, printer toners, industrial products such
as abrasive media (e.g., plastic blasting, textile printing and automotive
molding) and medical applications (Pettipas et al., 2016). Microplastics
are the most abundant plastic in the ocean and approximately 8 trillion
microbeads are released into wastewater daily, making them difficult to
remove from aquatic environments (Cole et al., 2011; Rochman et al.,
2015a, 2015b). Microplastics accumulate in ocean gyres and have been
found in remote aquatic and marine environments (Baldwin et al.,
2016; Hurley et al., 2018). Rochman et al. (2015a) suggested micro-
plastics pose a greater threat than macroplastics due to their ingestion
by marine organisms, such as filter-feeding bivalves (Mathalon and Hill,
2014).
Microplastics could also cause human health impacts due to con-

sumption of microplastic contaminated foods, with potential effects
mainly associated with toxicity of chemicals that are sorbed from the
environment or additives that are used in the plastic materials them-
selves (UNEP, 2015; GESAMP, 2016; Karbalaei et al., 2018). Marine
plastic pollution has justifiably become an important global issue for
citizens, governments, academics, and non-governmental organizations
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(NGOs) (Seltenrich, 2015). Economic and aesthetic impacts of marine
plastic debris are vast and the global estimate of damage to marine
ecosystems caused by plastic amounts to at least USD $13 billion an-
nually from lost tourism revenues due to adverse impacts on recrea-
tional activities and navigation (Raynaud, 2014; Borrelle et al., 2017).
In the Asia-Pacific region alone plastic debris costs tourism, fishing and
shipping industries roughly USD $1.3 billion annually and in Europe,
removal of plastic debris from coastlines costs approximately €630
million each year (UNEP, 2018a).
In 2011, the Fifth International Marine Debris Conference (5IMDC),

developed the Honolulu Strategy, an international framework to reduce
marine plastic pollution (UNEP and NOAA, 2015; Pettipas et al., 2016;
Walker, 2018a). Strategies from the Honolulu Strategy include market-
based instruments (e.g., levies on plastic bags) for waste minimization
or implementing policies, regulations, and legislation to reduce marine
debris (e.g., imposing outright bans on various SUPs) (Xanthos and
Walker, 2017). Since the Honolulu Strategy, UNEP (with support from
42 governments), declared a fight against plastics, announcing their
global CleanSeas campaign on February 23, 2017 to eliminate major
sources of marine debris by 2022 (UNEP, 2017a, 2017b). On January
16, 2018 the European Commission (EC) adopted the first-ever Europe-
wide strategy on plastics, transitioning towards a more circular
economy (EC, 2018a, 2018b; Liu et al., 2018). All plastic packaging in
the European Union (EU) must be reusable or recyclable by 2030, and
use of SUPs including straws, cutlery and microplastics will be re-
stricted (EC, 2018a, 2018b).
Following China's ban on importing recycled film plastics, inter-

ventions have intensified across developed countries (Walker, 2018b).
Many countries and jurisdictions have already successfully im-
plemented bans of SUP bags (Xanthos and Walker, 2017). Some recent
studies on the efficacy of bans or levies of SUP bags have been en-
couraging. For example, the 2002 levy (€0.15) in Ireland resulted in an
immediate reduction (~90%) in SUP bag use. Similarly, in Wales, SUP
bag consumption declined by 71% between 2011 and 2014 (when a five
pence levy was introduced in October 2011), which was corroborated
in 2012 by the Welsh Government, who suggested that SUP carrier bag
use in Wales had reduced 96% since the levy was introduced (Welsh
Government, 2016). However, few countries have data available re-
lated to the effectiveness of bans, mainly because many have been
implemented only recently. According to UNEP (2018a), in countries
that do have data, about 30% have reported dramatic reductions in SUP
bag use within the first year. Bans, partial bans, and fees have been
implemented across local jurisdictions (e.g., North America), but na-
tional approaches have also been undertaken (e.g., across Europe).
Some national bans on microbeads have been implemented. For ex-
ample, the Canadian government classified microbeads as a toxin under
the Canadian Environmental Protection Act and banned single-use toile-
tries and cosmetics containing microbeads from stores in July 2018
(Walker and Xanthos, 2018).
National interventions to ban other SUPs (e.g., plastic straws, cut-

lery, bottles and polystyrene) are gaining momentum, and are being led
by Costa Rica, Taiwan, Belize and India (Surfrider Foundation, 2016;
Independent, 2017a; World Economic Forum, 2017; Lonely Planet,
2018; Taiwan News, 2018; Waste Dive, 2018; UNEP, 2018a). However,
most plastic straw and cutlery bans are being implemented across local
jurisdictions, with US states such as California and Florida leading
jurisdictional legislative initiatives. Non-legislative efforts also raise
awareness about marine pollution and help persuade governments to
take legislative action. International and national marine debris mon-
itoring by The International Coastal Cleanup (ICC, 2018), NOAA Marine
Debris Program (NOAA, 2018), and the Great Canadian Shoreline
cleanup (GCSC, 2018), categorize debris items to help inform policy
related to SUP interventions (Pettipas et al., 2016). Campaigns such as
“Straw Wars”, which started in Soho, London in 2012, was one of the
first anti-straw initiatives comprising a growing coalition of voluntary
commitments to ban or reduce straws at food and beverage outlets (The

Guardian, 2012). For example, the most common items collected during
international coastal cleanups comprise of SUPs and include, cigarette
butts, plastic beverage bottles, plastic bottle caps, food wrappers,
plastic grocery bags, plastic lids, straws and stirrers, and foam take-
away containers (ICC, 2017). These international SUP debris categories
are consistent with those from individual countries, such as Canada
(Pettipas et al., 2016).
To date, few studies have examined global interventions related to

reducing SUPs in the marine environment. A review by Xanthos and
Walker (2017) documented international policies to reduce plastic bags
and microbeads, but other international interventions have increased
dramatically along with emergence of non-legislative interventions to
mitigate other SUPs.
There are multiple strategies to reduce SUP entering our terrestrial,

aquatic and marine environments. These will all need to work in
combination together to achieve positive impact and will have to be
modified depending on demographics and location (see UNEP, 2018a).
For the purposes of this study it is assumed that all SUP strategies, ei-
ther directly or indirectly, will help reduce marine pollution. The Sixth
International Marine Debris Conference (6IMDC) in San Diego, Cali-
fornia, in cooperation with NOAA and the United Nations Environment
Programme (UNEP), provided a forum to discuss current research to
reduce marine plastic pollution, including emergence of legislative and
non-legislative interventions to mitigate SUPs (Walker, 2018a). This
study: (i) highlights new legislative and non-legislative interventions
since 2017; (ii) describes other SUP interventions (e.g., straws, plastic
cutlery, polystyrene and cups); and (iii) describes effectiveness of legal
frameworks to help reduce marine pollution.

2. Methods

Current international market-based interventions for banning,
adding taxes, fees or levies on SUPs, not previously described in the
academic literature, were reviewed. A systematic literature review of
peer-reviewed journals, news articles, government, and NGO websites
was conducted using ProQuest, ScienceDirect, Web of Science and
Google Scholar. Information was also gathered from 6IMDC delegates,
to assess current policies. Search terms included: “microbeads”, “plastic
bags”, “single-use plastic(s)”, “plastic straws”, “national policies”,
“legislation”, “bans” or “taxes”, among others. Searches were also
conducted using social media by following 5 Gyres (https://www.
5gyres.org/), UN Environment Clean Seas (http://www.cleanseas.org/
), Surfrider Foundation (https://www.surfrider.org/), Ocean Wise
(https://ocean.org/), and other media. Legislative or non-legislative
interventions were cross referenced and corroborated using more than
one primary source (e.g., online news articles), and referenced herein.
Methods used by Xanthos and Walker (2017) for plastic bag legis-

lation at multi-jurisdictional levels were followed. New and updated
interventions for plastic bags and microbeads since the first review (to
March 31, 2018), along with other new SUP interventions are pre-
sented. These include some limited non-legislative interventions, to
highlight efforts made by stakeholders (e.g., NGOs and private sector)
which are described in this study to help reduce marine plastic pollu-
tion. Effectiveness of plastic bag interventions were assessed and re-
commendations to support policies on global SUP reduction and areas
for future research were identified. Although this study did not docu-
ment interventions after March 31, 2018, it is recognized there has been
a proliferation of new announcements, many of which can be found in
UNEP (2018a).

