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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
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Introduction

Fine bubble dispersion in water has been used in various industries in recent years. Particularly in the
fishery and food-processing industries, fine bubble technology is widely accepted as means for controlling
dissolved oxygen level. For example, air fine bubbles are used to prevent oxygen depletion in the water of
aquafarm and nitrogen fine bubbles are applied to reduce oxidization of fresh fish fillet.

The determination of the oxygen content in water is necessary to monitor the quality of object to be
controlled by fine bubble dispersion in water. In the measurement of the oxygen content in fine bubble
dispersion in water, however, attention should be paid to the possibility that the presence of fine bubbles
themselves influences the measurement results.

In the casd
in the incr
have little
compared
the precip
influences

Therefore
water dur

This document is intended to specify the evaluation method of the oxygeh’/content in fine bubble

in water b
which are
easy and s

of air microbubble, air inside the bubbles 1s being dissolved during their slow floatatio
base in the oxygen content when oxygen is not oversaturated. In contrast, ultrafine bubl
influence on the oxygen content because the total amount of oxygen in UFBs isyneglig
to the intrinsic dissolved oxygen content in raw water. Furthermore, there is a’poss
tation of visible bubbles on the surface of oxygen sensor, which is originated/from dis
its measurement result.

to evaluate the oxygen content of fine bubble dispersion in water, the state of bubbles i
ng the measurement is figured out.

y three measurement methods: optical sensor, electrochentical probe and iodometri
widely accepted in industries. The standardized evaluation method for the oxygen contg
plid comparison among fine bubble dispersion in various states.

h resulting
les (UFBs)
ribly small
bility that
solved gas,

h a sample

dispersion
methods,
nt enables
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Fine bubble technology — Evaluation method for determining

gas content in fine bubble dispersions in water —

Part 1:
Oxygen content

WARNIN
document does not purport to address all of the safety problems, if any, associated with
is the responsibility of the user to establish appropriate safety and health practices-and
compliange with any national regulatory conditions.

— Persons using this document should be familiar with normal laboratory prag¢tice. This

its use. It
to ensure

This docuinent specifies evaluation methods for the oxygen content.jn fine bubble dispersion in water.

Three tesf methods which are adopted include the optical, sensor, the electrochemical probe and the

used in the first two methods are unavailable.

method. The first two methods have an advantage in availability of in situ and real-time

posed of a

The detectlion limits of the electrochemical and optical sensor methods are stated in the instructign manuals
of the instfuments, in most cases 0,1 mg/1 or 0f2 mg/l. The upper limit depends on the specification of the

instrument used. Most instruments allow measurement of a supersaturated sample.

Measurement range of the iodometric method is between 0,2 mg/1 and 20 mg/L1.

NOTE

2 Normative references

The follo

hemical analysis methods other than the iodometric method can be applied[l] as an alternative.

12

ing documents'are referred to in the text in such a way that some or all of their content donstitutes

requiremgnts of this document. For dated references, only the edition cited applies. For undated feferences,

the latest ¢dition ofthe referenced document (including any amendments) applies.

[SO 5813:1983, Water quality — Determination of dissolved oxygen — lodometric method

ISO 5814:20TZ, Water quality — Determination of dissolved oxygen — Electrochemical probe metho

[SO 17289:2014, Water quality — Determination of dissolved oxygen — Optical sensor method

d

ISO 20480-1, Fine bubble technology — General principles for usage and measurement of fine bubbles — Part 1:

Terminology

ISO/TR 23015, Fine bubble technology — Measurement technique matrix for the characterization of fine bubbles

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20480-1 apply.

© IS0 2024 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1

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

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

UFB dispersion

UFBD

liquid which contains ultrafine bubbles

[SOURCE: ISO 21255:2018, 3.2[2]]

4 Inteﬂferences

4.1

Readily ox
compound

To avoid s
described

In the preq
of such ma

Preferably
method de

4.2 Elec

Gases and
through th

Solvents, (
obstructio

If in doubt]

5 Impl

In the me3
are complg
in the progd

In the mea
on whethe

Iodometric method

idizable organic substances such as tannins, humic acid and lignins, inte¥fere. Oxidiz
s such as sulfides and thiourea also interfere.

ich interferences, it is preferable to use the electrochemical probé,-or the optical sens
in ISO 5714 or ISO 17289 respectively.

ence of suspended matter capable of fixing or consuming iedine, or if in doubt about th
tter, the modified procedure described in ISO 5813:1983; Annex, shall be used.

scribed in ISO 5714 or ISO 17289 respectively.

trochemical probe method

vapours such as chlorine, hydrogen sulfide, amines, ammonia, bromine and iodine wh
e membrane can interfere.

