INTERNATIONAL ISO
STANDARD 20480-5

First edition
2023-12

Fine bubble technology — Genenal
principles for usage and'measurgment
of fine bubbles —

Part 5:
Shelled bubblewvocabulary

Technologie des fines.bulles — Principes généraux pour l'ufilisation et
le mesurage des fines bulles —

Partie 5: Vocabulaire des bulles enveloppées

Reference number
1SO 20480-5:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=eb7f956764efd11aeaf142516beda8cd

ISO 20480-5:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

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  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

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=eb7f956764efd11aeaf142516beda8cd

ISO 20480-5:2023(E)

Contents Page
FOT@WOT. ... ettt iv
0010 o0 1o L0 Ut (o) o OSSOSO \ 4
1 SCOPI@ ... 1
2 Normative references
3 Terms and definitions
3.1 Terms related to shelled bUbDIe ........oooooooooooooooooivvvoooiooooooooooiooeoeoeoeoeoeeeeeeeeeeeeeeereeeeeeeeeeeeeeeeeeee
3.2 Terms related to shelled bubble categorization...........
3.3 Terms related to generation and characterization of shelled bubbles
50 | <D G S /Y (R 6

© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=eb7f956764efd11aeaf142516beda8cd

ISO 20480-5:2023(E)

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 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.
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Introduction

Fine bubbles are the bubbles of a size typically less than 100 um. Fine bubbles without a
recently seen growth in their applications in both industrial and biomedical fields,
wastewater treatment, food processing, ultrasound imaging and medicine.

shell have
especially

This document recognizes general principles of the definition of fine bubbles. However, it is to define
the fine bubbles with shell materials encapsulation at the gas-liquid interface, resulting longer stability

and controllability when application.

Th
ind
con

Shetted gas bubbies ave SHTown extraordinary potential when used 1 the biomedica
Istries, especially in the applications of drug delivery and ultrasonic imaging. Shell
bine the unique responsiveness of bubbles to ultrasound and the specific functionalizati

Bulhbles have a strong acoustic impedance, which allows them to reflect spund wave
effitiently than the surrounding fluid and biological tissue. Therefore, the use 6f;bubbles in
im:]ging can effectively enhance the reflection of ultrasound, so as to obtainma‘higher image
Contr

ratg of blood in the heart or other organs, and for a number of other purposes.

Different types of materials can also be chosen to endow bubble$.with different functio
spefific targeting, and carriers for drugs, genes and other contrast agents for multimod
Besjdes, bioactive gases such as oxygen gas, nitric oxide, hydfogen can be stored in the shel
Bubbles coated with nutritional ingredients or drugs can ‘help to improve the nutrition
medlicinal aid in food.

When a gaseous core is encapsulated with shell materials encapsulated at the gas-liquid inter]
restilt in longer stability and increased controllability when applied. With the shell, the size d

I and food
bd bubbles
bn of shells.

far more
ltrasound
resolution.

ast-enhanced ultrasound can be used to observe blood perfusion in anjergan, to measure the flow

s, such as
il imaging.
lled bubble.
Dr act as a

face, it will
istribution

of fine bubbles can be further controlled. The bioactive gasses (e.g. oxygen, hydrogen, nitric ¢xide) and/

or doluble gases (e.g. carbon dioxide, sulfur dioxide, hydrogen sulfide, ozone) bubbles can H
in the solution for a longer duration time. ©@ther functions of fine bubbles can be also tuned

e obtained
for specific
le or a fine

accelerate
ds, such as
Chnologies.
for shelled

les is therefore ctitical to business trade or product acceptance by hospitals and consurers.
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Fine bubble technology — General principles for usage and
measurement of fine bubbles —

Part 5:
Shelled bubble vocabulary
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3.1

3.1
she]
gas

Scope

5 document specifies the general principles of the definition of bubbles with shells, in
filled structures/particles dispersed in liquids. The shell cited in this dgeument is o
erately in manufacturing. Shells created by naturally occurring layers-cteated on the
les due to adhesion of bubbles are out of the scope of this document.

