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Mitigating plastic pollution requires strong international cooperation because significant volumes of plastic waste are transported across jurisdictions both as waste exports and drifting ocean plastics (OP). Here we estimate which nations are (1) sources for overseas OP reaching Australian waters and (2) destinations receiving OP from Australian sources. We then provide actionable recommendations for mitigating plastic pollution in Australian waters and beyond. We estimated that the vast majority of overseas OP reaching Australia is from Indonesia, and that most of the Australian-sourced OP reaching overseas territories is entering New Zealand. Key actions for mitigating the OP issue in Australia include better governance, upgraded enforcement, and increased investments to reduce fossil fuel-based plastic production and to drastically improve both domestic and international waste management infrastructure and operations.
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INTRODUCTION

Plastic pollution is a global environmental concern due to its widespread damage to ecosystems, economies, and human well-being. Under a “business as usual” scenario, plastic impacts will keep increasing as both the production and mismanagement rates of these materials are high and rising. Globally, we are currently producing ∼380 million tons of plastic per year, with just 9% of it being recycled; the rest is burned, landfilled, or dumped in the environment (Geyer et al., 2017). Notoriously, around 40% of the plastics we produce are used for packaging that becomes waste immediately after its single use, contributing to more than 60% of global beach litter (Schweitzer et al., 2018). Currently, more than 15 million tons of plastic enter oceans each year (Forrest et al., 2019). Plastics of all kinds—from microscopic packaging fragments to giant fishing nets—have accumulated in many marine ecosystems, including beaches (Lavers and Bond, 2017), coastal and oceanic waters (Ryan, 2013; Lebreton et al., 2018), marine canyons (Schlining et al., 2013), coral reefs (Lamb et al., 2018), mangroves (Martin et al., 2019), and even sea ice (Peeken et al., 2018). Pronounced marine plastic pollution impacts include the often lethal consequences of entanglement and ingestion interactions between ocean plastics (OP) and marine wildlife (Vegter et al., 2014). Other more subtle OP implications include transport of invasive species across ocean basins (Barnes, 2002) and release of persistent bioaccumulative toxic (PBTs) chemicals into environments and organisms, with the potential bioaccumulation of plastic-associated PBTs up food webs that include humans as seafood consumers (Setälä et al., 2014; Rochman et al., 2015; Chen et al., 2018). Aside from impacting oceans, plastics are also causing significant damage during their upstream lifecycle. The vast majority of today’s plastics are made of fossil fuels (∼99%) and the release of greenhouse gases during their production and incineration is costing around US$ 700 billion per year to the global economy (Forrest et al., 2019). Additional damage is created by the release of toxic chemicals from plastics to air, soil and water resources (UNEP, 2014) as well as human exposure to plastic particles and additives linked to cancer, obesity, diabetes, and endocrine system disorders (Brophy et al., 2012; DeMatteo et al., 2013; Manikkam et al., 2013; Lehner et al., 2019).

To solve plastic pollution, countries around the world need better governance at the municipal (e.g., Cohen et al., 2015), national (e.g., Commonwealth of Australia, 2018a), regional (e.g., European Commission, 2019), and international levels (Borrelle et al., 2017; Weikard, 2019). The last of these is particularly complex but essential given the transboundary nature of plastic contamination, particularly as wide OP dispersal (Lebreton et al., 2012) and waste trade (Brooks et al., 2018) (Table 1). Most of the global plastic waste is generated by high-income countries (HICs), where per capita plastic consumption is particularly high (Hoornweg and Bhada-Tata, 2012). As recycling is a low margin business, the majority of HICs plastic waste intended for recycling is exported to lower income “East Asia and Pacific” nations with low labor costs (Locock, 2017). Australia is a classic example of a HIC “plastic waste exporter” as it ships large volumes of plastic waste to low- to middle-income countries (LMICs). In 2018 alone, Australia exported ∼127,400 tons of plastic waste (UN Trade Statistics, 2018; code 3915 “waste, parings and scrap of plastics”), the majority of which was exported to Malaysia (35%), Indonesia (22%), and Thailand (18%; Figure 1). Historically, plastic waste trade has been associated with serious environmental and social issues, including export of low-quality plastic bales by HICs and illegal practices for processing imported materials by LMICs, including labor exploitation, burning, and discard of low-value plastic waste into dumps, rivers, and oceans (GAIA, 2019; Sarpong, 2020). A significant disruption to global plastic waste trade occurred in 2017, when China banned the import of large volumes of plastic waste into its territory (Liu et al., 2018; Walker, 2018) and neighboring LMICs started receiving this rejected waste (Wang et al., 2019). These LMICs lack the infrastructure to manage their own plastic waste, let alone a rapid increase in plastic waste supplied by HICs. The international plastic waste crisis is now quite evident, with waste-importing countries such as Malaysia and Indonesia starting to ship contaminated plastic waste back to its HICs sources (CNN, 2019; Walden and Renaldi, 2019). Without improved plastic waste governance, there is a risk that increasing quantities will ultimately become plastic pollution.


TABLE 1. Top five nations with the highest mass of plastic waste exported (“Top Exporters”) and leaked to oceans (“Top Emitters”).
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FIGURE 1. Countries identified as destinations for plastic waste exported by Australia in 2018 (UN Trade Statistics, 2018). The map indicates countries receiving Australian plastic waste, with circle sizes proportional to amounts exported in 2018. Top Australian waste importers are (1) Malaysia, (2) Indonesia, (3) Thailand, (4) Hong Kong, (5) Samoa, (6) Viet Nam, (7) Taiwan, and (8) Republic of Korea. Histogram shows the proportion of exported Australian plastic waste reaching its major destinations in 2018. Image shows mismanagement of Australian waste (i.e., burning of low-value plastics) in Surabaya, Indonesia. Image source: Ecoton—http://ecoton.or.id/en/home/.


