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Active oxygen species (AOS) generated in the atmosphere can be applied for various industrial
processes due to their extremely strong oxidizing ability. Since AOS exposure leads to microorganism
inactivation, it can be applied for the sterilization process and surface modification due to strong oxidizing
ability. In order to apply AOS to industrial processes, a technology to determine the type of AOS and
measure the AOS concentration is required. At present, the AOS measurement method in atmosphere
requires specialized and expensive equipment. Furthermore, a technique for measuring the presence or
absence of AOS immediately is required. In this study, we investigated whether methylene blue (MB)-
dye mixed with sodium alginate and pullulan thin films, which are water-soluble natural polysaccharides
with excellent film-forming ability, could be used as an indicator to detect specific AOS. This paper
consists of the following five chapters.

Chapter 1 is an introduction and described the sterilization technology expected as an industrial
process using AOS as an example. The definition and generation mechanism of active oxygen species are
described, and the advantages obtained by applying them to the sterilization process are summarized. Next,
the measurement method of active oxygen species and the purpose of this study have been described.

In Chapter 2, spin trapping agents of AOS was used to confirm the presence of AOS inside the
nonwoven fabric constituting the sterilization bag. Since the short - lifetime AOS unlikely generated
outside the sterilization bag will be released into the sterilization bag, the lifetime of the AOS was
evaluated using an aluminum test box with three internal stages. In order to check whether AOS is present
in the test box, the AOS spin trap agents are equipped onto three stages in the test box whose top surface
is sealed with a non-woven fabric, and the AOS diffusion rate was evaluated. The existence of hydroxyl
radical (OH*) was investigated by electron spin resonance (ESR). The interior of the test box used a three-
layer nonwoven fabric as a "seal" to completely block out ultraviolet light (UV). The OH* present in the
test box sealed with the non-woven fabric is generated by the ozone that is completely outside the test box
due to UV irradiation penetrating the nonwoven fabric and reacting with the water in the nonwoven fabric,
or by the ozone and water generated in the nonwoven fabric. It was presumed that OH* was generated in

the test box by ozonolysis caused by the reaction with water molecules.



In Chapter 3, a new uniform active oxygen species indicator thin film using MB-dyed pullulan was
characterized. This indicator thin film can visually determine the presence or absence of AOS on the spot.
The uniform thin-film indicator composed of a mixture of MB and pullulan reacts only to OH* generated
under high humidity in AOS and decolorized. It was found that the decolorization is caused by MB
decomposition by the OH* exposures. In addition, a weak interaction was confirmed between MB and
pullulan. It is considered that MB molecules are protected by pullulan, and other AOS except for OH*
cannot decompose the MB.

In Chapter 4, as described in Chapter 3, OH* detection characteristics were examined using a MB
dye thin film mixed with sodium alginate, which is a water-soluble polymer having formability. The
stabilization mechanism of MB dyed sodium alginate thin film was investigated by comparing with the
uniform thin film indicator of MB and glucose as a monomer instead of sodium alginate. It is found that
an ionic bond is generated between MB and sodium alginate, as evidenced by a peak shift corresponding
to the benzene ring of MB in the mixture of MB and sodium alginate. That is, it was concluded that the
binding between MB and sodium alginate may contribute to the stability for AOS excluding OH*.

Chapter 5 summarizes the results obtained in Chapters 2-4.

Based on the above, it is shown this paper is concerned with the development of a dye indicator that

specifically reacts with OH * in AOS.
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