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Continuous increase in plastic production

8% of global oil production

4% : feedstock
4% : energy

1933:Production of Polyethylene started.
Thompson et al., 2009



CITARUM RIVER, INDONESIA

Photo from Dr. Charles Moore



Photo from Dr. Charles Moore



KAMILO BEACH
BIG ISLAND

Photo from Dr. Charles Moore



Ishigaki Island, Japan
Photo from Dr. Atsuhiko Isobe



Plastic fragments from remote island




Plastic fragments are dominant over resin pellets



Microplstics (< 5 mm) in Tokyo Bay



Plastics accumulated at 5 gyres in the ocean.

Photo from Dr. Charles Moore






Microplstics accumulated in central gyre of the Pacific :

Plastics 6 times more than plankton

Photo from Dr. Charles Moore



Marine organisms ingest plastics

Albatross
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Short-tailed shearwater from Northern pacific

T/V Wakatake Maru (Hokkaido Pref.)
By-catch in driftnet
June-July 2003, 2005

Sampling area
40°00'N-47°30’N, 180°00’
55°30'N-58°30'N, 178°00' E-17800" W




Plastics In stomach of the short-tailled shearwater

Proventriculus

Gizzard

.l

K 4

Resin

pellets Fragments Fiber
of plastic

%’i

Styrofoam

1cm

Plastic sheets

«Amount of plastics found in stomach
«PBDESs concentrations in abdominal adipose



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 mammals.

Physical impacts of the ingested plastics have

been reported for many species of organisms
(Wright et al., 2013).
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Plastics carry two types of chemicals in marine environment

Sorption from ambient Additive-derived
seawater :
chemicals
: \
Octylphenol
Polychlorinated biphenyl
(PCBs)
Nonylphenol
yP Bisphenol A
DDTs

Polybrominated
Polycyclic aromatic diphenyl ethers
hydrocarbons (PAHSs) (PBDES)




Persistent organic pollutants (POPS)
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Pellets accumulate POPs from seawater
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International Pellet Watch : monitoring & increase of public awareness

Plastics carry hazardous chemicals in marine environments
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Transfer of chemicals from ingested plastics to biological tissue

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




Lower CB concentrations

(ng'g-lipid)

Increased pollutants concentrations

with increasing plastic ingestion
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Transfer of chemicals from ingested plastics to biological tissue

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

Biological effects concerned

e.g., endocrine disruption

reproductive failure

decline of species



Nature, vol. 494, p.169-171, 2013

Policy :

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.



3R Is the key to solve the problems of plastics in marine environments

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

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

3R

Reduce
Reuse
Recycle




Continuous increase in plastic production

8% of global oil production

4% : feedstock
4% : energy

40 % of plastic production : non-durable
Thompson et al., 2009



No single-use plastics

Majority of plastics in marine environment is land-derived.
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 produces CO,

No single-use plastic!



Key : Increase In public awareness

International Pellet Watch :

Bring our messages to society and policy-makers.
Work with people



International Pellet Watch

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

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 -




Laboratory of Organic Geochemistry
Dr. Hideshige Takada, More than 50 pieces (~100 pieces)
Tokyo University of Agriculture and Technology, per one location

Fuchu, Tokyo 183-8509, Japan I

Sorting
| PE, yellowing pellets

Analysis for POPs (PCBs, organochlorines, PAHS)

By GC-MS/MS, GC-MS, GC-ECD
more than 5 pools of 5 pellets
to exclude sporadic high concentration

Mapping POPs pollution

http://www.pelletwatch.org/

v
oFeed the data back to the collaborators via e-maill
«Releasing the results on web



Hope for Future



Hope for future



Flying Endocrine Disrupters?
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Nonylphenol : Endocrine disrupting chemicals

OH

CoHi1g

Antioxidants

Additives to plastic . )
P Antistatic agents

odisorders in the reproductive system
.vaginal clear cell adenocarcinoma
«decreased ability to reproduce



Endocrine disrupting chemicals released from plastic

caps of mineral water bottles

World Cap 2012
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After disposal of plastics in landfill, hazardous chemicals

contaminate surface and groundwater

i

HO
CH;
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Plastic-derived chemicals



After disposal of plastics in landfill, hazardous chemicals

contaminate surface and groundwater



Incineration of plastics with halogen generates toxins such as dioxins

e

9 1
8~ | | N 2
Cln/\ /\3C|m
6 5 4
ntm=1-8

Polychlorinated dibenzo-p-dioxins
(PCDDs; Dioxins)

75 congeners



Construction, operation, maintenance, and final disposal of

Incinerators take huge cost

If we would pay 100 million
USD, we can avoid dioxine
pollution. However, can we
pay Iif forever? Accident may

discharge toxins to
surroundings.

