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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 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

Nebulizers are widely used to deliver drugs and vaccines in an aerosol form to humans through the
respiratory system. Nebulizers are also used for diagnostic purposes using radioisotopes for lung
challenge tests. These drugs can be in the form of a solution, suspension or emulsion. Aerosol inhalation
is the preferred route of administration for some drugs. Some drugs are intended for treatment of
systemic diseases and other drugs are intended to treat respiratory diseases. To achieve the intended
treatment, aerosol particles are deposited in specific parts of the respiratory tract. Different size
particles tend to deposit in different parts of the respiratory system; therefore, the performance
profile and the intended use of the nebulizer is specified by the manufacturer and in the accompanying

docufmentation.
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INTERNATIONAL STANDARD

1SO 27427:2023(E)

Anaesthetic and respiratory equipment — Nebulizing
systems and components

1 Scope

This document specifies requirements for the safety and performance testing of general-purpose

nebuftzimg SystenTs ternded for Comtimuous or breati-actuated detivery of Hquids, T aerd
humans through the respiratory system.

This

systems, cylinders, etc.) and electrically powered nebulizers [e.g. spinning disc) ultrason
mesh (active and passive), and capillary devices] or manually powered nebulizers. This dog
not specify the electrical requirements of electrically powered nebulizers.

This
This
a)
b)

)

NOTH 2  ISO 20072 covers these devices.

NOTH 3  See Annex A for rationale.

2
The

consfitutes requirements’ of this document. For dated references, only the edition cited
unddted references;the latest edition of the referenced document (including any amendme

[SO §356-1, Andesthetic and respiratory equipment — Conical connectors — Part 1: Cones and

document includes gas-powered nebulizers (which can be powered by, e.g., compress

document does not specify the minimum performance of nebulizitg systems.

document does not apply to:

Ievices intended for nasal deposition;
evices intended solely to provide humidification or hydration by providing water in a

INOTE1 IS0 80601-2-74 and ISO 20789 cover these'\devVices.

ﬁry powder inhalers).

Normative references

following documents$ _are referred to in the text in such a way that some or all of t

sol form, to

brs, pipeline
¢, vibrating
ument does

brosol form.

rug-specific nebulizers or their components>(e.g. metered dose inhalers, metered liqyiid inhalers,

heir content
applies. For
hts) applies.

| sockets

nl gases and

ISO T396-1xMedical gas pipeline systems — Part 1: Pipeline systems for compressed medic
vacuyim

[SO 1819072016, Amaestieticamnd respiratory equipiient — Gernerat TequiTernents for airway.
equipment

and related

ISO 18562-1, Biocompatibility evaluation of breathing gas pathways in healthcare applications — Part 1:

Eval

uation and testing within a risk management process

ISO 23328-1, Breathing system filters for anaesthetic and respiratory use — Part 1: Salt test method to
assess filtration performance

IS0 80369-2, Small-bore connectors for liquids and gases in healthcare applications — Part 2: Connectors
for breathing systems and driving gases applications

© IS0 2023 - All rights reserved
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and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1
aerosol

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

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

suspension
Note 1 to ent
Note 2 to ent

3.2

aerosol out
mass or vol
volume

3.3
aerosol out]
outlet of the

3.4
aerosol out]
mass or voly

3.5
breath-act
nebulizer tri

Note 1 to ent

3.6

continuous|
nebulizer in|
cycles or ov

3.7
electrically
nebulizer th

Note 1 to ent

bf particles in gas
ry: Particles can be liquid or solid.

'y: The gas can be the driving gas or ambient air.

put
ime of aerosol emitted by the nebulizing system at the aerosol outlet port for the givd

let port
nebulizing system through which the aerosol is emitted

put rate
ime of aerosol emitted by the nebulizing system per unit of time

ated nebulizer
gered by a respiratory parameter.

y: Examples of this classification‘are found in Annex F.

nebulizer
which aerosol is delivered continuously over multiple inhalation/exhalation brea
er long periods

-powered nebulizer
it operates by means of electrical power

ry: Electrically powered nebulizers include ultrasonic, vibrating mesh and capillary-type device

n fill

thing

3.8

gas-powered nebulizer
nebulizer in which the aerosol is generated by compressed gas

3.9

liquid container
part of the nebulizer that contains the liquid for nebulization

3.10
manually p

owered nebulizer

nebulizer that operates by means of human power

© IS0 2023 - All rights reserved
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mass median aerodynamic diameter
MMAD

particle size at which 50 % of the mass of the active component are contained in droplets of smaller or
equal aerodynamic diameter

3.12

maximum fill volume
maximum volume of liquid, expressed in millilitres, in the liquid container when the nebulizer is filled to
its maximum filling level

3.13

nebulizer
devige that converts a liquid to an aerosol

Note

3.14

1 to entry: A nebulizer is also known as an aerosol generator.

nebylizing system
parts, including the nebulizer and all other components, up to and idelirding the aerosol

requ

Note

red to make the aerosol available for inhalation

1 to entry: Airway devices (e.g. masks, tracheal and tracheostomy tubes, supralaryngeal

breatlhing systems are not part of the nebulizing system.

3.15
perc

entage of fill volume emitted

aerogol output expressed as a percentage of the fill volume recommended by the manufac

emit

3.16

fed by the nebulizer

residual volume
estimhated volume of liquid remaining in-the nebulizing system when the nebulizer stops g¢
aerosol

3.17

respjrable fraction
fraction of aerosol droplets'below 5 pm in diameter expressed as a percentage of the t

distr
Note

3.18
test

aque
sizin

Note

3.19

bution

1 to entry: The reSpirable fraction can be converted to a percentage (%) by multiplying by 100.

solution
ous solution used for the type-tests to characterize aerosol output, aerosol output rate,

4

outlet port,

hirways) and

turer that is

nerating an

otal aerosol

and particle

CaY 1

] A Val 3 A n
JJ dIIU KJ, AIINTX U, dITU AIITICX .

N

2
e

O

by . Q 404 0
L LUOTCIHUY. OCC *F.4.1.4,

test substance
active ingredient contained in the test solution

4 General requirements and requirements for test

4.1

General

[SO 18190:2016, Clause 4 applies.

NOTE See Annex E for a list of hazards than can be used as guidance in risk assessment.

© IS0 2023 - All rights reserved
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4.2 Test methods and alternatives

4.2.1 Test methods for aerosol output, aerosol output rate, and particle sizing

The type-test methods for aerosol output, aerosol output rate, and particle sizing in air are specified in

Annexes C a

nd D.