ils, sulfides, carbonates and biofilms can also interfere with the measured current
n and deterioration of the membrane or corrosion of the electrodes.

about such interferences,itlis preferable to use the optical sensor method described in

cation of measurement result

surement of MB’ dispersion in water, the oxygen content should be determined after t
ptely dissolved in the water sample. When MBs remain in water, the measured data ind
ess of dissolving of MBs.

surement of UFB dispersion in water, the implication of measurement results differs

hble sulfur

or method

£ presence

however, determine the oxygen content with thecelectrochemical probe or the optical sensor

ich diffuse

by causing

[SO 17289.

he bubbles
cate those

depending

r'd¥FBs are present or not during the measurement. When UFBs are present, the data ipdicate the

dissolved oxygen in coexistence with UFBs. When they are not present, the data indicate the total oxygen

content of

dissolved oxygen and UFBs.

The presence of UFBs shall be verified with one of the characterization techniques described in ISO/TR 23015.

6 Requirement

6.1 General

During sampling, transportation and storage of the water sample to be measured, oxygen uptake and oxygen
stripping shall be minimized.

© IS0 2024 - All rights reserved
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6.2 Correction for the salinity of sample water

If the optical sensor or electrochemical probe methods are used for saline water such as sea or estuarine
waters, the salinity of sample water shall be input into the instrument. The salinity is estimated by the
procedure described in ISO 17289:2014, Annex A for the optical sensor method or ISO 5814:2012, Annex A
for the electrochemical probe method.

If the instrument does not have compensatory function for salinity, compensating procedure is described in
ISO 5814:2012, Annex A.

7 Apparatus

7.1 Optjcal sensor method
The speciffication of the measuring instrument is described in ISO 17289:2014, Clause 6.

If extremely high oxygen level is expected, an optical sensor of sufficiently wide measuting rangg should be
chosen.

If an adequate sensor is not available, the sample can be diluted before méasurement according to the
procedure{ described in 1SO 20298-1.13] Attention should be paid to a possibility that the oxygen|content is
varied duifing dilution.

7.2 Elegtrochemical probe method
The speciffication of the measuring instrument is described in 1S0'5814:2012, Clause 6.

NOTE Jsually, a temperature sensor and a barometer are’part of the instrument used for the elecfrochemical
probe and ¢ptical sensor methods.

7.3 lodometric method

Ordinary laboratory equipment and narrow-mouthed glass flasks specified in ISO 5813:1983, Clause 5 are
required.

8 Procedure

8.1 Genleral

To evaluate the increase(or-decrease of the oxygen content by the generation of fine bubbles, the dissolved
oxygen leylel of blank water shall be determined with the methods specified in 8.2 to 8.4, and the yalue shall
be deduct¢d from the'0xygen content measurements of fine bubble dispersions.

The differpnce among the measurement results by the three methods, iodometric, electrochentical probe
and the o;1tical sensor methods, can be found in Annex A.

The influence of bubble attachment to sensor surface on the measurements of the oxygen content by the
optical sensor and electrochemical probe methods can be found in Annex B.

8.2 Optical sensor method

8.2.1 General

The procedure is described in ISO 17289:2014, Clause 7. Normally, the measurement shall be carried out
directly on-site in the water body to be analysed. If direct measuring is not possible, the measurement
using a gastight connected flow-through devicel* is an alternative. Measuring immediately after discrete
sampling is another alternative.

© IS0 2024 - All rights reserved
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Any discrete sampling procedure will result in a higher measurement uncertainty.

8.2.2 Sampling, measuring technique and precautions to be taken

Sampling procedure shall be in accordance with ISO 17289:2014, 7.1.1. Measuring techniques and precautions
to be taken shall be in accordance with ISO 17289:2014, 7.2.

In the measurement of MB or UFB dispersion in water during the operation of bubble generator, the

formation of visible bubbles on the surface of sensor shall be minimized.

NOTE To reduce the adverse effect of visible bubbles, the following can show practical effect:

— shaking off bubbles by tapping sensor body routinely;

— making sensor surface upward or inclined from the perpendicular.

In the distrete sampling of MB or UFBD using a sample vessel, confirm the disappedrance pf MBs by
dissolution or flotation ahead of the sampling by the naked eye. The formation of visible bublles on the
surface of gensor shall also be minimized.

8.2.3 (Calibration

Calibratiof shall be in accordance with [SO 17289:2014, 7.3.

8.2.4 De¢termination

Determingtion shall be in accordance with ISO 17289:2014, 7.4.

8.3 Elegtrochemical probe method

8.3.1 General

The proceflure is described in ISO 5814:2012, Clause 7. The measurement shall be carried out dfrectly on-
site in the|water body to be analysed. If directymeasuring is not possible, the measurement using gastight
connected| flow-through devicell is an alternative. Measuring immediately after discrete sampling is
another alfernative.

