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Plastic waste inputs from land into
the ocean

Jenna R. Jambeck,™* Roland Geyer,” Chris wueu.' 'meuhe R Siegler,*

Miriam Perryman,’ A Andrady,” “KaraL der Law’

Plastic debris in the marine enviro it is widely d ‘MhMyMM
entering the ocean from waste ge on land is unk By linking

data on solid waste, pop density, and ic status, we estimated the mass
Mwmmmmhxm%ﬂwhNIZBm.mmdm
tons (MT) of plastic waste was g d in 192 tal in 2010, with 48 to
12.7 million MT 18 the ocean. Popul size and the quality of waste management

MI:WWNMMMMMIM stest mass of ptured
maaw.»mmcmnmmmm

the sl quantity of plastic waste available to enter
ha:mhunlmdhmndloimmebymmmwwwﬁ

Jamebeck et al. (2015), Science
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Fig. 2 Estimated mass of mismanaged plas-
tic waste (millions of metric tons) input to
the ocean by populations living within 50 km
of a coast in 192 countries, plotted as a cumu-
lative sum from 2010 to 2025, Extrristes refiect
ssumed mmvession rakes of mamanaged psdic
wade to marne debris (high 40%: mid, 25%; low,
1536). Emor bawrs were geness fod using mean and
standard error from the predictive models for mis-
mansged wa e fraction and percent plsstc in the
wade steam (12)
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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

TR R
3 2 My el

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 ym). (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. Desforges' + Moira Galbraith® «
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DDTs

Polycyclic aromatic
hydrocarbons (PAHSs)

Peter S. Ross'

—

A Neocalanus cristatus

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
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Physical and chemical effects of ingested plastic debris on short-tailed shearwaters,
Puffinus tenuirostris, in the North Pacific Ocean

Rei Yamashita®“*, Hideshige Takada®, Masa-aki Fukuwaka®, Yutaka Watanuki ©

* Laly y of Organic Ceochemistry (LOC), Tokyo University of Agriculture and Technology, Fuchy, Tokyo 183-8508, fapan
®Hokkaido National Fisheries Resenrch Institute, Fisheries Research Agency (FRA), 116 Katsurakoi, Kushiro, Holdaido 085-0802, Japan
“ Graduate School of Fisheries Sciences, Hokkaido University, 3-3-1 Minato, Hakodat 041-8611, Japan

ARTICLE INFO ABSTRACT

Keywoards: We investigated the plastics ingested by short-tailed shearwaters, Puffinus tenuirestris, that were acciden-
Marine plastic debris tally caught during experimental fishing in the North Pacific Ocean in 2003 and 2005. The mean mass of
Palychlarinated biphe nyls (PCBs) plastics found in the stomach was 023 g per bird (n=99). Plastic mass did not carrelate with body
N Pacifie Oceda weight. Total PCB (sum of 24 congeners) concentrations in the abdominal adipose tissue of 12 birds ran-
Plastic ingestian ged from 45 to 529 ngjg-lipid. Although total PCBs or higher-chlorinated congeners, the mass of ingested

Plastic contaminants

Shodt-ailad shearyrater plastic correlated positively with concentrations of lower-chlorinated congeners. The effects of toxic

chemicals present in plastic debris on bird physiology should be investigated.
® 2011 Elsevier Ltd. All rights reserved.
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Accumulation of plastic-derived chemicals in tissues of seabirds ingesting

marine plastics

Kosuke Tanaka?, Hideshige Takada®*, Rei Yamashita?, Kaoruko Mizukawa? Masa-aki Fukuwaka®,

Yutaka Watanuki®
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ARTICLE 1INFO

Keywords:

Polybrominated diphenyl ethers (PBDEs)
Plastic debris

Additives

North Pacific Ocean

Short-tailed shearwater
Bioaccumulation

ABSTRACT

We analyzed polybrominated diphenyl ethers (PBDEs) in abdominal adipose of oceanic seabirds (short-
tailed shearwaters, Puffinus tenuirostris) collected in northern North Pacific Ocean. In 3 of 12 birds, we
detected higher-brominated congeners (viz., BDE209 and BDE183), which are not present in the natural
prey (pelagic fish) of the birds. The same compounds were present in plastic found in the stomachs of the
3 birds. These data suggested the transfer of plastic-derived chemicals from ingested plastics to the tis-
sues of marine-based organisms.