3. Results and discussion

3.1. Government bans of SUP items

3.1.1. Plastic bag interventions
Interventions began in the 1990s but have since evolved and
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Table 1
Updates of global plastic bag interventions since Xanthos and Walker (2017) (see Supplementary material Table 1 and Supplementary material Fig. 1).

Country (jurisdiction) Date of ban (Date of
commencement)

Policy framework

Asia
Israel 2017 Banned distribution of lightweight plastic bags <20 μm and charges for bags between 20 and 50 μm in all

supermarkets (The Jerusalem Post, 2017; UNEP, 2018a, 2018b).
Maldives (Bodufolhudhoo) 2016 Bodufolhudhoo island banned SUP bags (Guesthouses Maldives, 2015).
Malaysia 2017 Ban on non-biodegradable plastic bags effective September 1, 2017 (Clean Malaysia, 2017).
Nepal 2016 Nationwide ban on production, sale and distribution of plastic bags < 30 μm from July 16, 2016 (The

Himalayan Times, 2016).
Sri Lanka 2017 Banned use and manufacture of SUP bags < 20 μm from September 2017 (UNEP, 2017c).
Turkey 2019 Ban on free plastic bags beginning 2019 (Mondaq, 2018).

Africa
Cabo Verde 2017 Banned marketing and use of plastic bags. Fines worth 100,000 to 800,000 CVE ($1100–9000 USD)

(PRCM, 2017).
Cameroon 2014 Ban on use of non-biodegradable plastics bags < 60 μm (Face2Face Africa, 2014).
Congo 2011 Banned production, import, sale and use of plastic bags (Reuters, 2011).
Gambia 2015 Nationwide ban on import and use of plastic bags (The Point, 2015).
Kenya 2017 Environment ministry banned use, manufacture and import of plastic bags for commercial and household

packaging (EcoWatch, 2017).
Mauritius 2016 Ban on import, manufacture, sale, or supply of plastic bags (Republic of Mauritius, 2016).
Mozambique 2016 Ban on free plastic bags (AllAfrica, 2016).
Senegal 2016 Ban on production, import, possession and distribution of plastic bags <30 μm (Dakar Eats, 2016).
Sudan (Khartoum) 2018 Council of Ministers of Khartoum banned plastic bags <60 μm (AllAfrica, 2017).
Tunisia 2017 SUP bags banned in supermarkets from March 1, 2017 (The Arab Weekly, 2017).

Oceania
Australia (Queensland) 2018 SUP bags < 30 μm banned from July 1, 2018 (The Guardian, 2017).
Australia (West Australia) 2018 West Australian stores prohibited to serve SUP bags to shoppers from July 2018 (ABC News, 2017a).
Australia (Victoria) 2018 SUP bags banned in supermarkets (SBS News, 2017).

Europe
Belgium 2007 Federal environmental tax on SUP bags. Charge of €3/kg for distribution of plastic bags used by retailers.
(Brussels) 2017 (2018) Ban on use of SUP bags in supermarkets. Ban extended to all retailers in 2018 (FF-Packaging, 2018).
(Walloon) 2017 Ban on use of SUP. Exemption for thin produce bags used for moist food (EC, 2013).
Bulgaria 2012 Tax for bags < 25 μm in October 2012 (Novinite, 2015). Tax can be raised in subsequent years (Duboise,

2012).
Cyprus 2018 Free plastic bags banned effective January 1, 2018. Retailers have until July 1 to comply before facing

penalties if they do not charge customers at least €0.05 ($0.06 USD) per bag (Chrysostomou, 2018).
Croatia 2019 Minister of Environmental Protection and Energy will introduce fees for lightweight plastic bags at retail

outlets (Total Croatia News, 2017).
Czech Republic 2011 Free distribution of plastic bags banned, but up to retailers how much they charge (EC, 2013). Mandatory

fees expanded from supermarkets to other retailers in 2018 (Adamowski, 2016).
Estonia 2017 (2019) Ministry of the Environment banned free lightweight plastic bags in stores effective July 2017. Will raise

fee of heavier plastic bags to €1 beginning 2019 (ERR, 2016).
France 2017 Supermarkets prohibited from using plastic bags <50 μm (Euronews, 2016).
Greece 2018 Supermarkets and retail stores prohibited from distributing free plastic bags (Ekathimerini, 2017).

Government introduced tax of €0.04 ($0.05 USD) per bag, rising to €0.07 ($0.09 USD) in 2019 (Keep
Talking Greece, 2018).

Latvia 2019 Free plastic bags banned effective January 1, 2019 (Baltic News Network, 2018).
Lithuania 2018 Law on the Management of Packaging and Packaging Waste, will prohibit free distribution of lightweight

plastic bags, 15–50 μm at retail stores effective December 31, 2018 (Ministry of Environment of the
Republic of Lithuania, 2016).

Malta 2005 Charges for bags since 2005. Biodegradable bags not taxed. Taxes for degradable bags €0.14 (0.17 USD)
and plastic €0.16 (0.19 USD) (EC, 2013).

Portugal 2015 National tax of €0.10 ($0.12 USD) per plastic bag implemented in February 2015 (Martinho et al., 2017).
Romania 2017 (2018 and 2019) Thin plastic bags (15–50 μm) with handles will be banned from importation on July 1, 2018 and

distribution by retailers on January 1, 2019 (The Romania Journal, 2017; Lazar, 2018).
Slovakia 2017 (2018) By January 1, 2018, retailers must charge for plastic bags < 50 μm (Bieliková and Roštárová, 2017).
Spain 2017 (2018)* Some regions (Andalucia in 2011 and Catalonia in 2017) have prohibited free plastic bags (Duboise, 2010;

The Waste agency of Catalonia, 2017). A national plastic bag fee for 2018, and bag ban <50 μm due in
2020, have been postponed due to lack of support (ThinkSPAIN, 2017; Gerrard, 2018).

Sweden 2016 Environmental Protection Agency increased fee for plastic bags to 5 SEK ($0.59 US), compared to previous
fee of 1.5–2 SEK ($0.17–0.23 USD) (Radio Sweden, 2016).

North America
Canada (Northwest Territories) 2011 Consumers pay $0.05 CAD for each SUP bag, which funds the Territory's Environment Fund waste

reduction and recovery programs (Government of Northwest Territories, n.d.).
Canada (Montreal) 2016 (2018) Ban on free bags effective on January 1, 2018, but retailers have a grace period until June 5, 2018 after

which they will subject to penalties (Serebrin, 2017).
Mexico (Municipal) 2018 Queretaro is the first municipality to ban plastic bags, effective April 1, 2018 (Mexico News Daily, 2017).

In 2009, Mexico City attempted to ban non-biodegradable plastic bags, but failed due to opposition from
manufacturers (Baverstock, 2018).

US (American Samoa) 2011 Ban on free plastic bags (American Samoa Environmental Protection Agency, 2011).
US (New York City) 2016* Though NYC passed a law to impose a levy on plastic bags in 2016, the law was overturned by the State

Governor in February 2017 who promised to convene a task force to develop a statewide plan to address
plastic bags (McKinley, 2017).