Plastic waste is not only exchanged between nations via trade. Once leaked into rivers and oceans, it can be transported by currents, winds, and waves, often polluting other nations’ exclusive economic zones (EEZs) (Lavers and Bond, 2017; Lebreton et al., 2017). It is quite difficult to track OP back to sources, with the degree of difficulty increasing over time as OP items undergo environmental weathering and fragmentation into progressively smaller pieces known as microplastics when <5 mm and nanoplastics when <0.1 μm (Gigault et al., 2018). Previous studies attempting to quantify OP connectivity dynamics have utilized 2D numerical models forced by sea surface current velocity fields to simulate OP transport at different scales (Lebreton et al., 2012; Eriksen et al., 2014; Critchell and Lambrechts, 2016). To the best of our knowledge, there are no studies to date attempting to quantify fluxes of OP between nations. This information is key to better inform stakeholders involved in designing cost-effective strategies for decreasing OP pollution. In this policy brief, we used ocean modeling to estimate which nations are (1) sources for overseas OP reaching Australian waters and (2) destinations receiving OP of Australian origin. Using our findings and incorporating an extensive literature review, we then describe governance and policy recommendations for mitigating plastic pollution in Australia and beyond.



ORIGIN AND DESTINATIONS OF OCEAN PLASTICS CROSSING THE AUSTRALIAN EEZ

We used a Lagrangian model that simulated inputs and surface transport of OP in the world’s oceans (Lebreton et al., 2012) to estimate connectivity between the Australian EEZ and other world countries’ EEZs. Our analysis indicated that the vast majority of overseas OP reaching the Australian EEZ is coming from Indonesia (∼70.5%; Figure 2), followed by Fiji (∼8%), Vanuatu (∼4%), Papua New Guinea (∼3%), Philippines (∼2.5%), Vietnam (∼2.5%), East Timor (∼2%), South Africa (∼2%), China (∼1.5%), Malaysia (∼1%), Solomon Islands (1%), and other minor contributions (∼3%) from 19 nations: Sri Lanka, Thailand, Samoa, Maldives, Tanzania, Comoro Islands, New Zealand, Myanmar, Mozambique, Peru, Mauritius, Singapore, Pakistan, Kenya, Madagascar, and Ecuador. In relation to Australian-sourced OP reaching overseas EEZs, we predicted that ∼78% is entering New Zealand waters, with the remaining reaching the EEZs of New Caledonia (∼17.5%), Fiji (∼4%), and Vanuatu (∼1%).
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FIGURE 2. Countries identified as sources (pink) and destinations (blue) for ocean plastics (OP) crossing the Australian Economic Exclusive Zone (EEZ) boundary. The map indicates country locations, with circle sizes proportional to amounts of OP reaching the Australian EEZ (pink) or receiving Australian-based OP (blue). The Australian EEZ is highlighted in white. Top “source countries” are (1) Indonesia, (2) Fiji, (3) Vanuatu, (4) Papua New Guinea, (5) Philippines, (6) Vietnam, (7) East Timor, (8) South Africa, (9) China, (10) Malaysia, and (11) Solomon Islands. Ranking of “destination countries” is (1) New Zealand, (2) New Caledonia, (3) Fiji, and (4) Vanuatu. Histogram in the left shows the contributions of “source nations” for overseas OP reaching Australian waters. Histogram in the right shows the proportion of OP from Australian sources reaching “destination countries.”


Our model released “virtual OP” particles in the world’s EEZs at rates proportional to estimated volumes of mismanaged plastic waste per country (Jambeck et al., 2015) and derived their transport from sea surface current velocity fields sourced from the HYCOM + NCODA global reanalysis (Fox et al., 2002; Cummings, 2005; Cummings and Smedstad, 2013). For every day between 1993 and 2012, we documented the number of particles inside the Australian EEZ arriving from each foreign country as well as the number of particles of Australian origin inside the EEZ of every other country. We averaged the daily number of visits per emitting country over the total number of particles present in the model and over the full 20-year period. It is important to emphasize that our model considered an infinite lifetime for virtual OP particles floating at the sea surface. As a consequence, significant OP removal processes such as beaching (Olivelli et al., 2020) and sinking (Porter et al., 2018) were not accounted for. Nonetheless, we know that a proportion of floating OP is persistent enough to travel long distances (Lebreton et al., 2018). Therefore, assuming removal processes have similar magnitudes across countries of origin, our predictions of international OP connectivity are reasonable.

The occurrence of Indonesian-based plastics reaching the Australian EEZ and shorelines is in line with field observations (Reisser et al., 2013). Significant OP accumulation zones dominated by Indonesian-based debris from both on-land (e.g., mismanaged single-use packaging) and at-sea (e.g., dumped fishing nets) sources have been recorded in a range of Australian regions such as Gulf of Carpentaria (Wilcox et al., 2013; Dhimurru Aboriginal Corporation, 2018), Christmas Island (Lavers et al., 2020), Cocos Island (Lavers et al., 2019), and Ashmore Reef (Lavers et al., 2013; Figure 3). This is not surprising since the waters and shorelines of North West Australia, North Queensland, and Northern Territory are exposed to OP originated in Indonesia’s EEZ due to both geographic proximity and ocean hydrodynamics (Sprintall et al., 2019). The accumulation of OP in remote regions of Australia is quite concerning given ingestion and entanglement interactions with endangered marine wildlife (e.g., sea turtles; Wilcox et al., 2013), cross-boundary transport of pollutants and organisms (Reisser et al., 2014; Yeo et al., 2015; Lamb et al., 2018), damage to tourism, and remote clean-up costs (Commonwealth of Australia, 2018b).
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FIGURE 3. Examples of plastic pollution hotspots in Australia, dominated by Indonesian-based debris. Top right: Christmas Island waters (Image source: Tangaroa Blue); Top left: Cocos Island (Image source: University of Tasmania): Bottom left: Gulf of Carpentaria (Image source: Parley for the Oceans); Bottom right: Ashmore Reef (Image source: Minderoo Foundation).




