
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 99.231.83.111

This content was downloaded on 23/03/2016 at 12:59

Please note that terms and conditions apply.

Strategies for reducing ocean plastic debris should be diverse and guided by science

View the table of contents for this issue, or go to the journal homepage for more

2016 Environ. Res. Lett. 11 041001

(http://iopscience.iop.org/1748-9326/11/4/041001)

Home Search Collections Journals About Contact us My IOPscience

iopscience.iop.org/page/terms
http://iopscience.iop.org/1748-9326/11/4
http://iopscience.iop.org/1748-9326
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


Environ. Res. Lett. 11 (2016) 041001 doi:10.1088/1748-9326/11/4/041001

PERSPECTIVE

Strategies for reducing ocean plastic debris should be diverse and
guided by science
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Department of Earth Sciences, University of Toronto, Toronto,Ontario, Canada
Department of Anatomy, Physiology andCellular Biology, School of VeterinaryMedicine, UCDavis, Davis, California, USA

Keywords:microplastic,marine debris,mitigation, wastemanagement, scientific evidence

Abstract
Studies suggest that trillions ofmicroplastic particles are floating on the surface of the global oceans
and that the total amount of plastic waste entering the oceanwill increase by an order ofmagnitude by
2025. As such, this ever-increasing problemdemands immediatemitigation and reduction. Diverse
solutions have been proposed, ranging from source reduction to ocean-based cleanup. These solutions
aremost effective when guided by scientific evidence. A study published inEnvironmental Research
Letters (Sherman and van Sebille 2016Environ. Res. Lett. 11 014006) took a closer look at the potential
effectiveness of ocean-based cleanup. They conclude that it will bemost cost-effective and ecologically
beneficial if clean-up efforts focus on theflux ofmicroplastics from the coasts rather than in the center
of the oceans where plastic accumulates in so called ‘garbage patches’. If followed, this examplemay
become one of a series of examples where science has informed a solution to the complex problemof
plastic pollution.

Introduction

Sherman and van Sebille (2016) argue that the increas-
ing accumulation of plastic in the oceans is an urgent
issue deserving of immediate attention. Such claims
are becoming common from environmental man-
agers, activists and scientists. The complexity of this
environmental issue spans both land and sea and
includes a number of diverse stakeholders. As a
consequence, and much like other challenging issues
in conservation science, effective solutions are likely
also complex and diverse (Green et al 2015). Waste
management has not proven to be a ‘one size fits all’
solution. If we look all over the world we see a diversity
of strategies to reduce, reuse, recycle and clean up our
waste. Such strategies may be most effective when
guided by the best available science.

The ever-increasing problem of plastic pollution is
complex. On land, the production of plastic continues
to increase annually (Plastic Europe 2015) and the
availability and effectiveness of waste management
infrastructure for plastic waste varies globally (Jam-
beck et al 2015). As a consequence of increasing pro-
duction and leaky waste management, plastic of all
sizes contaminates our oceans from the poles to the

equator and from the coasts to the middle of the sub-
tropical gyres (Barnes et al 2009). As a consequence,
plastic is found in hundreds of species (Gall and
Thompson 2015) and can cause a diversity of adverse
impacts (Rochman et al 2016). Recently, plastic has
been found in our seafood (Van Cauwenberghe and
Jensson 2014, Rochman et al 2015a), reaching a level
in the foodchain that affects us.

Heightened concerns have sparked ideas for miti-
gation and reduction, and are popularized by the
media. These include a circular economy (World Eco-
nomic Forum 2016), source reduction via waste man-
agement infrastructure (Ocean Conservancy 2015)
and large-scale ocean cleanup (Slat et al 2014).
Sherman and van Sebille (2016) took a closer look at
the last of these solutions, ocean cleanup, to inform
locations where cleanupwill bemost environmentally,
ecologically and economically effective. They specifi-
cally examined a proposal by The Ocean Cleanup pro-
ject to remove plastic debris from the North Pacific
‘garbage patch’, arguably the most famous accumula-
tion of plastic floating in the centers of the oceans.
Based on their results, Sherman and van Sebille (2016)
suggest that ocean cleanup will most effectively reduce
the amount of microplastic and the interaction

OPEN ACCESS

PUBLISHED

23March 2016

Original content from this
workmay be used under
the terms of the Creative
CommonsAttribution 3.0
licence.

Any further distribution of
this workmustmaintain
attribution to the
author(s) and the title of
thework, journal citation
andDOI.

© 2016 IOPPublishing Ltd

http://dx.doi.org/10.1088/1748-9326/11/4/041001
http://dx.doi.org/10.1088/1748-9326/11/1/014006
http://crossmark.crossref.org/dialog/?doi=10.1088/1748-9326/11/4/041001&domain=pdf&date_stamp=2016-03-23
http://crossmark.crossref.org/dialog/?doi=10.1088/1748-9326/11/4/041001&domain=pdf&date_stamp=2016-03-23
http://creativecommons.org/licenses/by/3.0
http://creativecommons.org/licenses/by/3.0
http://creativecommons.org/licenses/by/3.0


between microplastic and wildlife when efforts are
concentrated closer to shore, rather than in themiddle
of the ocean.

