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Considering that plastic debris can distribute various pathways around the world, the research
outcome and the multidimensional analytical approaches demonstrated in the present study could lay
the foundation for further research to elucidate their characteristics and behavior in the world.

The global survey for the presence of microplastics (MPs) in aquatic

environments has attracted widespread scientific attention over the past decade. However, evaluating
the composition and characteristics of these anthropogenic debris using highly sensitive techniques
is still under consideration. This study demonstrates a multidimensional analytical approach,
including isotopic, radiotracers, and thermogravimetric analyses to evaluate characteristics and
behavior of MPs in the environment. The present study provides fundamental data of environmental MPs
from the isotopic and thermogravimetric aspects and highlights the usefulness of the approach for
advances in MP research.
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Although microplastics (<5 mm in size) have received specia attention from the scientific
community due to their widespread distribution and relatively large specific surface area, the
characteristics of the environmental microplastics and their possible ecological consequences are
not yet fully understood. To account for the properties of plastics, various techniques, including
microscopy and spectroscopy, have been broadly used to track their characteristics (Birch et al.,
2021). However, the application of highly sensitive techniquesincluding isotopic, radiotracer, and
thermogravimetric approachesis still under consideration.

The main purpose of the research was to evaluate sources and differences of plastic-associated
biofilms in the coastal environments of Japan using multiple analytical approaches. Given the
potential impacts of the occurrence and composition of microplastics on the aquatic ecosystem,
the research first addressed the distribution and properties of microplastics in two contrasting
coastal areas of Japan. Secondly, the stableisotope signatures (5*3C and §*°N) of pl astic-associ ated
biofilms were determined based on a newly developed extraction method. Furthermore, the
interaction mechanism between environmental plastics and radionuclides especially radiocesium
(®*'Cs) was targeted to understand the radioactivity of environmental plastics. In terms of an
interdisciplinary perspective to understand the behavior and degradation of the plastics,
spectroscopic and thermogravimetric analyses were also conducted.

During the research project, environmental plastics and surrounding compartments (surface
waters, bottom sediments, and coasta sands) were collected from the coastal areas of Ibaraki,
Niigata, and Fukushima prefecturesin Japan. Collected surface water, sediment, and sand samples
were used to extract microplastics and evaluate the seasonal variation and occurrence of
microplastics (Fig. 2). Visible plastic samples (> 5 mmin size) were used to extract biofilms and
characterize their properties using isotopic and thermogravimetric approaches. The extraction of
biofilms from plastic surfaces was conducted with a simple extraction technique, using an
ultrasonic bath, disposable plastic syringes, and a freeze dryer (Fig. 3; Battulga et a., 2022a).
Then extracted biofilm samples were prepared for the measurements of *’Cs, 13C, and °N.
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Fig. 3 General procedure of the extraction of biofilms from the mixture of environmental plastics.

The seasonal patterns in the MP concentration differed between the two sites, suggesting the
importance of the various environmental factors (i.e., microbia colonization, changes in density
through biofilm formation, degradation, and fragmentation of microplastics) to influence the
occurrence of microplagtics (Fig. 4).
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Fig. 4 Microplastic concentrationsin surface waters (a) and bottom sediment and coastal sand samples
(b) from the Shin and Shinano River sites. The results represent seasonal (Sum, summer; Fall, fall;

Win, winter; Spr, spring) data for bottom sediments (Bot) and coastal sandsin the hightideline (HTL)
and low tideline (LTL).



Furthermore, the ocean circulation system may have an impact on the distribution pattern of
plastic particles. The movement of microplastics in the coastal environment can be influenced by
dynamic forces, which include ocean current systems, resulting in hotspot distribution in the
coastal areas.

Using the newly developed extraction method (Fig. 3), the activity concentration of ¥’Csiin
plastic-associated biofilms was detected in severd river mouths in Japan, located approximately
150 km from the Fukushima Daiichi Nuclear Power Plant (FDNPP). This observation
demonstrates that environmental plastics serve as a carrier for ¥'Cs in the coastal river
environment and are mediated by developed biofilms.
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Further evaluation considering the microbial communities in the Plastisphere is needed to
demonstrate the biofilm-associated ecological processes on plastics which would advance our
understanding of plastic-altered biogeochemical cycling in the aguatic environment.
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