Normative references

re are no normative references in this document.

Terms and definitions
and [EC maintain terminology databases for usé.in standardization at the following addj

ISO Online browsing platform: available atlitps://www.iso.org/obp

IEC Electropedia: available at https://Www.electropedia.org/

Terms related to shelled bubble

1
lled bubble
in a liquid/solid medium (hollow particles), completely covered by an appropriate pn

fluding the
ne created
surface of

esses:

ocess with

a shell made of biocompatible materials (proteins, polysaccharides, or lipids) or inorgafic/organic

par

Not

shell materials. Gas bubbles trapped in gaps and cavities of nanoparticles are out of the scope of this

ficles at an interface

e 1 to entry: Figure 1 shows an example of the schematic diagram of a gas core completely encaps

ulated with
Hocument.
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Figure 1 — Example of a shell diagram of-bubble

3.1.2
shelled fine bubble
shelled bubple (3.1.1) with a volume equivalent diameter of}€ss than 100 um

Note 1 to entry: 100 um is also represented as 1 x 104 m.

3.1.3
shelled ulfrafine bubble
shelled bubple (3.1.1) with a volume equivalentidiameter of less than 1 pm

3.1.4
shelled microbubble
shelled bubple (3.1.1) with a valume equivalent diameter of from 1 to 100 um

3.1.5
organic shell
shell mategials compesed of organic materials

Note 1 to enftry: Forexample, organic materials are phospholipids, polymers, proteins, surfactant, etc.

3.1.6
inorganic shell

shell materials composed of colloidal particles or nanoparticles such as colloidosomes, colloidal
crystals, iron oxide nanoparticles and silicon nanoparticles

3.1.7
hybrid shell
shell materials composed of the combination of organic and inorganic materials

3.1.8
monolayer shell
shell consisting of a single continuous layer one molecule or particle thick

2 © IS0 2023 - All rights reserved
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3.1.9
double layer shell
shell made up of two continuous layers consisting of two monolayer shells (3.1.8)

3.1.10
multilayer shell
shell made up of three or more continuous layers consisting of three or more monolayer shells (3.1.8)

3.1.11

shell interface
boundary of shell material molecules existing on the outermost surface of the liquid phase in contact
with the gas phase

3.1{12
shelll thickness
length of the shell boundary from gas interface to liquid interface

Note 1 to entry: Shell thickness is usually measured by transmission electronic\microscopy (TEM) and/or
scarning electronic microscopy (SEM).

3.1113
shell shape
stalple geometric contours of the shell such as spherical or irregular

Notg¢ 1 to entry: Shell shape is usually observed by dark field migrdscopy, transmission electronic|microscopy
(TEM) and scanning electronic microscopy (SEM).

3.1114
inspluble gases in a shelled bubble
gas|that has generally non-affinity with water

EXAMPLE Oxygen, hydrogen, sulfur hexafluoride, carbon monoxide or perfluorocarbons.

3.1]15
solyble gases in a shelled bubble
gas|that has affinity with water

EXAMPLE Nitric oxide, carbonrdioxide, sulfur dioxide, hydrogen sulfide and ozone.

3.1]16
zeta potential of shell
outer surface of the@as shelled bubble in the core when dispersed in a liquid/solid medium

Note 1 to entry: Zeta potential is often determined by dynamic light scattering (DLS).

3.1{17
shelled bubble size half-life stability
durption time for a volume of a shelled bubble (3.1.1) to shrink to half under a given tempegrature and

pressute conditions

Note 1 to entry: Shelled bubble size half-life stability is usually characterized by dynamic light scattering (DLS).

3.1.18

shelled bubble number half-life stability

duration for the number of shelled bubbles (3.1.1) to shrink to half under a given temperature and
pressure conditions

Note 1 to entry: Shelled bubble number half-life stability is usually determined by particle tracking analysis.