Location, location, location

Sherman and van Sebille (2016) aimed to determine
the locations where removal of microplastic would (1)
remove the most surface microplastic and (2) reduce
impacts on ecosystems. To address these questions,
they developed a model that placed 29 plastic collec-
tors (the number proposed by The Ocean Cleanup) in
an oceanographic model that uses satellite-tracked
buoy observations scaled to observations of micro-
plastic from surface trawls to estimatemovements and
ultimately density of microplastic, and satellite-
derived proxies of phytoplankton growth to estimate
density of biota and the overlap with plastic debris.
They conclude that cleanup efforts should focus on the
flux (i.e. flow) of microplastics near the coasts rather
than in regions where plastic debris accumulates.
These efforts would remove debris before it reaches
regions of high ecological significance (Sherman and
van Sebille 2016). Broadly, they suggest it will be most
cost-effective and ecologically beneficial to clean up
plastic near the coasts, e.g., before it sinks and/or is
ingested by wildlife. Specifically, they suggest that
optimal removal locations are primarily located off the
coast of China and in the Indonesian Archipelago—
where sources are relatively large (Jambeck et al 2015)
and circulation models suggest debris will disperse
relatively quickly.

These suggestions for mitigation are similar to
those published by Ocean Conservancy (2015), sug-
gesting that source reduction via waste management
should occur at locations where leakage is predicted to
be greatest. This strategy is informed by a study pub-
lished in Science by Jambeck et al (2015). Ocean Con-
servancy (2015) estimates that focusing efforts in 5
countries, including China, Indonesia, Philippines,
Vietnam and Thailand, would reduce total global leak-
age by approximately 45% by 2025. Similarly, Sher-
man and van Sebille (2016) suggest that by focusing
removal in modeled optimal locations, 31% of the
modeled microplastic mass can be removed by 2025.
This is in contrast to the 17% removal of plastic pre-
dicted by The Ocean Cleanup when cleanup is con-
centrated in the North Pacific ‘garbage patch’ (Slat
et al 2014).

Source reduction versus cleanup

Like many scientists, Sherman and van Sebille (2016)
agree that themost effectivemitigation strategies focus
on source reduction. Scientists have suggested this can
be achieved via many strategies, including improving
waste management infrastructure and availability to
stop large items of plastic waste from entering the

oceans (Jambeck et al 2015), preventing microfibers
from clothing and small plastic fragments and beads
from entering wastewater by putting filters onwashing
machines (Browne 2015) and removing plastic
microbeads from personal care products (Rochman
et al 2015b). Although Sherman and van Sebille (2016)
argue that marine plastic pollution will persist unless
we stop plastic input altogether, they also make the
case that solutions should include cleanup to mitigate
ecological impacts occurring from plastic already in
the ocean.

Conclusion

Imagine this scenario, a pipe to the washing machine
in the basement broke and is causing a flood. What do
you do? You can turn off the source of the water, or
simply mop it up while the water continues to spew
from the broken pipe. Personally, I would start by
turning off the source of the water—but I also would
not leave a puddle of water sitting in my basement.
Similarly, cleanup and source reduction can and must
happen in parallel. Scientists estimate that as many as
51 trillion particles may be floating on the surface of
the global oceans (van Sebille et al 2015) and that the
total amount of plastic entering the ocean from land
will increase by an order of magnitude by 2025
(Jambeck et al 2015). As such, we must adopt both
source reduction and cleanup strategies that are
informed by the best available science.

Acknowledgments

Thank you to Drs Kara Lavender Law and Miriam
Goldstein for reviewing the manuscript and providing
comments and to Environmental Research Letters for
the invitation to contribute a perspective. Rochman
was funded by a David H Smith Postdoctoral Research
Fellowship during the preparation of thismanuscript.

References

BarnesD,Galgani F, ThompsonR andBarlazM2009Accumulation
and fragmentation of plastic debris in global environments
Phil. Trans. R. Soc.B 364 1985–98

BrowneMA2015 Sources and pathways ofmicroplastics to habitats
Marine Anthropogenic Litter (Berlin: Springer) pp 229–44

Gall S C andThompsonRC2015The impact of debris onmarine
lifeMar. Pollut. Bull. 92 170–9

Green S J, Armstrong J, BoganM,Darling E, Kross S, RochmanCM,
SmythA andVeríssimoD2015Conservation needs diverse
values, approaches, and practitionersCons. Lett. 8 385–7

Jambeck J R, Geyer R,WilcoxC, Siegler TR, PerrymanM,
AndradyA,Narayan R and Lavender LawK2015Marine
pollution. plastic waste inputs from land into the ocean
Science 347 768–71

OceanConservancy 2015 Stemming the tide: land-based strategies
for a plastic-free ocean (http://oceanconservancy.org/our-
work/marine-debris/mckinsey-report-files/full-report-
stemming-the.pdf)