© 2012 Elsevier Ltd. All rights reserved.
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Facilitated Leaching of Additive-Derived PBDEs from Plastic by
Seabirds’ Stomach Oil and Accumulation in Tissues

Kosuke T'\nqka, Hldeshlge quada,*' Rei Yamashlh, Kaoruko Mlzukawa, Masa-aki Fukuwaka
and Yutaka Watanuki®

"Laboratory of Organic Geochemistry, Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183-8509, Japan
*Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Kushiro, Hokkaido 085-0802, Japan
SFaculty of Fisheries, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

© Supporting Information kA ’r D * El
ABSTRACT: Our previous study suggested the transfer of T

polybrominated diphenyl ether (PBDE) flame retardants from oo | ¢ o Fishol o
ingested plastics to seabirds’ tissues. To understand how the S | AT T :
PBDEs are transferred, we studied leaching from plastics into 2.

digestive fluids. We hypothesized that stomach oil, which is 2l . Somachol o
present in the digestive tract of birds in the order ’§ .  Aqueous solutions
Procellariiformes, acts as an organic solvent, facilitating the S 01234567 809101112131415
leaching of hydrophobic chemicals. Pieces of plastic com- y ooys

pounded with deca-BDE were soaked in several leaching
solutions. Trace amounts were leached into distilled water,
seawater, and acidic pepsin solution. In contrast, over 20 times
as much material was leached into stomach oil, and over 50
times as much into fish oil (a major component of stomach oil).
Analysis of abdominal adipose, liver tissue, and ingested plastics
from 18 wild seabirds collected from the North Pacific Ocean showed the occurrence of deca-BDE or hexa-BDEs in both the
tissues and the ingested plastics in three of the birds, suggesting transfer from the plastic to the tissues. In birds with BDE209 in
their tissues, the dominance of BDE207 over other nona-BDE isomers suggested biological debromination at the meta position.
Model calculation of PBDE exposure to birds based on the results of the leaching experiments combined with field observations
suggested the dominance of plastic-mediated internal exposure to BDE209 over exposure via prey.
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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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ABSTRACT

To provide much needed quantitative data on the lethal and sublethal effects of plastic pollution on
marine wildlife, we sampled breast feathers and stomach contents from Flesh-footed Shearwater (Puf-
finus carneipes) fledglings in eastern Australia. Birds with high levels of ingested plastic exhibited
reduced body condition and increased contaminant load (p < 0.05). More than 60% of fledglings exceed
international targets for plastic ingestion by seabirds, with 16% of fledglings failing these targets after a
single feeding (range: 0.13—3.21 g of plastic/feeding). As top predators, seabirds are considered sentinels
of the marine environment. The amount of plastic ingested and corresponding damage to Flesh-footed
Shearwater fledglings is the highest reported for any marine vertebrate, suggesting the condition of
the Australian marine environment is poor. These findings help explain the ongoing decline of this
species and are worrying in light of increasing levels of plastic pollution in our oceans.

© 2013 Elsevier Ltd. All rights reserved.

BRICOVTOELTHETY A, FHERMICIRAELELD,

Lavers, J.L., Bond, A.L., and Hutton, I, 2014. Plastic ingestion by Flesh-footed Shearwaters (Puffinus
carneipes): Implications for fledgling body condition and the accumulation of plastic—derived chemicals.
Environmental Pollution 187, 124-129.
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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 i t is widely o ted, but the quantity of plastic
entering the ocean from waste ge ted on land is unk By linking worldwide
data on solid waste, population density, and ic 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 generated in 192 coastal countries in 2010, with 48 to
12.7 million MT entering the ocean. Population size and the quality of waste management
systems largely determine which countries contribute the greatest mass of uncaptured
waste available to become plastic marine debris. Without waste management
infrastructure imp the lative quantity of plastic waste available to enter
the ocean from land is predicted to increase by an order of magnitude by 2025.
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Fig. 2 Estimated mass of mismanaged plas-
. tic waste (millions of metric tors) input to |
Jamebeck et al. (2015), Science the ocesn by popuations iiving within 50 km |
of a coast in 192 countries, plotted as a cumu-
lative sum from 2010 to 2025. Estrmstes refect
Fsumed mmvession rakes of mamansged phdic
wade to marne debris (high 40%: mid, 25%:: low,
15%6). Eror bawrs were genessied using mean and |
standard error from the predictive modeds for mis-
mansged wa e fraction and percent plestc in the
wade steam (12)
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Accumulation of Microplastic on Shorelines Woldwide:
Sources and Sinks

Mark Anthony B1‘(1wnc,‘“"r’*’§ Phillip Crump,'H Stewart J. Nivcn,g’" Emma Tcuten,§ Andrew Tonkin,”
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

YSchool of Geography, Earth & Environmental Sciences, University of Plymouth, Plymouth PL4 8AA, United Kingdom
"Waters Canada, Ontario, Canada
LSchool of Biosciences, College of Life & Environmental Sciences, University of Exeter, Exeter EX4 4PS, United Kingdom

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 alarge 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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Marcus Eriksen **, Sherri Mason®', Stiv Wilson *?, Carolyn Box **, Ann Zellers “*, William Edwards %,
Hannah Farley ™', Stephen Amato*