GOVERNANCE AND POLICY RECOMMENDATIONS

This study highlights the transboundary nature of a major issue associated with our broken “plastics economy”: persistent waste that creates high and ever-increasing levels of wide-spreading pollution. As of today, there are only a few global interventions dealing with specific plastic pollution issues (Table 2) and although the United Nations Convention on the Law of the Sea (UNCLOS, 2020) requires the adoption of laws and standards to prevent, reduce, and control land-based pollution, these have not yet eventuated (Article 207). The existing initiatives are quite fragmented and uncoordinated, with no overarching binding commitment to jointly tackle all facets of our transnational plastics crisis. Like others (Borrelle et al., 2017; Simon and Schulte, 2017; Haward, 2018; Raubenheimer and McIlgorm, 2018; Vince and Stoett, 2018; Tessnow-von Wysocki and Le Billon, 2019; Weikard, 2019; Raubenheimer and Urho, 2020), we believe it is important to create a new global convention that establishes a legally binding framework for global plastics governance. As suggested by Simon and Schulte (2017), the form of such convention should reflect both great ambition and political feasibility, as to ensure agreeability between and finally compliance by state parties. It could be built on five pillars: (1) a clear and binding goal to eliminate plastic contamination of water, food, air, land, and oceans; (2) strategic options for national implementation; (3) supporting mechanisms, with a strong multilateral financing component; (4) stringent monitoring, review, compliance, and enforcement processes; and (5) strong involvement of non-governmental stakeholders. To truly solve plastic pollution, we need better worldwide governance, compliance, enforcement, and investments both downstream, by improving waste management systems, and upstream, by decreasing production of fossil fuel-based plastics. The latter can be achieved by incentivizing the replacement of fossil fuel-based plastics with recycled content and/or renewable bio-benign polymers. Setting a “plastic price” that incorporates the external costs of plastic pollution into the price of fossil fuel-based plastics would certainly incentivize their replacement with renewable and/or recycled materials (Raubenheimer and McIlgorm, 2018). Non-binding business-led proposals for implementing a transnational “plastic price” based on a production levy (Forrest et al., 2019) and credit scheme (3R Initiative, 2020) have been made in the past, but so far with very little implementation traction. We encourage policymakers to consider the implementation of a similar, but legally binding, intervention; perhaps under a “Global Extended Producer Responsibility” scheme (Raubenheimer and Urho, 2020) and/or via the introduction of phased targets reducing international trade of fossil-fuel based plastics (Raubenheimer and McIlgorm, 2017).


TABLE 2. Examples of international initiatives to mitigate plastic pollution.

[image: Table 2]Mitigating plastic pollution in Australia and further afield also requires a systemic improvement to existing law, policy, and practice at the national level (Table 3). Australian government agencies and regulators need to move beyond the identification of barriers, capacity gaps, needs, and measures and start to scale implementation of state-of-the-art standards in waste segregation, collection, sorting, exports, composting, and recycling practices across its states and territories. While the country’s waste collection infrastructure and operations are of relatively high quality, its waste sorting, recycling, and composting operations require considerable improvement. Furthermore, efforts are needed to reduce production and consumption of virgin fossil fuel-based plastics, including incentivizing development and use of substitutes. We believe that key regulatory measures requiring prioritized implementation include:


TABLE 3. Examples of Australian national initiatives to mitigate plastic pollution.
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– Creation of a national bin system that enables citizens to separate waste into standardized higher value material streams (Mühle et al., 2010);

– Use of advanced plastic sorting laser technologies in Material Recovery Facilities (MRFs) for production of higher quality polymer bales (Hopewell et al., 2009);

– Banning of unnecessary plastic items, hazardous additives, and polymers (World Economic Forum et al., 2016);

– Support to novel “reuse” business models (Ellen MacArthur Foundation, 2019);

– Investments in innovations to:

○ Switch from fossil fuel-based plastics to renewable and bio-benign alternatives (Zheng and Suh, 2019).

○ Redesign problematic items (e.g., multi-layered packaging, plastic films) to make their recycling or composting economically and technically possible;

○ Improve technologies able to turn plastic waste into food-grade recycled pellets (Pohjakallio and Vuorinen, 2020).

As demonstrated in this study, Australia is both an emitter and receiver of plastic pollution to/from neighboring countries. Therefore, it needs a robust international engagement strategy to complement current National Policies (e.g., Australian Government, 2019). If building responsible recycled plastic trade is deemed to be more beneficial than solely relying on isolated Australian-only operations, agreements involving transboundary deployments of technical and financial resources in waste management and recycling ecosystems should become major priorities. This would ensure regional-scale economic, social, and environmental targets are reached and associated risks minimized (Government of Indonesia, 2017; ASEAN, 2020; DFAT, 2020). Of paramount importance here is for Australia to be accountable for the quality and appropriate management of shipped waste by the receiving entities. This could be effectively implemented via the application of traceability technologies (e.g., Blockchain) enabling tracking of plastic waste movements and transactions under a harmonized material code classification and requiring trade players to adhere to a comprehensive set of requirements in order to participate (e.g., sufficient waste management infrastructure). This type of tracking technology could also assist LMICs with implementing a plastic waste import tax to fund the development of their domestic solid waste management infrastructure. If successfully implemented, responsible international recycled plastic trade could be economically and environmentally beneficial to both Australia and importing nations due to a holistic improvement in regional waste management ecosystems. By improving waste management both domestically and in LMICs importing recyclables, Australia could simultaneously (1) decrease the proportions of Australian plastic waste mismanaged and landfilled, (2) contribute to LMICs sustainable development via boosting their waste management and creating jobs, and (3) substantially decrease loads of plastic leakages to oceans. Of upmost importance to the success of international plastic recycling systems is for HICs such as Australia to support LMICs by drastically improving the collection and sortation of their own domestic plastic waste; otherwise, the local recycling operations will continue to rely on overseas feedstock and the leakages to the environment will remain substantial.