Do you prefer this cost and
risk rather than recycling-
oriented society?



Plastics carry hazardous chemicals in marine environments
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Polychlorinated biphenyls (PCBS)

m+n=1-10
Commercial PCBs mixtures were used in a
wide variety of applications, including

Dielectric fluids in capacitors and transformers
Heat transfer fluid

PCBs were used from 1950s to early 1970s
In industrialized countries.

Their usage was banned in 1970s
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After disposal of plastics in landfill, hazardous chemicals

contaminate surface and groundwater



Microplastics collected by plankton-net
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Hope for future



Crosshill in cormorant in Great Lakes
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Increase in Academic and public attention on marine plastics In

USA and Europe

2010 Feb. American Geological Union (AGU) meeting
2010 May Society of Ecotoxicology and Chemistry (SETAC) Europe

2010 June GESAMP Workshop, Paris

2010 Sep. International Symposium in Matsuyama

2010 Nov. SETAC North America

2010 Nov. NOAA Tacoma workshop

2011 Mar. International Marine Debris Conference, Hawaii
2011 May SETAC Europe

2012 May SETAC Europe






Nonylphenols leached from plastic products

EU USA Japan Korea

Nonylphenol (ng/cm?)

Thailand

China

Nonylphenol (ng/cm?)

Nonylphenols are still leached from imported plastic products



On the usage of plastic food containers, you
will-be exposed to hazardous chemicals
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Sampling locations of Leachate samples from Land-fill sites
In 2002 and 2003

G, H
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Endocrine disrupting chemicals (EDCs) concentrations Iin
leachate samples from Tropical Asian countries









Translocation of microscopic plastics to circulatory system of

bivalves
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Translocation of microscopic plastics to circulatory system of
bivalves

a

— : : | B | microspheres |

30 pm : L AP (4 and 16 pm)|

Gut cavity containing polystyrene
) S 4
microspheres (2 um)

haemaocyle

3 ym polystyrene 9.6 pm polystyrene 1
microsphere microsphere

polysfyrene microsphers
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Plastic debris on beaches

Manila Bay



Sampling locations of user plastic fragments and pellets

Northern Pacific

L Beach
Tokyo, Japan Central Gyre On%SZaC :
Kanagawa, Japan' * ®
@ Atlantic
O 4
Tonkin Bay Central Pacific .

vietam Marbella,
Costa Rica

® Urban beach

eRural beach
¢Open ocean




Examples of analyzed plastic fragments



PBDEs : Flame retardants

applied in various electric products and fabrics.

|
I e

3 technical products (mixtures of congeners)
Penta BDE Octa BDE DecaBDE
(Br4, Br5) (Br7,8) (Br10)
Br r Br Bri Br Br Br

Br Br
e.g., BDE47 e.g., BDE183 e.g., BDE209



Distributions of PBDE congeners in marine plastic fragments

=» BDE209 and BDE183 were sporadically detected in marine

plastics even from open ocean
Hiral et al., 2011



International Pellet Watch

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

Since 2005

62






Plastic Resin Pellets



International Pellet Watch

To globally monitor persistent organic pollutants
(POPs) by using beached plastic resin pellets

To understand magnitude and spatial distribution of
chemical risk associated with marine plastics.