4.2.1.1 All type-test methods shall be performed on at least three representative devices of the same

type.
Check confo

mance by inspection of the technical file/documentation

4.2.1.2 Th
volume (m/
fluoride in d
See 9.3.2j).

Check confo

4.2.2 Alte

The manufa]
different frd

a) alternaf
equival

b) the dem
Check confo

4.2.3

To establisH
incorporate
leaks and oy

5 Mater

5.1 Gene
ISO 18190:2

5.2 Biocd

e type-test methods shall use a test solution of albuterol 0,1 % (mass/mass _or\voli
m or V/V)) concentration in 0,9 % sodium chloride solution or 2,5 % (m/m OR V/V) so
istilled water with the provision that its use is declared in the accompanying docum

'mance by inspection of the technical file/documentation and the accompanying docum

rnative test methods

cturer can use type-test methods for aerosol output, aergselloutput rate, and particle 5
m those specified in Annexes C and D, provided that any:

ive test methods are validated against the test methods in Annexes C and D to demons
bncy and that

onstration of equivalency is included in the technical documentation of the manufacty

rmance by inspection of the technical file/documentation.

Calibration and setup

| confidence in the test method, it is recommended that mass balance procedurg
d during initial determinatiens. It is also recommended that occasional checks for sy
erall efficiency of analySisbe performed.

als

ral

016, Clause 5 applies.

ime/
dium
ents.

ents.

izing

trate

rer.

s be
stem

mpatibility
I 4

Materials used to manufacture nebulizing systems shall be evaluated for biocompatibility. The
breathing gas pathways shall be evaluated for biocompatibility as specified in ISO 18562-1 and tested
as appropriate.

Check confo

rmance by inspection of the technical file/documentation.

6 Design Requirements

6.1 Gene
ISO 18190:2

ral

016, Clause 6 applies.
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6.2 Inlet and outlet ports

6.2.1 Inletports

The driving gas inlet port of a nebulizing system shall be compatible with the gas delivery system to
which it is intended to be connected and shall be one of the following (see Figure 1):

a) asocket R2 connector conforming to ISO 80369-2; or

b) permanently attached (i.e. not removable without the use of a tool).

Chec ceconformmanca byt cinnotioy AL+ ool £110 /d o s n b o A
CoroTrante oy ThHSpeetoh o+ n e Car e/ aocamentatiot:

© IS0 2023 - All rights reserved 5
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v

termin
probe,
flow m|

bodyo
to CGA|

9/16-1
confor

perma
nebuli
cone R
socket

17 18 117

al unit conforming to 1ISO 9170-1
conforming to ISO 9170-1
eter conforming to ISO 15002

F9/16 UNF DISS connector cdnforming to CGA V-5-2008, or body of 3/4 UNF DISS connector confoy
V-5-2008 or a nipple conforming to ISO 17256

8UNF-2A-RH socket eonnector conforming to CGA V-5-2008 or 3/4-16UNF-2A-RH socket conn
ming to CGA V-5-2008-or a funnel conforming to ISO 17256

hently attached

rer

2 connector/conforming to ISO 80369-2
R2 connector conforming to ISO 80369-2

pressulre regulator conforming to ISO 10524-1

compressor conforming to this document (150 27427)

aeroso

1 mask vented

breathing tube conforming to ISO 5367

connector conforming to ISO 5356-1

T-piece with connectors conforming to ISO 5356-1

mouthpiece

tracheal tube conforming to ISO 5361
HME conforming to ISO 9360-1

To the patient.

Figure 1 — Examples of inlet and outlet ports for nebulizer systems

ming

ector
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6.2.2 Qutlet port

6.2.2.1

Chec

6.2.2.2

conn

k conformance by inspection of the technical file/documentation.

ectors conforming to ISO 5356-1, or ISO 80369-1.

Check conformance by inspection of the technical file/documentation.

If intended for use in breathing systems, the aerosol outlet port shall conform to ISO 5356-1.

If not intended for use in breathing systems, the aerosol outlet port shall not misconnect with

6.3

Any

Flow-direction-sensitive components

flow-direction-sensitive, operator-detachable component shall be designed so|that

fitted in such a way as to present a hazard to the patient.

Chec

6.4

Nebu
for c]

NOTH

Chec
instr

6.5

k conformance by functional testing.

Cleaning and disinfection or sterilization

lizing systems and components intended for reuse shall be constructed so as to enable
eaning and disinfection or sterilization.

See also ISO 17664 -1.

k conformance by testing the disassembly/assembly procedure according to the ma
uctions.

Rotary controls

The

anufacturer should ensure consistency regarding the direction of movement of rotar

the device.

7

equirement for nebulizing systems and components supplied sterile

[SO 18190:2016, Clause 7 applies.

8

ackaging

ISO 18190:2016)Clause 8 applies.

9

nformation supplied by the manufacturer

t cannot be

dismantling

nufacturer's

y controls of

9.1

General

ISO 18190:2016, Clause 9 applies.

9.2

Marking

9.2.1 General

9.2.1.1 Marking shall be durable following exposure to typical substances in contact during its
intended use and remain legible for the intended duration of use.

©ISO
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NOTE The durability requirements for markings that are exposed to saliva or mucus over a prolonged period
differ from the durability requirements for markings that are not exposed to prolonged exposure. Also, certain
markings might not be exposed to saliva or mucus but can come in intermittent contact with the skin oil.

Check compliance by exposing the appropriate marking areas of the product to the applicable substances
listed for a cumulative duration of time equivalent to the expected exposure duration in use:

— Drugs or chemicals which will contact the product in use and are listed in the Instructions for Use
(IFU).

— Ifapplicable, artificial saliva

— If applidable, artificial mucus

— Ifapplidable, artificial skin oil
9.2.1.2 Mgrking shall be legible after cleaning to the manufacturer’s instructions.

9.2.2 Marking of the nebulizing system:
The following shall be marked either on the nebulizer or its components as applicable:

a) an arrow showing the direction of gas flow on all operator-detachiable flow-direction-sengitive
comporfents, breathing attachments or parts (e.g. facemask op-heuthpiece one-way valve, |etc.),
unless anufactured to prevent incorrect assembly;

NOTE See 6.3 Flow-direction sensitive components
b) the maximum fill volume on the liquid container.
If applicablg, controls and instruments shall be legibly-marked with:
a) the gas pupply pressures in kilopascals (kPa);
b) the pregsures in breathing systems in héctopascals (hPa);
c) the flow in litres per minute (1/miny;
d) the air ¢ntrainment/oxygen dilution valves, in percent oxygen (% O,);
and
e) the power and/or confrol devices marked with the relevant symbols.

Check conformance by,inspection.