Finally, even if Australia stops exporting plastic waste overseas as recently announced by the federal government (Australian Government, 2019; CoAG, 2020), there would still be a need for strong foreign engagement given the substantial OP sources surrounding Australia and the occurrence of overseas OP in Australian waters (MOFA, 2011; ASEAN, 2017, 2019a,b). It is time for Australia to show stronger environmental leadership on the international stage by facilitating and supporting existing and future transnational cooperation (IORA, 2017) and perhaps co-funding waste management infrastructure where it is most needed. In the same way Australia and other HICs use foreign policy aid to help build schools and hospitals in LMICs, we can contribute to implementing better waste management in places where the gap between social development and said infrastructure is the highest (Schnurr and Walker, 2019). Of particular relevance here is our study’s demonstration of the strong connectivity between the Australian and Indonesian plastic crises. Indonesia is not only a major player in the Australian plastic waste trade (i.e., ∼22% of Australian plastic waste exports reach Indonesia) but also a major source of OP (e.g., ∼70% of the overseas OP reaching Australia is from Indonesia). Therefore, strong bilateral approaches with Indonesia are particularly important for reducing plastic pollution in Australian waters and surroundings seas (Government of Indonesia, 2017; Marsdon, 2019; DFAT, 2020). Supporting Indonesia will not only benefit Australia’s own national interests but may also induce a knock-on effect by encouraging other HICs to show greater global responsibility (Schnurr and Walker, 2019).



FINAL REMARKS

Plastic emissions into the environment have accelerated at a pace commensurate with plastic production. This, combined with the serious flow-on effects of plastic pollution on wildlife, economies, and human well-being, necessitates the urgent development and implementation of legislation and legally binding agreements on the production, use, and management of plastics, capable of keeping pace with the scale of this growing problem. Of upmost importance is for governments to move beyond recommendations and long-term non-binding commitments, and to start supporting transformative options, their implementation, and enforcement efforts, with clear and measurable progress targets and indicators. Since many issues found throughout the lifecycle of plastics are transboundary in nature, eradicating them will require a clear and binding global commitment to eliminate plastic contamination of our water, food, air, land, and oceans. An advantage related to plastic pollution when compared to other globally connected problems is that this issue is highly visible, has no deniers, and is receiving increasing public attention globally. Perhaps the wide acceptance of the urgency to act upon the transnational plastic crisis will act as a lever to pioneer an effective global regime that rapidly and cost-effectively (1) mitigates a serious transboundary problem and (2) serves as a flagship to catalyze similar undertakings on an even more serious issue that also results from our reliance on fossil fuels: climate change. The pace and scale of our solutions to pollution must start to match the pace and scale of emissions.



AUTHOR CONTRIBUTIONS

JR, RG, and LL designed the study and analyzed the data. JR and RG prepared figures. JR, RG, and ET wrote the manuscript. All authors reviewed the manuscript.



ACKNOWLEDGMENTS

The authors thank The University of Western Australia, the Ocean Cleanup Foundation, and the Australian Institute of Marine Science for supporting this study. They also thank Julian Partridge, Marie-Lise Schlappy, and Heidi Tait for input in earlier versions of this manuscript.



REFERENCES

3R Initiative (2020). Available online at: www.3rinitiative.org/solutions (accessed May 1, 2020).

ASEAN (2017). ASEAN Framework of Action on Marine Debris. Jakarta: ASEAN.

ASEAN (2019a). Bangkok Declaration on Combating Marine Debris in ASEAN Region. Jakarta: ASEAN.

ASEAN (2019b). Norway funds US$3 Million Project in Combating Marine Plastic Debris in ASEAN. Jakarta: ASEAN.

ASEAN (2020). ASEAN-Australia relations | ASEAN Australia. Jakarta: ASEAN.

Australian Government (2019). National Waste Policy Action Plan. Available online at: https://www.environment.gov.au/system/files/resources/5b86c9f8-074e-4d66-ab11-08bbc69da240/files/national-waste-policy-action-plan-2019.pdf (accessed May 9, 2020).

Barnes, D. K. A. (2002). Invasions by marine life on plastic debris. Nature 416, 808–809. doi: 10.1038/416808a

Borrelle, S. B., Rochman, C. M., Liboiron, M., Bond, A. L., Lusher, A., Bradshaw, H., et al. (2017). Opinion: why we need an international agreement on marine plastic pollution. Proc. Natl. Acad. Sci. U.S.A. 114, 9994–9997. doi: 10.1073/pnas.1714450114

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:eaat0131. doi: 10.1126/sciadv.aat0131

Brophy, J. T., Keith, M. M., Watterson, A., Park, R., Gilbertson, M., Maticka-Tyndale, E., et al. (2012). Breast cancer risk in relation to occupations with exposure to carcinogens and endocrine disruptors: a Canadian case–control study. Environ. Health 11:87. doi: 10.1186/1476-069X-11-87

Chen, Q., Reisser, J., Cunsolo, S., Kwadijk, C., Kotterman, M., Proietti, M., et al. (2018). Pollutants in plastics within the north Pacific subtropical gyre. Environ. Sci. Technol. 52, 446–456. doi: 10.1021/acs.est.7b04682

CNN (2019). Plastic Waste Dumped in Malaysia will be returned to UK, US and others. Atlanta: CNN.

CoAG (2020). Phasing Out Exports of Waste Plastic, Paper, Glass and Tyres. Response Strategy to Implement the August 2019 agreement of the Council of Australian Govenment. Canberra: CoAG.

Cohen, S., Martinez, H., and Schroder, A. (2015). Waste Management Practices in New York City, Hong Kong and Beijing. Available online at: http://www.columbia.edu/dsc32 (accessed May 1, 2020).

Commonwealth of Australia (2018a). National Waste Policy: Less Waste More Resources. Canberra: Commonwealth of Australia.

Commonwealth of Australia (2018b). Threat Abatement Plan for the Impacts of Marine Debris on The Vertebrate Wildlife of Australia’s Coasts and Oceans. Canberra: Commonwealth of Australia.