Any discrdte sampling procedure willresult in a higher measurement uncertainty.

8.3.2 Sampling, measuringtechnique and precautions to be taken

Sampling procedure shallhe’in accordance with ISO 5814:2012, 7.1.1. Measuring techniques and pfecautions
to be taken shall be in @¢eordance with ISO 5814:2012, 7.2.

Additional measuring techniques and precautions to be taken are the same as those for the optical sensor
method dgscribed in 8.2.2.

8.3.3 Calibratien

Calibration shall be in accordance with ISO 5814:2012, 7.3.

8.3.4 Determination

Determination shall be in accordance with ISO 5814:2012, 7.4.

8.4

Iodometric method

The procedure is described in ISO 5813:1983, Clause 6.

Confirm the disappearance of micro bubbles in the flask after sampling.

© IS0 2024 - All rights reserved
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The presence of oxidizing or reducing substances can be checked by the procedure described in
ISO 5813:1983, 6.2.

In the presence of oxidizing substances, follow the procedure of ISO 5813:1983, 9.1.

In the presence of reducing substances, follow the procedure of ISO 5813:1983, 9.2.

In the absence of oxidizing or reducing substances, follow the procedure of ISO 5813:1983, 6.3 to 6.6.

9 Calculation and expression of results

9.1 Optical sensor and electrochemical probe methods

Most inst
saturation|
ISO 5814:7

9.2
The dissol

In the absq
Clause 7.

In the pres
respective

10 Test
The test re

a)

the te
about

name

Iodometric method

the nature of the water-used:

of dissolved oxygen in water according to the procedure described in ISO 17289:2014,
012, Clause 8.

ved oxygen content is expressed in milligrams of oxygen per litre.

ence of oxidizing or reducing substances, use the calculating formula described in I1SO }

ence of oxidizing or reducing substances, calculating formula is given in ISO 5813:1983
ly.

report

port shall include the following informatioh:

5t method used, together with a referenee to this document, i.e. ISO 7383-1:2024, and iy
the measuring instruments used:

pf instrument, type of test method and its manufacture’s name;
practerization method to@erify the presence of UFBs:

pf instrument, its manufacture’s name, version of software, etc.;

-ty of the water sample such as pH, electroconductivity, etc.;
pasuring.conditions:

mpérature of the water when the measurement was carried out;

fuments are equipped with an automatic calculation. If required, calculate the J)ercentage

Clause 8 or

b813:1983,

9.10r9.2,

formation

the atmospheric pressure when the measurement was carried out;

measurement test;

b) thech
— name
q
— prope
d) the mg
— thete
e)
f)

the result in accordance with Clause 9;

all circumstances that can have influenced the result.
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Annex A
(informative)

Influence of UFB on the measurement of the oxygen content

A.1 General
This annex prnvidpc the information about the influence of UEBs on the measurements of the oxygen
content by three different methods: iodometric, electrochemical probe and the optical sensor.methods. The
differencelamong the measurement results by the three methods is also determined.
A.2 Ele¢trochemical probe and optical sensor methods
The oxygén content adjusted water was prepared as a control. The oxygen ‘content was rgduced by
dissolution of nitrogen gas by sparging. Sodium sulfite was dissolved to have_the oxygen contept close to
zero. The ¢xygen saturated water was prepared by sparging of filtered air for-about 1 h.
The number concentration of air containing UFBs and that of N, gds containing ones measured by the
particle trhcking analysis method are 1,26 x 108 1/ml and 1,73 x 102 1)/ml respectively. The oxygen content
of UFBD wjas adjusted by the time of exposure to the atmosphere.
The 1-point calibration in water saturated air was carried out for both, the electrochemical probe gnd optical
sensor mefhods.

Y
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9
K 4
8 fe")
o/e

7

6 o

5 o

4 ® S

[ J
3
.
2
©
1
0 LR
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Key

oxygen content by optical sensor method, in mg/1
oxygen content by electrochemical probe method, in mg/1
air UFBD
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N, UFBD
o oxygen content adjusted water

linear regression of oxygen content adjusted water

NOTE Outputs of electrochemical probe and optical sensor can exhibit the non-linearity when the oxygen content

is significantly more than a level of saturation.

Figure A.1 — Comparison of the oxygen content measurement results by the optical sensor and

electrochemical probe methods

The comparison of the oxygen content measurements by the optical sensor and electrochem

ical probe

methods i$ shown in Figure A.1. The oxygen content of UFBD was plotted along the regression Jihe for that
of the confrol, implying that UFBs have little influence on the measurement of the oxygen content and that

measurement results by the two methods do not differ substantially.