(continued on next page)
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expanded. Table 1 and Supplementary material Fig. 1 shows new and
updated legislative interventions (e.g., increased taxes, tax to a ban
changes, or sub-national to national intervention changes) since
Xanthos and Walker (2017). Numbers in parentheses indicate numbers
of legislative interventions since 2017: Asia (7), Africa (10), Oceania
(3), Europe (16), North America (9) and South America (5). While
Xanthos and Walker (2017) included some non-legislative interventions
(e.g., implemented by retailers) (see Supplementary material Table 1),
Table 1 lists legislative interventions by federal, regional, or municipal
governments. Options for legislative interventions vary globally
(Fig. 1). For example, some countries like Canada do not have a na-
tional strategy, but have mixed strategies across several municipalities
(e.g., ban on free bags in Montreal) (Serebrin, 2017). Brazil also lacks a
national strategy, but has a ban on bags in Sao Paulo (The Global Grid,
2015). Others, like England and Scotland have national levies to reduce
SUP bags (Xanthos and Walker, 2017). Government taxes (or “eco-
taxes”) used for waste diversion and environmental programs are im-
posed at national or subnational levels, because municipalities often

lack authority to impose them (Duboise, 2012; Government of
Northwest Territories, n.d.). Portugal, for instance, predicted large
revenues from plastic bag taxes, but was lower than anticipated due to
changes in consumer behaviour (Martinho et al., 2017). Fees and levies
on plastic bags are commonly used by municipalities, although many
customers oppose retailers profiting from charges (McKinley, 2017).
With earlier bans, retailers would absorb costs, so customers were

not incentivized to change behaviour, meaning that bag charges were
not passed on to customers or were insufficient to trigger a change in
behaviour. However, the EU (2015) directive sought to prevent this
consumer apathy or ‘rebound effect’ and trigger behavioural change by
mandating that plastic bags would not be offered freely after December
2018. Some interventions have been criticized for creating confusion
with consumers and retailers alike, as there are no global standard
weight or dimensions for banned, taxed, or levied plastic bags, although
many governments around the world, including the EU consider light-
plastic bags to be<50 μm (The Jerusalem Post, 2017; Knoblauch et al.,
2018; UNEP, 2018a). For example, ultra-light plastic bags< 15 μm, are

Table 1 (continued)

Country (jurisdiction) Date of ban (Date of
commencement)

Policy framework

US (Chicago) 2017 Tax of $0.07 USD per plastic and paper bag at stores (ABC eyewitness news, 2016).
US (States) In 2016, California became first State to ban SUP bags, the same law imposed a $0.10 USD fee on paper

and reusable bags (California Senate Bill 270, 2014). In 2017, Nevada introduced a bill (still under review)
to allow for a fee/ban to be imposed on specific types of plastic bags (Nevada Legislature, 2018).

US (Municipal) Multiple years Municipalities in many states have implemented bans/fees for SUP bags, including Alaska, Arizona,
Colorado, Florida, Hawaii, Illinois, Iowa, Maine, Maryland, Massachusetts, New Mexico, North Carolina,
Oregon, Texas, Utah, and Washington State (Bagtheban.com, 2017; National Conference of State
Legislatures, 2017; Baglaws.com, n.d.). Seven municipalities in Texas have bans, but are threatened by a
proposed state law to rescind all bag bans (Cobler, 2018).

South America
Argentina (Mendoza) 2012 The province of Mendoza joined Buenos Aires in a ban on plastic bags (Larsen and Venkova, 2014).
Aruba 2017 The Dutch Caribbean Islands parliament approved ban on SUP bags, effective January 1, 2017 (Parliament

Aruba, 2017).
Brazil (Sao Paulo) 2015 Ban on distribution of plastic bags in supermarkets (The Global Grid, 2015).
Chile 2017 (2018) Sale of SUP bags banned in 102 coastal villages and towns (Eco Watch, 2017).
Colombia 2017 Ban on SUP bags < 30 cm and fee of 1 US cent of other SUP bags (UNEP, 2017d).

Fig. 1. Current global plastic bag interventions showing national tax/levy strategies (solid green); national bans (solid red); national mixed strategies (solid blue);
lower jurisdictional bans (red dots); lower jurisdictional mixed strategies (blue dots); and lower jurisdictional tax/levy strategies (green dots). Created with
mapchart.net ©. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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often exempt from bans for food safety (Clean Up Australia, 2015;
Bieliková and Roštárová, 2017), and some African and Asian countries
impose more expansive bans that include all non-biodegradable bags
(Clean Malaysia, 2017; Face2Face Africa, 2014).

3.1.1.1. Rescinded plastic bag interventions. Although global momentum
has moved towards introducing strategies to curb SUP bag use,
implementation is challenging. For example, when plastic bags were
first taxed/levied in the EU, Italy was the first country to impose a
national ban in 2011 (EC, 2013). However, Italy failed to notify the EU,
which needed to approve it prior to imposing fines, before enacting the
ban (The Telegraph, 2013). Plastics industry organizations also
challenged the ban, claiming it was in breach of EU Packaging and
Packaging Waste Directives. Bags were not outlawed by the EU, so
could not be banned by a member state (Packaging News, 2011). Most
issues were subsequently resolved with the EU's 2015 Waste Directive
(EU, 2015) which will impose a levy on consumers for disposable
plastic bags with a thickness between 15 μm and 50 μm. For example,
the levy in Spain was intended to be introduced in March 2018 but was
postponed following disagreements over implementing EU legislation

into Spanish law. However, a total ban of lightweight and very
lightweight non-compostable plastic carrier bags in Spain is supposed
to come into effect in 2020 (Gerrard, 2018; UNEP, 2018a).
In North America, many municipalities that introduced interven-

tions have faced national or industry association opposition. In 2008,
Toronto implemented a $0.05 CAD levy on plastic bags to promote
waste diversion (Toronto, 2013). In 2012, citing unpopularity of the
levy, there was a motion to remove it. A vote of 24–20 by members of
Toronto city council mandated a ban on plastic bags, and was im-
plemented on January 1, 2013 (CBC, 2012a). However, two industry
organizations, the Ontario Convenience Stores Association (OCSA) and
the Canadian Plastic Bag Association, challenged the ban in court (CBC,
2012b). After receiving legal advice, council voted 38–7 in November
2012 to rescind the ban. Following the vote, municipal staff consulted
with the public and stakeholders on options including reintroducing a
fee, a plastic bag ban, or public education. Concerns included costs for
residents, retailers and manufacturers, as well as consumer incon-
venience. An OCSA survey in 2012 showed that almost half of Toronto
convenience store shoppers would limit purchases and change buying
habits due to a bag ban. Another concern posed by retailers was

Table 2
Updates of global microbead policy interventions since Xanthos and Walker (2017) (see Supplementary material Table 2).

Country (Jurisdiction) Date of ban (Date of
commencement)

Policy framework

Asia
Taiwan 2017 (July 2018) Ban of cosmetic products containing microbeads by July 2018. Fines will be introduced to

companies producing, importing (NT $60,000 to $300,000 [$2050 to $10,250 USD]) or
selling goods (NT $1200 to $6000 [$40 to $200 USD]) containing microbeads (The Straits
Times, 2017).

Europe
France 2017 (January 1, 2018) Ban on all solid plastic particles in rinse-off exfoliants and cleaning cosmetics by 2018.