9.2.3 Marking on the packaging or individual pack

In addition tothemarking requirements specified i 9:2; the packaging or individual packshatt:

a) differentiate between the same or similar products, both sterile and non-sterile, placed on the
market by the same manufacturer;

b) for nebulizing systems intended to be connected to an electrical power source be marked with the
nominal power expressed in Watts (W) or kilowatts (kW), as appropriate;

c) for nebulizing systems intended to be connected to the supply mains be marked with the rated
supply voltage(s) or rated voltage range(s) to which they can be connected, expressed in Volts (V).

Check conformance by inspection.

8 © IS0 2023 - All rights reserved
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Instructions for use

9.3.1 General information

In addition to the marking requirements specified in 9.2, components of nebulizing systems, shall be
accompanied by instructions for use, inserts, or accompanying documents that include:

a) a statement that the nebulizing system is or is not suitable for use in an anaesthetic breathing
system or a ventilator breathing system. See ISO 80601-2-12 and ISO 80601-2-13;

b) if applicable, the maximum temperature above ambient reached in the liquid chamber under all

perating conditions;

c) the types ofliquid (e.g. solution, suspension and/or emulsion) the device is desigriedto|nebulize;

d) the maximum fill volume;

e) ifappropriate, the recommended fill volume for use;

f) if applicable, an indication of the spatial orientation (e.g. vertical, herizontal, inverted) pt which the
ebulizer functions as intended;

g) warning to the effect that using a solution, suspension, or emulsion different from that
ecommended by the manufacturer, in particular, a suspehsion and/or high-viscosjty solution,
an alter the particle size distribution curve, the mass median aerodynamic diameter (MMAD),
erosol output, and/or aerosol output rate, which can.then be different from those disclosed by the

anufacturer;

h) 3 statement that nebulizing systems intended:to be connected to a power source (¢lectrical or
pneumatic) shall be disconnected from the pewer source after use;

i)  the mass of the nebulizer system in kilograms (kg);

j)  the expected service lifetime of ther€usable parts.

9.3.2 Performance disclosures

a) astatement to the effect{that the following disclosures for performance are based upon|testing that
T‘;cilizes adult ventilatony patterns and are likely to be different from those stated for paediatric or
infant populations;

b) the distributien of particles, in terms of percent of sampled mass, within each of the fdllowing size
fanges: % >54m, % 2 pm to 5 pm, and % <2 pm as outlined in Annex B when tested inf accordance
yvith Angex D;

c) the,mass median aerodynamic diameter (MMAD) and the geometric standard deviation (GSD) only
ilfthe distribution is unimodal and log-normal, as derived from the particle size distriq‘ution curve,
when tested i accordance with Annex b;

d) the respirable fraction performance of the nebulizer, when tested in accordance with Annex D;

e) the aerosol output and aerosol output rate at the fill volume recommended by the manufacturer or
2 ml if a recommended fill volume is not provided, expressed as the mass of test substance collected
and the mass of test substance collected per minute, when tested in accordance with Annex C;

f) for gas-powered nebulizers, the aerosol output and aerosol output rate at the minimum, nominal, and
maximum driving gas flows with the corresponding pressures, when tested in accordance with
Annex C;

g) the percentage of fill volume emitted per minute (e.g. 20 % of fill volume per minute) as the aerosol

output in one minute divided by the fill volume recommended by the manufacturer or 2 ml if no fill
volume is recommended, when tested in accordance with Annex C;

©1S0 2023 - All rights reserved 9
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h)

j)
k)

9.3.3 Driying gas supply information

a)
b)

c)

d)

10

for gas-powered nebulizers, the percentage of fill volume emitted and percentage of fill volume emitted
per minute at the minimum, nominal, and maximum driving gas flows with the corresponding
pressures, when tested in accordance with Annex C;

the residual volume (in millilitres), when tested in accordance with Annex C;

NOTE

Aerosol output fraction can then be calculated as the aerosol output divided by the mass of the
liquid placed in the nebulizer.

the test solution used to carry out the nebulizer performance type-tests in Annexes C and D;

if alternative test methods or test solutions have been used to demonstrate nebulizer performance, a

demonsftration of equivalency shall be included in the technical documentation of the manufac
and shall be made available upon request;

for bredth-actuated nebulizers, the method of operation and relevant sensitivity;

the mgximum A-weighted sound pressure level, as derived from theAtést metho
IEC 60601-1:2005+AMD1:2012+AMD2:2020, 9.6.2.1;

for neby

dosage

the recammended driving gas(es);
the minfmum and maximum recommended driving@gas pressures and flows;

if applidable, a warning that oxygen or oxygen.mixtures (with the O, > 23 %) should not be us
the drivling gas[19];

if applidable, the composition and drynessispecification for all gases to be supplied to the neby

furer

lizers intended for use with ventilators, a statement to the effect that the measured adrosol
output and aerosol output rate are not intended to be used as the basis, to determine the co

rrect

and that the aerosol output can differ when the nebulizer is used in combination wjith a
ventilatpr.

bd as

lizer;
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Annex A
(informative)

Rationale

A.1 General

This
for u
its d

annex provides a concise rationale for the important requirements of this document antli isintended
se by those who are familiar with the subject of this document but who have moet participated in
bvelopment. An understanding of the reasons for the main requirements is“corisiderjed essential

for it
ratio|
thos¢

A2

The
nebu

the A

s proper application. Furthermore, as clinical practices and technologies change, it is I
nales for the present requirements will facilitate any revisions of this-ocument nec
e developments.

Rationale for Clause 1 — Scope

bssence of this document is to describe the characteristics\and requirements of a geng
[izer that can be used with a variety of medicinal substances. It is expected that the
ebulizer will be based on the requirements and characteristics developed in this do

elieved that
essitated by

ral-purpose
selection of
cument and

decldred in the manufacturer's instructions for use.

Nasall deposition devices are excluded, as they are not’considered general-purpose nebulizeys.

20072. The
device will

Therfe can be times when a device falls under\the scope of either this document or ISO
cominittee envisioned that the intended us€.of the product and the risk assessment of thg
determine which standard the manufactiiter chooses to qualify the device.

are devices
fe tissues or
be free from

Gengral-purpose nebulizers are considered to be semi-critical devices. Semi-critical devices
that pontact intact mucous membganes or non-intact skin. They do not ordinarily penetra
othefwise enter normally sterile/areas of the body. These devices should be reprocessed to

all mlicroorganisms.

A.3 | Rationale for-aerosol outlet port (3.3)

Mass Volume is a

Secol

is directly traceable to the active ingredient which is the fundamental deliverable.
hdary measure because it is dependent on evaporation (see A.4).

