
�

Hideshige TAKADA
Laboratory of Organic Geochemistry (LOG)

Tokyo University of Agriculture and Technology

Plastic-mediated long-range transport of additives in 
marine environments and their bioaccumulation 

through plastic ingestion

Presented on 
“POPs in plastic”
April 24, 2023

O

Br Br

Br

BrBrBr

BrBr

Br

Br

BrBr

Br

Br Br

Br



Acknowledgement

Dr. Kaoruko Mizukawa
Dr. Kosuke Tanaka
Dr. Rei Yamashita
Dr. Yutaka Watanuki
Dr. Bee Geok Yeo
Dr. Mona Alidoust
Dr. Takashi Hasegawa
Dr. Masashi Nakaoka
Ms. Lisa Matsunaga
Ms. Nana Tanaka
Ms. Mami Takahashi
Mr. Taischi Takano
Ms. Natsuki Hirai
Ms. Rei Sakurai
Ms. Fumika Kashiwada

Volunteers for IPW
Volunteers for IPEN



Topics

Long-range transport of Benzotriazole-type UV 
stabilizers (BUVSs) via mm-size microplastics 

Microplastic-mediated bioaccumulation of 
plastic additives



Topics

Long-range transport of Benzotriazole-type UV 
stabilizers (BUVSs) via mm-size microplastics 

Microplastic-mediated bioaccumulation of 
plastic additives



Plastic resin pellets : feedstock of plastic products

1 cm



Beach

River

Industrial
Plant Factory

Remelting
Molding

Final Plastic Products

Stranded

Urban runoff

Ocean

Resin Pellets Resin Pellets

Resin pellets, industrial feedstock of user plastics, are spilled during transport 
and manufacturing and they are widely distributed in the ocean

Ingestion by marine organisms



Sakumono Beach, Ghana

Plastic resin pellets are stranded on beaches across the globe



POPs are sorbed to plastic pellet from surrounding seawater

PCBs

�Industrial products for a variety of uses 
including dielectric fluid, heat medium, 
and lubricants.
� Endocrine disrupting chemicals

ClnCln

DDTs

�DDT and its metabolites such as 
DDE and DDD.
�DDT was used as insecticides 
�Endocrine disrupting chemicals
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Laboratory of Organic Geochemistry (LOG)
Tokyo University of Agriculture and Technology, Japan

Air Mail

International Pellet Watch

Call for pellets 
through website, 
journals, SNS. 

since 2005



Plastic resin pellet from various areas in the world
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UV

UV stabilizers can be found in  in plastic resin pellets : 
Master-batch pellets or recycled pellets

FragmentsPellets Consumer plastic
products

N
N

N

HO

compounding into 
plastic products

compounding into 
Master-batch pellets

recycled pellets

Benzotriazole-type UV stabilizers 
(BUVSs)



sorting

Polyethylene (PE)

Yellowing

Polypropylene (PP)
sorting

Less resistant to weathering

More UV-stabilizers required.

More sorptive to POPs

37 locations across the globe

Each sample contains 25 – 50 pellets



Soaking Extraction
Hexane 24 h x 3 times

Silica gel column chromatography
10% H2O deactivated

DCM/Hexane DCM 
(1% methanol) 

Acetylation
with acetic anhydride and pyridine

Pellets (25 - 50 pieces)

GC-MS

surrogates 
(13C-BUVSs)

Analytical Procedure of BUVSs in plastic resin pellets
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Total BUVSs (ng/g-pellet)

Extremely High concentrations of BUVSs were found in pellets 
from 14 samples including remote islands among 37 samples  
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Fig.1. Concentration of total benzotriazole UV stabilizers (BUVSs) in polypropylene (PP) 
pellets on world beaches(ng/g-pellet)

7

Total BUVSs : sum of UVP, UVPS, UV329, UV9, UV320, UV350, 
UV326, UV327, UV328, UV234.