©1S0 2023 - All rights reserved 3
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3.1.19
lipid shell
shell components composed of the phospholipids

Note 1 to entry: For example, the lipid molecules are phosphatidylcholine (PC), phosphatidylethanolamine (
phosphatidic acid (PA) and lysophosphatidic acid (LPA), phosphatidylglycerol (PG). The lipid components
consist of a glycerol molecule, two fatty acids and a phosphate group that is covalently linked with molec
(cholamine, amino acid, etc.) or polymers i.e. polyethylene glycol, etc.

3.1.20
polymer shell
shell compprrer

Note 1 to ¢ntry: For example, the synthetic polymers are polystyrene (PS), polypropylene (PP),(polyv
chloride (PYC), polyvinyl alcohol (PVA), polyethylene (PE), polyurethane (PU), polycarbonate (PC), polyethy

terephthala
acid, poly(
hydroxyval

Note 2 to enftry: For example, the natural polymers are dextran, hyaluronic acid, chitosan and cellulose, etc.

3.1.21

protein shell

shell comy
proteins

3.1.22

surfactant
shell comy
surfactant

3.1.23
gas-filled
preformed
dispersed

e (PET), polyetheretherketone (PEEK), poly-(lactic-co-glycolic acid) (PLGA), polylactic-co-gly
-caprolactone) (PCL), polyLactic Acid (PLA), polyacrylic acid, poly(3- hydrexybutyrate-d
brate) (PHBV), poly(butyl cyanoacrylate) (PBCA), poly(n-butyl cyanoacrylate), Pluronic F-68, etc

onents composed of proteins (albumin, lysozyme, hydrdphobin, etc.) or functional

shell
onents composed of span-type surfactants (sorbitan fatty acid esters), and tween-t
5 (sorbitan polyoxyethylene fatty acid esters)

structures/particles dispersed in liquids
structures/particles with removable-cores (templates or water) filled with gases and|
n liquids to form the gas-filled fine.colloidal dispersions

EXAMPLE

3.1.25
bioactive
gases havi

Note1toe

3.2 Ter

3.2.1
soft shell

ses
do not initiate a responge or interact when introduced to biological tissue

Air, sulfur hexafluoride or perfluorocarbons.

ases
g an effectupon a living organism, tissue or cell

ry: Nitric oxide, oxygen, hydrogen, carbon dioxide, carbon monoxide.

PE),
also
ules

inyl
lene
Folic
0-3-

zed

ype

re-

bubble shell materials that are more permeable to the entrapped gas and can be re-stabilization at the
gas-liquid interface when the volume diameter of a shelled bubble (3.1.1) doubles or halves

EXAMPLE

The lipid, surfactant and protein.
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3.2.2

hard shell

bubble shell materials that less permeable to the entrapped gas can re-stabilization at the gas-liquid
interface when the volume diameter of a shelled bubble (3.1.1) doubles or halves

Note 1 to entry: Polymeric or nanoparticles.

3.2.3
cross-linked shell
shell materials connected by covalent bonds

3.2
norcross-linked shell
shell materials not connected by covalent bonds

3.3| Terms related to generation and characterization of shelled bubbles

3.3[1
dispersion method
method by which fine bubbles with a shell of biocompatible materialssate produced by sopication or
high-speed agitation to disperse the shell materials with the gas interface

3.3]2

conldensation method
method by which hollow fine structures (capsules and particles) are often preformed and|filled with
gasgs to form shell fine bubbles

3.3{3

midrofluidic system method
method by which fine bubbles with a shell of\biocompatible materials are produced by an injection
devijice that consists of three components: microsyringe, micropipette and pipette.

3.34

sonfication-microfluidics method
method which consists of two components: a microfluidic device to generate gas-in-liquid slyg flow and
a sdnication device to realize cavitation and the coating of the bubbles
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