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Plastic waste inputs from land into
the ocean

Jenna R. Jambeck,'* Roland Geyer,” Chris Wilcox,” Theodare R. Siegler,*
Miriam Perryman,' Anthony Andrady,” Ramani Narayan,® Kara Lavender Law’

Plastic debris in the marine environment is widely documented, but the quantity of plastic
entering the ocean from waste generated on land is unknown. By linking worldwide

data on solid waste, population density, and economic status, we estimated the mass

of land-based plastic waste entering the ocean. We calculate that 275 million metric

tons (MT) of plastic waste was gererated in 192 coastal countries in 2020, with 48 to
127 million MT entering the ocean. Population size and the quality of waste management
systems largely determine which countries contribute the greatest mass of urcaptured
waste available to become plastic marine debris. Without waste management
infrastructure improvements, the cumulative quantity of plastic waste available to enter
the ocean from land is predicted to increase by an order of magnitude by 2025,

Jamebeck et al. (2015), Science
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Fig. 2 Estimated mass of mismanaged plas-
tic waste (millions of metric tons) imput to
the ocean by populations living within 50 km
of a coast in 192 countries, plotted as a cumu-
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PIaStIC debrls In the open ocean www.pnas.org/cgi/doi/10.1073/pnas. 1314705111

Andrés Cézar™', Fidel Echevarria®, J. Ignacio Gonzalez-Gordillo®, Xabier Irigoien®, Barbara Ubeda®,
Santiago Hernandez-Le6n®, Alvaro T. Palma®, Sandra Navarrof, Juan Garcia-de-Lomas?, Andrea Ruiz?,

Maria L. Fernandez-de-Puelles”, and Carlos M. Duarte®*!
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Fig. 1. Concentrations of plastic debris in surface waters of the global ocean. Colored circles indicate mass concentrations (legend on top right). The map shows
average concentrations in 442 sites (1,127 surface net tows). Gray areas indicate the accumulation zones predicted by a global surface circulation model (6). Dark
and light gray represent inner and outer accumulation zones, respectively; white areas are predicted as nonaccumulation zones. Data sources are desaibed in S/
Appendix, Table S1. Plastic concentrations along the Malaspina circumnavigation and a latitudinal gradient are graphed in S/ Appendix, Figs. 54 and S5.



S5IKED TSR F v hY

‘North-. ~North
:Pacmc Atlantlc

South - ~South.
Pacmc Atlantlc
Gyre s A Gyre

Plastic Pollution Accumulation Zones

/TO‘—CL\%)

1,000,000

100,000

Indlan:"? '
. 0cean k.

(Lebreton et al., Mar. Pol. Bul., 2012)

({&/km?)




MEDAEINT 7 ATF > 7 itk - HET 5

Albatross Bolus Sample from Guadalupe Island
June 19, 2003
OBS 004

SV F@I—%O)TTI'\"? ~1)

14



ALEBIEXRFFTEEICK YRR SN =BREI2EERE =0 LT

INURYEXFFRY
-
!~_‘--‘
<4

Sampling area
40°00°’N-47°30’N, 180°00’
55°30°’N-58°30°N, 178°00° E-178°00° W










BEENDN T SAF VI ZERT S

Fiber Styroofoam
o)
Plastic 27 \ 1%
sheets
9%

NORYSXFXRY

».' 3’-"
Resin pellets -

Fragments
of plastic

Fragments of
Resin pellets plastic

26% 59%

=
o
Styrofoam 1 cm

n=41
Plastic sheets

Type and composition of plastics found in the stomachs of
short-tailed shearwater. After Yamashita et al.



ETCOEADEILENNGIEITSIRAF Y IIRE SINT-
T = o




HADEBEEDNWDEENTSIAF VI ZERBLTLS

Threat of plastic pollution to seabirds is global,

pervasive, and increasing

Chris Wilcox®’, Erik Van Sebille®<, and Britta Denise Hardesty®
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Ingested plastic transfers hazardous

chemicals to fish and induces hepatic

stress

Chelsea M. Rochman', Eunha Hoh?, Tomofumi Kurobe' & Swee J. Teh!