A.4 | Rationale for aerosol output rate (3.4)

The aerosol output rate can be greatly influenced by the evaporation of the aerosol droplets. The
following is provided to explain the sources and types of evaporation associated with nebulized aerosol:

Type 1 evaporation: Evaporation inside jet nebulizers. Compressed air (which is dry and on re-expansion
to atmosphere is always dry) draws up and mixes with nebulizer liquid container solution sprayed
within the nebulizer. The residence time of the de-compressed air (flow e.g. 6 1/min or 0,1 1/s) within
the nebulizer (internal volume, approximately 100 ml) is short (around 1/10 of a second). Even so, the
massive wet surface area of aerosol and rapid evaporation of solvent to the decompressed air ensures
that the air leaving the nebulizer is nearly saturated with water vapour (approximately 100 %). Further,
because of the latent heat lost to evaporation, the nebulizer liquid container cools relative to its initial
ambient temperature (from 20 °C to approximately 10 °C) and the aerosol-laden air leaves the nebulizer
in this cooled state. In this cooled saturated air cloud, the nebulized aerosol is stable until it either mixes
with ambient air (see Type 2 evaporation) or increases in temperature (see Type 3 evaporation).

©1S0 2023 - All rights reserved 11
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Type 2 evaporation: Evaporation of nebulized aerosol solvent when mixed with ambient air. Nebulized
aerosol leaving a jet or ultrasonic nebulizer exists in a cloud of 100 % relative humidity (RH) air. This
aerosol cloud is relatively stable with regard to evaporation until it mixes with ambient air. Mixing
is inherent in the design of constant output nebulizers where the nebulized aerosol is emitted into a
T-piece where the patient’s inhalation flow causes ambient air at lower humidity to be drawn into the
T-piece. The ambient air mixes with the nebulized aerosol-laden air and temporarily reduces the relative
humidity. The relative humidity quickly rises to 100 % by evaporation of water from the nebulized
aerosol. This evaporation effectively occurs in milliseconds, or using another reference, this evaporation
happens by the time the aerosol passes through the T-piece and tubing and exits from the nebulizer (or
very shortly thereafter). Of course, this volume loss implies that the size distribution of the nebulized
aerosol has shifted downwards. Further, this shift could not be constant, as smaller droplets have the

propensity {
any case, aft
stable. Itisi
not “breath
from the nej
the effect of
to the flow (

er the nebulized aerosol gives up solvent to re-saturate the air, the nebulized aerosgl|is’:
mportant to note that this form of evaporation is a feature of constant output nebulizer
enhanced nebulizers” whose design causes entrained ambient air to draw solvent va
pulizer liquid container. For constant output nebulizers, the drier the ambient air, the gr
evaporation on the nebulized aerosol. Further, the lower the rate of aerosol output rel
fambient air, the greater the effect of this evaporation on the nebulized‘aerosol.

o evaporate more readily than larger ones, so the distribution shift is not homogengouis. In

igain
5 and
pour
bater
ative

Type 3 evaporation: Evaporation of nebulized aerosol solvent within a cascade impactor. Nebullized

aerosol, afte
is cool (e.g.
a cascade i
in contact W
laden air. A{
moisture in
aerosol duri
particles in

A.5 Ratic

The percent;
influence th
given to the

The percent
disclose to
related to tH

A.6 Ratic

The residual
on the dosag

r mixing with ambient air, equilibrates to 100 % RH and is relatively stable. Howey
10 °C) due to the latent heat of evaporation. The cool stablenebulized aerosol passes
npactor. If the cascade impactor is at ambient temperature (e.g. 20 °C), the cooled

Fith the cascade, which can act like a kind of radiator:warming up the nebulized aej
the air warms up and travels through the cascadethe capacity of the warmer air to

hg its flight through the cascade. As with the type 2 evaporation, the smaller the size ¢
the nebulized aerosol, the more significant thelosses and the greater the size change.4

bnale for percentage of fill volume emitted (3.15)

nge of fill volume emitted is an important value to be disclosed to the user, because i
e decisions of dosage intended for delivery in terms related to the expected amount of
patient.

pge of fill volume emitted’per minute, when expressed as a rate, is an important val
the user, because it cah influence the decisions of dosage intended for delivery in t
e expected durationrof the therapy.

pnale for‘vesidual volume (3.16)

volume.is an important value to disclose to the user because it can influence the deci
e ifitended for delivery.

er, it
into
hir is
0sol-
hold

creases. In order to maintain 100 % RH, further‘®vaporation occurs from the nebullized

f the
4]

L can
drug

e to
erms

sions

A.7 Rationale for respirable fraction (3.17)

The respirable fraction was harmonized with the European Pharmacopoeia, Chapter 2.9.18.[21] The
respirable fraction is an important parameter because, along with the aerosol output, it gives a single
physical characteristic that allows the comparison of the performance of nebulizing systems.

A.8 Rationale for test solution (3.18)

The test solution is used throughout the type-test requirements and Annex test methods to allow
flexibility, if permitted by a local competent authority, in the use of alternative aqueous solution media
to characterize nebulizer performance. Some of the alternative aqueous solutions cost less and can be
analysed using simpler means (e.g. electrochemistry, conductivity, etc.).

12 © IS0 2023 - All rights reserved
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Rationale for type-test methods, representative samples (4.2.1.1)

Testing to verify performance specifications that characterize the intersample and intrasample
variability in terms of particle specifications would also be beneficial. See ISO 20072:2009, 6.1.

A.10Rationale for test solutions (4.2.1.2)

The use of sodium fluoride rather than albuterol as the test substance is recommended as it is considered
to provide more comparable outcomes. Albuterol (also known as salbutamol) can be difficult to obtain
in some countries.

US F
drug
muc
ipatr

DA 1993 guidance states that testing should be conducted on drugs from three of’tl
classes: beta-agonist bronchodilators, anticholinergic bronchodilators, steroidsy g
kinetic agents, and anti-inflammatories. While other drugs can be appropriate, t
opium bromide (anti-cholinergic bronchodilator), albuterol (beta-agonist, broncho

he following
ntiallergics,
esting with
lilator) and

cromjolyn sodium (anti-inflammatory) is suggested[22l,

A.11 Rationale for alternative test methods (4.2.2)

Variq
Annse

us methods for presenting aerosol output and particle size distkibution of nebulizers arfe in use (see

x B).

A.17

The ]
deviq
conn
the R

. Rationale for small-bore connectors [6.2¢1°d)]

SO 80369 series of small-bore connectors has been developed to prevent misconnecti
es of varying applications that previously.tused Luer connectors. ISO 80369-2 i
ectors for respiratory applications: the R1fo¥ low pressure devices such as breathing
2 for high pressure devices such as respiratory therapy equipment including nebulizer

;ﬂns between
cludes two
bystems and
S,

The
conn|
must

respiratory
rapy tubing

standard for respiratory tubing and connectors, ISO 17256, has mandated a cone R2
ector at the outlet of the tubing/Nebulizers designed to be driven by gas using this thg
therefore be equipped with a socket R2 respiratory connector as specified in 6.2.1 e).

