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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally conducted through 
ISO technical committees. Each member body interested in a subject for which a technical committee 
has been established has the right to be represented on that committee. International organizations, 
governmental and nongovernmental, in liaison with ISO, also take part in the work. ISO collaborates closely 
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent 
rights identified during the development of the document will be in the Introduction and/or on the ISO list of 
patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 281, fine bubble technology.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Recently, fine bubble technology has gained extensive application in the agricultural and environmental 
fields. Investigations reveal that air microbubbles (MBs) and ultrafine bubbles (UFBs) can enhance the 
growth of plants, shellfish, and yeast. Furthermore, ozone UFBs are proven effective in removing residual 
pesticides from vegetables, inactivating microorganisms, and reducing organic material in wastewater. 
Despite these promising outcomes, the mechanisms underpinning the fine bubble process are not entirely 
understood. A key factor is the generation of reactive oxygen species (ROS).

A moderate ROS level positively influences growth, while a higher concentration effectively disinfects 
pathogens and degrades pollutants in water purification systems. However, detecting the physiological 
level of ROS is challenging, necessitating more sensitive methodologies. Fluorescence methodology, 
complemented by suitable probes, emerges as an ideal solution for ROS detection due to its high sensitivity 
and ease of data collection. Therefore, this document recommends the 3’-(p-aminophenyl) fluorescein (APF) 
assay for detecting and quantifying ROS in UFB solutions.

Among ROS, the most biologically significant and extensively studied are hydroxyl radical (·OH), superoxide 
anion radical (O2

−), singlet oxygen (1O2), and hydrogen peroxide (H2O2). The 3’-(p-aminophenyl) fluorescein 
(APF) assay requires strong oxidizing power for the ipsosubstitution reaction. Given the varying oxidizing 
powers of these ROS, APF’s fluorescence responses to each differ. This variability allows the differentiation 
of the ROS types using APF.

This document outlines methods for detecting ROS in MB and UFB dispersions using the APF assay. This 
technique is highly sensitive and capable of detecting ROS at submicromolar levels in MB and UFB dispersed 
liquids. Its application is crucial for evaluating MB and UFB technology’s effectiveness in agriculture and 
disinfection.
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