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FIGURE 1. Objects found in the stomachs of two

. Leach’s Petrels. The two pieces of plastic in the

Roth Steln (1 973) npper 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

) VO|'75’ p344 345 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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Styrofoam
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Type and composition of plastics found in the stomachs of
short-tailed shearwater. After Yamashita et al.
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7 MAY 2004 VOL 304 SCIENCE www.sciencemag.org

Lost at Sea: Where Is All
the Plastic?

Richard C. Thompson,'* Ylva Olsen,” Richard P. Mitchell,’
Anthony Davis,’ Steven J. Rowland,” Anthony W. G. John,*
Daniel McGonigle,?> Andrea E. Russell®
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PIaStic debris in the Open ocean www.pnas.org/cgi/doi/10.1073/pnas. 1314705111

Andrés Coézar™’, Fidel Echevarria®, J. Ignacio Gonzalez-Gordillo®, Xabier Irigoien™*, Barbara Ubeda®,
Santiago Hernandez-Leén?, Alvaro T. Palma®, Sandra Navarro', 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 51. Plastic concentrations along the Malaspina circumnavigation and a latitudinal gradient are graphed in 5/ Appendix, Figs. 54 and S5.
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Global warming releases microplastic legacy frozen in Arctic

Seaice

Rachel W. Obbard', Saeed Sadri®, Ying Qi Wong', Alexandra A. Khitun', lan Baker', and Richard C.

Thompson®

"Thayer School of Engineening at Dartmouth College, Hanower, New Hampshire, LS4, *Marnine Biology and Ecology
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Marine Pollution Bulletin
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Microplastics in the Southern Ocean

Research Centre, School of Marine Science and Engineering, University of Plymouth, Plymouth, LK

L]

ice, Earth’s Future, 2, 315-320,
doi:10.1002/2014EF000240.
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Figure 2. (a) Totsl number of microplotic peeces presented as values per
liter of seawater (sealed up from sample volumes examined which wene
typically $0-100cm’}, by polymer type, acconding to the kocation of sea ke
cores, Photographe. of microeplastic fragments identifed using FTI (b)
HOTHAX Site 3, polyetbylens terephihalate (pobyesten), ic) HOTRAX Side 11,
pelypropylens, (d) HOTRAX Site 26, polyewter, () ICESCAPE Site 2, mdon,
and [f] HOTRAX Site 11, polyethydens. Scale bars represent 1 mm

Atmihikio lsobe **, Kaon Uchsyama-Matsumoto ®, Kesichd Uchiida ©, Tadashi Tokat©
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Subdrogecal front
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i, - Aenterctic front

Antarctica

Figz. 4. Observed total particle counts and schematic view of ogeamc conditions in e
Eoeghem Ooran, The bars & Stas. 1 and 2 indicate the el particle omenes lisied in Table
3; sere the refierence scale shownin the upper beft cormer, The particle oounis at Sas 3,
4, and 5were not shown because the numbers of collected microplastics were negligibly
small. We referred to Fig 6.7 in Tomczac and Godfrey [ 1994) for the positions of three
oceanic Ironls in the schematic view. The Jrmews represent te Anlactc Ciroumpolar
Current, pled spproximately on e cunves song which Uhe wind-=ress curl vanshes
{ i, eaximal wand shress) w Frg G50 of Tomcesd amd Godiney [ 1994),
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Ambio Vol. 32 No. 6, Sept. 2003

Cecilia Eriksson and Harry Burion

Origins and Biological Accumulation of Small
Plastic Particles in Fur Seals from Macquarie
Island

Macquarie Island (54°30'S 158°57'E).

Figues 1. Elciron mecrograph sxsmples of 7 classes of parficls shaps
and weal pafterne, A Partichs o nhmdﬁlug—ud it
B. Particle wilh sharp edges and cleavage lines
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East Asian seas: A hot spot of pelagic microplastics

Atsuhiko Isobe **, Keiichi Uchida ®, Tadashi Tokai °, Shinsuke Iwasaki 2
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Large amounts of plastics are introduced to the ocean in tropical Asia and

—_— 1

could be transported to north Pacific by sea current

= —— 1

Plastic wasta available
to enter the ocean in 2010
(million MT)

B > 5.00
B 1.00 - 5.00

| 0.25 - 1.00
0.01-0.25

) <0.01

Inputs of plastic wastes to the ocean (After Jambeck et al, 2015

18



MG A OB TSRAFIIIEEMREDFIEICKYILET D

T S~ ~—— ~—__—

TSAFYIDREIZEMEN
iz A& B (Zettler et al, 2013)
RFNINSKEGHIFE

. - HEREENARES,
’ -
—1 9
| - e l
- O H IS & B 0RE A A
| tn TSRAFYIDFENELES
Bl
) |
L el BIEALD

Woodall et al. (2015)

19






RREDBEDENLRIIFLUORYNDIAIATSRAFVINREEINDS

Tokyo Bay Canal Cn.Z21
Microplastics (pieces/kg-dry sediment)
0 2000 4000 6000
! ! ! I ! ! ! I ! ! ! |
O-5 I |
5-10 [T I
10-15 I e
15-20 i il W re oA
20-25 [N NN | g rr @ PCL

25-30

N ENS WErPs W-Pep
PET EVA
PvC [ Others

PAK




RN IA VDT SRAF VI DRKEGsinklZIE> TS AT EEE

~0.5 {&/m?2

~1 x 106 {&/m?