Under cooperation with world NGO

established in 2005



Plastic Resin Pellets



Resin pellets, industrial feedstock of user plastics, are spilled during transport

and manufacturing and they are widely distributed in the ocean
Final Plastic Products

Resin Pellets Resin Pellets ,Remeltin
- - Molding

g om \ B o

= Qg

Industrial \

Ocean

Ingestion by seabird




Plastics accumulate from seawater
a SCBS I ﬁ)DTs \

-Industrial products for a variety of uses SO0
including dielectric fluid, heat DDT DDE

medium, and lubricants. | _
\- Endocrine disrupting chemicals / [[))B-IIE- 223 I[SSD rBetabol ites such as

-DDT was used as insecticides

N
adsorption from

ambient seawater kEndocri ne disrupting chemicals /
e
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Hope for future



Topics

1. Introduction of International Pellet Watch

2. Hazardous chemicals associated with
plastic fragments.

3. Ingestion of plastics by marine organisms.

4. Transfer of hazardous chemicals from
iIngested plastics to internal system of
marine organisms.

5. No single-use plastic.



Microscopic plastics (< 1 mm) bring POPs to lower-trophic-level

organisms and induce biological stress




Microscopic plastics (< 1 mm) bring POPs to lower-trophic-level

organisms and induce biological stress
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Flesh-footed shearwater from Southern pacific



Reduced body condition with increasing plastic ingestion

Number of plastic itemns ingested



Plastic ingestion may lead to decline of the species of seabirds




Trashes on high-tide line on our beaches



Trashes on high-tide line on our beaches



Trashes on high-tide line on our beaches



Plastic Resin Pellets

as a Transport Medium
for Toxic Chemicals in
the Marine Environment

Environmental Science & Technology
2001, vol.35, 318-324




~250 locations from 50 countries
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France
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Plastic fragments are dominant over resin pellets




Distribution of PCBs In plastic fragments

i\ J v T I —

= Sporadic high concentrations of PCBs were detected
even in remote beaches and open ocean



Plastics carry two types of chemicals in marine environment

Sorption from ambient Additive-derived
seawater :
chemicals
: \
Octylphenol
Polychlorinated biphenyl
(PCBs)
Nonylphenol
yP Bisphenol A
DDTs

Polybrominated
Polycyclic aromatic diphenyl ethers
hydrocarbons (PAHSs) (PBDES)




First Alert of marine plastic pollution in 1972

Plastics on the Sargasso Sea Surface

Carpenter and Smith (1972) Science, March 17 p.1240-1241.

Plastic particle pollution of the surface of
the Atlantic Ocean : Evidence from a
seabird

Rothstein (1973),
The Condor, vol.75, p.344-345

T ( ¢
0 5 10mm : '

FIGURE 1. Objects found in the stomachs of two
Leach’s Petrels. The two pieces of plastic in the
upper left cormmer 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.



Transfer of chemicals from ingested plastics to biological tissue

Question to be addressed :

Transfer of chemicals
from Iingested plastics
to biological tissue



Materials and methods

Collection of seabirds and their prey (lantern fish, squid)

T/V Wakatake Maru (Hokkaido Pref.)
By-catch in driftnet
June-July 2003, 2005

Sampling area
40°00'N-47°30’N, 180°00’
55°30'N-58°30'N, 178°00' E-17800" W




Abdominal adipose of circus of short-tailed shearwater by-catch

Proventriculus

Gizzard

.l

K 4

Resin

pellets Fragments Fiber
of plastic

%’i

Styrofoam

1cm

Plastic sheets

«Amount of plastics found in stomach
«PBDESs concentrations in abdominal adipose






Faculty of 1000



Materials and methods

Collection of seabirds and their prey (lantern fish, squid)

T/V Wakatake Maru (Hokkaido Pref.)
By-catch in driftnet
June-July 2003, 2005

Sampling area
40°00'N-47°30’N, 180°00’
55°30'N-58°30'N, 178°00' E-17800" W




Abdominal adipose of circus of short-tailed shearwater by-catch

Proventriculus

Gizzard

.l

K 4

Resin

pellets Fragments Fiber
of plastic

%’i

Styrofoam

1cm

Plastic sheets

«Amount of plastics found in stomach
«PBDESs concentrations in abdominal adipose



PBDEs : Flame retardants

applied in various electric products and fabrics.

|
I e

3 technical products (mixtures of congeners)
Penta BDE Octa BDE DecaBDE
(Br4, Br5) (Br7,8) (Br10)
Br r Br Bri Br Br Br

Br Br
e.g., BDE47 e.g., BDE183 e.g., BDE209



PBDESs detected in the abdominal adipose of
the short-tailed shearwater

PBDEs were detected in
abdominal adipose of
all the individuals.