A.3 lodpmetric method

The oxyggn content measurement by the iodometric method was carried out at a third-partj
analysis 13b for safety reasons. The samples in air-tight glass containers were transported w
change heat storage material to keep a given temperature ranging from 2153 °C to 24,7 °C.

Oxygen saturated water was prepared as a control. UFBD was exposed to the atmosphere for
generatior] to reduce its oxygen content to a level of saturation.

The numbpr concentration of UFBD measured on the same day.as the oxygen content measuremn
particle tracking analysis method after the exposure to atmg8phere was 1,26 x 108 1/ml.

Table A.1 shows the comparison of the oxygen content between water and UFBD measured by the i
method.

Table A.1 — Oxygen content of water and UFB dispersion by iodometric method

Iodometric method
mg/l
Batch 1 Batch 2
0, saturated pure water 7,7 7,8
0, saturated UFB dispersion 7,8 7,8

The oxygeh content of UFBP/has a good agreement with that of oxygen saturated water, implying
have little|linfluence onfthe measurement of the oxygen content by the iodometric method.

A.4 Comparison between iodometric and electrochemical probe methods

/' chemical
ith phase-

24 h after

ent by the

odometric

that UFBs

e chemical

The same pamples as Clause A.3 were measured by the electrochemical probe method in the sam

analysis lab on the same day as the measurement by the iodometric method.
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NOTE

Figure |

Figure A.2

those by the iodometric method. O

by the ele
repeat acc

Measuremlent results are

Given the
iodometri
presence d

sample specification

oxygen content (mg/1)

oxygen saturated water

oxygen saturated UFB dispersion

iodometric method

electro chemical probe method

o)
[he error bar denotes standard deviation. ) ®$
A\
\.2 — Oxygen content measurement@the same sample in Clause A.3 by electroc]
. C\)j“ probe

o
| shows the comparison of the measurement results by the electrochemical probe me
contents by the iodometric method were slightly lower
Ctrochemical probe me and close to the lower end of error bars corresponding {

iracy thereof. O .

results in
', electroc
f UFBs.

N

al probe and the optical sensor methods, do not differ substantially §

Q%\?Ou
Fl%g} .1, it can be argued that measurement results by the three differen

hemical

thod with
than those
o nominal

bstantially different between the iodometric and electrochemical methods.

[ methods,
ven in the
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Annex B
(informative)

Influence of bubble attachment to sensor surface

B.1 General

This anne prnvidpc the information about the influence of bubble attachment to sensor surface on the
measuremnjents of the oxygen content by the optical sensor and electrochemical probe methods.

B.2 Optjical sensor method

The measprement by the optical sensor method is based on the principle thatylwminescent [quenching
by oxygen| molecule depends on the partial pressure of oxygen regardless of ‘dissolved in liq@iid or gas.
Therefore|the influence of bubble attachment to sensor surface is predicted in‘principle.

The tempgral change in the oxygen content during the operation of UFBigenerator was monitgred by an
optical sersor, whose upper limit of measurement range was 50 mg/1, for air and N, gas containing UFBs.

The bubblgs are generated by hydrodynamic cavitation followed by pulverization by shear force in vortex
flow and micro- and milli-bubbles coexist with UFBs during the operation of generator, resulfing in the
attachmert of visible bubbles to the sensor surface.

Y
11

10,5

10 / MWMM

v

0 2 4 6 8 10 12 14 16 X

bW WS 4 4 ol » WO 1] -
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© IS0 2024 - All rights reserved

9


https://standardsiso.com/api/?name=c152f23ce6753cc6e352d677270797bf

ISO 7383-1:2024(en)

Key
X
Y

elapse
oxyger

Figure B

The profil
Meanwhilg
UFBs.

Y
2
1,5 \
or -
e s
0
0 5 10 15 20 25.0X

b) N, UFB dispersion
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by the optical sensor method

p, Figure B.1 b) exhibits uniform decrease:if’the oxygen content during the generatio

1 — Temporal change in oxygen content during the'operation of UFB generator measured

e of the oxygen content of air UFBD includes high-frequency component as shown in Fiiure B.1 a).

of N, gas

These resylts demonstrate the influence of hubbles containing oxygen gas on the temporal measyirement of

the oxyger

B.3 Eleq

The tempd
electrochs
and N, gag

Trend of t
results by

These rest
containing

content by the optical sensor method.

rtrochemical probe method

ral change in the oxygen content during the operation of UFB generator was also mo
mical probe, whose-upper limit of measurement range was 20 mg/I, during the generd
UFBs.

bmporal change in the oxygen content exhibited in Figure B.2 is similar to that in me
the optiecaljsensor method.

Its demonstrate that measurement by electrochemical probe method is influenced by t
oxygen gas.
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ition of air
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he bubbles
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