Plastic cotton buds will also be banned starting January 2020 (Organic Market, 2017).
Italy 2017 (2020) Ban on microbeads in cosmetics by 2020 and plastic cotton buds by 2019. New bioplastics

plant in Italy expected to replace microbeads in cosmetics (Upton, 2017).
Netherlands 2014 (January 2017) Banned microbeads by end of 2016 (Plastic Soup Foundation, 2014; O'Sullivan, 2017).
Sweden 2017 (July 2018) Announced microbead ban in 2017, effective July 1, 2018, Applies to cosmetic products.

Natural polymers are excluded. A phase out period for stock purchased before July 2018,
can be sold until January 2019 (Chemical Watch, 2018a).

United Kingdom 2016 (January 2018) Microbead ban effective January 2018 prohibits manufacture of products containing
microbeads. Ban on sale of microbead products will be effective July 2018 (BBC News,
2018b; Carrington, 2018). Scotland and Wales ban manufacture and sale of products
containing microbeads, commencing June 9, 2018 and June 30, 2018, respectively
(Chemical Watch, 2018b, 2018c).

North America
Canada (National) 2016 (January/July 2018) Health Canada banned manufacturing and importing of toiletries containing microbeads

on January 1, 2018, except for natural health products or non-prescription drugs contain
microbeads, which will be banned on July 1, 2018 (Puzic, 2017).

United States (National) 2015 (July 2017– July 2019) In December 2015, the Microbead-Free Waters Act of 2015 was passed in the US Congress,
and manufacturing of microbeads in cosmetics was implemented July 1, 2017, with a ban
to stop delivery of cosmetics containing microbeads by July 1, 2018. Manufacturing of
non-prescription drugs containing microbeads will be phased out by July 1, 2018, with a
ban on July 1, 2019 (US Food and Drug Administration, 2017). Several state legislature
bills were passed to ban microbeads between 2017 and 2019.

Oceania
New Zealand 2017 (July 1, 2018) Announced ban on sale of personal care products containing microbeads after May 2018

(New Zealand Ministry of the Environment, 2017).
Other actions
Asia
Bangladesh February 2018 Government calling for a microbead ban because of plastic pollution in the Bay of Bengal

(The Daily Star, 2018).
India 2017 The Bureau of Indian Standards classified microbeads as “unsafe” and seeking a complete

ban on microbeads (The Indian Express, 2017).
Europe
Austria, Belgium, Finland, Luxembourg,
Netherlands, Norway (Multinational)

2017 Through the Council of the European Union (EU) these countries have issued a second
joint call to ban microbeads (Pfeifer, 2018).

Ireland 2017 (2018) Both Labour and Green parties are calling for legislation to be passed, pressing the
government to honour their commitment to ban microbeads. A ban is expected to be
introduced by end of 2018 (Pollak, 2018).

Oceania
Australia 2016 (July 1, 2018) Australia endorsed a voluntary phaseout in industry by July 1, 2018. If 100% voluntary

phase-out is not achieved, government action will begin. By mid-February 2018, 80% of
industries had removed microbeads (Chemical Watch, 2018d).
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businesses near the city boundary could lose business if shoppers travel
beyond city boundaries where SUP bags are freely available for their
purchases. Although the bag fee reduced plastic bag use by 50%, bags in
the waste stream increased by 25% after rescinding the ban (Toronto,
2013).
In 2016, New York City Council voted to implement a $0.05 USD fee

on plastic bags (Gay, 2016). In 2017, this law was blocked by the New
York State Government. A task force was established to determine a
statewide solution for plastic bags. Reasons for rescinding the law in-
cluded merchants being allowed to keep fees and disproportionately
affecting low-income consumers (McKinley, 2017). In February 2018,
legislation was proposed to impose a statewide ban on plastic bags and
a fee on paper bags. Plastic food carryout bags and meat/produce
(ultra-light) bags would still be allowed. Customers on public assistance
or receiving food stamps would be exempt from paper bag fees. The bill
has not yet been scheduled for a vote (NY Daily News, 2018).

3.1.1.2. Preemptive plastic bag interventions. Though many jurisdictions
are adopting plastic bag reductions, many US states have preemptively
enacted laws to ban plastic-related legislation from being implemented
in their jurisdictions. For example, state legislatures in Arizona, Florida,
Idaho, Indiana, Iowa, Michigan, Minnesota and Missouri have passed
preemptive bans that severely limit cities or counties from enacting
their own plastic bag bans/taxes (Plastic News, 2018). In 2015, Arizona
enacted Ariz. Sess. Laws, Chap. 271 (2015 SB 1241), preventing any
municipal government from regulating the sale, use, or characteristics
(quality/thickness) of SUPs. In 2016, Idaho enacted 2016 HB 372
preventing any entity other than the State government from regulating
the use, distribution or sale of plastic bags. In Missouri, the law 2015
HB 722 ensures that all merchants are allowed to provide either paper
or plastic bags, and prevents municipal governments from imposing a
fee, ban or tax on either paper or plastic bags (NCSL, 2017). Preemptive
bans are also under discussion for South Carolina with House Bill 3529
(Gleason, 2018). These preemptive bans make it difficult or impossible
for municipalities to decrease plastic waste through legislative action.

3.1.2. Microbead interventions
Since Xanthos and Walker (2017) first documented international

microbead bans (Supplementary material Table 2), the US and Canada
have passed and implemented microbead bans in 2017 and 2018, re-
spectively. Seven countries have enacted or are in the process of en-
acting microbead bans since 2017, with most coming in to effect in
2018 (Table 2, Fig. 2). Phase-out of plastic microbeads from consumer
products has been gaining global attention since 2014, demonstrating
an increase in anti-microbead activism, public concern, voluntary cor-
porate phase-outs, and government legislation (Dauvergne, 2018).
However, some EU countries have been slow to enact bans as they could
be in breach of EU Free Trade law (Chemical Watch, 2017). Several
countries worldwide are still discussing microbead bans (e.g., India).
Most bans have yet to address all uses of microbeads, such as those used
in cleaning products, printer toners, industrial abrasives (e.g., plastic
blasting, textile printing and automotive molding) and medical appli-
cations, instead solely focusing on microbeads in cosmetics (McGrath,
2018).

3.1.3. Plastic straws
Recent legislative initiatives to ban straws began at municipal or

regional levels, but are growing to include nationwide bans. The first
jurisdictional ban on occurred in April 2012 when Miami Beach, Florida
amended a litter ordinance to ban plastic straws from the beach
(Table 3) (Local 10, 2012). The movement has since grown in Florida to
include San Luis Obispo County, Marco Island Beach and Fort Myers
which have all introduced ordinances prohibiting businesses from dis-
tributing plastic straws (Island Sand Paper, 2018; KSBY, 2018; Naples
Daily News, 2018). The first major US city to ban straws is Seattle, WA,
effective July 1, 2018. The city-wide ordinance will require all

businesses selling food or drinks to switch to compostable or recyclable
straws (The Seattle Times, 2017). California was the first US state to
introduce a bill (AB1884) requiring restaurants only provide straws
upon request. This bill was signed on September 20, 2018 and will take
effect in 2019. Under this legislation, misdemeanor penalties are pun-
ishable by six months in jail and/or up to $1000 USD fine (Fortune,
2018).
The UK has also been a major player in banning straws at municipal

and county levels, an initiative that started with Ullapool being the first
town in Scotland to ban use of plastic straws in all cafés, bars, and
restaurants in December 2017 (iNews, 2018) (Table 3). This was fol-
lowed by the Scottish government introducing a ban on straws, effec-
tive in 2019, and Prime Minister Theresa May who introduced legis-
lation to eliminate all “avoidable” plastic waste, including straws, in the
UK by 2042 (GOV.UK, 2018). The national-level charge on straw bans is
being led by countries such as Costa Rica, Taiwan, Belize and India who
have banned SUPs including straws from stores and food and beverage
outlets (Independent, 2017a; World Economic Forum, 2017; Lonely
Planet, 2018; Taiwan News, 2018). As of 2019, Taiwan will stop pro-
viding straws for in-store use at fast food chains and restaurants. By
2025, the public will have to pay for takeaway plastic straws with a
blanket ban effective in 2030 (Waste Dive, 2018). A noteworthy ban on
straws comes from the EU, which introduced a Europe-wide strategy on
plastics on January 16, 2018 which requires SUP reduction by 2030
(EC, 2018a, 2018b).
Despite an explosion of efforts by some large global corporations,

including McDonald's and Starbucks, to ban straws from some of their
operations and local action to eliminate plastic straws, there has been
some ‘anti-anti-straw’ rhetoric. The ‘anti-anti-straw’ rhetoric opposes
these interventions for various reasons (e.g., people with disabilities or
pessimism over the relatively low perceived impact of plastic straws on
the marine environment, compared to other major contributors).
However, SUP straws have been described as a ‘gateway plastic’, which if
curbed, can help change the behaviour of consumers and retailers to
reduce other SUP items (Schnurr and Walker, 2018).