22



TAOATSAFvI(TWNANALGEEM RSN D
5mMmELTDTIRAFYY

T TAFYIE D H
oL

LR YK
NAYVAE—RX(RIFT)
ATGZUITF—LRRID

23



j;é?‘g:i‘.sa)ﬂﬁ( SIREDIAIATSRAF VY

)
- N L B - - _
AN\ il /.3 et X8y T




Accumulation of Microplastic on Shorelines Woldwide:
Sources and Sinks

Mark Anthony Brn::n.-v..rr.m',"‘'H S Phillip (,rump, Stewart J. Niven, 51 Emma Teuten,® Andrew Tonkin,"
Tamara G allowa}r, and Richard Thﬂmp-.ung

'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, Al11 School of Biological Sciences, University of Sydney,
NSW 2006, Australia

Marine 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, On!

“School of Biosciene 18] 1786 (D 5T/ THI20007R D EREHE DL som

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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PCBs

-Industrial products for a variety of uses
including dielectric fluid, heat medium,
and lubricants.

KEndocrine disrupting chemicals /
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Plastics : Carrier of hazardous chemicals to biota?

CICl Cl

Cl
Persistent organic pollutant

(POPs)

Br. Br Br.

Br @)
Br Br Br
Additives

Transfer of chemicals
from ingested plastics
to biological tissue has
been confirmed.
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Evidences of hydrophobic chemicals from ingested plastics to the tissue of organisms

Sty 2015

Facilitated Leaching of Additive-Derived PE
Seabirds’ Stomach Oil and Accumulation ir

Kosuke Tana]m,+ Hideshige 'I':l](ada,""+ Rei ‘l’amashjta,+ Kaoruko ]
and Yutaka Watanuki®

1La.’tu.u‘atu.mr;.r of Organic Geochemistry, Tokyo University of Agriculture and Techn
*Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Kushi
gi1-‘,=1n:|.|1|:)r of Fisheries, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

© Supporting Information

ABSTRACT: Our previous study suggested the transfer of
polybrominated diphenyl ether (PBDE) flame retardants from
ingested plastics to seabirds’ tissues. To understand how the
PBDEs are transferred, we studied leaching from plastics into
digestive fluids. We hypothesized that stomach oil, which is
present in the digestive tract of birds in the order
Procellariiformes, acts as an organic solvent, facilitating the
leaching of hydrophobic chemicals. Pieces of plastic com-
pounded with deca-BDE were soaked in several leaching
solutions. Trace amounts were leached inmto 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 (2 major component of stomach oil).
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Chemical Pollutants Sorbed to Ingested Microbeads from Personal
Care Products Accumulate in Fish

Peter Wardmp,* Jeff Shiineta,+ Dayanthi I\Iugcg::n‘l'a,+ Paul D. I‘vin:u'l.‘is::ln,f Ana I‘\r‘[imnlc‘l'a,f Min Tang,'T'
and Bradley O. Clarke™®'

"Centre for Environmental Sustainability and Remediation, RMIT University, GPO Box 2476, Melbourne, Victoria 3001, Australia

lKE}r Laboratory of Advanced Materials of Tropical Island Resources, Ministry of Education; School of Materials and Chemical
Engineering, Hainan University, Halkou, Hainan 570228, China

© Supporting Information
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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,
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Collection of sediment core from imperial moat Sakurada
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EARTH HISTORY

The Anthropocene is functionally
and stratigraphically distinct from
the Holocene

Colin N. Waters,'* Jan Zalasiewicz,” Colin Summerhayes,” Anthony D. Barnosky,*
Clément Poirier,” Agnieszka Galuszka,’ Alejandro Cearreta,’ Matt Edgeworth,”

Erle C. Ellis,” Michael Ellis,’ Catherine Jeandel,'” Reinhold Leinfelder,"

J. R. McNeill,'? Daniel deB. Richter,'* Will Steffen,'* James Syvitski,'* Davor Vidas,'®
Michael Wagreich,"” Mark Williams,” An Zhisheng,'® Jacques Grinevald,'?

Eric Odada,”® Naomi Oreskes,”' Alexander P. Wolfe**
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Science , Jan. 8, 2016
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Reduce > Reuse >Recycle

HEE >BRB>USAIIL>(TF7a3HE

(il
e

No single-use plastic!
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