Critchell, K., and Lambrechts, J. (2016). Modelling accumulation of marine plastics in the coastal zone; what are the dominant physical processes? Estuar. Coast. Shelf Sci. 171, 111–122. doi: 10.1016/j.ecss.2016.01.036

Cummings, J. A. (2005). Operational multivariate ocean data assimilation. Q. J. R. Meteorol. Soc. 131, 3583–3604. doi: 10.1256/qj.05.105

Cummings, J. A., and Smedstad, O. M. (2013). “Variational data assimilation for the global ocean,” in Data Assimilation for Atmospheric, Oceanic and Hydrologic Applications, Vol. II, eds S. K. Park and L. Xu (Berlin: Springer), 303–343. doi: 10.1007/978-3-642-35088-7_13

DeMatteo, R., Keith, M. M., Brophy, J. T., Wordsworth, A., Watterson, A. E., Beck, M., et al. (2013). Chemical exposures of women workers in the plastics industry with particular reference to breast cancer and reproductive hazards. New Solut. 22, 427–448. doi: 10.2190/ns.22.4.d

DFAT (2020). Department of Foreign Affairs and Trade: Joint Declaration of Maritime Cooperation Between the Government of Australia and the Government of the Republic of Indonesia. Barton ACT: DFAT.

Dhimurru Aboriginal Corporation (2018). 2017-2018 Annual report Dhimurru Aboriginal Corporation. Nhulunbuy NT: Dhimurru Aboriginal Corporation.

Ellen MacArthur Foundation (2019). Reuse Rethinking Packaging. Cowes: Ellen MacArthur Foundation.

Eriksen, M., Lebreton, L. C., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C., et al. (2014). Plastic pollution in the world’s oceans: more than 5 trillion plastic pieces weighing over 250,000 tons afloat at sea. PLoS One 9:e111913. doi: 10.1371/journal.pone.0111913

European Commission (2019). Report from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions on the implementation of the Circular Economy Action Plan. Brussels: European Commission.

Forrest, A., Giacovazzi, L., Dunlop, S., Reisser, J., Tickler, D., Jamieson, A., et al. (2019). Eliminating plastic pollution: how a voluntary contribution from industry will drive the circular plastics economy. Front. Mar. Sci. 6:627. doi: 10.3389/fmars.2019.00627

Fox, D. N., Teague, W. J., Barron, C. N., Carnes, M. R., and Lee, C. M. (2002). The Modular Ocean Data Assimilation System (MODAS). J. Atmosph. Oceanic Technol. 19, 13.

GAIA (2019). Discarded: Communities on the Frontlines of the Global Plastic Crisis. Berkeley, CA: Global Alliance for Incinerator Alternatives.

Geyer, R., Jambeck, J. R., and Law, K. L. (2017). Production, use, and fate of all plastics ever made. Sci. Adv. 3:e1700782. doi: 10.1126/sciadv.1700782

Gigault, J., ter Halle, A., Baudrimont, M., Pascal, P.-Y., Gauffre, F., Phi, T.-L., et al. (2018). Current opinion: what is a nanoplastic? Environ. Pollut. 235, 1030–1034. doi: 10.1016/j.envpol.2018.01.024

Government of Indonesia (2017). Plan of Action for Implementation of the Joint Declaration of Maritime Cooperation Between the Government of the Republic of Indonesia and the Government of Australia. Available online at: http://treaty.kemlu.go.id/apisearch/pdf?filename=AUS-2018-0238.pdf (accessed May 9, 2020).

Haward, M. (2018). Plastic pollution of the world’s seas and oceans as a contemporary challenge in ocean governance. Nat. Commun. 9:667. doi: 10.1038/s41467-018-03104-3103

Hoornweg, D., and Bhada-Tata, P. (2012). What a Waste: A Global Review of Solid Waste Management. Washington, DC: World Bank.

Hopewell, J., Dvorak, R., and Kosior, E. (2009). Plastics recycling: challenges and opportunities. Philos. Trans. R. Soc. B 364, 2115–2126. doi: 10.1098/rstb.2008.0311

IORA (2017). Declaration of the Indian Ocean Rim Association on the Blue Economy in the Indian Ocean Region. Ebene: IORA.

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, 768–771. doi: 10.1126/science.1260352

Lamb, J. B., Willis, B. L., Fiorenza, E. A., Couch, C. S., Howard, R., Rader, D. N., et al. (2018). Plastic waste associated with disease on coral reefs. Science 359, 460–462. doi: 10.1126/science.aar3320

Lavers, J. L., and Bond, A. L. (2017). Exceptional and rapid accumulation of anthropogenic debris on one of the world’s most remote and pristine islands. PNAS 114, 6052–6055. doi: 10.1073/pnas.1619818114

Lavers, J. L., Dicks, L., Dicks, M. R., and Finger, A. (2019). Significant plastic accumulation on the Cocos (Keeling) Islands, Australia. Sci. Rep. 9, 1–9. doi: 10.1038/s41598-019-43375-43374

Lavers, J. L., Hodgson, J. C., and Clarke, R. H. (2013). Prevalence and composition of marine debris in Brown Booby (Sula leucogaster) nests at Ashmore Reef. Mar. Pollut. Bull. 77, 320–324. doi: 10.1016/j.marpolbul.2013.09.026

Lavers, J. L., Sharp, P. B., Stuckenbrock, S., and Bond, A. L. (2020). Entrapment in plastic debris endangers hermit crabs. J. Hazardous Mater. 387:121703. doi: 10.1016/j.jhazmat.2019.121703

Lebreton, L., Slat, B., Ferrari, F., Sainte-Rose, B., Aitken, J., Marthouse, R., et al. (2018). Evidence that the Great Pacific Garbage Patch is rapidly accumulating plastic. Sci. Rep. 8, 1–15. doi: 10.1038/s41598-018-22939-w

Lebreton, L. C.-M., Greer, S. D., and Borrero, J. C. (2012). Numerical modelling of floating debris in the world’s oceans. Mar. Pollut. Bull. 64, 653–661. doi: 10.1016/j.marpolbul.2011.10.027

Lebreton, L. C. M., van der Zwet, J., Damsteeg, J.-W., Slat, B., Andrady, A., and Reisser, J. (2017). River plastic emissions to the world’s oceans. Nat. Commun. 8:15611. doi: 10.1038/ncomms15611

Lehner, R., Weder, C., Petri-Fink, A., and Rothen-Rutishauser, B. (2019). Emergence of nanoplastic in the environment and possible impact on human health. Environ. Sci. Technol. 53, 1748–1765. doi: 10.1021/acs.est.8b05512

Liu, Z., Adams, M., and Walker, T. R. (2018). Are exports of recyclables from developed to developing countries waste pollution transfer or part of the global circular economy? Resour. Conserv. Recycling 136, 22–23. doi: 10.1016/j.resconrec.2018.04.005

Locock, K. (2017). The Recycled Plastics Market: Global Analysis and Trends. Australia: CSIRO.