3.1.4. Plastic cutlery (including cups and plates)
Several countries and jurisdictions have strategies that include laws

to reduce plastic cutlery. France passed a law, effective in 2020, as a
part of Energy Transition for Green Growth to ensure that all SUPs
(including plastic cups, cutlery and plates) are compostable and bio-
degradable (Independent, 2016). Taiwan's overall ban on SUPs, effec-
tive in 2030, includes plastic cutlery. Consumers will have to pay extra
for all disposable cutlery and cups from 2025 ahead of a full ban on
single-use items five years later, according to the government's En-
vironmental Protection Administration (Channel Newsasia, 2018). The
Seychelles government banned the import, sale, and commercial use of
plastic cups, plates, and cutlery with fines for violators effective July 1,
2017 (Africa News, 2017). The National Green Tribunal prohibited
cutlery, bags, cups, and other forms of SUPs in the National Capital
Territory area of Delhi in India (Independent, 2017a). The ban was
introduced after complaints about illegal mass burning of plastic at
local rubbish dumps. In Australia, the city of Darebin in Victoria,
banned disposable food containers and cups at events held on council
property (ABC News, 2018). The Malibu City Council in California
banned SUP straws, stirrers, and cutlery in restaurants, effective June 1,
2018 (Los Angeles Times, 2018). Having helped trigger the ‘war on
plastic’ through the broadcast of Blue Planet II, the BBC announced its
own plans to scrap disposable plastic cups and cutlery across its op-
erations by 2020 to reduce use of two million plastic cups per year,
likely triggered by the “Blue Planet Effect” (BBC News, 2018c).

3.1.5. Polystyrene items (including cups and food containers)
National and jurisdictional (sub-national) bans on polystyrene are

rapidly gaining momentum. Haiti's federal government banned the
import, manufacturing, and marketing of plastic and polystyrene
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containers effective October 1, 2012 (The Christian Science Monitor,
2012). Belize also approved legislation to reduce polystyrene and other
SUPs (Lonely Planet, 2018). Polystyrene bans have been prevalent in
the US. Maine adopted a statewide ban on polystyrene in 1993. Cali-
fornia has over 65 ordinances across the state aimed at banning poly-
styrene, including Berkeley, Carmel, San Francisco, Malibu, and Los
Angeles (Surfrider Foundation, 2018). San Francisco banned poly-
styrene foam products, including shipping peanuts, plates, and cups,
effective July 1, 2016 (San Francisco Chronicle, 2016). Food businesses
in Washington, DC will no longer be able to use containers or other food
service products made of polystyrene. The ban passed by district
council in June 2014 took effect January 1, 2016 (Department of
Energy and Environment, Washington, DC, n.d.a). Florida has many
counties and municipalities with polystyrene bans, including Miami-
Dade County, where polystyrene products have been banned in all
county parks since July 1, 2017. The ordinance banned the sale or use
of food-service items made from polystyrene (CBS Miami, 2017).

3.2. Effectiveness of legal frameworks

Globally, different policies for plastic bag interventions have been
implemented to reduce SUPs by applying bans and tax/levy/charges
(Table 4). According to Romer and Tamminen (2014), while bans en-
courage customers to switch to reusable bags, charging has a greater
impact on overall reduction, because it incentivizes behavioural change
and forces customers to make conscious decisions to purchase plastic
bags. Similarly, Taylor and Villas-Boas (2016) analyzed whether dif-
ferences arose from plastic bag bans vs. fees. Their results indicated that
bans and fees both significantly reduce disposable plastic bag use and
increase reusable and paper bag use. Bans were only more effective if
stores offered inexpensive reusable bags and charged more for dis-
posable paper bags (Taylor and Villas-Boas, 2016).
How plastic bag policies are framed also influences effectiveness on

consumers. Homonoff (2015) found that framing the policy as a $0.05
“tax”, resulted in a> 40% reduction of disposable bag use in the Wa-
shington Metropolitan Area, whereas framing it as a $0.05 “bonus” only
slightly decreased disposable bag use. Similarly, Muralidharan and
Sheehan (2017) found that framing the policy as a plastic bag “tax” was

more effective than “fee” for less environmentally conscious shoppers,
but shoppers with high environmentally awareness responded equally
to both “tax” and “fee”.
In Wales, the introduction of levies (charges) saw the use of reusable

bags increase from 62% to 82% following implementation (Poortinga
et al., 2013). Environmental psychological research highlights effec-
tiveness of taxes should be verified by effectiveness and acceptability of
taxes (Steg and Vlek, 2009). In some countries (e.g., Ireland, Israel,
England, and Scotland) bans and levies have brought tremendous re-
ductions in plastic bag use (Rosenthal, 2008; UK Department for
Environment Food and Rural Affairs, 2015; UNEP, 2018a, 2018b). In
China, the National Development and Reform Commission claimed it
saved 4.8 million tonnes of oil and reduced consumption of 800,000 t of
plastic in four years following the plastic bag ban in 2009 (The China
Daily, 2012). While bans/levies have shown good initial results, sub-
sequent reductions in effectiveness have been reported. For example, in
Taiwan following introduction of the levy, plastic bag use dropped by
80% in the first year, but slightly increased in subsequent years
(Government of Hong Kong Environmental Protection Department,
2007).
Factors such as cost of living and level of education tend to influence

effectiveness plastic bag bans. Low to middle income families tend to
oppose bans more than high income families, since plastic bags are
provided free. People with higher education tend to consider plastic bag
bans more broadly and understand the value of bans. Other factors
include geographical location, interest of industry, and level of eco-
nomic development in the area. With these factors in mind, it can be
predicted whether an area will be able to effectively implement a
plastic bag ban (Li and Zhao, 2017).
In Japanese supermarkets, cashier voice prompts ask if customers

require a plastic bag which has resulted in anti-plastic bag use beha-
viour and has reduced plastic bag use (Ohtomo and Ohnuma, 2014).
This low-cost approach can be used to increase effectiveness of fees or
can be implemented where there are no bans or fees. In Australian
jurisdictions, plastic bags> 35 μm have been manufactured and in
some cases has led to counterproductive outcomes. For example, fol-
lowing a bag ban in the Northern Territory in 2011, use of thicker bags
increased. This also coincided with increased plastic bag littering. One

Fig. 2. Current global microbead policy interventions showing national bans (solid green); forthcoming national bans (diagonal green lines); national non-legislative
strategies (solid red). Created with mapchart.net ©. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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Table 3
Legislative bans on other SUPs including straws, cutlery and polystyrene.

