BS ISO 24758-2:2025

Fine bubble technology — Evaluation
method for determining the reactive oxygen
species in ultrafine bubble dispersions

Part 2: APF (3'-(p-aminophenyl) fluorescein) assay

°
bSl. Documents

Document Sharing Hub

Full document details: BS 1ISO 24758-2:2025


http://www.avadocuments.com/doc/bs-iso-24758-2-2025
http://www.avadocuments.com/doc/bs-iso-24758-2-2025

BRITISH STANDARD

National foreword

This British Standard is the UK implementation of ISO 24758-2:2025.

The UK participation in its preparation was entrusted to Technical
Committee LBI/50, Fine Bubble Technology (FBT).

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

© The British Standards Institution 2025
Published by BSI Standards Limited 2025

ISBN 978 0 539 32995 7
ICS 07.030

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 October 2025.

Amendments/corrigenda issued since publication

Date Text affected

Documents

Document Sharing Hub

Full document details: BS ISO 24758-2:2025


http://www.avadocuments.com/doc/bs-iso-24758-2-2025
http://www.avadocuments.com/doc/bs-iso-24758-2-2025

International
Standard
1ISO 24758-2
Fine bubble technology — First edition
Evaluation method for determining 2025-10
the reactive oxygen species in
ultrafine bubble dispersions —
Part 2:
APF (3'-(p-aminophenyl)
fluorescein) assay
Technologie des fines bulles — Méthode d'évaluation pour
déterminer les espéces réactives de l'oxygéne dans les dispersions
de bulles ultrafines —
Partie 2: Dosage de IAPF (3'-(p-aminophenyl) fluorescein)
Documents
Reference number :
ISO 24758-2:2025(en) © 1SO 2025 Document Sharing Hub

Full document details: BS ISO 24758-2:2025


http://www.avadocuments.com/doc/bs-iso-24758-2-2025
http://www.avadocuments.com/doc/bs-iso-24758-2-2025

ISO 24758-2:2025(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2025

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

Documents
© IS0 2025 - All rights reserved Document Sharing Hub
ii
Full document details: BS ISO 24758-2:2025


https://www.iso.org
http://www.avadocuments.com/doc/bs-iso-24758-2-2025
http://www.avadocuments.com/doc/bs-iso-24758-2-2025

ISO 24758-2:2025(en)

Contents Page

Foreword

Introduction

1 Scope

2 Normative references

3 Terms and definitions..
31
3.2

4 PIEIICEPLE ... 2
41 Reaction PrinCiple OF APF ...t 2
4.2 APF principle for distinguishing different ROS ... 3

5 REAZENLES ...
5.1 Chemicals
5.2 Hydroxyl radical formation

5.3 Superoxide anion radical fOrmMatION . ... 5
54  SINGlet OXYZEN FOTTNMATION ..o 5
5.5 Hydrogen peroXide fOTTAatiON ... 5
APPAratus AN MATETTALS ... 6
7 REQUUET@IMIEIIES . ...t 6
7.1 Sample
7.2 MEASUTING INSTIUIMIEIIES ...oooocieeiie it 6
7.3 ENIVITOTMIIMIIIT ..o 6
8 Procedure........
8.1 General...............
8.2 Standard curve
8.2.1 Fluorescence response Of APF t0 «OH ... 7
8.2.2 Fluorescence response of APF to diSsolved 0ZOMne ... 8
8.2.3 Fluorescence response of APF to H,0,
8.2.4  Fluorescence response 0f APF t0 O ..ttt
8.2.5 Fluorescence response 0f APF t0 10 ...ttt
8.3 ROS IdentifiCation ...
8.3.1 Fluorescence response of APF in an unknown sample
8.3.2 Determine whether there are ROS types other than dissolved ozone in samples..... 12
8.3.3 Determination of the presence of H,0, in the sample ... 13
8.3.4 Determination of the presence of O,-~ in the sample......... 13
9 REPOTT ...
9.1 Report of the testing results.........cccc

9.2 Report of the testing conditions

Annex A (Informative) Example of test result for existence of H,0, in water after combining
oxygen UFB with plasma treatment. ... 16

Annex B (Informative) Example of test result for existence of H,0, in oxygen UFB water ... 19

Bibliography

Documents
© IS0 2025 - All rights reserved Document Sharing Hub
iii
Full document details: BS ISO 24758-2:2025


http://www.avadocuments.com/doc/bs-iso-24758-2-2025
http://www.avadocuments.com/doc/bs-iso-24758-2-2025

ISO 24758-2:2025(en)

Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 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 non-governmental, 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 document should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

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) principlesin 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.
Alist of all parts in the ISO 24758 series can be found on the ISO website.

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 (0, "), singlet oxygen (10,), and hydrogen peroxide (H,0,). 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.

In ISO 24758-1, the application of probe-based kinetic models for measuring the cumulative concentrations
of various ROS over time, as well as their real-time concentrations at each treatment interval, is described.
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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Fine bubble technology — Evaluation method for determining
the reactive oxygen species in ultrafine bubble dispersions —

Part 2:
APF (3'-(p-aminophenyl) fluorescein) assay

1 Scope

This document describes the procedure for testing and evaluating the generation of ROS such as OH, 0,~,
H,0,, and O3 in MB and UFB dispersions using the APF assay.

This method is suited for systems generating ROS at physiological levels, not in large quantities, and
complements the probe kinetic model for detecting H,0, in MB and UFB dispersions.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 23015, Fine bubble technology—Measurement technique matrix for the characterization of fine bubbles
[SO 20480-1:2017, Fine bubble technology — General principles for usage and measurement of fine bubbles —
Part 1: Terminology

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 23015 and ISO ISO 20480-1 apply.
[SO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 Terms

3.1.1

reactive oxygen species

ROS

chemically reactive species containing oxygen referred to as ROS, encompassing free radicals, such as
superoxide (0,) and hydroxyl radical (-OH), as well as non-radical molecules like hydrogen peroxide (H,0,)
and singlet oxygen(10,)

3.1.2

3’-(p-aminophenyl) fluorescein

APF

fluorescein-based fluorescent probe, highly sensitive, used in biological and chemical studies to detect ROS,
particularly hydroxyl radicals and peroxynitrite anions

Note 1 to entry: APF is often used due to its high sensitivity to specific ROS and is particularly useful for detecting
hydroxyl radicals and peroxynitrite anions in a range of experimental conditions.

Documents

© IS0 2025 - All rights reserved Document Sharing Hub
1
Full document details: BS ISO 24758-2:2025


https://www.iso.org/obp/ui
https://www.electropedia.org/
http://www.avadocuments.com/doc/bs-iso-24758-2-2025
http://www.avadocuments.com/doc/bs-iso-24758-2-2025

