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Like many contaminants, plastics are likely more harmful to organisms after they have been
transformed in the environment. This research explored this transformation by investigating various
types of change, from polymer organization to microbial community structure on plastic surfaces.

The focus of the study was on how plastics are changed in the environment.

In both the atmospheric and marine environment, plastic degradation resulted in a greater degree of
oxidation and crystallization of plastic surfaces. The influence of organic matter coronas on
nanoplastics and microplastics was investigated in laboratory studies. Using yeast as a model
organism, it was found that organic matter prevented the adherence of nanoplastics to the cell wall,

likely because of the destabilization of the nanoplastic colloid. However, organic matter did not
alleviate the toxicity of microplastics to Daphnia. Analyses of biofilms indicate that the microbes
that grow on plastic surfaces differ from the microbes in the surrounding water. This may affect the
extent to which other organic contaminants are transformed. For example, it was found that the
oxidation of PAHs into more harmful congeners was correlated with microbial activity in the aquatic
environment.
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The focus of the study was on how plastics are changed in the environment. In both the atmospheric and
marine environment, plastic degradation resulted in a greater degree of oxidation and crystallization of plastic
surfaces. The influence of organic matter coronas on nanoplastics and microplastics was investigated in
laboratory studies. Using yeast as a model organism, it was found that organic matter prevented the adherence
of nanoplastics to the cell wall, likely because of the destabilization of the nanoplastic colloid. However, organic
matter did not alleviate the toxicity of microplastics to Daphnia. Analyses of biofilms indicate that the microbes
that grow on plastic surfaces differ from the microbes in the surrounding water. This may affect the extent to
which other organic contaminants are transformed. For example, it was found that the oxidation of PAHs into
more harmful congeners was correlated with microbial activity in the aquatic environment.
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Like many contaminants, plastics are likely more harmful to organisms after they have been transformed in the
environment. This research explored this transformation by investigating various types of change, from
polymer organization to microbial community structure on plastic surfaces.
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(background)

Like other contaminants, plastics change once released into the environment. However, in contrast to organic
contaminants, plastics have a much different fate because they are solid surfaces. In the environment, plastic
surfaces are subject to oxidation, polymer chain reorganization and modification by the formation of corona
films, whether by organic matter or by microbes. This is part of the process by which they fragment into
microplastics and nanoplastics. This will also affect the extent to which contaminants are adsorbed to the
surface. While plastics are known to change, there is not much known about this, particularly in the context
of the Japanese environment.

In this context, the purpose of the research then was to explore how these changes may be occurring in the
environment. There are various aspects to this that were specifically investigated. One major component was
to provide some assessment of the how much microplastic exists in the environment and in what state they
exist in. The second was to understand how these smaller plastics (microplastics and nanoplastics) interact
with the surrounding environment, in particular with natural organic matter and microbes. Finally, the extent
to which PAHs may be sequestered/metabolized in the presence of these microbes and plastics was explored,
given that one of the major concerns with regards to plastic pollution is that they are substrates for other
contaminants to adsorb and potentially even transform.

a. Environmental microplastics studies: These were conducted primarily through field work and analysis of
samples using Raman spectroscopy and FTIR. Samples were taken from various media across Japan,
including air, water, sand and organisms (i.e. amphipods).

b. Corona studies: The effect of the organic matter corona on nanoplastics was studied specifically using
Raman imaging and the heteroaggregation was studied with a combination of atomic force microscopy
and dynamic light scattering. Yeast cells were used for the study of nanoplastic imaging studies, while
Daphnia were used for toxicology studies (LCso and reproduction tests). In addition, the microbial corona
community structure on environmental plastics was analyzed through DNA sequencing.

c. OHPAH analyses: Methods were first developed for the chromatographic separation of hydroxylated PAH
congeners using a combination of HPLC-fluorescence and LC-MS. Analyses were done on environmental
samples to assess the extent to which these actually exist in the environment.
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with similar signs of degradation. Beached plastics also showed signs of oxidation, based on FTIR analyses,
but also increased crystallization. Based on these results, it is likely that the microplastics that are found in
the environment are from the crystallinity induced fragmentation and provide insight into how

microplastics are introduced into the environment.

. The effect of the organic matter corona on nanoplastic fate: The
role of organic matter with nanoplastics was studied using yeast
as a model organism and Raman imaging to monitor the fate of
various types of functionalized nanoplastics. As shown in Figure 2
while nanoplastics are liable to adhere to the outer cell wall of an
organism, with the addition of humic acid, this is prevented. It is
likely that the humic acid is destabilizing the nanoplastic colloid,
causing it to be removed from solution. This was corroborated
with the AFM analysis. The removal of nanoplastics from the
solution will have consequences for the toxicity of the particle, as
it may be the case that in the environment, organic matter (i.e.
humic acid) protects cells from nanoplastic exposure, though if
the nanoplastics are removed from solution, it implies that
organisms in the sediment are more likely to be exposed to
nanoplastics.

Characterization of the ecocorona: Microbes that colonize
plastic surfaces are seen to be different from those in the
surrounding aquatic environment as was observed with
samples taken from the Japan Sea (Figure 3). The plastic
surface then is a substrate upon which a discrete microbial
colony forms. This has implications for the toxicity of the
particle. For example, one species found in abundance are
vibrio spp. which are known to cause illness. Similar
laboratory experiments using Winowgradskly columns were
made with various types of plastics, but did not show
indication that biofilms formed during the 8 month
incubation period. This suggests that under anaerobic
environments, the types of colony formation observed in
open waters would not be observed in anaerobic sediments
and therefore plastic degradation would be less likely in
those environments.
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2. Yeast cells (top row in green) when exposed

to polystyrene nanoplastics accumulate particles
around the cell wall (second row). However,
these are absent when humic acid is included.
(bottom row).
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3. The relative abundance of the identified microbes

differ between plastics (plastics 1-7) and the surrounding
water (water 1-4).

. Hydroxylated PAH analyses: Both laboratory and environmental analyses were performed for PAH
metabolism. Environmental analyses were taken in the Hiroshima region and increases in PAH oxidation to
their hydroxylated congeners was correlated with ATP concentrations, suggesting that OHPAH formation is
dependent on microbial activity in the environment. Further experiments were conducted in the
laboratory to examine whether algae could be responsible for the conversion of PAHs into their oxidized
congeners. Test examining the protective effect of these complexes from PAH pollution on daphnia did not

indicate that there was any particular effect.
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