Country (jurisdiction) Date of ban (Date of
commencement)

Policy framework

Asia
India (Delhi) January 2017 Delhi banned use of all SUPs, including straws (Independent, 2017a).
Taiwan February 13, 2018 (2030) As of 2019, food and beverage stores such as fast food chains must stop providing plastic straws for

in-store use. From 2020, free plastic straws will be banned from all food and beverage outlets, as
well as disposable food containers and utensils. From 2025, fees will be imposed for takeaway
plastic straws. A blanket ban will be imposed in 2030 (Taiwan News, 2018; Waste Dive, 2018).

Africa
Seychelles July 1, 2017 Banned importation, sale and commercial use of plastic cups, plates and cutlery with fines for non-

compliance (Africa News, 2017).

Oceania
Australia (City of Darebin, Victoria) February 26, 2018 (Phased over two

years)
Banned balloons, disposable food containers and cups at events on council property (ABC News,
2018).

Europe
BBC (London) (2020) Ban of plastic cups and cutlery by end of 2018, followed by plastic containers by 2019, likely

triggered by the “Blue Planet Effect” (BBC News, 2018c).
EU January 16, 2018 (2030) Adopted first-ever Europe-wide strategy on plastics, to transition towards a circular economy. All

plastic packaging on EU market must be reusable or recyclable by 2030, and consumption of SUPs
including straws and cutlery will be reduced (European Commission, 2018a, 2018b).

France September 17, 2016 (2020) Ban all plastic cups, cutlery and plates by 2020 replacing them with biodegradable alternatives
(Independent, 2016).

UK (Country Wide) (2042) Prime Minister Theresa May introduced legislation to eliminate all avoidable plastic waste by 2042
(GOV.UK, 2018).

UK (Cornwall) February 23, 2018 (2020) First county in Britain to ban plastic straws in a commitment to become SUP free by 2020
(Independent, 2017b; Cornwall Council, 2018).

UK (Glasgow) February 2018 Glasgow City Council will stop use and issue of plastic straws; upon request eco-friendly versions
will be issued. Will apply to cafes in museums, sports centres, offices, school and city chambers
(BBC News, 2018a).

UK (Scotland) (2019) Ban on plastic straws, effective end of 2019 (Independent, 2017c).
UK (Ullapool, Scotland) December 2017 First town in Scotland to ban use of plastic straws in all cafés, bars and restaurants (iNews, 2018).

North America
Belize (April 22, 2019) Belize pledged to ban SUP items effective April 22, 2019 to reduce plastic and polystyrene

pollution through phasing out of single-use bags and food utensils (Lonely Planet, 2018).
Costa Rica June 5, 2017 (2021) Costa Rican National Strategy to ban SUPs by 2021, including straws, bottles, cutlery and cups.

Offers incentives to businesses and research for alternatives to SUPs (World Economic Forum,
2017).

Haiti October 1, 2012 Banned importation, manufacturing and marketing of plastic and polystyrene containers (Surfrider
Foundation, 2018).

US (California) - Straws (Bill proposed) January 18, 2018 Proposed bill (AB1884) would make straws only available upon request at restaurants. Bill
includes misdemeanor penalties, punishable by six months in jail and/or up to $1000 fine
(Fortune, 2018).

US (California) - Polystyrene 1988 Over 65 ordinances across California have bans on polystyrene, which started in 1988 with
Berkeley and Manhattan Beach (Surfrider Foundation, 2018).

US (Carmel County, California) 1989; January 1, 2018, April 22,
2018

Carmel city council banned plastic straws and utensils from restaurants and food vendors. Starting
January 1, 2018, restaurants are required to provide beverage straws and disposable to-go utensils
only upon request. Starting April 22, 2018, restaurants and food vendors must use biodegradable,
compostable, or recyclable products (Monterey County Now, 2017). Carmel has banned
polystyrene since 1989 (Surfrider Foundation, 2018).

US (Encinitas, California) March 21, 2018 City council passed an ordinance on March 21, 2018 requiring restaurants to provide plastic straws
only upon request. Encinitas, has already banned polystyrene (The Coast News Group, 2017,
2018).

US (Malibu, California) 2005; February 12, 2018 (June 1,
2018)

City council passed an ordinance, effective June 1, 2018 to ban plastic utensils and straws (CBS Los
Angeles, 2018; KSBY, 2018). Polystyrene banned under Title 9.24 of Municipal Code in 2005
(Surfrider Foundation, 2018).

US (San Francisco, California) June 28, 2016 (January 1, 2017) Banned use of polystyrene in to-go food containers in 2007. Board of Supervisors unanimously
passed anti-polystyrene bill, effective January 1, 2017, banning polystyrene in retail sales for a
wide range of products including to-go coffee cups. Food-packaging products, like meat and fish
trays will also be phased out (San Francisco Chronicle, 2016).

US (San Luis Obispo County,
California)

March 1, 2018 Restaurants, bars and cafes will not provide single-use beverage straws to customers except upon
request. Under the Plastic Bottle Ordinance, single-use bottles cannot be purchased by the city or
sold at events on city property (KSBY, 2018).

US (Coral Gables, Florida) 2016 An ordinance effective in 2016 bans use of polystyrene by chain food stores, city vendors and at
special events (Surfrider Foundation, 2018).

US (Fort Myers, Florida) February 4, 2018 New ordinance banned beach businesses from distributing plastic straws in favour of sustainable
alternatives (Island Sand Paper, 2018).

US (Hollywood, Florida) 1996 An ordinance passed in 1996 banned use of all plastic single-use foodware at restaurants east of
Intercoastal Waterway (Surfrider Foundation, 2018).

US (Key Biscayne, Florida) 2014 An ordinance passed in 2014 prohibits polystyrene on beaches and in local parks as well as city
contractors and facilities from using polystyrene (Surfrider Foundation, 2018).

US (Marco Island Beach, Florida) March 5, 2018 City council voted unanimously to ban using and distributing plastic straws at businesses,
restaurants and other establishments where food or drink is served on the beach (Naples Daily
News, 2018).

(continued on next page)
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reason given for this is the plastic bag fee charged on thicker plastic
bags have been collected by retailers, instead of being collected as a
government levy which could be reinvested in education or marine
litter cleanups (The Guardian, 2018).
However, effectiveness of government interventions should con-

tinue to be monitored to help inform future policy decisions to reduce
plastic marine pollution. Empirical data generated from beach
cleanups, such as the ICC or GCSC, can help characterize marine debris
items pre- and post-bag bans/levies to elucidate if sources of debris
items are local or transboundary. Generally, plastic bag bans and levies
have resulted in marked reductions across many jurisdictions (Table 4).

3.3. Non-legislative interventions

Top-down legislative interventions (derived from governments) can
be effective in reducing plastic pollution (e.g., Table 4). However, lack
of global unity or consistency, in addition to transboundary impacts of
plastic marine pollution, means legislative interventions may not ef-
fectively eliminate plastic pollution (Dauvergne, 2018; Raubenheimer
and McIlgorm, 2018). The proliferation of non-legislative interventions
provides more opportunities for further reductions of land-based plastic
marine pollution. Non-legislative interventions (bottom-up ap-
proaches), are generally actions outside the realm of enacted

government legislation. They include individual citizen-level and mid-
level efforts from NGOs or private sector. Bottom-up approaches often
translate more efficiently to government action, whereas top-down
approaches are unlikely to result in tangible change. For example,
Precious Plastic is an organization capitalizing on crowd-funding and
open-sourcing knowledge to promote a plastics circular economy (in-
cluding upcycling and recycling). Likewise, a recent proliferation in
zero-waste grocery stores highlights business opportunities reflecting
consumer trends towards SUP reductions, with stores opening in major
cities around the world (Independent, 2018). Further, non-legislative
interventions can help contribute to legislative interventions, such as
the ‘#StopSucking’ campaign which led to a city-wide ban in Seattle, WA
(The Seattle Times, 2017).
Non-legislative interventions provide valuable and effective oppor-

tunities that contribute to reduced plastic marine pollution (Lovin
Malta, 2018; Schnurr and Walker, 2018). For example, the “#Stop-
Sucking” campaign from Strawless Ocean advocates for consumers to
refuse straws when buying beverages, eventually contributing to the
city-wide ban in Seattle (The Seattle Times, 2017; The Story of Stuff
Project, 2017). Several international companies have enacted their own
policies to reduce or eliminate plastics from their products. For ex-
ample, IKEA in 2007 started charging for thin plastic bags and reduced
the price of reusable bags in stores across the US, which resulted in a

Table 3 (continued)

Country (jurisdiction) Date of ban (Date of
commencement)

Policy framework

US (Miami Beach, Florida) April 2012 Miami Beach commissioners amended a litter ordinance to include a ban on plastic straws from the
beach. Hotels could face fines ranging from $50 to $500, similar to existing fines for littering (Local
10, 2012).

