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研究成果の概要（和文）：研究の焦点は環境中プラスチックの変化にありました。大気と海洋環境で、プラスチ
ック表面の酸化と結晶化がより進行しました。ナノ・マイクロプラスチックに対する有機物コロナの影響が実験
室研究で調査されました。有機物は酵母細胞壁へのナノプラスチックの付着を妨げた。しかし、有機物はミジン
コに対するプラスチックの毒性を軽減しませんでした。バイオフィルムの分析により、プラスチック表面で増殖
する微生物は周囲の水中の微生物とは異なることが示されました。これは他の有機汚染物質が変換される程度に
影響を与えます。 例えば、PAH のより有害な同族体への酸化は、水生環境における微生物活動と相関している
ことが判明しました。

研究成果の概要（英文）：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. 

研究分野： Environmental pollution

キーワード： Microplastics　Nanoplastics　Raman spectroscopy　FTIR　PAHs　Environmental pollution　polymer
 crystallinity　carbonyl index
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研究成果の学術的意義や社会的意義
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. 

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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1. 研究開始当初の背景(background) 

Like other contaminants, cs change once released into the environment. However, in contrast to organic 
contaminants,  have a much different fate because they are solid surfaces. 
surfaces , polymer chain on  
films This is part of the process by which they fragment into 

 This will also affect the extent to which contaminants are adsorbed to the 

of the Japanese environment.  
 

2. 研究の目的 

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  major component was 
to provide some assessment of the exists in the environment and in what state they 
exist in. The second was to understand how 

to which PAHs may be sequestered/metabolized in the presence of these microbes and , 

. 
  

3. 研究の方法 

a. : 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: 
Raman imaging and atomic force microscopy 

 imaging studies, while 
Daphnia were used for toxicology studies (LC50 
community structure as analyzed through DNA sequencing.    

c. OHPAH analyses: Methods were first devel
congeners using -fluorescence and LC-MS. Analyses were done on environmental 
samples to assess the extent to which these actually exist in the environment.  

 

4. 研究の成果 

a. : Various surveys 
have been performed on environmental samples 

the environment exist in a crystalline state. In 

degraded compared to those found in the water 
(i.e. Figure 1 shows the difference in polystyrene 
crystallinity). 
found in the environment are the result of 

and enter the environment. Further 

図 1

than those in water 



ight into how 
 

 
b.  The 

 was studied using yeast 
as a model organism and Raman imaging to monitor the fate of 

2 

, this is prevented. It is 
, 

 This was corroborated 
with the AFM analysis. Th

 will have consequences for the toxicity of the 
it may be the case that 
humic acid) protects cells from 

organisms in the sediment are more likely to be exposed to 
 

 
c. : Microbes that colonize 

 seen to be different from those in the 
 as was observed with 

samples taken from the Japan Sea (Figure 3). 
surface then is a substrate upon which a discrete microbial 
colony forms. toxicity of the 

. For example, one species found in abundance are 
vibrio spp. which are known to cause illness. Similar 
laboratory experiments using Winowgradskly columns were 

ofilms formed during the 8 month 

open waters would not be observed in anaerobic sediments 
n 

those environments.  
 

 
d. Hydroxylated PAH analyses: Both laboratory and environmental analyses were performed for PAH 

their hydroxylated congeners was c
Further experiments were conducted in the 

laboratory to examine whether algae could be responsible for the conversion of PAHs into their oxidized 
congeners. 

  

図 2. Yeast cells (top row in green) when exposed 
 

around the cell wall (second row). However, 
these are absent when humic acid is included. 

 

図 3
-7) and the surrounding 

water (water 1-4). 
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