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Continuous increase in plastic production

Thompson et al., 2009

1933:Production of Polyethylene started.

8% of global oil production

4% : raw material

4% : energy



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

First Alert of marine plastic pollution in 1972 



KAMILO BEACH

BIG ISLAND

Photo from Dr. Charles Moore



Captain Charles Moore  discovered garbage patch in central pacific gyre

in 1997



0.27 millions ton of plastics floating on world ocean



Plastic waste inputs to the sea will increase

ｂy a factor of 10 in coming 20 years, if no action will be taken.

Jamebeck et al. (2015), Science



Increase in Academic and public attention on marine plastics in 

USA and Europe



GESAMP

(Joint Group of Experts on the 

Scientific Aspects of Marine 

Environmental Protection of 

IMO/FAO/UNESCO/WHO/IAEA/UN

/UNEP)

Workshop Report 

2010





GESAMP

(Joint Group of Experts on the 

Scientific Aspects of Marine 

Environmental Protection of 

IMO/FAO/UNESCO/WHO/IAEA/UN

/UNEP)

WG40 Microplastic

2012-2014



Concern :

Contamination of 

seafood with 

microplastics and 

associated chemicals

April 15th – 17th, 2015

FAO at Rome

GESAMP Working group (2nd phase) on microplastics

June : G7 Leaders’ Declaration
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Marine organisms ingest plastics

Albatross



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−178˚00’ W

Short-tailed shearwater from Northern pacific

Photo by

Dr. B. Nishizawa



Resin pellets

Fragments 

of plastic

Fiber

Styrofoam
Plastic sheets1 cm

n=41

Plastic 
sheets

9%

Styrofoam
1%

Fiber
5%

Fragments of  

plastic

59%

Resin pellets

26%

Type and composition of plastics found in the stomachs of 

short-tailed shearwater.    

Short-tailed shearwater
Puffinus tenuirostris 

Yamashita et al. 2011 

Photo by

Dr. B. Nishizawa

Plastics found in digestive tracts of the seabirds



Plastics detected in digestive tract of short-tailed shearwater

0.1 g – 0.6 g per an individual
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More than 200 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).

Marine organisms ingest plastics

Plastics in Sea TurtlePlastics in Seabird



Plastics carry hazardous chemicals in marine environment

Nonylphenol

Bisphenol A

Polychlorinated biphenyl
(PCBs)

DDTs

Polycyclic aromatic
hydrocarbons (PAHs)

Polybrominated diphenyl ethers

(PBDEs)

Hexabromocyclododecanes

(HBCDs)

Additive-derived 

chemicals

Sorption from ambient 

seawater 

Sorption from ambient 

seawater 



Persistent organic pollutants (POPs)

PCBs

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

･ Endocrine disrupting chemicals

DDTs

･DDT and its metabolites such as 
DDE and DDD.

･DDT was used as insecticides 

･Endocrine disrupting chemicals

HCH

･Insecticide

DDT DDE DDD

Man-made chemicals

Persistent (stable, resistant to degradation)

Toxic to human and marine organisms

Hydrophobic (lipophilic)

Bioaccumulative

Regulated by Stockholm convention



DDTs
PCBs

HCH

Plastics 

･DDT and its metabolites such as 
DDE and DDD.

･DDT was used as insecticides 

･Endocrine disrupting chemicals

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

･ Endocrine disrupting chemicals

･Insecticide

Plastics accumulate POPs from seawater

DDT DDE DDD

PAHs

adsorption from ambient 
seawater

Concentration factor is estimated to be ~ 105 to ~106.
23



Laboratory of Organic Geochemistry, Dr. Hideshige Takada,

Tokyo University of Agriculture and Technology,

Fuchu, Tokyo 183-8509, Japan

Air Mail

More than 50 pieces (~ 

100 pieces)

per one location 

International Pellet Watch
Global Monitoring of Persistent Organic Pollutants (POPs)

Using Beached Plastic Resin Pellets

24



Plastic resin pellet from various areas in the world



Analysis for persistent organic pollutants (POPs)

Feed the data back to the collaborators via e-mail

Releasing the results on web 26
http://www.pelletwatch.org/

Chemical 

Analysis

Chemical 

hazardousness of 

marine plastics 

Status of Global 

pollution
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Plastics carry hazardous chemicals in marine environment

Nonylphenol

Bisphenol A

Polychlorinated biphenyl
(PCBs)

DDTs

Polycyclic aromatic
hydrocarbons (PAHs)

Polybrominated diphenyl ethers

(PBDEs)

Hexabromocyclododecanes

(HBCDs)

Additive-derived 

chemicals

Sorption from ambient 

seawater 

Sorption from ambient 

seawater 



Transfer of chemicals 

from ingested plastics

to biological tissue has been 

confirmed.

Transfer of chemicals from ingested plastics to biological tissue



GESAMP

(Joint Group of Experts on the 

Scientific Aspects of Marine 

Environmental Protection of 

IMO/FAO/UNESCO/WHO/IAEA/UN

/UNEP)

WG40 Microplastic

2012-2014



Fragmentation of plastics into µm size, nm size



Plastics are fragmented into smaller particles (i.e. microplastics) 

and various sizes of marine plastics are ingested 

by various sizes of marine organisms 

Bottom sediments

Ingestion

Fragmentation

Microplastics

Macro

Plastic

http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Nototropis_swammerdamei.jpg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Nototropis_swammerdamei.jpg


Microplastics in seafood (e.g., mussel and oyster)

~ µm

~ µm



Plastics carry hazardous chemicals in marine environment

Nonylphenol

Bisphenol A

Polychlorinated biphenyl
(PCBs)

DDTs

Polycyclic aromatic
hydrocarbons (PAHs)

Polybrominated diphenyl ethers

(PBDEs)

Hexabromocyclododecanes

(HBCDs)

Additive-derived 

chemicals

Sorption from ambient 

seawater 

Sorption from ambient 

seawater 



Invasion of plastics and associated chemicals to ecosystem

Human



Plastics widely contaminate ecosystem with chemicals
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Concern :

Contamination of 

seafood with 

microplastics and 

associated chemicals

April 15th – 17th, 2015

FAO at Rome

GESAMP Working group (2nd phase) on microplastics

June : G7 Leaders’ Declaration
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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. 



No single-use plastics

Reduce
Reuse : non-reusable plastics

Recycle : consumes energy and emits CO2

No single-use plastic!

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

Governmental regulation to reduce excessive plastic packaging is required .



Woody disposable 

Lunch box

CO2

Plant

Petroleum

Sustainable

One way, non-sustainable

Plastic disposable 

Lunch box
CO2

Plant

Millions year



Sustainable tourism

Reduce the usage of single use plastic

Promote the usage of biomass (paper and wood)

Promote composting

Paradigm shift from “disposability” to “reusability”



Volunteer-based activity : Increase in public awareness 

regarding plastic pollution in marine environment

To provide basic information to assess the risk of toxic chemicals 

in microplastics to scientists and policy-makers

Tool to increase public awareness of plastic pollution

Global Monitoring of POPs in marine environments
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Hope for future


