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Plastics are fragmented into smaller particles (i.e. microplastics)
and various sizes of marine plastics are ingested
by various sizes of marine organisms
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Collecting microplastics in seawater of Tokyo Bay
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Collecting microplastics in seawater of Tokyo Bay
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Microplastics in seawater of Tokyo Bay
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0.27 millions ton of plastics floating on world ocean

Pacific]

i<

Plastic Paollution Accumulation Zones (Lebraton ol al _ Mar. Pol. Bul.. 2012)




Short-tailed shearwater from Northern pacific

Sampling area
40°00°’N-47°30’N, 180°00’
55°30°’N-58°30°N, 178°00’ E-178°00’W
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Plastics found in digestive tracts of the seabirds

Fiber Styrofoam
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Short-tailed shearwater
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Styrofoam
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Plastic sheets

Type and composition of plastics found in the stomachs of

short-tailed shearwater. Yamashita et al. 2011 ”



Short-tailed shearwater from Northern pacific




Plastics detected in digestive tract of short-tailed shearwater




Plastics detected in digestive tract of short-tailed shearwater

0.1 g — 0.6 g per an individual




Marine organisms ingest plastics

More than 180 species of animals are known to
have ingested plastic debris, including birds,
fish, turtles and marine mammails.

Physical impacts of the ingested plastics have
been reported for many species of organlsms
(Wright et al., 2013). |

Plastics in Seabird Plastics in Sea Turtle
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Microplastics in lower-trophic-level organisms

Microplastics in bivalves cultured for human consumption

Lisbeth Van Cauwenberghe , Colin R. Janssen
Chmet Lidveriiny, dafinrmmry af Enrrommenmi Novioodogy onif Ageonr Emingy joery Natrorstromt S22 5000 Ghent, Eeisium

Ingestion of Microplastics by Zooplankton in the Northeast
Pacific Ocean
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Microplastics were detected in 49 of 64 anchovies
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Microplastics in sediment core from
Sakurada moat showed increasing trend
from 1950s to 2000s, though no plastics
were detected in 1600s.
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Sedimentary microplastics showed increasing trend in Asia and
African coasts.

- ® Durban, South Africa
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Geologic Time Scale
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The Anthropocene is functionally
and stratigraphically distinct from
the Holocene
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Year (CE) . Anthropocene

Atmospheric “C concentration

B0 Faw s ——— T . I-————-—-—-_I—

#°Pu deposition density (PBg m™) |
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Annual production of plastic (Tg)
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Sampling locations of plastic fragments

Northern Pacific

Long Beach

Central Gyre ,

Tokyo, Japan y USA

Kanagawa, Japan & ® "

& Atlantic
i® ¢
Ton.kin Bay, Central Pacific J
}ﬂetn_am = - . — : Marbella,
Costa Rica

&Urban beach
aRural beach
+0Open ocean
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Detection of various hazardous chemicals in marine plastic

fragments

Polyethylene (PE) Polypropylena (PP)
' [ AT ' [ ’ Tma®? Urban beach
PCBs | P oaett ey, PCBs | T A + ampmwe, Japar
T - Tt m ® Tokyo, Japan
Hbte : Hbte B Long Beach, USA
' 0" e 7 L Remots beach
F".I!'|H‘5 ® . & i i rl-_,'_'lle. i u mm = ]2k .
. | E— * . - ® Tonkin Bay. Vietnam
PBDEs P PBDES sy " VT W Costa Rica
- i . - — — Open Ocean
ODOC208 ., ODC209 ' . A L A Morth Parcific Cantral Gyre
. W . } _ — ¥ Cantral Pacific
Np . ¥ e .m i 4 Np * [ '-"' . ..I;-'. [ - Atlantic
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=» chemicals ranging from 1 to 10,000 ng/g

“» Large variability among the fragments
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Plastics carry two types of chemicals in marine environment

Sorption from ambient - Additive-derived

seawater U o
H /C/ \ chemicals
T | \
= L.H|:|
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Polychlorinated biphenyl !
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Cls
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Polybrominated diphenyl ethers
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| Polycyclic aromatic B Br
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Nonylphenol : Endocrine disrupting chemicals

CoHig

Additives to plastic

OH

Antioxidants
Antistatic agents

eedisorders in the reproductive system
eevVaginal clear cell adenocarcinoma
eedecreased abllity to reproduce
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Distributions of PBDE congeners in marine plastic fragments
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=» BDE209 and BDE183 were sporadically detected in marine

plastics even from open ocean
Hiral et al., 2011 s



450

L I
() I
e T

PCE concentration (ng/g)

in
o

Sporadic high concentrations of PCBs were detected

Distribution of PCBs in plastic fragments
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Pellets accumulate POPs from seawater

P C B S S, — ! .I. D DTS (;(;|3 CCI2 CHCI,
S ) P c'%\ />CH o %< %\73
DDD
Industrial products for avariety of uses — DDE 42
including di€electric fluid, heat “
medium, and |ubricants. DDT and its metabolites such as
Endocrine disrupting chemicals DDE and DDD.
~ DDT was used asinsecticides
adso rp‘“on from ' Endocrine disrupting chemicals
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Hazardous chemicals in marine plastics

International Pellet Watch



International Pellet Watch

Global Monitoring of Persistent Organic Pollutants (POPS)
Using Beached Plastic Resin Pellets

E Since 2005

More than 50 pieces (~
100 pieces)
per one location

Laboratory of Organic Geochemistry, Dr. Hideshige Takada,
Tokyo University of Agriculture and Technology,

Fuchu, TOKyO 183-8509, Japan
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Plastic resin pellet from various areas in the world




Analysis for persistent organic pollutants (POPSs)