Manikkam, M., Tracey, R., Guerrero-Bosagna, C., and Skinner, M. K. (2013). Plastics Derived Endocrine Disruptors (BPA, DEHP and DBP) induce epigenetic transgenerational inheritance of obesity, reproductive disease and sperm Epimutations. PLoS One 8:e55387. doi: 10.1371/journal.pone.0055387

Marsdon, K. (2019). Marine Plastics in Northern Australian Waters: Targeted Aid Will Help Indonesia to help Us. Future Directions International. Available online at: http://www.futuredirections.org.au/publication/marine-plastics-in-northern-australian-waters-targeted-aid-will-help-indonesia-to-help-us/ (accessed April 30, 2020).

Martin, C., Almahasheer, H., and Duarte, C. M. (2019). Mangrove forests as traps for marine litter. Environ. Pollut. 247, 499–508. doi: 10.1016/j.envpol.2019.01.067

MOFA (2011). MOFA: ASEAN+3 Summit Meetings. Riyadh: MOFA.

Mühle, S., Balsam, I., and Cheeseman, C. R. (2010). Comparison of carbon emissions associated with municipal solid waste management in Germany and the UK. Resour. Conserv. Recycling 54, 793–801. doi: 10.1016/j.resconrec.2009.12.009

Olivelli, A., Hardesty, D., and Wilcox, C. (2020). Coastal margins and backshores represent a major sink for marine debris: insights from a continental-scale analysis. Environ. Res. Lett. 15:07403. doi: 10.1088/1748-9326/ab7836

Peeken, I., Primpke, S., Beyer, B., Gütermann, J., Katlein, C., Krumpen, T., et al. (2018). Arctic sea ice is an important temporal sink and means of transport for microplastic. Nat. Commun. 9:1505.

Pohjakallio, M., and Vuorinen, T. (2020). “Chemical routes for recycling—dissolving, catalytic, and thermochemical technologies,” in Plastic Waste and Recycling, Ed. T. M. Letcher (Amsterdam: Elsevier), 359–384. doi: 10.1016/b978-0-12-817880-5.00013-x

Porter, A., Lyons, B. P., Galloway, T. S., and Lewis, C. (2018). Role of marine snows in microplastic fate and bioavailability. Environ. Sci. Technol. 52, 7111–7119. doi: 10.1021/acs.est.8b01000

Raubenheimer, K., and McIlgorm, A. (2017). Is the Montreal Protocol a model that can help solve the global marine plastic debris problem? Mar. Policy 81, 322–329. doi: 10.1016/j.marpol.2017.04.014

Raubenheimer, K., and McIlgorm, A. (2018). Can a global fund help solve the global marine plastic debris problem? J. Ocean Coast. Econ. 5:6. doi: 10.15351/2373-8456.1078

Raubenheimer, K., and Urho, N. (2020). Rethinking global governance of plastics – The role of industry. Mar. Policy 113:103802. doi: 10.1016/j.marpol.2019.103802

Reisser, J., Shaw, J., Hallegraeff, G., Proietti, M., Barnes, D. K. A., Thums, M., et al. (2014). Millimeter-sized marine plastics: a new pelagic habitat for microorganisms and invertebrates. PLoS One 9:e100289. doi: 10.1371/journal.pone.0100289

Reisser, J., Shaw, J., Wilcox, C., Hardesty, B. D., Proietti, M., Thums, M., et al. (2013). Marine plastic pollution in waters around Australia: characteristics, concentrations, and pathways. PLoS One 8:e80466. doi: 10.1371/journal.pone.0080466

Rochman, C. M., Tahir, A., Williams, S. L., Baxa, D. V., Lam, R., Miller, J. T., et al. (2015). Anthropogenic debris in seafood: plastic debris and fibers from textiles in fish and bivalves sold for human consumption. Sci. Rep. 5:14340.

Ryan, P. G. (2013). A simple technique for counting marine debris at sea reveals steep litter gradients between the Straits of Malacca and the Bay of Bengal. Mar. Pollut. Bull. 69, 128–136. doi: 10.1016/j.marpolbul.2013.01.016

Sarpong, S. (2020). Counting the Cost: Malaysia’s Push-Back Begins over Overseas Waste Dumping. Sociology 57, 77–84. doi: 10.1007/s12115-019-00443-449

Schlining, K., von Thun, S., Kuhnz, L., Schlining, B., Lundsten, L., Jacobsen Stout, N., et al. (2013). Debris in the deep: using a 22-year video annotation database to survey marine litter in Monterey Canyon, central California, USA. Deep Sea Res. Part I Oceanogr. Res. Papers 79, 96–105. doi: 10.1016/j.dsr.2013.05.006

Schnurr, R. E., and Walker, T. R. (2019). Should Canada’s foreign aid policy help address the environmental impact of single-use plastics? Proc. Nova Scotian Inst. Sci. 50:35. doi: 10.15273/pnsis.v50i1.8869

Schweitzer, J., Gionfra, S., Pantzar, M., Mottershead, D., Watkins, E., Petsinaris, F., et al. (2018). Unwrapped: How Throwaway Plastic is Failing to Solve Europe’s food Waste Problem (and what we need to do instead). Brussels: Institute for European Environmental Policy.

Setälä, O., Fleming-Lehtinen, V., and Lehtiniemi, M. (2014). Ingestion and transfer of microplastics in the planktonic food web. Environ. Pollut. 185, 77–83. doi: 10.1016/j.envpol.2013.10.013

Simon, N., and Schulte, M. L. (2017). Stopping global plastic pollution: the case for an international convention. Ecol. Publ. Ser. 43:56.