Figure 4 | Liver Histopathology in medaka sampled after 2 months. Micrographs show livers that are glycogen-rich from the control treatment

(a) and glycogen-depleted from the virgin-plastic (b) and the marine-plastic treatment (c). An eosinophilic focus of cellular alteration, a precursor

to a tumor, was observed in one fish from the virgin-plastic treatment (b). The circle highlights eosinophilic (pinkish coloration) hepatocytes,
approximately twice as large as the basophilic (blue coloration) glycogen-depleted hepatocytes. The progression of neoplastic hepatocytes is evidence by
the presence of a tumor, a hepatocellular adenoma, in one fish from the marine-plastic treatment (encircled in panel c).
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Accumulation of Microplastic on Shorelines Woldwide:
Sources and Sinks

Mark Anthony Browne,*"" S Phillip Crump,ﬂ Stewart J. vaen,§ I Emma Teuten, Andrew Tonkin, T
1
Tamara Galloway,” and Richard Thompson

*School of Biology & Environmental Sciences, University College Dublin, Science Centre West, Belfield, Dublin 4, Ireland

*Centre for Research on the Ecological Impacts of Coastal Cities, A11 School of Biological Sciences, University of Sydney,
NSW 2006, Australia

SMarine Biology & Ecology Research Group, School of Marine Science & Engineering, University of Plymouth, Plymouth PL4 8AA,
United Kingdom

School of Geography, Earth & Environmental Sciences, University of Plymouth, Plymouth PL4 8AA, United Kingdom

'Waters Canada, On'

*School of Bioscienc 1 H 1 ?li d) I§E E —C-%,J 2000$ d) %H h\f&%ﬁk%ﬁ 75\ ﬁ& I-:Il dom

ABSTRACT: Plastic debris <1 mm (defined here as microplastic) is accumulating in marine habitats.
Ingestion of microplastic provides a potential pathway for the transfer of pollutants, monomers, and
plastic-additives to organisms with uncertain consequences for their health. Here, we show that
microplastic contaminates the shorelines at 18 sites worldwide representing six continents from the
poles to the equator, with more material in densely populated areas, but no dear relationship between
the abundance of miocroplastics and the mean size-distribution of natural particulates. An important
source of microplastic appears to be through sewage contaminated by fibers from washing clothes.
Forensic evaluation of microplastic from sediments showed that the proportions of polyester and
acrylic fibers used in clothing resembled those found in habitats that receive sewage-discharges and
sewage-effluent itself. Experiments sampling wastewater from domestic washing machines demon-
strated that a single garment can produce >1900 fibers per wash. This suggests that a large proportion
of microplastic fibers found in the marine environment may be derived from sewage as a consequence
of washing of clothes. As the human population grows and people use more synthetic textiles,
contamination of habitats and animals by microplastic is likely to increase.
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Environ. Sci. Technol. 2008, 42, 5026-5031

Ingested Microscopic Plastic
Translocates to the Circulatory
System of the Mussel, Mytilus
edulis (L.

MARK A. BROWNE, *"
AWANTHA DISSANAYAKE,”
TAMARA S. GALLOWAY,?
DAVID M. LOWE,® AND
RICHARD C. THOMPSONT

School of Biological Sciences, University of Plymouth, Drake
Circus, Plymouth, PL4 8AA, UK., University of Exeter, Prince
of Wales Road, Exeter, EX4 4PS, UK, and Plymouth Marine
Laboratory, Prospect Place, Plymouth, PL1 3DH, UK
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Plastics debris is accumulating in the environment and is
fragmenting into smaller pieces; as it does, the potential for
ingestion by animals increases. The consequences of macroplastic
debris for wildlife are well documented, however the impacts
of microplastic (<1 mm) are poorly understood. The mussel,
Mytilus edulis, was used to investigate ingestion, translocation,
and accumulation of this debris. Initial experiments showed
thatupon ingestion, microplastic accumulated in the gut. Mussels
were subsequently exposed to treatments containing seawater
and microplastic (3.0 or 96 xm). After transfer to clean
conditions, microplastic was tracked in the hemolymph. Particles
translocated from the gut to the circulatory system within 3
days and persisted for over 48 days. Abundance of microplastic
was greatest after 12 days and declined thereafter. Smaller
particles were more abundant than larger particles and our data
indicate as plastic fragments into smaller particles, the
potential for accumulation in the tissues of an organism
increases. The short-term pulse exposure used here did not
result in significant biological effects. However, plastics

are exceedingly durable and so further work using a wider
range of organisms, polymers, and periods of exposure will be
required to establish the biological consequences of this
debris.