Fig. 3. Color variation among particles <1 mm from Sample 21.
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Generating Example of regional difference in source and
microplastics fate: large-scale use of expanded polystyrene

(EPS) buoys for aquaculture in Korea

One 62 litre buoy
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(2.5 mm diameter)
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Life in the "“Plastisphere”: Microbial Communities on Plastic Marine
Debris
Erik R Zettler,"! Tracy J. Mincer, "/ and Linda A. Amaral Zettler*+ 1

'Sea Education Amodation, P.O. Box 6, Woods Hole, Mamachusetts (12543, United States

*Marine Chemistry & Geochemistry, Woods Hole Oceanographic Instituion, 266 Woods Hole Rd, MS# 51, Woods Hole,
Masachusetts 02543, United States

h!".h,e_Fﬂsep:h.m,e Bay Pau Center for Comparative Moleculir Biology and Evelution, Marine Bidogical Labomtory, 7 MBL Stweet,
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ABSTRACT: Plastics are the most sbundant form of marine
debais, with global production rising and documented impacts
in some marine environments, but the influence of plastic on
open ooean ecosystems is poody understood, pariculady for
microbial communities. Phstic marine debais (PMD) collected
at multiple locations in the Morth Adantic was analyred with
sanning electron microscopy  (SEM) and nert-genemation
sequendng to characterize the attached microhial commun-
ities. We unveiled 2 diverse microbial community of
heterotrophs, autotrophs, predators, and symbionts, a
community we refer to a5 the “Pltisphere”. Pits visualized
hh?mgﬂnmﬂmmﬁ]&n]ﬂgwﬁng ¢
active hydrolysis of the hydocabm polymer. Small-subunit 5

RMNA gene surveys identified several h}!lrnm‘bm‘:dngadng baderia, sup])-m'hngt}b: ]mnili]ityﬂutmi:mbﬁ p]iy a role in
degmrlng PMD. Some Hﬂ:iip]!m members may be opportunistic pa‘ﬂ'unscm (the authors, urpjb]:ﬂmd data} such as q)m:lﬁu:
members of the genus Vibrie that dominated one of our phstic samples. Plstisphere communities are distinct from suroounding
srface m‘bﬂ',:ing)}yﬁgﬂ\ﬂp]ﬂ:i:sm = 2 novel cm]ns;ﬁ] habitat in the OpEn oo Plastic has a]om.gr]'n]f—]iﬁ than most
natural flmting marine substrates, and a hydrophobic surface that prometes microbial colonization and bicfilm formation,
differing from autechthonous substrates in the upper hyers of the ocean.
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The Anthropocene is functionally
and stratigraphically distinct from
the Holocene
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The claw-like
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teeth of a large polychaete.
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petrel collected on Gull Island, Newfoundland. The
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Lost at Sea: Where Is All
the Plastic?
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New Directions
in Plastic Debris
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GESAMP

Joint Group of Experts on the
Scientific Aspects of Marine
Environmental Protection

2010 June Proceedings of the GESAMP
International Workshop on
GESAMP WOI’kShOp Microplastic particles as a vector
Parls in transporting persistent, bio-
accumulating and toxic sub-
stances in the ocean
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Plastic Debris in the Ocean

E ii E E ’—- Evary yoar large amounts of plastic dabris antar the ocoan, whare it slowly fragmaents and accumulates

R0 imn in convergenca 20nes. Sclontiss are concamed about tha posible impacts of small plsiic ropments
microplastics—in the environment. The role of plastics as a vector for transporting chemicals and spacios
in the ocean is as yet poorly understood, but it is a potential throat to ecosystems and human health
Improved waste management is the key to praventing plastic and other types of littar from entering the

ocean.
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(Joint Group of Experts on
the Scientific Aspects of
Marine Environmental
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East Asian seas: A hot spot of pelagic microplastics

Atsuhiko Isobe **, Keiichi Uchida ®, Tadashi Tokai ®, Shinsuke Iwasaki

3 Research Institute for Applied Mechari cs, Kywushu University, 61 Ki -koen, Kasugn, Fukuoka 81-8580, n
pp asuga 2 Japa
* Department of Ocean Sciences, Tokyo University of Marine Science and Technology, 4-5-7 Konan, Minato-ku, Tokyo 108-8477, Japan
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Fig. 4. Comparison of total particle counts computed in four areas. The total particle counts
are shown by digits as well as bar heights. Superimposed on the bars of the East Asianseas
and the Seto Inland Sea is the margin of error evaluated by a t-test with a 95% confidence
interval,

Plastic waste inputs from land into
the ocean

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

e

Plastic waste available
to enter the ocean in 2010
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Fig. 1. Global map with each country shaded according to the estimated mass of mismanaged plastic waste [ millions of metric tons (MT)] generated
in 2010 by populations living within 50 km of the coast. We considered 192 countries. Countries not included in the study are shaded white.
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