Sprintall, J., Gordon, A. L., Wijffels, S. E., Feng, M., Hu, S., Koch-Larrouy, A., et al. (2019). Detecting Change in the Indonesian Seas. Front. Mar. Sci. 6:257. doi: 10.3389/fmars.2019.00257

Tessnow-von Wysocki, I., and Le Billon, P. (2019). Plastics at sea: treaty design for a global solution to marine plastic pollution. Environ. Sci. Policy 100, 94–104. doi: 10.1016/j.envsci.2019.06.005

UN Trade Statistics (2018). United Nations Commodity Trade Statistics Database. Available online at: https://comtrade.un.org/db/default.aspx (accessed July 26, 2019).

UNCLOS (2020). Article 207. Pollution From Land-Based Sources. Montego Bay: UNCLOS.

UNEP (2014). Valuing Plastics: The Business Case for Measuring, Managing and Disclosing Plastic Use in the Consumer Goods Industry. Division of Environmental Policy Implementation. Nairobi: United Nations Environment Programme.

Vegter, A., Barletta, M., Beck, C., Borrero, J., Burton, H., Campbell, M., et al. (2014). Global research priorities to mitigate plastic pollution impacts on marine wildlife. Endang. Species. Res. 25, 225–247. doi: 10.3354/esr00623

Vince, J., and Stoett, P. (2018). From problem to crisis to interdisciplinary solutions: plastic marine debris. Mar. ne Policy 96, 200–203. doi: 10.1016/j.marpol.2018.05.006

Walden, M., and Renaldi, E. (2019). Indonesian Environmentalists Accuse Australia of “smuggling” Plastic Waste Following China ban. ABC News. Available online at: https://www.abc.net.au/news/2019-04-30/australia-accused-of-smuggling-plastic-waste-to-indonesia/11054592?nw=0 (accessed May 4, 2020).

Walker, T. R. (2018). China’s ban could curb plastic waste. Nature 553, 404–404.

Wang, W., Themelis, N. J., Sun, K., Bourtsalas, A. C., Huang, Q., Zhang, Y., et al. (2019). Current influence of China’s ban on plastic waste imports. Waste Dispos. Sustain. Energy 1, 67–78. doi: 10.1007/s42768-019-00005-z

Weikard, H.-P. (2019). Policy note: “Towards an international treaty to fight plastic pollution in water systems: some tasks for economists.”. Water Econs. Policy 05:1871004. doi: 10.1142/S2382624X18710042

Wilcox, C., Hardesty, B. D., Sharples, R., Griffin, D. A., Lawson, T. J., and Gunn, R. (2013). Ghostnet impacts on globally threatened turtles, a spatial risk analysis for northern Australia. Conserv. Lett. 6, 247–254. doi: 10.1111/conl.12001

World Economic Forum Ellen MacArthur Foundation McKinsey & Company (2016). The New Plastics Economy — Rethinking the Future Of Plastics. Available online at: http://www.ellenmacarthurfoundation.org/publications (accessed May 9, 2020).

Yeo, B. G., Takada, H., Taylor, H., Ito, M., Hosoda, J., Allinson, M., et al. (2015). POPs monitoring in Australia and New Zealand using plastic resin pellets, and International Pellet Watch as a tool for education and raising public awareness on plastic debris and POPs. Mar. Pollut. Bull. 101, 137–145. doi: 10.1016/j.marpolbul.2015.11.006

Zheng, J., and Suh, S. (2019). Strategies to reduce the global carbon footprint of plastics. Nat. Clim. Change 9, 374–378. doi: 10.1038/s41558-019-0459-z


Conflict of Interest: LL is employed by the company The Modelling House Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Galaiduk, Lebreton, Techera and Reisser. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fenvs-08-00115-t002.jpg
Nome Yoar  Descripion

Comontonon o Proentonct Mo 167271995 Prtcts th mar ot fom o, Th LG was e h Lonon Pl 1o
Potuon b Cumping of Wasesa Ot 1t 0 olbrteGeposl o st f s e cn A s a0 o
M, o 6 Locon 5mp st o0 AL T v o sl b o g of s o 5.
Comerten LG

istonolComverin o 0o Prrten 16731978 Poens o of 1 v nonmert by Shoe A i a e cgoss o pasic
ot Potson o Shps MARPOLT oo et oy

Unto oo Convertanon hoLowl 1962 Estbisno e govein s o i ccoasan e osouces. 0o ot gy nin
1ho0 (VLS. 0207 st b oty i sio 1 "ot and v h v o e 192,

Irsing ma plton (1104 In o, s o 10t s o
v o0, o piuton f o mar cvecnt Yo s st 207

e Convrtion o th vt of 19802010 Arms o pent aormoraand b o b s wasi. v orty aonded 0
Transbcuncey Movements of zardos sty onan oo o e st sk s Rzidus 0 Perors et 100l
-y Connt PG ke, . i oG s Fo 10 i 3

Whlrer hoy e eceeshpmors and oG corgianca Wi s Gocions y 50y
P, T amenanent wh b sty 021

oo Concict o Psperatin b 1991 Nan i it atatien ol o e g3 s s ety

heCoss? 18 Foad e A Cranzaton o o Unkd Moo ) Abcush i ot
il orkons | mkes o s eponsbl o prodin adeqc e
aptms o 2 ey bl po o st 164

A 210 1652 Non o of conto b oken 1 e i i s on o rvmert” X
ackocniadge ho o o o maroanormer by (17,18 a0 aocorges e varsr
chciony o manazs vkt s e 53 00 00y 2123,

ool Program of Actn for o Prfoton 1936 Nan by mecharie adssng h comciey botweon R, e, oo, nd

ot Encrrt mas coomtome. I s ahorhe 10000 o i ROt T 0

Ui s Achies GO gt wast, s oy 1 144,

Siocinom Coron o st 2001 Practs rman oot th nvrnment fom POPs Thogodcn, o, and posd o rarmid

Oruric Potats POPSF st ks con b g by s numer, b e corr e o st sbstnces
Kot raconern.