Matsunaga et al. (2023)
to be presented on Annual meeting of Japan Society for Environmental Chemistry (JEC)



UV

UV stabilizers can be originated via sorption form seawater in 
addition to master batch pellets and recycled pellets

Sorption from seawater

FragmentsPellets Consumer plastic
products

N
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compounding into 
Master-batch pellets
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St.Helena

Midway

Total BUVSs (ng/g-pellet)

Plastic additives are long-range-transported across the borders
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Fig.1. Concentration of total benzotriazole UV stabilizers (BUVSs) in polypropylene (PP) 
pellets on world beaches(ng/g-pellet)

7

Total BUVSs : sum of UVP, UVPS, UV329, UV9, UV320, UV350, 
UV326, UV327, UV328, UV234.



Karlsson et al. (2021)
IPEN report



Matsunaga et al. (2023)
to be presented on Annual meeting of Japan Society for Environmental Chemistry (JEC)



PP data : 
Matsunaga et al. (2023)

PE data : Karlsson et al. (2021)
IPEN report
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Hazardous chemicals can be transferred and accumulated in 

tissue and organ of marine organisms which ingest plastics

Tanaka, K., Yamashita, R., and Takada, H., Transfer of hazardous chemicals 
from ingested plastics to higher-trophic level organisms, in Hazardous 
chemicals associated with plastics in environment, H. Takada and H.K. 

Karapanagioti, Editor. 2018, Springer Berlin Heidelberg: p. 267–280.



Additive

Polymer chain

SurfactantsOily fluid

Fragmentation



Fate of plastic additives in the ocean 

Are the additives transferred and accumulated into 
biological tissue/organ, when plastics are ingested by 
marine organisms?

BFRs
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DBDPE (log Kow : 13.64) 

Highly hydrophobic Moderately hydrophobic



Additive

Polymer chain

SurfactantsOily fluid

Fragmentation
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Oily components in digestive tract facilitates leaching of 
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2015

Oily components in digestive fluid facilitate the leaching of 
additives from plastics



Feeding experiment confirmed the transfer of additives from 
ingested plastics to the organs of seabirds



Preen gland oil : oil excreted from an organ situated at 
the tail of birds

Non-invasive
approach

water-proof property
to feathers of seabirds

Hydrophobic contaminants 
are accumulated in 
the preen gland oil 

long-chain fatty 
acid ester with 
higher alcohol
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Benzotriazole UV stabilizers were detected in preen gland oil from 
~ 40 % of seabirds globally collected

� : significant detection



Extremely high concentrations of UV stabilizer were detected in 
preen gland oil from seabirds from remote islands

� : significant detection
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Additives

Preen Gland Oil

Chemical	Analysis

UV-stabilizers
BFRs

Non-invasive	collection	of

Field observations demonstrated the bioaccumulation of plastic 
additives in seabirds preen gland oil  (46 % of individuals examined)





remote island in Okinawa, Japan

Control beach

Hermit Crab



remote island in Okinawa, Japan

Plastic contaminated beach

Hermit Crab



Polystyrene
fragment
100μm
Hit ratio:94%

Polyethylene-propylene 
fragment
50μm
Hit ratio:73%

50 µm

Images and FTIR spectrum of microplastics found in stomach
of Hermit Crab

Tanaka et al., 2023



Microplastics in digestive tract of Hermit Crab

Plastic 
contaminated

Plastic 
contaminated

beach

Control
beach

293 - 482 pieces/g-wet0 – 13 pieces/g-wet

Tanaka et al., 2023



Field observation of transfer of plastic additives (brominated 
flame retardants) to hepatopancreas of hermit crab

Plastic-contaminated 
beach

Control beach

Metabolites of the 
additives were 
dominant.
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BDE209
BDE208 BDE202

BDE178

BDE133

Laboratory exposure experiment of microbeads containing 
BDE209 to Hermit Crab
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Fig. PBDEs concentrations in hepatopancreas of hermit crab 
exposed with microbeads containing BDE209 Tanaka et al., 2023