Blank
BDE#47 : 0.0006 ng/g-lipid
BDE#209 :0.03 ng/g-lipid



Composition of BDE congeners in seabird adipose, plastics in the

stomachs, and their prey.

Abdominal adipose  Prey (lantern-fish)

Plastics in stomach

Lower brominated congeners were
derived from natural prey, whereas
higher brominated congeners were
derived from ingested plastics.



Microplstics (< 5 mm) in Tokyo Bay



Microplastics collected by plankton-net
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Plastics accumulated in a gyre in open ocean

Photo from Dr. Charles Moore



Microplstics (< 5 mm) in Tokyo Bay



Microplstics accumulated in central gyre of the Pacific :

Plastics 6 times more than plankton



Plastics accumulated at 5 gyres in the ocean.
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SOUTH PACIFIC GYRE April 2011

Photo from Dr. Charles Moore



Indian Ocean Gyre April 2010

Photo from Dr. Charles Moore



SOUTH ATLANTIC GYRE, AUGUST 2010

Photo from Dr. Charles Moore



Microplstics (< 5 mm) in Tokyo Bay



Origins of microplasitics

«Fragmentation of waste plastics
«Plastic resin pellets

«Chemical fabric

eSCrub In cosmetics

«Sponge designed for crumble for cleaning



Microplastics accumulated in bottom sediments



Biomagnification of POPs through maine food web

Top-predators are exposed
to biomagnified POPs

Biomagnification

Plankton

Cl Cl

C PCBs



Plankton-derived exposure < Microplastic-derived exposure

Ry

o Cl

P S 0N
Mass of PCBs concn, Mass of PCBs concn
plankton ¥ iy plankton ’

12 ng

microplastics % in microplastic

" PCB
0.06g ¥ 220 ng/g 0.3 g X 780 ng/g



Multi-level invasion of plastics and associate pollutants to

ecosystem
Br. Br Br  Br

Br Br Br Br

Cl Cl

Cl



Continuous increase in plastic production

1933:Polyethylene discovered.
Thompson et al., 2009



Nature, vol. 494, p.169-171, 2013

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



3R

Reduce

Reuse : non-reusable plastics
Recycle : consumes energy and produces CO,

Precautionary Principle

No single-use plastic!






For panel discussion



Plastics detected in digestive tract of short-tailed shearwater




Plastics detected in digestive tract of short-tailed shearwater
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Feeding Experiment using chick of seabird

Plastic-feeding Control

Streaked Shearwater

/\

Blood Preen Gland Qll Blood Preen Gland QOil
Liver Liver
Muscle Muscle

_ 40 days later _
Adipose Adipose



POPs monitoring by using Preen Gland Oil

. hon-invasive approach



Increase in PCBs in preen gland oil was observed after ingestion

of plastics contaminated with PCBs.



Nonylphenol : Endocrine disrupting chemicals

OH

CoHi1g

Additives to plastic

Antioxidants
Antistatic agents



Distributions of additive-derived chemicals in marine plastic fragments

Nonylphenol

Antioxidant
Antistatic

i\ J v Jd |\ J

= High concentrations of additive-derived chemicals were
detected both in remote and urban areas



Nonylphenol : Endocrine disrupting chemicals

OH

CoHi1g

Additives to plastic

Antioxidants
Antistatic agents



Detection of additive-derived chemicals in marine plastic

fragments

=» Additive-derived chemicals ranging from 1 to 10,000 ng/g

= Large variability among the fragments



Correlation of PCB concentrations between plastic fragments and

plastic resin pellets
1000

| R©=0.90

100~

10-

\ 4

PCBs in Fragments (ng/g)

1

1 10 100 1000
PCBs in Pellets (ng/g)



DDT and its degradation products

DDT (Dichloro-diphenyl-trichloroethane)

DDE (Dichloro-diphenyl-dichloroethylene) o
DDD (Dichloro-diphenyl-dichloroethane) Insecticide
DDA (Dicloro-diphenyl-acetic acid)

Cl Used in 1950s and 1960s
()L

AR S
CIOCH/ ’ DDE Cl
CEI
DDT \ FHCE o }CH’COOH
C'OCH —_— C>—> Excretion
8 !
DDD Cl DDA
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Composition of BDE congeners in the abdominal adipose

of the short-tailled shearwater

composition (%)

Tetra, penta, hexa-BDEs were dominant in most of the seabirds.