53



QRONDEITA
ience &lechnology

Uptake and Retention of Microplastics by the Shore Crab Carcinus
maenas

Andrew J. R. Watts,*’T Ceri Lewis,T Rhys M. Goodhead,m: Stephen ]J. Beckett,§ Julian Moger,i
Charles R. Tyler,Jf and Tamara S. GallowayT

Polystyrene microspheres found in shore crabs
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Microplastics in bivalves cultured for human consumption

Lisbeth Van Cauwenberghe’, Colin R. Janssen

Ghent University, Laboratory of Environmental Toxicology and Aquatic Ecology, Jozef Plateaustraat 22, 9000 Ghent, Belgium

Fig. 1. Microplastics detected in the acid digested Mytilus edulis and Crassostrea
gigas. A. Red particle recovered from Mytilus edulis; B. Green sphere detected in the
soft tissue of Crassostrea gigas. (Scale bar: 50 um). (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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Ingestion of Microplastics by Zooplankton in the Northeast

Pacific Ocean

Jean-Pierre W. Desforges1 » Moira Galbraith”® « Peter S. Ross'

A Neocalanus cristatus

ingested microplastic size: 0.5mm

B Euphausia pacifica

ingested microplastic size: 0.8mm

Fig. 2 The feeding appendage anatomy of a N. cristatus and b E.
pacifica suggest that the sizes of ingested microplastic particles were
within the physical limits of mouth gape and handling capacity of
setae. The average microplastic particle size detected in this study is
shown in relation to the size of setae for both zooplankton species



FAJH AVRRLTOTISD B IS0 TSRAFvIRRE SN T

seived: o2 April 2015

ted: 25 August 2015
24 Septembar 2015

SCIENTIFIC REPg}RTS

Anthropogenic debris in seafood:

Plastic debris and fibers from

textiles in fish and bivalves sold for

human consumptiol Types of Plastic Debris in Fish and Shellfish

Chelsea M. Rochman?, Akbar Tahir?, Susan L. Willia
Jeffrey T. Millers, Foo-Ching Teh?®, Shinta Werorilan

Figure 3. Types of anthropogenic debris in market fish products sampled from Indonesia and the
United States. The pie charts above show the percentage of each type (Le. plastic fragments, fibers, plastic
film, phstic foam and plastic monofilament) of anthropogenic debris found across all fish sampled from
Indonesia (top) and the United States (bottom). Images show examples of each type of debris found. Scale
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Collection of sediment core from imperial moat Sakurada
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The Anthropocene is functionally
and stratigraphically distinct from
the Holocene
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FIGURE 1. Objects found in the stomachs of two
Leach’s Petrels. The two pieces of plastic in the
upper left corner were found in the gizzard of a
petrel collected on Gull Island, Newfoundland. The
three pieces of plastic as well as the two claw-like
structures in the right half of the figure were all
found in the gizzard of a petrel collected on Kent
Island, New Brunswick. The claw-like structures
have been tentatively identified as the pharyngeal
teeth of a large polychaete.
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Lost at Sea: Where Is All
the Plastic?
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Editorial

Call for pellets! International Pellet Watch Global Monitoring
of POPs using beached plastic resin pellets

On our beaches, we see various quantities of many mate-
rials (e.g., ssaweed, driftwood, trash, plastic fragments, cig-
arette ends) along the high-tide line. Among them, we can
commonly find plastic resin pellets. Recently we have
started a global monitoring programme of persistent or-
ganic pollutants (POPs) using these stranded plastic resin
pellets (International Pellet Watch: http://www.tuat.ac.jp/
~gaia/ipw/index.html).

Plastic resin pellets are small granules, generally with
shape of a cylinder or a disk with a diameter of a few
mm (Fig. 1). These plastic particles are the industrial raw
material of plastics which are transported to manufactur-
ing sites where “user plastics” are made by re-melting the
pellets and molding them into the final products. Resin pel-
lets can be unintentionally released to the environment,
both during manufacturing and transport. The released re-
sin pellets are carried by surface run-off, streams and river
waters, eventually leading to the ocean. Because of their
environmental persistence, they are distributed widely in

Fig. 1. Plastic resin pellets.

0025-326X/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.marpolbul.2006.10.010

the ocean and are now found on beaches all over the world.
In 2001, we revealed the existence of various organic micro-
pollutants (i.e., polychlorinated biphenyls: PCBs, DDE,
and nonylphenol) in these stranded plastic resin pellets col-
lected on beaches (Mato et al., 2001).

Because of the hydrophobic nature of the plastic sur-
faces, hydrophobic pollutants such as PCBs and DDTs
are adsorbed to the pellets from the surrounding seawater
with concentration factors of up to 10°. We observed a
weak correlation between PCBs concentrations in plastic
resin pellets collected on beaches with levels in traditional
monitoring media (i.e., mussels), although large piece-to-
piece variability of PCB concentrations was also observed
(Endo et al., 2005). Because the resin pellets are distributed
on beaches the world over, and because collection and
shipping of the pellets are easy, we propose global monitor-
ing of persistent organic pollutants (POPs) using these bea-
ched plastic resin pellets.