Plastics Europe 2015 Plastics—the Facts 2014/2015: an analysis of
European plastics production, demand andwaste data

2

Environ. Res. Lett. 11 (2016) 041001 CMRochman

http://dx.doi.org/10.1098/rstb.2008.0205
http://dx.doi.org/10.1098/rstb.2008.0205
http://dx.doi.org/10.1098/rstb.2008.0205
http://dx.doi.org/10.1016/j.marpolbul.2014.12.041
http://dx.doi.org/10.1016/j.marpolbul.2014.12.041
http://dx.doi.org/10.1016/j.marpolbul.2014.12.041
http://dx.doi.org/10.1111/conl.12204
http://dx.doi.org/10.1111/conl.12204
http://dx.doi.org/10.1111/conl.12204
http://dx.doi.org/10.1126/science.1260352
http://dx.doi.org/10.1126/science.1260352
http://dx.doi.org/10.1126/science.1260352
http://oceanconservancy.org/our-work/marine-debris/mckinsey-report-files/full-report-stemming-the.pdf.
http://oceanconservancy.org/our-work/marine-debris/mckinsey-report-files/full-report-stemming-the.pdf.
http://oceanconservancy.org/our-work/marine-debris/mckinsey-report-files/full-report-stemming-the.pdf.


Technical Report (www.plasticseurope.org/Document/
plastics-the-facts-2015.aspx)

RochmanCM, BrowneMA,UnderwoodA J, van Franeker J A,
ThompsonRC andAmaral-Zettler L A 2016The ecological
impacts ofmarine debris: unraveling the demonstrated
evidence fromwhat is perceived Ecology 97 302–12

RochmanCM,Kross SM,Armstrong J B, BoganMT,Darling E S,
Green S J, SmythAR andVeríssimoD2015b Scientific
evidence supports a ban onmicrobeadsEnviron. Sci. Technol.
49 10759–61

RochmanCM,Tahir A,Williams S L, BaxaDV, LamR,Miller J T,
Teh FC,Werorilangi S andTeh S J 2015aAnthropogenic
debris in seafood: plastic debris and fibers from textiles in
fish and bivalves sold for human consumption Sci. Rep. 5
14340

Sherman P and van Sebille E 2016Modelingmarine surface
microplastic transport to assess optimal removal locations
Environ. Res. Lett. 11 014006

Slat B et al 2014 Feasibility Study 2nd edn (www.theoceancleanup.
com/fileadmin/media-archive/theoceancleanup/press/
downloads/TOC_Feasibility_study_lowres_V2_0.pdf)

VanCauwenbergheL and JanssenCR2014Microplastics inbivalves
cultured forhuman consumptionEnviron. Pollut.193 65–70

van Sebille E,Wilcox C, Lebreton L,MaximenkoN,Hardesty BD,
van Franeker J A, EriksenM, Siegel D,Galgani F and LawKL
2015A global inventory of smallfloating plastic debris
Environ. Res. Let. 10 124006

World Economic Forum2016 The new plastics economy:
rethinking the future of plastics (http://3.weforum.org/
docs/WEF_The_New_Plastics_Economy.pdf)

3

Environ. Res. Lett. 11 (2016) 041001 CMRochman

http://www.plasticseurope.org/Document/plastics-the-facts-2015.aspx
http://www.plasticseurope.org/Document/plastics-the-facts-2015.aspx
http://dx.doi.org/10.1890/14-2070.1
http://dx.doi.org/10.1890/14-2070.1
http://dx.doi.org/10.1890/14-2070.1
http://dx.doi.org/10.1021/acs.est.5b03909
http://dx.doi.org/10.1021/acs.est.5b03909
http://dx.doi.org/10.1021/acs.est.5b03909
http://dx.doi.org/10.1038/srep14340
http://dx.doi.org/10.1038/srep14340
http://dx.doi.org/10.1088/1748-9326/11/1/014006
http://www.theoceancleanup.com/fileadmin/media-archive/theoceancleanup/press/ downloads/TOC_Feasibility_study_lowres_V2_0.pdf
http://www.theoceancleanup.com/fileadmin/media-archive/theoceancleanup/press/ downloads/TOC_Feasibility_study_lowres_V2_0.pdf
http://www.theoceancleanup.com/fileadmin/media-archive/theoceancleanup/press/ downloads/TOC_Feasibility_study_lowres_V2_0.pdf
http://dx.doi.org/10.1016/j.envpol.2014.06.010
http://dx.doi.org/10.1016/j.envpol.2014.06.010
http://dx.doi.org/10.1016/j.envpol.2014.06.010
http://dx.doi.org/10.1088/1748-9326/10/12/124006
http://3.weforum.org/docs/WEF_The_New_Plastics_Economy.pdf
http://3.weforum.org/docs/WEF_The_New_Plastics_Economy.pdf

	Introduction
	Location, location, location
	Source reduction versus cleanup
	Conclusion
	Acknowledgments
	References