US (Miami-Dade County, Florida) July 1, 2017 An ordinance prohibits polystyrene use in all parks; including beaches, marinas, trails, and playing
fields. Non-compliance incurs a $50 fine (CBS Miami, 2017). This includes an ordinance effective
in 2014 prohibiting polystyrene at all stores, restaurants and beaches in Bal Harbor and an
ordinance in Bay Harbor Islands effective in 2015 prohibiting polystyrene in restaurants (Surfrider
Foundation, 2018).

US (Maine) 1993 Statewide ban adopted in 1993, bans use of polystyrene for individual portions of food or
beverages at facilities or functions of the State or political subdivision. Other municipalities in
Maine have individual bans including, Brunswick, Freeport, Portland, South Portland and
Topsham (Surfrider Foundation, 2018).

US (Amherst, Massachusetts) January 1, 2014 Town bylaw banned polystyrene at restaurants effective January 1, 2014 (Surfrider Foundation,
2018).

US (Brookline, Massachusetts) November 2012 (December 2013) City ordinance banned all types of polystyrene foodware at restaurants effective December 2013
(Surfrider Foundation, 2018).

US (Great Barrington, Massachusetts) 1990 Town ordinance banned polystyrene food or beverage containers at retailers (Surfrider
Foundation, 2018).

US (Somerville, Massachusetts) May 2014 City ordinance banned polystyrene containers and cups at takeout food establishments (Surfrider
Foundation, 2018).

US (Williamstown, Massachusetts) 2015 An ordinance prohibits retailers from selling, using and distributing polystyrene in packaging and
food containers, except for biodegradable, marine-degradable, compostable, reusable and
recyclable products (Surfrider Foundation, 2018).

US (Rahway, New Jersey) 1997 City ordinance bans retail food vendors from selling, giving or providing polystyrene utensils or
food containers to consumers (Surfrider Foundation, 2018).

US (Albany County, New York) May 2014 County legislators passed a polystyrene ban for chain restaurants with 15 or more locations
nationwide (Surfrider Foundation, 2018).

US (Glen Cove, New York) 1988 City ordinance bans all types of polystyrene foodware at restaurants (Surfrider Foundation, 2018).
US (New York, New York) 2015 New York City ordinance bans all types of polystyrene foodware and foam packaging peanuts

(Surfrider Foundation, 2018).
US (Portland, Oregon) 2008 Ordinance prohibits restaurants and retail food vendors from serving prepared food in polystyrene

products (Surfrider Foundation, 2018).
US (San Marcos, Texas) 2012 Ordinance prohibits any person to use, carry, dispose, or possess polystyrene products in any city

park or in/upon waters of San Marcos River (Surfrider Foundation, 2018).
US (Issaquah, Washington) 2009 City ordinance bans all types of polystyrene at food outlets (Surfrider Foundation, 2018).
US (San Juan County, Washington) 2010 City ordinance bans all types of polystyrene at food outlets (Surfrider Foundation, 2018).
US (Seattle, Washington) 2009; July 1, 2018 City wide ordinance effective July 1, 2018, to curb plastic waste. All businesses selling food or

drinks must not provide straws to customers and offer compostable or recyclable options (The
Seattle Times, 2017). Seattle also has an ordinance effective in 2009 banning polystyrene at
restaurants (Surfrider Foundation, 2018).

US (Washington DC) January 1, 2016 Legislation passed by DC council requires businesses and organizations serving food to stop using
polystyrene containers (Department of Energy and Environment, Washington, DC, n.d.a).

South America
Guyana May 2014 Government announced plans to ban polystyrene effective May 2014 (Surfrider Foundation, 2018).

R.E.J. Schnurr et al. Marine Pollution Bulletin 137 (2018) 157–171

165



92% reduction in use of plastic bags (EC, 2013). Unilever was one of the
first companies to eliminate microbeads from their products, com-
mencing in 2014 (The Guardian, 2013; Unilever, 2018). Since then, 448
brands from 199 different manufacturers have promised to remove
microplastics from products. Dozens of companies globally, such as
Envy U, Green Beaver Company, and Weleda, have committed to the
“Look for the Zero” statement to completely remove microplastics from
their products (Beat the Microbead, 2018). A Dutch supermarket,
Ekoplaza, recently opened the first “100% plastic free” aisle in one of
their grocery stores, with plans to expand this idea into all 74 of their
stores by end of 2018 (The New York Times, 2018).> 700 products
will be available in this aisle without any plastic packaging
(Independent, 2018). Countless small retailers are also aiming to sell
products with “zero waste”, such as The Tare Shop in Halifax, Nova
Scotia, Canada which is the first zero waste store in the province (CBC
News, 2018).
Although examples of non-legislative interventions are not ex-

haustive, common themes emerge. For example, the flexibility available
to non-legislative interventions allows for more efficient implementa-
tion to reduce plastic marine pollution. Often, these interventions also
have secondary financial outcomes (e.g., coffee discounts for reusable
cups) or positive corporate branding (e.g., eco-friendly consumer per-
ceptions from IKEA's bag policy). These initiatives are generally more
democratic, participatory, accessible, and transparent. When discussing
the recent national straw ban, the Taiwanese Environmental Protection
Administration Minister Lee Ying-yuan indicated that reduction in
plastic use is the responsibility of all citizens rather than just his agency
(Cheng, 2018). Therefore, effective non-legislative interventions can
help contribute to a holistic suite of approaches to reduce plastic marine

pollution.

3.4. Arguments against interventions

Arguments against plastic bag bans point to other uses for bags. For
example, without access to bags, it has been argued that Hepatitis A will
spread rapidly through the homeless community (iBankCoin, 2017; San
Diego Reader, 2017). Plastic bags are perceived as convenient for low
income families, and bans could disproportionately impact these fa-
milies (Lau, 2018). Other arguments against banning plastic bags are
that bans will not produce intended results, and may cause more en-
vironmental harm. For example, banning of thin plastic bags en-
courages companies to switch to thicker bags, which create more
greenhouse gas (GHG) emissions during production and therefore must
be used multiple times to offset emissions (Edwards and Fry, 2011;
Stephenson, 2018).
Paper bags have been suggested as alternatives to plastic bags, but

production of plastic bags consumes 40% less energy than paper bags
(National Geographic News, 2003). Paper bags are heavier than plastic
bags, generating more GHG emissions during transportation and may
produce atmospheric and effluent pollution during pulping (Hoffman
et al., 2015, 2017a, 2017b). Bans on plastic bags result in 35% increase
in paper bag use, which may lead to more environmental harm
(Stephenson, 2018). Arguments against reusable cloth bags include
higher GHG emissions in production compared to plastic bags (Edwards
and Fry, 2011). Reusable cloth bags also require washing to stay sani-
tary and avoid spreading Escherichia coli (The Telegraph, 2010). Other
arguments include an increase in shoplifting due to cloth bag use,
making it harder to tell if customers have paid for groceries (The Daily

Table 4
Effectiveness of international SUP bag reductions following bans or levies.