A.13

Discl
ingrd
degr

3 Rationale for maximum temperature of the liquid container [9.3.1 b

)]

rtain active
erature and

osure of the maximium temperature of the liquid container is important because cq
dients, such as'nebulized proteins or DNA components, can be sensitive to temp
hde within the liquid container(23].

A.14

Altennative test methods, such as laser diffractometry, electrochemistry,[24] high-performance
liquid chromatography (HPLCJ, or spectrophotometry, 23t can be used for the repeated performance
assessment, once these methods have been validated against the cascade impaction method during the
initial testing.

| Rationale for alternative test methods [9.3.2 k)]

A.15Rationale for sound pressure levels [9.3.2 m)]

See also information and alternative test methods in ISO 3744 and IEC 61672-1.

A.16 Rationale for test principle C.1

A treatment session using a nebulizer requires the patient to breathe in and out of the nebulizer for a
duration of approximately 5 min to 15 min (depending on the medication used) while the nebulizer is

©1S0 2023 - All rights reserved 13
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running. During this time, the nebulizer is continuously producing aerosol. When the patient inhales
aerosol, it is taken up in the lungs. However, when the patient exhales, some aerosol is driven out of the
nebulizer and lost. Thus, only a certain fraction of aerosol produced by the nebulizer can be taken up by
the patient. The test described in this Clause collects the aerosol exiting at the nebulizer mouthpiece
while the nebulizer is subjected to a simulated breathing pattern. The mass of the collected albuterol is
extracted and measured. The volume of aerosol delivered is calculated and expressed as aerosol output
rate in millilitres of test solution 0,1 % (m/m or V/V) per minute.

A.17 Rationale for test conditions C.2

The commi
nebulizers
temperatury

q

A.18 Ratic

A breathing
reasonably
the nebulizin
patient pop
patient pop

A.19 Ratic

Measureme

A.20 Ratic

A continuoul
these measy
size.

tee—chose-theseconditionrs—torepresent-thecomditions—affectingthemajority of ge
nd cannot represent the use of nebulizers within breathing systems, where, h
s, pressures, and humidity can affect the nebulizer performance.

Jnale for test equipement C.3

simulator is used when determining the aerosol output from a‘hebulizer in ord
estimate the mass of aerosolized active pharmaceutical ingredientprovided at the out
g system under simulated conditions of breathing. For nebulizersintended for use over
lations, it could be useful to analyse multiple breathing patterns associated with diffi
lations[26l.

nale for test method C.4

ts of mass rather than volume alone correct for‘evaporative losses.

pnale for test principle D.1

s suction pump is used for nebulized,aerosol size testing because impactors for perfor
rements need to operate at a constant “inhalation” flow rate to reasonably estimate a¢

reral
gher

er to
let of
wide
brent

ming
rosol
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Annex B
(informative)

Diameters of respirable fraction particles

In general, it is considered that aerosol particles with an aerodynamic diameter of

— F5TIm are deposited in the Upper airways,
2 um to 5 um are deposited in the lower airways, and
— $2 um are deposited in the alveolil2Z1[28],

Aerojgol particle sizing can be defined in terms of mass median aerodynamic diameter (MMAD) and
geonjetric standard deviation (GSD). These values can be interpolated from,the cumulative particle size
distrfibution curve as follows.

MMAD: Note the particle size at which the line crosses the 50 % mark.

GSD:|This should be calculated only if the particle size distributien curve is reasonably straight between
10 99 and 90 %, showing that the aerosol is log-normally distributed. Where a straight line|is a good fit
to thee data, the calculation of GSD is performed by noting the particle size X at which the|line crosses
the 84,13 % mark and the particle size Y at which the linie crosses the 15,87 % mark.

Then, the GSD = (X/Y)05.

Methods of deriving information from data that'are based on interpolation from a graph are inevitably
subjéct to some degree of approximation.

Rigorous mathematical methods of analysis are described in ISO 9276-1 and ISO 9276-2. These methods
are readily performed by a computeryincluding the generation of the particle size distribut{on graph.

© IS0 2023 - All rights reserved 15
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Annex C
(normative)

Test methods for aerosol output and aerosol output rate

C.1 Test

rinciple

The nebulizd
a sine-wave
flow (see Fi
collected on

r is filled with the required volume of test solution, connected to a breathing simulatel
pump or volumetric ventilator that creates a sinusoidal waveform) to simulatesespir
bure C.1). During operation of the nebulizer, the aerosol emitted at the patiefit interfd

a filter. This filter can be extracted to analyse the mass of the collected test subst

using an appropriately validated analytical method [high-performance liquid chronfatography (H

UV-spectros

During the
filter is excl
output rate.

copy, gravimetric or electrochemical analysis, or other].[221[20][24][25]

bxperiment, the nebulization is conducted for a known time (e.g.¥ min), after whic
hanged and analysed. Dividing the mass of test substance bycthis time gives the a¢

The experimient is then continued to collect the total mass of test substance emitted at the aerosol ¢

port. Collect
nebulizatioy

nebulizin
connecti
dismoun|

ion filters can be replaced several times to avoid satutation of the filter. At the end ¢
, the aerosol output is determined by adding up the,results from all collection filters.

3\}( S\y
s\

2

3

\

I

7

of

g system filled with test solution and (if required) an inlet for entrained ambient air or exhaust g
bn to theaerosol outlet port
table‘connectors

(e.g.
itory
ceis
ance
PLC),

h the
rosol

utlet
f the

ASes

aerosol

Ttiet port

dead space
collection filter
breathing simulator
Inlet for driving gas.

Figure C.1 — Schematic diagram showing the equipment for testing the aerosol output and

16

aerosol output rate
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C.2 Test conditions

The ambient test conditions shall be:
— temperature: (23 + 2) °C;

— relative humidity: 45 % to 75 %j;

— pressure: from 86,0 kPa to 106,0 kPa (i.e. absolute atmospheric pressure).

C.3 Test equipment

The fest equipment (see the schematic diagram in Figure C.1) shall comprise:
— the nebulizing system under test;

NOTHE 1  The nebulizing system under test can be connected to a patient interface component (e.g.

h mouthpiece

or fagemask). The dismountable connector (3 in Figure C.1), at the inlet to the filtén holder, provid¢s a matching

adaptor to make a leak-free joint.