Pollution of plastics and related compounds from 
stranded litter to terrestrial hermit crabs in remote 
islands

Kaoruko Mizukawa, et al. (2023) 
(Tokyo University of Agriculture and Technology)
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HBCDs in Hermit Crab
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Chemicals in 
seawater MP + Chemicals Additives are transferred to 

biological tissue

Human

1.Direct Exposure

Indirect exposure
fragmentation, 
leaching, 
bioaccumulation, 
trophic transfer
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ClnCln

C
CCl2
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Cl

All the classes of additives can be finally exposed to human through 3 pathways

2.Indirect 
Concentration

3.Direct 
Accumulation

Leaching

Hydrophilic Additives 
Leaching of the additives to water 

Highly Hydrophobic Additives
Bioaccumulation of additives 
directly from ingested plastics

Moderately Hydrophobic Additives
Leaching of additives from microplastics and 
bioconcentration of the additives to aquatic organisms 



Accumulation of Benzotriazole UV stabilizers following exposure 

of  microplastic fragments containing the additives to mussel

Fig. Concentrations of the additives in gonad of mussels
125 – 250 µm

PE fragments

Mizukawa, K., Takano, T., Sakurai, R., Ota, M., Nakaoka, M., Kinjo, A., Inoue, K., Takada, H., 2022. Dietary exposure 

experiments on the transfer of chemical pollutants from microplastics to bivalves. In: International Online Workshop on 

Microplastics Issues, online.



Indirect concentration of additives through leaching and 
bioconcentration occurred for moderately hydrophobic additives

Surfactant 
accumulated leaching 
and 
indirect concentration
of hydrophobic 
additives

stainless
steel 
mesh

(log Kow : 6.91) (log Kow : 12.11) 

Mizukawa et al., 2022



Direct bioaccumulation is more important for highly hydrophobic 
additives

Surfactant 
accumulated leaching 
and 
indirect concentration
of hydrophobic 
additives

stainless
steel 
mesh

Mizukawa et al., 2022



Chemicals in 
seawater MP + Chemicals Additives are transferred to 

biological tissue

Human

1.Direct Exposure

Indirect exposure
fragmentation, 
leaching, 
bioaccumulation, 
trophic transfer
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All the classes of additives can be finally exposed to human through 3 pathways

2.Indirect 
Concentration

3.Direct 
Accumulation

Leaching

Hydrophilic Additives 
Leaching of the additives to water 

Highly Hydrophobic Additives
Bioaccumulation of additives 
directly from ingested plastics

Moderately Hydrophobic Additives
Leaching of additives from microplastics and 
bioconcentration of the additives to aquatic organisms 
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Accumulation of 
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of fish
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Conclusion: 

Analysis of PP pellets demonstrated that mm-size plastics transport 
BUVSs for hundreds to thousands kilo meters without drastic 
degradation nor leaching.
>>International regulation is necessary.

Laboratory exposure experiments and field observations indicate that 
hydrophobic additives are not inert and can be bioaccumulated in 
marine organisms including mussel, hermit crab, fish, and seabirds.  

Fragmentation, breaking down of microplastics, oily digestive fluid, 
and surfactants facilitate bioaccumulation of the additives.  

For highly hydrophobic additives such as BDE209, direct 
accumulation from ingested plastics would be more important.  

For moderately hydrophobic additives such as UV328 and UV327, 
leaching to water and bioconcentration via water could be important, 
too.



Implication and Recommendation: 

>>International regulation

Microplastics are not biodegraded and easy to be resuspended and can 
be repeatedly ingested by the biota until their burial.  Long-term 
accumulative exposure of additives to marine organisms and finally to 
human could be larger than we estimated based on single ingestion.  

>>Total exposure of additives to human should be assessed by 
measurement of additives in all the potential sources and understating of 
individual processes.

On the other hand, various plastic additives are detected in human 
body and some symptom of endocrine disruption has been already 
detected.  

>>As a precautionary approach, reduction of plastic usage has been 
recommended. 
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