Country (Jurisdiction) Date of ban/levy Effectiveness (% reduction of bags or number of bags) Reference

Bans
US (LA County, California) 2010 94% reduction Department of Public Works, Los Angeles County (2012)
US (San Francisco, California) 2007 70% reduction in stormwater Romer and Tamminen (2014)
US (San Jose, California) 2011 62–89% reduction in stormwater van Leeuwen (2015)
Italy 2011 55% reduction in SUP bag achieved after five years of

implementation.
Legambiente ONLUS (2017)

US (California) 2008 13 billion bag reduction/year Romer and Tamminen (2014)
Australian Capital Territory 2011 (< 35 μm) 36% landfill volume reduction* ABC News (2017b)
Australia (Northern Territory) 2011 Increased litter from thicker bags. Revenue went to

retailers, not to government
The Guardian (2018)

Australia (South Australia) 2009 45% waste stream reduction Aspin (2012)

Levies
Ireland 2002 (0.33 Euro/

bag) T
94% reduction Rosenthal (2008)

England 2015 (0.05 GDP/
bag) C

85% reduction, equivalent to 6 billion bags during first
year

UK Department for Environment Food and Rural Affairs
(2015)

Israel 2017 ($0.03 USD/
bag) L

80% reduction UNEP (2018b)

Scotland 2014 (0.05 GDP/
bag) C

80% reduction in 2015 BBC News (2015)

Portugal 2015T 74% reduction, but 61% increase in reusable bags Martinho et al. (2017)
US (Washington DC) 2010F 72% reduction in plastic bags found on cleanup sites and

60% reduction in single use plastics
Department of Energy and Environment, Washington DC
(n.d.b), Alice Ferguson Foundation (2015)

Wales 2011 (0.05 GDP/
bag) L

71–96% reduction Welsh Government (2016)

Netherlands 2016 F 70% and 40% reduction in use and litter, respectively Government of Netherlands (2016, 2017)
Denmark 1994T 50% reduction Organisation for Economic Co-operation and Development

(2001)
Malta 2009T 50% reduction (~25 million bags, equivalent to 150 t)

after first two years
Hermann et al. (2011)

US (Montgomery County,
Maryland)

2012 ($0.05 USD/
bag) L

42% reduction Homonoff (2015)

Catalonia, Spain 2009L 40% reduction in 2010 EC (2013)
US (Richmond, California) 2014C 35% reduction Taylor and Villas-Boas (2016)
US (Chicago) 2017L 33% reduction NYU Wagner and Ideas42 (2017)

Note: T= Tax, goes in whole or in part to government; L= Levy and C=Charge, customer is required to pay for an item irrespective of where revenue is collected;
F= Fee, sometimes referred to as a charge in which money collected goes in whole or in part to government (Romer and Tamminen, 2014).
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Caller, 2013).
Africa has some of the strictest bag bans in the world, yet it is ar-

gued that these bans fail to address root causes of plastic pollution (The
New York Times, 2017). Sub-Saharan African countries struggle with
adequate waste management, resulting in the proliferation of informal
dumps. Limited resources should focus on improving waste collection
and disposal programs, rather than banning plastic bags (Bloomberg,
2017).

3.5. Legislative and non-legislative strategies driving behavioural change

Although results discuss non-legislative and legislative interventions
separately, these two realms of plastics interventions complement or
influence each other and can further contribute to reductions in marine
plastic pollution when working in tandem. This could arise from either
a non-legislative intervention that contributes to a legislative inter-
vention, for instance as was seen in the ‘#StopSucking’ campaign that
led to a city-wide ban in Seattle, WA (The Seattle Times, 2017). Simi-
larly, legislation (including softer forms of legislation, such as govern-
ment commitments or announcements), can contribute to non-legisla-
tive interventions by their ability to leverage or incentivize individual
or citizen action. Of course, these two forms of interventions could also
work in parallel and simultaneously to address the issue of marine
plastic pollution from both a ‘top-down’ and ‘bottom-up’ approach, and
therefore could generate further progress in reducing consumption of
SUPs than one form of intervention alone. What should also be con-
sidered is that consumer perception and acceptance of an imposed in-
tervention, especially those that are legislative, will determine the
success or failure of said intervention. For instance, Romer and
Tamminen (2014) discuss that charges, such as taxes or levies, on SUPs
has a greater impact on reduction since it activates conscious decision-
making in consumers. This sort of behaviour change will need to be
substantial to encourage overall reduction in SUP consumption and to
ensure that reductions continue.
This review along with similar studies by Xanthos and Walker

(2017) and UNEP (2018a).
offers guidance and examples of interventions that can be used by

various levels of governments (national, regional and municipal), cor-
porations, retail outlets of all sizes, grocery store chains and perhaps
more importantly, by individuals. This study provides evidence of
multiple strategies to effectively reduce SUPs entering aquatic and
marine environments. These SUP reduction strategies can be employed
in combination together to achieve positive impacts and can be mod-
ified depending on demographics and location.

3.6. Future strategies to reduce SUP marine pollution

Plastic bag bans, if properly implemented and enforced, can effec-
tively counter one of the causes of SUP overuse. However, to address
root causes of SUP use and mismanagement, governments need to im-
prove waste management practices and introduce financial incentives
to change behaviour of consumers, retailers and manufacturers, by
enacting strong policies that push for a circular model of design and
production of SUPs (Liu et al., 2018). Governments need to finance
more research and development of alternative materials, raise aware-
ness among consumers, fund innovation, ensure plastic products are
standardized and properly labelled to facilitate recycling. Governments
must engage a broad range of stakeholders in decision-making pro-
cesses and there is an urgent need for strong government leadership and
intervention (Walker and Xanthos, 2018).
Moving forward, towards a shift away from SUP consumption, will

require a multi-faceted and integrated suite of interventions from var-
ious stakeholders working in tandem with each other to address
widespread and universal SUP consumption. Future research should
include standardization of monitoring and data collection methods for
characterizing plastics, identifying strategies and weaknesses for

effective education and awareness of the impacts of plastic pollution,
and identifying the main sources of marine plastic pollution (in terms of
geography, industry type or product source) (Vegter et al., 2014). In
addition, targeting plastic pollution control via education, awareness,
and/or reduction efforts, in addition to plastic pollution mitigation, via
coastal and ocean cleanups and/or addressing waste management in-
frastructure gaps in strategic areas, are important immediate inter-
ventions that are required to help reduce marine plastic pollution.

4. Conclusion

A proliferation of strategies exists to reduce marine pollution from
SUPs that have effective outcomes. Levies and taxes are consumer-fa-
cing interventions that coerce consumer decisions about SUPs based on
economic incentives. Outright bans or partial restrictions, legislate and
regulate availability of SUPs for consumers, although they place more
emphasis on industry to implement interventions. Many of these leg-
islative interventions have developed from various levels of govern-
ment (municipal up to federal country-wide legislation). However,
there are even more non-legislative interventions that are self-imposed
by individual citizens or implemented by the private sector (e.g., food
and beverage retail). These multiple approaches will help drive further
initiatives to fill gaps in marine SUP pollution interventions. Further,
many different forms of interventions occurring simultaneously and in
tandem with each other will contribute to a more effective and longer-
lasting reduction in SUP consumption. There remains numerous un-
addressed sources of SUPs and jurisdictions where little to no inter-
ventions exist. However, this review demonstrates, there are multiple
strategies to address these gaps that can be adapted to suit any jur-
isdiction.
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