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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 

Bottom sediments 

Ingestion

Fragmentation

Microplastics

Macro 
Plastic



Collecting microplastics in seawater of Tokyo Bay

Collecting microplastics in seawater of Tokyo Bay



Microplastics in sand of Tokyo Bay



Microplastics are coated with biofilm, resulting in 
higher density, which could facilitate sinking of 
microplastics into bottom sediments.

There have been several papers to report the presence 
of microplastics in bottom sediment.

Microplastics in bottom sediment



Microplastics in sediment core from 
Sakurada moat showed increasing trend 
from 1950s to 2000s, though no plastics 
were detected in 1600s. 

Durban, South Africa 

Gulf of Thailnad 

Tokyo

Collection of sediment cores from  Asian and African coasts.

Straits of  
Johor, Malaysia 

•  TACO project (Tropical Asia Core Project) 

•  Cosmopolitan waters
(Comparative study on 
mechanism of pollution in tropical 
Asian and African waters)

2005-2013



Anthropocene?

Plastics can be stored for geological time scale : Anthropocene

人新世

完新世

?

Science , Jan. 8, 2016



Plastics can be stored for geological time scale : Anthropocene
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Plastics invade ecosystem 

Albatross from Midway atoll



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 

Resin pellets 
Fragments  
of plastic 

Fiber 

Styrofoam 
Plastic sheets 1 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  

Plastics found in digestive tracts of the seabirds 

Yamashita et al. 2011 





Plastics detected in digestive tract of short-tailed shearwater

0.1 g – 0.6 g per an individual

Temporal increasing trend in plastic ingestion�

After Yamashita (2006)
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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).

Marine organisms ingest plastics 

Plastics in Sea TurtlePlastics in Seabird

Microplastics in lower-trophic-level organisms 

~ !m

~ !m
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Microplastics were detected in 49 of 64 anchovies
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Plastics carry two types of chemicals in marine environment 

Nonylphenol 

Bisphenol A 

Polychlorinated biphenyl 
(PCBs) 

!!"#$

Polycyclic aromatic 
hydrocarbons (PAHs) 

Polybrominated diphenyl ethers 
(PBDEs) 

Hexabromocyclododecanes 
(HBCDs) 

Additive-derived 
chemicals 

Sorption from ambient 
seawater  
Sorption from ambient 
seawater  



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 

Pellets accumulate POPs from seawater 

DDT DDE DDD 

PAHs 

adsorption from 
ambient seawater 

Concentration factor is estimated to be ~ 105 to ~106. 
29!

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 

30!

Since 2005



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 32!http://www.pelletwatch.org/

Chemical 
Analysis

Chemical 
hazardousness of 
marine plastics 

Status of 
Global 
pollution
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International Pellet Watch : monitoring of POPs 
Plastics carry hazardous chemicals in marine environments 
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Concentration of PCBs* in beached plastic resin pellet (ng/g-pellet) 
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International Pellet Watch : monitoring of POPs 
Plastics carry hazardous chemicals in marine environments 

Concentration of PCBs* in beached plastic resin pellet (ng/g-pellet) 
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Microplastic samples from Ms. Nicole Trenholm: Ocean Research Project

Open Ocean, Atlantic

38

Collecting microplastics in seawater



Microplastics for POPs analysis  



Polychlorinated biphenyls (PCBs) 

m + n = 1 - 10 

41!

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



Microplastics

Microplastics
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Open ocean, 
     Pacific 

Japan Meteorological 
Agency

Tokyo Bay
Offshore

Off Northern Is.

Off Main Is.
Off Kushu Is.

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

Human

PCBs

Zooplankton Plastics

•  Amount of plastics in digestive tract 
•  Retention time of plastics 
•  Concentrations of contaminants in the plastic 
•  Rate of desorption of contaminants 
•  Rate of uptake of contaminants

Can contaminants be transferred 
to biological tissue?
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Transfer of chemicals  
from ingested plastics 
to biological tissue was 
of concern. 

Transfer of chemicals from ingested plastics to biological tissue 

?

?



Faculty of 1000



applied in various electric products and fabrics. 

PBDEs : Flame retardants �

Lower brominated

BDE47 BDE209BDE183

(Br7 - 10)(Br4, Br5)
Higher brominated

Composition of BDE congeners in seabird adipose, plastics in the 
stomachs, and their prey. 

Abdominal adipose

Plastics in stomach

Prey (lantern-fish) 

Higher brominated congeners were 
derived from ingested plastics, 
whereas lower brominated congeners 
were derived from natural prey!



Stomach oil facilitates release of additive-chemicals to digestive fluid

Trojan Horse



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

Transfer of chemicals from ingested plastics to biological tissue 

A canary in a coal mine 

Sentinel

~90 % of seabirds ingest plastics�



•  Amount of plastics in digestive tract 
•  Retention time of plastics 
•  Biological characteristics 
•  Concentrations of contaminants in the plastic 
•  Rate of desorption of contaminants 
•  Rate of uptake of contaminants

Plastic Ingestion

Accumulation of  
plastic-derived chemicals 
in organisms

Plastic ingestion : Chemical exposure?



Oahu Island

Marion Island

Laysan albatross 
Wedge-tailed shearwater 

Wandering albatross 
Grey-headed albatross 
Soft-plumaged petrel 
Great-winged petrel 
Blue petrel 
Fairy prion 
Kerguelen petrel 
Northern giant petrel  
Southern giant petrel  
Gentoo penguin  
King penguin  
Macaroni penguin  
Rockhopper penguin  
Lesser sheathbill  
Skua 

Preen gland oil from various species in various areas

Some are impacted, while the others are not.   
However, in future?  



applied in various electric products and fabrics. 

PBDEs : Flame retardants �

Lower brominated

BDE47 BDE209BDE183

(Br7 - 10)(Br4, Br5)
Higher brominated

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), Sceince



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.  

Reduction of inputs of plastic waste to the sea is necessary

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 of plastic bag is required . 

No space for landfill 
Limited resources to construct high-tech incinerator

Precautionary principle

Plastic bag ban