Mo Ststay’ 2011 Non g tment it st ot e of O Gl e ks 0.3 Ay
uking and sl monkrg. £ 6o oo b plaskc sk octon e

ok Dt 2012 Non by commmor 1 v pokcs b e a conto st marna i a0
e o, contansschor o ke et 202 20168 taators. oo, v

209 Ao forSstanaio 2015 Non g Pl of Acon for pocple, et nd prosparty. Gl 1 provrt a Sty

oot o s dors by 202 sl Docpmin G5 S06 14.1) 1 o Pas g i 0

{ho Vet o vasowator S0 6, oo margeren 506 1) e 1t ez
chamicas 50G.5, st prod.cion and conapien G0G 12,

Ko P Economy G 2018 Nonbnang niument i 450 + s (., compars rgrsering 0% ol st

Cammarent™ packagng rocad dobal) contd (1) ot prolomatc an evocessary st ams:
2 v ano pasics s, eycla, o composaie: a9 e i 1o
okong e 1 ey o f o rormr.





OPS/images/fenvs-08-00115-t003.jpg
Name

Endtcrmont Prtecton Sea Dumping)
Act 081"

Protocion o the Sea Provertionof
Poluion fom Shie) Act 1985
Hazardous Wasto Fogiaton o
Expotsand Import) Act 1085°

Natons Sategy o Ecccgecaly
SustanatloDovopment’

Emircrment Prtection and Bodersty
Consanvaton Act 1999 EPEC Act

Austcfan Packaging Covenant e

Tresat At Plan o o mpacts
fo Mo Dobeson Verabate Maro.
U

Natonal Wasto Py

Natonal Emvecrmont rtocton (Used
Packagng Matoras) Moasura 20119

oot 2050 Pan®

1081

1988

1200

1992

1990

19

20002018

20002018

2011

2015

Description

A o miizs marin poluton rets by () pronibiing oceen dposal o waste consders o0
Rarmi 1 b deasad  homarno onviormmentan {2 rogating parmitd vasto Gsposd 1o ansr
eniormenta mpacts e mriized. Pastcvaste s ot Gt addossedn 1 Act

Pronbts dachirge of cortan yoes of gabage o th s, Inckudg plastcs such o 09es, fshng
o, guboge bags, an asnos o burned lastcs.

Fguatos ho axpor, impot, and ranst ofhazrdous wasto o o hal hay aro doa wih
approprtly s that Puran bongs an tho acrmen, boh witinand cutsco Austa, a0
protactd o s P fcts. Pl waso ot drecty montonee i 150 Act.

Facitates  cooninated and o-peratie approach 1o scogiay sustanatle dovoprent
Austa. 1890 ot mendon plastcs rocty. This commitmentforms e bai for 120 2009 Natonal
Wasts Polcyfor Austaa 500 beow,

Provides a gal famerc o potetnd manage raonalyandirrnasionaly ingontant fora, .
ecologial commites, ad et paces. it “ury and a1 vortabate maro o caed
by geston f, o erangement i, bl marin b 5 oy thestenig process, and considrs
hat s 20 sncangered an wieabi specie sed unce he EPEC Actmay be acversely
aectod by mar dobris.

“The Covenant i an agresment betwen the packagng sty and Ausialan govemments 1 16ckce
ho cmronmontl mpacts of packag s 2010 st pln has o el 00 achived by
2025 (1) 100% o packagio 1 b rousab, ecyclatioorcompostai, (2 70% of packaging acyced
orcompostad, 3 30% avrago ocyded cortot scros al pckagng, (4 o ot poGTAtC
and unnccsssary S lasic packaging Tvough redesign, inovaon, o et daiory
et

Postuated undr EPBC Act(abov), i plan ncoporaes actons 0 abat scurces of marn dbrs
under  cooinatd natora approach.§ binds he Commorealn and s agances o esgond 01he
impactcf marndobis on varbrat marinf, and Korts h rsaarch, managomen,ar thr
actons peode 0 reduc e mpacts of marinn obiscn th aflectod spacis.

Provides a famenork for colaborativ acton by busnesses, Gvermaris, communts, a0d
il or wasto an osurce rocovery i Al s o ovrarcing pncies: (1) 0
waso, ] irovo resouro rocoery. (3 ncreaso o ofrcyced mateal, (€ bt marago matei
ous, and (5 improve fomaton 1o et mnciaton, e esmon, and consumer daosons.
s 10 roducn nironmertal dgradation afsng o he Gsposal f usa pckaging nd consenve
Vg mataal trough o encoragement of wasto 1o and 1 050 and ocylng of used
pockaging matls by supporing and camplementig th vontry stateges n th Coverar (see
above)anc by asssing th assemment of o parkormanceof the Canant.

Osrarching famovorkfor protcting and managing e Great B e, which was reconzed 258
Word Hertago proporty i 1681 ncesactons {0 profact tho marnoonviormert an widéo fom
o matrls ad cors an alocalon of s oward s commuedyGngagemnan i Rect
protacton fvough actiios suchas coastal cean ups.

oS/t gowau Detai/ C2016GD077S: “htps:/vlegiaion Qo Dtals C2004000008; Mis/nkegsttion goxau Detais/ 201700194,
I envronment gocau/sbout/escublcatons/rationalescsalogy,  IMps/wwwanufonment gorau/apbc; SN/ anronmant govau

protaciontwast-

tons st

ycoverant 2017 s/ anironment goau/ystem/Besiresouces/633 18495 2359-4c-

rosourca ocove/pubicat paciagng-
734. 16400671013/ marn-dobs 20160t NDE Wk GrvTOnmOnt OV FrOIOCHGA WS 16SCLTO-10COry PO WaSHo- D0y, MIDS /A
Ahiaton aox s DY TLA008: VNens: s ndriont ocusnaterstwion A ecaiaebiy s





OPS/images/fenvs-08-00115-t001.jpg
Rank Top exporters Tons Top emitters Tons

1 Germany 1,266,787 China 2,425,422
2 United States 1,217,145 Indonesia 884,635
3 Japan 1,035,421 Philippines 518,006
4 United Kingdom 756,106 Vietnam 504,300
5 France 441,705 Thailand 282,628

Numbers are mass estimates of nations’ plastic waste exports in 2018 (UN Trade
Statistics, 2018) and emitted to oceans in 2010 (Jambeck et al., 2015; after
correction for Sri Lanka data, as described in Lebreton et al., 2017).
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