Higher brominated congeners (BDE209, 183) were dominant
in 3 seabird.



Composition of BDE congeners in the abdominal adipose

of the seabirds and their prey

Short-tailed shearwater Lantern-fish

composition (%)

Only BDE47 and BDE154
were detected in squid.

Congener profiles of most of the seabirds were similar to their natural prey.

The three seabirds contained higher brominated congeners which were not
contained in their natural prey.



PBDEs in the plastics in the stomach of the short-tailed shearwater.

Amounts of PBDESs in
the plastics in the stomach
(ng/individual)

composition (%)

Higher brominated congeners (BDE209, 183) were dominant
in the plastics in the seabirds.



Composition of BDE congeners in the abdominal adipose

of the seabirds and the plastics in their stomachs.

S
c
Abdominal -2
adipose 8
Q.
&
@)
&)
. Detection pattern of higher
Plastics in s
stomach boriminated congeners were

consistent between adipose
and plastic.

composition (%)



Conclusions

Significant concentrations of additive-derived
chemicals (i.e., BDE209 and BDE183) were detected in

tissue of seabird which ingest plastics.

Detection pattern of BDE209 and BDE183 was
consistent between ingested plastics and adipose
among the individuals

These data strongly suggest the transfer of the
chemicals from plastics to internal tissue of seabirds

which ingest marine plastics.



Fragments of user plastics are dominant over pellets in marine environments

Fiber Styrofoam
0
Plastic 5% \ / 1%
sheets
9%

Short-tailed shearwater
Puffinus tenuirostris

Fragments of

@ Resin pellets plastic

26% 59%

Resin pellets
Fragments
of plastic

k!

Styrofoam

n=41
1cm Plastic sheets

Type and composition of plastics found in the stomachs of

short-tailed shearwater. Yamashita et al. 2011



Relationships between ingested plastic mass and PCB In

abdominal adipose of short-tailed shearwater.

SPCB Higher Chlorinated Lower Chlorinated
—~ Congener (CB#132) Congener (CB#8)
e
c o S0 200 15
2 2 .
E = 150 @)
< S 400- 0 14
~ o)
S © - O 100 -
o v O
O Q  200- O o°
m 5 o o r=0.34 01, 5
%L) © o _©O o p=0.29 O OO O
= 0 0 0

0 0',2 0.14 0'6 0.8 0 072 O.Id 076 0.8 0 O.'2 0'4 0.'6 0.8
Ingested plastic mass (g)

Significant but weak correlation between ingested plastic
mass and concentrations of lower chlorinated congeners

(CB#8). No correlation for total PCBs.
Yamashita et al. 2011



Exposure of contaminants both from plastics and prey

PCBs from prey

Biomagnification

PCBs in seawater

Takada et al.2010 SETAC Seuville



Plastic-derived PBDEs could have more impact on exposure of

the contaminants to oceanic seabird

PCBs

PBDES

Lower brominated

congeners (Br, — Bry) BDEZ209

-

More
biomagnified

-

No detection
In pelagic fish

Less
biomagnified

Takada et al.2010 SETAC Seuville
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Slow desorption and fast transport may cause sporadic high

concentration of PCBs in plastic from open ocean

Polluted waters Open ocean

() MOWO slow

—> ' rapid

Japan Hawal

Different speed/route of transport
Non-equilibrium : slow sorption/desorption

= Sporadic high concentrations of PCBs were detected
even in remote beaches and open ocean



Larger diameters and slow diffusive transport cause non-equilibrium

~5 mm

Diffusive transfer in plastic matrix

Plastic fragment/pellet with 3 mm diameter
Long time (~ 1 year) to reach equilibrium

~5um

o —

surface process
Conventional vector : sediment particle with a few um

Fast (~ hours) to reach equilibrium