— 4 test solution of albuterol 0,1 % (m/m or V/V) concentration in 059 % sodium chloride golution or, if

llowed or required by local competent authorities, 2,5 % (m/m‘or V/V) sodium fluorid

b in distilled

ater, with the provision that its use is declared in the acconmipanying documents [see 9.3.2 kK)];

— 3 filter holder;

— abreathing system filter conforming to ISO 23328-bwith a filtration efficiency of >98 ¢
ss than 10 pm;

— 4 breathing simulator (e.g. a sine-wave pump or volumetric ventilator that creates

of particles

h sinusoidal

aveform to simulate respiratory flow, or*for infants a 40:60 pattern), which creat¢s a cycle of

requency, f, = 15 breaths/min; I/E ratio\="1:1; and tidal volume (V) = 500 ml measured
f the filter;

at the outlet

— a dead space (between the aerosof outlet port and the filtering surface) of 10 % or less of the tidal

olume;

— for gas-powered nebulizefs;a driving gas of medical air as defined in ISO 7396-1, unless the nebulizer

is designed to be powered exclusively by a compressor, at ambient conditions describe
riven by the gas atthe flow rate recommended by the manufacturer;

3 means of extracting the test substance from filters and other components and quantita
dpparatus calibrated to an accuracy of +5 % of reading.

NOTE 2  The.vquantitative analysis apparatus is validated and can include high-perforry
chromatogtaphy (HPLC), UV spectroscopy, gravimetric, or electrochemical analysers.[22][24](25]

1 in C.2, and

rive analysis

hance liquid

C.4 Test method

a) Pre-weigh the nebulizing system before filling with the test solution.

b) Stabilize all parts of the nebulizer system, fluids, and test equipment at the ambient conditions, as

described in C.2, before use.

c) Perform the test with the nebulizer filled with test solution to the fill volume recommended by the

manufacturer or 2 ml if no fill volume is recommended.

d) By means of a dismountable connector, connect the aerosol outlet port to the filter and its holder,

and the latter to the breathing simulator (sine pump), as shown in Figure C.1.

e) Switch on the breathing simulator and, 10 s later, the nebulizer.

© IS0 2023 - All rights reserved
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1.1.

nute;

ed by
(e.g.

f) Run the nebulizer for (60 £ 1) s, switch off the nebulizer and, 5 s later, the pump.

g) Dismantle the filter, the filter holder, and the dismountable connectors from the aerosol outlet port
to the filter holder.

h) Extractand measure the mass of test substance in the components downstream of the aerosol outlet
port, including the filter, and use this result to calculate the aerosol output rate.

i) Assemble a new filter and its holder and continue the experiment until the end of nebulization to
measure the total aerosol output. The end of nebulization, for gas-powered nebulizers, is 1 min after
the beginning of sputtering, and for electrically-powered nebulizers, the end of the operation, as
Specifip by the manufacturer

j)  Stop the nebulization and re-weigh the nebulizing system.

k) Residual volume is calculated by subtracting the initial dry weight from the final/weight of the
nebulizipng system and multiplying this mass by the specific gravity of the test solution:

1) All typg-test methods shall be performed on at least three representative test devices. See 4.2

C.5 Test results

The test resplts shall include:

a) for a gas-powered nebulizer, the test gas employed;

b) the test|solution;

c) the filling volume and flow rate used;

d) the aerqgsol output, expressed as the mass of test substance collected on the filter(s);

e) the aerdsol output rate, expressed as the mass-of test substance collected on the filter(s) per mi

f) nebulization time;

g) residualvolume;

h) the perdgentage of fill volume emitted in 1 min, expressed as the aerosol output in 1 min dividg
the fill yolume recommended-by the manufacturer or 2 ml if no fill volume is recommended
20 % ofifill volume per minute).

NOTE Agrosol output iS)difectly measured as the mass of test substance by the test lab and can be cony

to % of total
output rate if
disclosure, wj
of the fill volee recommended by the manufacturer or 2 ml if no fill volume is recommended.

18

mass loaded’into the nebulizer for the disclosure of the results [see also 9.3.2 €)]. Likewise, a
directly measured as the mass of test substance per minute and can be converted to ml/m

hile percentage of fill volume emitted in 1 min or %/min expresses aerosol output rate as a perce

erted
brosol
n for
htage
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Annex D
(normative)

Test methods for particle sizing

Test principle

drivén by air and analysing the results.

Two

different sets of test equipment and test methods are described that allow the use of e

3 high-flow cascade impactor (calibrated at 15 I/m), or

— alow-flow cascade impactor (calibrated at flows less than 15 1/m).

The two test methods differ in the use of a T-piece and/or air entrainment port that serves
to allow more gas to be emitted by the nebulizer than that whieh is drawn into the casca
Test [conditions, calculations, and expressions of test resultsé@are otherwise identical betw
metHods.

NOTH Several types of cascade impactors are available (€’g. Marple, Anderson, and Next Genera
(NGITD).

D.2 | Test conditions for all test methods

The ambient test conditions for all tests shall be:

— flemperature: (23 + 2) °C;

— telative humidity: 45 % to725:%);

— pressure: from 86,0 kPa'to 106,0 kPa.

D.3

D.3.
The {

Test using acascade impactor calibrated and operating at 15 1/min

I Test equipment

est equipment (see the schematic diagram in Figure D.1) shall comprise:

a)

hebulizing system is tested for particle size by capturing the aerosol output in a casca

Ide impactor

ther

as a means
le impactor.
een the two

ion Impactor

henebulizing system under test;

b) acascade impactor:

1) with atleast eight stages to estimate the respirable fraction;

2)

overloading any stage;

3) with no measurable heat transfer-related droplet evaporation;

NOTE 1 The impactor can be chilled to avoid this cause of inaccuracy.

with sufficient loading capacity on each stage to estimate the respirable fraction without

1) NGI™is the trademark of a product supplied by MSP Corporation, Shoreview, MN, USA. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.