In the International Pellet Watch project, we ask people
from all countries to collect plastic resin pellets on their
nearby beaches and send them to our laboratory via air-
mail. No cooling nor freezing is necessary during shipment.
People just need to put the pellets into a paper envelope
and post it to us. To get representative data, we need
100-200 pieces of pellets (preferably yellowed pellets) from
each location. Organic micro-pollutants in the pellets will
be analyzed in our laboratory. Based on the analytical re-
sults, global distributions of these organic micro-pollutants
will be mapped. Results will be sent to the participants
through e-mail and will be released on the web as well.

The purpose of International Pellet Watch is to under-
stand the current status of global POPs pollution, and
the advantage of Pellet Watch is its extremely low cost of
sampling and shipping as compared with conventional
monitoring using water, sediment and biological samples.
Further, we can draw global POPs pollution maps for a
very low cost. Already several NGOs who conduct beach
clean-up projects are helping with sample collection.

So far, our spatial coverage is very limited and of course
the strength of the programme will be related to the coverage
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EMERGING ISSUES

IN OUR GLOBAL ENVIRONMENT

2011

United Nations Environment Programme

P

astic Debris in the Ocean

Every year large amounts of plastic debris enter the ocean, where it slowly fragments and accumulates
in convergence zones. Scientists are concerned about the possible impacts of small plastic fragments—
microplastics—in the environment. The role of plastics as a vector for transporting chemicals and species
in the ocean is as yet poorly understood, but it is a potential threat to ecosystems and human health.
Improved waste management is the key to preventing plastic and other types of litter from entering the

ocean.
Box 3: Plastic pellets

Plastic resin pellets are small granules, generally in the shape of a
cylinder or disc, with a diameter of a few millimetres. These particles
are an industrial raw material that is remelted and moulded into final

products. They enter the ocean as a result of spills or accidental releases.

Like other plastic particles, they have been shown to accumulate PBTs.
In the case of thin plastic films, for example those 50 micrometres or
less, it may take only a few days for this process of accumulation or
release to occur (Adams et al. 2007). In the case of pellets, equilibrium
between the concentration of a given compound in a pellet and in
the surrounding water or sediment may take many weeks or months.
Older pellets consequently tend to have higher concentrations of
contaminants and have been used to map the distribution of pollution
in coastal waters around the world (Ogata et al. 2009, International
Pellet Watch 2011) (Figure 5). Their consistent size makes them a useful
monitoring tool.

Transport by plastic particles does not represent a significant additional
flux of PBTs on a global scale compared with atmospheric or water
transport (Zarfl and Matthies 2010). However, the concentration of
contaminants by microplastic particles presents the possibility of
increasing exposure to organisms through ingestion and entrance into
the food chain—with the prospect of biomagnification in top-end
predators in the food chain such as swordfish and seals. Ingestion of
small particles by a wide variety of organisms has been well reported.
However, the basic information needed on the biochemical and
physiological response of organisms to ingested plastics contaminated
with PBTs in order to quantify the scale of the problem is currently
unavailable (Arthur et al. 2009, GESAMP 2010). It is conceivable that
PBTs in plastic particles will be less bioavailable than those from the
surrounding water or food sources (Gouin et al. 2011).

Figure 5: Concentration of PCBs

in beached plastic resin pellets,

in nanograms per gram of pellet.

Samples of llets w

e pel o
have been collected ot 56 beaches e
in 29 countries and analyzed for
concentrations of organochlorine
compounds. PCB concentrations
were highest in pellets collected in
the United States, Western Europe
and Japan. They were lowest in
those c#lhleded in I'vopicu| Asia and
Africa. This spatial pattern reflects
regional differences in the use of
PCBs. Scurce: Ogata et al. (2009)
with additional data provided by
International Peflet Watch in 2010

Collected from beaches around the world, plastic pellets like these

have been found to accumulate persistent, bio-accumulating and toxic
substances. The pellets are used in the manufacture of plastic products and
have been introduced into the ocean through accidental releases. They
may also be released as a result of poor handling or waste management.

While there is evidence that quantities entering the marine environment
have been reduced as a result of mproved industrial praciices, pellets
already released will persist for many years. Credit: Inemationdl Peflet
Watch
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