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The present study investigated the uptake and excretion of microplastics (MPs) by aquatic
organisms, their particle toxicity, distribution and characteristics of hazardous chemicals in
MPs in marine environments. Also the exposure and transfer of the chemicals from ingested
MPs to biota and their effects were studied. Lower to higher trophic organisms were targeted.
Major findings are as follows. Medaka fish (Oryzias latipes) and Artemia were selected as a
model of fish and invertebrate, respectively. When medaka fish was exposed to MPs (2, 20,
200 um), MPs (except 2um MP) were rapidly accumulated in and then eliminated from bodies.
Its bioconcentration factor was estimated to be less than ~ 10°. Also, no biomagnification was
observed in the medaka fish fed with MP-accumulated Artemia. From the results of MPs
exposure studies, no effect was observed in survival and reproduction of medaka and artemia,
while some gene expression levels were changed in the medaka intestine and artemia whole
body. Ubiquitous occurrence of hydrophobic chemicals such as polychlorinated biphenyls and
polycyclic aromatic hydrocarbons (PAHs) as well as sporadic occurrence of high
concentrations of additives such as brominated flame retardants and benzotriazole UV -
stabilizers in neuston and beaches MPs were revealed. Their transfer to biota and the effects
were investigated. Medaka was exposed with anthracene and/or MP. As a result, PE-MPs
may act as a vector to concentrate and transfer anthracene to medaka upon ingestion, but the
presence of these particles may have limited adverse effects on fish under the co-exposure
systems of the type used in this study. Mixture exposure of MP and antidepressant drug
diazepam might decrease schooling behavior. It was revealed that benthic invertebrates that
ingested MPs accumulated chemical compounds such as PCBs and additives associated with
MPs, and that they were transferred to benthic fish through the consumption of prey
invertebrates that consumed MPs. Another experiment was conducted that fed plastic to chicks
of streaked shearwater demonstrated that plastic ingestion has some negative impacts on its
organ weight, and that plastic additives were transferred to the tissue of birds. Analysis using a
next-generation sequencer revealed different gene expression patterns in the exposed and
control groups of the seabird, especially in the thyroid hormone system and bile acid synthesis
system.

[References]

1) T. Ohgaki, H. Takada, R. Yoshida, K. Mizukawa, B.G. Yeo, M. Alidoust, N. Hirai, R. Yamashita, T.
Tokumaru, I. Watanabe, S. Onwona-Agyeman, P. Gardiner, M. Eriksen, J.F. Kelly, C.J. Rodriguez-Sierra,
L. Colasse, J. Baztan, F.P. Barretto, G.I. Mendes, D. Abessa, M.P. Zakaria, C.S. Kwan, M. Saha, P.G.



Ryan, S. Weerts, J. Ofosu-Anim, E.B. Sabi, L.G. Akita, H. Tait, C. Eriksson, H. Burton: Environmental
Monitoring and Contaminants Research, 2 in press (2021) International Pellet Watch : Global monitoring
of polybrominated diphenyl ethers (PBDEs) in plastic resin pellets.

2) M. Alidoust, G.B. Yeo, K. Mizukawa, H. Takada: Marine Pollution Bulletin, 165 112052 (2021)
Monitoring of polycyclic aromatic hydrocarbons, hopanes, and polychlorinated biphenyls in the Persian
Gulf in plastic resin pellets. (IF:4.05)

3) K. Tanaka, Y. Watanuki, H. Takada, M. Ishizuka, R. Yamashita, M. Kazama, N. Hiki, F. Kashiwada, K.
Mizukawa, H. Mizukawa, D. Hyrenbach, M. Hester, Y. Ikenaka, S.M.M. Nakayama: Current Biology, 30
(4) 723-728.e3 (2020) In Vivo Accumulation of Plastic-Derived Chemicals into Seabird Tissues. (IF:9.60)

4) K. Tanaka, H. Takada, Y. Ikenaka, S.M.M. Nakayama, M. Ishizuka: Marine Pollution Bulletin, 150 110732
(2020) Occurrence and concentrations of chemical additives in plastic fragments on a beach on the island
of Kauai, Hawaii. (IF:4.05)

5) B.G. Yeo, H. Takada, R. Yamashita, Y. Okazaki, K. Uchida, T. Tokai, K. Tanaka, N. Trenholm: Marine
Pollution Bulletin, 110806 (2019) PCBs and PBDEs in microplastic particles and zooplankton in open
water in the Pacific Ocean and around the coast of Japan. (IF:4.05)

6) K. Tanaka, J.A. van Franeker, T. Deguchi, H. Takada: Marine Pollution Bulletin, 145 36-41 (2019) Piece-
by-piece analysis of additives and manufacturing byproducts in plastics ingested by seabirds: Implication
for risk of exposure to seabirds. (IF:4.05)

7) M. Assas, X. Qiu, K. Chen, H. Ogawa, H. Xu, Y. Shimasaki, Y. Oshima: Marine Pollution Bulletin, 158
111446 (2020) Bioaccumulation and reproductive effects of fluorescent microplastics in medaka fish.
(IF:4.05)

8) Y. Liu, X. Qiu, X. Xu, Y. Takai, H. Ogawa, Y. Shimasaki, Y. Oshima: Ecotoxicology and Environmental
Safety, 212 112007 (2021) Uptake and depuration kinetics of microplastics with different polymer types
and particle sizes in Japanese medaka (Oryzias latipes).

9) X. Qiu, S. Saovany, Y. Takai, A. Akasaka, Y. Inoue, N. Yakata, Y. Liu, M. Waseda, Y. Shimasaki, Y.
Oshima: Aquatic Toxicology, 228 105643 (2020) Quantifying the vector effects of polyethylene
microplastics on the accumulation of anthracene to Japanese medaka (Oryzias latipes).

10) Yu, S-P., Nakaoka, M. and Chan, B.K.K. (2021) The gut retention time of microplastics in nauplius
larvae of barnacles from different climatic zones and marine habitats. Environmental Pollution 268:
115865. Doi: 10.1016/j.envpol.2020.115865 (IF: 6.8)

11) Hasegawa, T. and Nakaoka, M. (2021) Trophic transfer of microplastics from mysids to fish greatly
exceeds direct ingestion from the water column. Environmental Pollution 273: 116468. Doi:
10.1016/j.envpol.2021.116468 (IF: 6.8)