©ISO
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4) calibrated at a flow of 15 1/min, either by the manufacturer or the user, and specifying:

— aDg [theaerodynamic diameter ofa particle havinga 50 % probability of impacting on the collection

stage, a

Iso called the effective cut-off diameter (ECD)];

— a Dg, (the aerodynamic diameter of a particle having an 84 % probability of impacting on the
collection stage) that is less than 1,3 x D;

— aDj4(theaerodynamic diameter of a particle having a 16 % probability of impacting on the collection
stage) that is greater than 0,77 x Dg;

NOTE 2
than the

from thd nebulizer.

c) asampl

Selection of the cut points (i.e. Dc,) for the impactor includes at least two stages with D,s greater

MMAD of the aerosol from the nebulizer and two stages with Dgs less than the MMAD of theg

brosol

ing pump and adjustable flowmeter capable of drawing air through the cascade impactor at
a flow of 15 I/min;

d) a test sqlution (at stabilized temperature) of albuterol 0,1 % (m/m or V/V) cof¢entration in (0,9 %

sodium
sodium

chloride solution or, ifallowed or required by local competent authorities, 2,5 % (m/m or

V/V)

fluoride in distilled water, with the provision that its use is declared in the accompanying
documents. See 9.3.2 k);

e) forgas-powered nebulizers, a driving gas of medical air as defined i SO 7396-1, unless the nebulizer

is desig

Key

1

2

3

4 cascade
5 sampling
a2 Inlet for

Figur

nebulizing system filled with test solution with an entrained ambient air inlet (i.e. T-piece), if required
aerosol dutlet port
dismounjtable connector:

|
!

mpactor

pump
driving.gas.

hed to be powered exclusively by a compressor, at ambjént conditions described in C.2, and
driven by the gas at the flow rate recommended by the manufacturer.

e D.1 — dcnematic diagram snowing the equipment Ior testing the particie sizes

D.3.2 Test method

D.3.2.1 The nebulizer is filled with the test solution to the fill volume recommended by the
manufacturer or 2 ml if no fill volume is recommended and connected to the test compressor or air
supply in accordance with the manufacturer's instructions.

D.3.2.2 The cascade impactor is dismantled, cleaned (e.g. with distilled water, wiped and allowed to
air dry), and reassembled, incorporating all the stages of impaction surfaces in accordance with the
manufacturer's instructions.

20
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D.3.2.3 Readily dismountable connectors are attached between the nebulizer aerosol outlet port and
the inlet of the connector attached to the cascade impactor.

D.3.2.4

If required, an absolute filter is connected between the outlet of the cascade impactor (4 in

Figure D.1) and the sampling pump (5 in Figure D.1), to prevent fine aerosol droplets from entering the
sampling pump.

D.3.2.5 The flow of the sampling pump is set to (15 + 5 %) 1/min.

NOTE1 During testing, the nebulizer and the cascade impactor are secured in the position specified by the
manufacturer

NOTH 2  Care should be taken to prevent vibration of the impactor and to minimize perturbption of flow
throygh the test apparatus.

D.3.2.6 The sampling pump is turned on and allowed to stabilize at the required flow.

D.3.2.7 The nebulizer is started.

D.3.2.8 Sampling times can be varied for different nebulizers to@llow for maximum d¢position on
each|stage without overloading the stages.

NOTH Some experimentation could be needed to establish.the optimum period of test, aided by visual
recognition of “overloading” an impactor substrate.

D.3.2.9 After sampling for the required time, the nebulizer is switched off, and then a few seconds
later| the sampling pump is switched off.

D.3.2

D.3.2
solut]
(see

D.4

D.4.

.10 The cascade impactor is dismountéd from the remainder of the apparatus.

.11 The impactor is dismantledaccording to the manufacturer's instructions and the
jon on the individual stages of the impactor, the input connection, and the outlet filter is
hlso 4.2.3).

.2.12 All type-test methods shall be performed on at least three representative test
11.

I Testequipment

The 1

mass of test
determined

devices. See

Test usinga cascade impactor calibrated and operating at less than [L5 1/min

estiequipment (see the schematic diagram in Figure D.2) shall comprise:

a) the nebulizing system under test containing, if required, an entrained ambient air inlet (i.e. T-piece)
to allow more gas to be emitted by the nebulizer than that which is drawn into the cascade impactor;

b) acascade impactor:

1) with atleast eight stages to estimate the respirable fraction;

2)

overloading stages;

3) with no measurable heat transfer-related droplet evaporation;

©ISO

NOTE 1 The impactor can be chilled to avoid this cause of inaccuracy.
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with sufficient loading capacity on each stage to estimate the respirable fraction without
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4) calibrated at a flow not exceeding 15 1/min, either by the manufacturer or the user, and
specifying:

— aDsg, (theaerodynamicdiameter of a particle having a 50 % probability of impacting on the collection
stage, also called the ECD);

— a Dg, (the aerodynamic diameter of a particle having an 84 % probability of impacting on the
collection stage) that is less than 1,3 x Dc;

— aD;4(theaerodynamic diameter of a particle having a 16 % probability of impacting on the collection
stage) that is greater than 0,77 x Ds;

NOTE 2| Selection of the cut points (i.e. Dg) for the impactor includes at least two stages with Dsys-gijeater
than the]MMAD of the aerosol from the nebulizer and two stages with Dss less than the MMAD of the,agrosol
from thd nebulizer.

c) a 22 mip T-piece connected to the inlet of the cascade impactor using a connectof|with a 22 mm
internal diameter;

d) asampling pump and adjustable flowmeter capable of drawing through the dascade impactor a flow
specified in the calibration data of the cascade impactor;

e) a collection filter conforming to ISO 23328-1 with a filtration efficiency of >98 % of particles less
than 10|um and having minimal resistance connected to the T-pie¢€\to capture excess aerosols;

NOTE 3 | Suitable filters are high-efficiency polypropylene filters (product K248 of 3M).2)

f) asuction pump that creates a continuous flow sufficient t@’raise the total flow through the T-piece
(Figure[D.2, item 6) to 15 1/min * 1,5 1/min, the surplus flow above the sampling flow to the cajcade
impactqr passing through the collection filter;

NOTE 4| This pump is not required if the cascade impactor is calibrated at 15 I/min.

g) the testisolution (at stabilized temperature)0falbuterol 0,1 % (m/m or V/V) concentration in (,9 %
sodium chloride solution or, ifallowed orgequired by local competent authorities, 2,5 % (m/m or|V/V)
sodiumi|fluoride in distilled water, with the provision that its use is declared in the accompanying
documents. See 9.3.2 k);

h) for gas-powered nebulizers, theldriving gas specified by the manufacturer (either compressed air
from ambient conditions as described in C.2 or medical air as defined in ISO 7396-1).

2) This information is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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Figure D.2 — Schématic diagram showing the equipment for testing the particl¢

P Test method

ebulizing system filled with test solution with an entrained anibient air inlet (i.e. T-piece), if requfired

r sizes

.1 , The nebulizer is filled with the test solution to the fill volume recommenided by the
mantyifacturer or 2 ml if no fill volume is recommended and connected to the test comp

essor or air

|[y in accordance with the manufacturer's instructions

D.4.2.2 A T-piece is attached to the aerosol outlet port.

D.4.2.3 The cascade impactor is dismantled, cleaned (e.g. with distilled water, wiped and allowed to
air dry), and reassembled, incorporating all the stages of impaction surfaces in accordance with the
manufacturer's instructions.

D.4.2.4 Readily dismountable connections are made from the T-piece to the inlet of the connector
attached to the cascade impactor and from the outlet of this connector to the collection filter, which is
connected to a suction pump.