Chemical
Analysis

I
Iﬂ‘ Chemical

Status of U
Global +m . | hazardousness of
pollution "1 marine plastics
11
ﬂ%ﬁ;

Forvm Mg

oseed the data back to the collaborators via e-mail
«sReleasing the results on web  nhttp:/mww.pelletwatch.’o’rg/
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International Pellet Watch : monitoring of POPs

Plastics carry hazardous chemicals in marine environments

2746 5735 314
France Ohio n 416
Uk 209 453 6053ﬁ11 . i
9/ 3713 Greece | 182('|
294 i
265”[ ﬂ%ﬁlgﬁweden 2 04
9 53 Albania 32
. g Turkey 141 a Seattle [ B
I i oston
Italy|| U U3 ”3 Chlna273 4 Japan San Francisco'|||23 Ofgg b1
Portugal H 43 Vletna Los Angeles ! [| New Jersey 387
E Israel 20 26 ;} Talwan 10 San Di
9 5 1[1 he 2 0074 °2NDI€J0YE3  Costa
63 - i 217 _ Rica
H]ﬂﬂHM 52 India_ /vﬂ Philippines Hawall Zl 29 1 |
8 o H [Thailand =8 2410 U207 e
Ghana g7 UH Malaysia E]ﬁ?' 16 Panama
7 Kenya | donesia @ >Ingaporg
: 45 9 sza ol |19 43
ot. Helena sgs H9 Mozambique Cocos 7a0.9 |} 60 Ut 437 H
2 16 Henderson - :
%razn
Il South Africa ~ 0.26 Island 0.0
Australia ) f Uruguay
New Argentlna
Zealand

Concentration of PCBs* in beached plastic resin pellet (ng/g-pellet)



Topics

Transfer and accumulation of hazardous chemicals
from ingested plastics to biological tissue



Transfer of chemicals from ingested plastics to biological tissue

Transfer of chemicals
from ingested plastics
to biological tissue was
of concern.
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Composition of BDE congeners in seabird adipose, plastics in the

stomachs, and their prey.

Abdominal adipose
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Higher brominated congeners were
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Stomach oil facilitates release of additive-chemicals to digestive fluid

Trojan Horse
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Transfer of chemicals from ingested plastics to biological tissue

Transfer of chemicals
from ingested plastics
to biological tissue has
been confirmed.

Trojan Horse

Biological effects concerned
e.g., endocrine disruption

reproductive failure

decline of species



Transfer of chemicals from ingested plastics to biological tissue

Transfer of chemicals

from ingested plastics
to biological tissue has
been confirmed.

A canary in a coal mine

Sentinel
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Plastics are fragmented into smaller particles (i.e. microplastics)
and various sizes of marine plastics are ingested
by various ¢ es of marine organisms

Macro

- Plastic
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Tokyo Bay
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Microplastic samples from Pacific
(Japan Meteorological Agency)
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Microplastic samples from Ms. Nicole Trenholm: Ocean Research Project




Plastic sample > 315 ym

|
Sorting
‘ FTIR

PE, PP, PS

Soaking Extraction or Soxhlet Extraction
with n-Hexane with DCM

Gel Permeation Column Chromatography

(5%H20-deactivated sflicé gel column chromatography)
25%DCM/Hexane

Fully activated silica gel column chromatography
(0.46 crm i.d. x 18cm)

|
Hemlana 258% DCM in Hexane

Alkanes PCBs, PBDEs

GC-ITMS
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% 13PCBs (ng/qg)

Plankton > 0.2 mm
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> 13PCBs (ng/g)
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> 13PCBs (ng/g)

Tmm - 5 mm L-MP
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. % FE
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100- I =
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Concentration of PCBs* in beached plastic resin pellet (ng/g-pellet)

*sum of concentrations of CB#66, 101, 110, 149, 118, 105, 153, 138, 128, 187, 180, 170, 206
Measured by Polaris Q (Thermo Fisher Scientific)



PBDEs : Flame retardants

applied in various electric products and fabrics.

2.

Lower brominated Higher brominated
(Br4, Br5) (Br7 —10)
Br Br Br Br Br Br,__Br BF:BF
G e e
Br Br Br Br Br Br
BDEA47

BDE183 BDE209
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BDE209 (ng/g)
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BDE209 (ng/g)
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Invasion of plastics and associated chemicals to ecosystem

Human




Marine organisms are exposed to hazardous chemicals
through their natural prey and microplastics




Plastic waste inputs to the sea will increase

y a factor of 10 in coming 20 years,Iif no action will be taken.

Plastic waste inputs from land into
the ocean
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Marine organisms are exposed to hazardous chemicals
through their natural prey and microplastics




Nature, vol. 494, p.169-171, 2013
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Policy : Classi.‘fi; plastic waste
S

as hazardous

Rochman, Chelsea M.; Browne, Mark Anthony; Halpern, Benjamin S.; Hentschel,

Brian T.; Hoh, Eunha; Karapanagioti, Hrissi K.; Rios-Mendoza, Lorena M.; Takada,
Hideshige; Teh, Swee; Thompson, Richard C. 65



No single-use plastics

Majority of plastics in marine environment is land-based.
Disposable packaging is dominant item.

Reduction of input of single-use plastic from land is necessary.

3R
Reduce

Reuse : non-reusable plastics

Recycle : consumes energy and emits CO,

unanticipated detection of toxic additives
due to recycling of hazardous additives.

No single-use plastic!

Governmental regulation to reduce excessive plastic packaging
IS required . 66



Sustainable

Woody disposable ————————— CO,

Lunch box /
\ Plant

One way, non-sustainable

Plastic disposable ———— CO,

Lunch box /
T Plant

Petroleum Millions year
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Stone Age
Bzonze Age

Iron Age

Plastic Age

Smart Age