© IS0 2023 - All rights reserved
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D.4.2.5 An absolute filter (see D.3.2.4) is interposed between the outlet of the cascade impactor and
the sampling pump, the flow of which is set to the calibration flow of the cascade impactor (e.g. 2 1/
min * 10 %.)

NOTE1 During testing, the nebulizer and the cascade impactor are secured in the position specified by the
manufacturer.

NOTE 2  Care is to be taken to prevent vibration of the impactor and to minimize perturbation of flow through
the test apparatus.

D.4.2.6 The suction and sampling pumps are turned on and allowed to stabilize at the required flows.

NOTE
through the /]
the impactor
min and the (

D.4.2.7 Th

D.4.2.8 Sa
stage witho

NOTE Sq
recognition d

D.4.29 Af

ebulizer, while at the same time, the sampling pump draws the flow rate which is required+toop
(e.g. the suction pump for the excess aerosol is adjusted to produce an exhaust flow of (13* 10
ascade impactor sampling pump is adjusted to the calibration flow of (2 + 10 %) 1/min :

e nebulizer is started.

mpling times can be varied for different nebulizers to allow for,maximum deposit on
it overloading the stages.

me experimentation can be needed to establish the optimiu period of test, aided by ¥
f “overload” of an impactor substrate.

Ler sampling for the required time, the nebulizer is’switched off, followed in a few sed

T]Le flow rate of the suction pump is adjusted in such a way that a total flow of 15 ml/min.is dlrawn

erate
%) 1/

each

risual

onds

by the sampling pump and then the suction pump.
D.4.2.10 THe cascade impactor is dismounted from the remainder of the apparatus.
D.4.2.11 THe impactor is dismounted accordingtothe manufacturer's instructions and the mass gf test
solution on the individual stages of the impactor, the input connection, and the outlet filter determjned.
D.4.2.12 Al] type-test methods shall be-performed on at least three representative test deviceg. See
4.2.1.1.
D.5 Test results
D.5.1 Calqulations
Use of apprqpriatesoftware to calculate and draw all the results is allowed.
a) Calculate/the total mass of albuterol collected in the impactor as follows in the case of eight stages:
F=m, (including inlet assembly) + m, + m3 + my + mg + mg + m; + mg + Mgjjee, (D.1)
b) Calculate the cumulative collection (%) of albuterol of particle mass under size as follows.
Cg = Mejjer/F100 (D.2)
24 © IS0 2023 - All rights reserved
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Plot this (D.2) against the Dg, of stage 8.

¢y = cg+ mg/F-100 (D.3)

Plot this (D.3) against the D¢ of stage 7.

Cg = €7 + m;/F-100 (D.4)

Plot this (D.4) against the Dg of stage 6, and so forth,

where
F isthetotal mass of albuterol collected in the impactor, including the inlet assembly ajnd the filter;
m, is the mass collected on stage x;
¢, isthe cumulative collection in percent of undersized particles.

NOTH A typical set of figures is shown in Table D.1, which includes mean ¥alues from the serieq of tests.

c) Plot the cumulative size distribution on log-probability graph paper, as shown in Figire D.3. The
utility of the log-probability graph is that the cumulative size/distribution can be represented by a
gtraight line fitted through the data points. This is equivalent to the more familiar “S”|curve fitted
tlo the data on semi-log graph paper. The probability axis.is a linear scale of the “z” valugs (standard

d)

eviation units associated with the cumulative area under a normal distribution).

etermine the MMAD and the GSD as illustratedsih Figure D.3.

The MMAD is the diameter vertically below the hgrizontal intersection of the 50 % cumulatiy
valug¢ and the size distribution line. The GSD"shall be calculated using the values D(-1)
diameter D(-1) is the diameter vertically bhelow the horizontal intersection of the 16 %

freq
D(1)
valug

The

Itis]
It is
effici
poin
from
total
grea
accu

ency value (or the value -1 on the prgbability axis) and the size distribution line; alter
value [the diameter vertically below the horizontal intersection of the 84 % cumulatiy
 (or the value 1 on the probability axis) and the size distribution line].

:SD is then the MMAD/D(¥1)or D(1)/MMAD.

ot necessary to plot allthe results from the impactor stages to determine the MMAD of
bnly necessary to. plot the two values, one above and one below the 50 % cumulatiy
ency value, to find'the MMAD and plot the line representing the size distribution. P]
s than that_eould result in the value being determined with less accuracy. Points f:
the 50 % scumulative value have less accuracy because they represent a smaller fra
mass. Réints closer to the MMAD will have higher mass and should be determined th
er accuracy. By weighting points with less accuracy with the same weighting as poinf]
Facyi(i.e. by drawing a best fit line through all the points), the overall accuracy of the de

isre

juceéd. Using only the points representing the highest mass (i.e. those above and below

re frequency
br D(1). The

cumulative
natively, the
e frequency

he nebulizer.
re collection
otting more
hrther away
ction of the
brefore with
s with more
termination
the MMAD)

todr

aw the line ensures higher accuracy even though only two points are used.

D.5.2 Expression of test results

The test results shall include

for gas-powered nebulizers, the test gas employed,

the filling volumes and flow rates used, and

assembly and the absolute filter).

©ISO
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the mass of test solution deposited on the individual stages of the impactor (including the inlet
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Table D.1 — Typical sets of results from repeat measurement of a cascade impactor

Effective cut-off Cumulative particle mass of albuterol under size
Stage no. diameter %
pm Mean Test 1 Test 2 Test 3 Test 4
8 0,53 2,1 2,8 3,2 1,5 1,1
7 0,93 5,2 5,6 6,4 5,4 3,4
6 1,6 14,0 13,7 17,0 13,3 12,1
5 3,5 43,6 41,4 47,0 429 43,1
4 6.0 72.0 69.6 73.2 70.0 75.3
3 9,8 87,4 85,0 874 85,2 92,0
2 14,8 94,1 93,0 94,1 92,1 97,1
1 21,3 96,2 95,4 96,0 95,6 97,7
L
1
I
I
I
|
¥ ‘ v, S 2
D(-1) MMAD D(1)
0,1 1 10 100
Key
X diameter.(wm)
Y1 probability (z values)
Y2 cuiulative percent
- MMAD (3,9 pm)
_______ MMAD/D(-1) = GSD or D(1)/MMAD = GSD (2,06)
__________ cumulative % less than 5 um (60 %)
NOTE Parameters such as the MMAD of 3,9 pm (shown with an arrow) and percent aerosol solute mass below

5 pm (in this case approximately 60 %) can be interpolated from the plot.
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Figure D.3 — Example plot of cumulative size distribution from results in Table D.1
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