INTERNATIONAL

ISO

STANDARD 14644-18

First edition
2023-10

Cleanrooms and associated controlled

environments —

Part 18:
Assessment of suitability of
consumables

Salles propres et environnements maitrisés apparentés —

Partie 18: Evaluation de l'aptitude a I'emploi des consommdbles

Reference number

ISO 14644-18:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=4742a9993e84cbec9aeb7772d843506f

ISO 14644-18:2023(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=4742a9993e84cbec9aeb7772d843506f

ISO 14644-18:2023(E)

Contents Page
FFOT@WOTM.........ccccccovvevee e85 5558558555585 \%
IIMEIOMUICTION ... vi
1 SCOPI@ ... 1
2 NOIMATIVE FEEETEIICES ..........cccoo e 2
3 Terms and defiNETIONIS ... 2
4 Description and cleanroom suitability properties of consumables
41 Types of consumables
4.2 Properties of consumables...
4.2.1  GENETAL ..o o e
4.2.2  Functional performance properties. ... g S
4.2.3 Cleanliness attributes
4.2.4  Special Properties ... e
4.3 INEENAEA USE ..o e
4.4 Consumable use.....
441 Single-use....
4.4.2 Multiple-use
5 Contaminant Of COMCETTN ...
5.1 GENETAL..oooooeeeeeeeee e g oo
5.2 Emission of contaminants into the air....... 5.
5.3 Surface contamination by contact transfer
5.4 Surface contamination via liquids.......1.........
6 Cleanroom suitability assessment prer@quisSites ... e 8
6.1 (L] 0 =) Y O OSSO
6.2 Considerations
6.3 Associated risks
6.4 Requirements, propertiesiand cleanliness attributes...........cfon 8
6.5 SUSTATNADTIIEY ot | e 9
7 CUSEOMET T@QUITE@IMEIIES ... ..ot
7.1 General......... o
7.2 Description@nd intended use
7.3 Requirendénts for consumable aSSESSIMENT ...
7.3.1 .Functional performance properties
7.3.2")Cleanliness attributes
73,3/ Special properties ...
8 Consumable properties as designed by the supplier ... o, 11
8.1 GBIIET AL
82~ Description and designed use
8.3 Consumable properties and attribULes. ... o, 11
8.3.1 Fuuutiuua} lJCl fUl IIIAd1IICT lJl Ul)Cl tiCD ............................................................................................................... 11
8.3.2 Cleanliness attributes............n,
8.3.3 Special properties ...
8.4  Supplier quality documentation
9 AALSSESSINICIIL .....oooo etk
9.1 GBIIET AL .
9.2 Initial comparison
9.3 Detailed comparison
9.4 Cleanroom SUitability @SSESSIMENL .. ..o 13
9.5 TN PLEIMIEIIEATION . 13
10 DIOCUIMEIIEATION ...tk 14
TO.T  GEIETAL e 14

© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=4742a9993e84cbec9aeb7772d843506f

ISO 14644-18:2023(E)

10.2 Initial customer’s documentation

10.3  Supplier documentation...............cc...

10.4  ASSESSMENT AOCUMEIIEATION ..ooocoooieeieeiieeeeieees et
Annex A (informative) Personal and non-personal consumables ... 16
Annex B (informative) Impact of consumables on cleanroom cleanlinesslevels ... 18
Annex C (informative) TeStMETROMS...........c..oo e 22
Annex D (informative) Worked eXamPIes...... ... 29
BIblioGraphy.....ooooiiiiiiii 37

iv © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=4742a9993e84cbec9aeb7772d843506f

ISO 14644-18:2023(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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e procedures used to develop this document and those intended for its further mainte
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-heec
ferent types of ISO document should be noted. This document was drafted in accordanc
torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this documetit may invol
[a) patent(s). ISO takes no position concerning the evidence, validity or applicability of a
ent rights in respect thereof. As of the date of publication of this document, ISO had
ytioned that this may not represent the latest information, which.may be obtained from
abase available at www.iso.org/patents. ISO shall not be held re¢sponsible for identifying
h patent rights.

trade name used in this document is information given for the convenience of users an
titute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific f{
pressions related to conformity assessmenty as well as information about ISO's adh
World Trade Organization (WTO) pringiples in the Technical Barriers to Trade (
yw.iso.org/iso/foreword.html.

Th

en

Co

co

Al

co

An]ﬁ/1

s document was prepared by Technigal Committee ISO/TC 209, Cleanrooms and associated,
rironments, in collaboration withithe European Committee for Standardization (CEN)
mmittee CEN/TC 243, Cleanroem technology, in accordance with the Agreement on
pperation between ISO and CEN (Vienna Agreement).
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st of all parts in the ISO14644 series can be found on the ISO website.

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

Cleanrooms and associated controlled environments are used for the control of contamination to levels

appropriate for performing contamination-sensitive activities.

Products and processes that benefit from the control of contamination include those in industries such
as aerospace, microelectronics, optics, displays, nuclear, micro-mechanical devices, consumer goods,

cosmetics and life sciences (e.g. pharmaceuticals, medical devices, food). Contamination control

in

the healthcare sector benefits the patients by enabling access to products free of potentially harmful

particles.

Consumaljles are widely used during preparation and operations in cleanrooms, clean zdnes
controlled zones to maintain the air or surface cleanliness level in the cleanroom by shieldin
contamingtion source or a vulnerable object or by removing contamination from a, Surface.
monitorinjg and testing purposes, consumables can be used for sampling contamination..Consumah
need to be carefully selected and appropriately used in order to maintain cleanliness lévels and mitig
risk for priocesses and products.

Consumaljles are used for a limited time only. They do not constitute a part of the final product.

This document addresses the suitability assessment of consumables for use in cleanrooms, clean zo
or controlled zones in respect to contamination in air and on surfaces by:

— partidles;

— chemjcals;
— microjorganisms.

Customer$ or users need to have the opportunity .tg’,assess a given consumable by matching tH
intended fise requirements with the designed use ‘data of the supplier. This can be supplemented
additional tests. This match of intended use and designed use is addressed as appropriate use.

Depending on the use case, an impact assessment to determine the kind and acceptable quantity
contamingtion from consumables can be derived by benchmarking the requirements with respect
emission ¢f contaminants.

This document is written for suppliers (manufacturers of consumables or distributors) and custom,
(as users of consumables) to assess the cleanroom suitability of consumables.
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The cleanfoom suitability asséssment always has to be accompanied with a description of use, technjcal

data as refjuired by the datiire of the consumable and test results. A sole statement such as “suitable
cleanroon} of classification ISO 5” is not foreseen, due to the variety and complexity of use cases g
the likelilood thata‘cleanroom suitability assessment would not rely on test data relating solely
airborne particleseniissions.
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Cleanrooms and associated controlled environments —

Part 18:
Assessment of suitability of consumables
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Scope

s document gives guidance for assessing personal and non-personal consufiiables

for their

propriate use in cleanrooms, clean zones or controlled zones, based on praduct and process

uirements, cleanliness attributes and functional performance properties. The eleanliness

Croorganisms or pyrogens) is considered as a special property of constinables. Identi
ociated risks are considered.

s document complements cleanroom operation as outlined in ISO.\14644-5.
s document gives guidance concerning:
determination of cleanroom suitability of consumablesin'general;

specification of requirements for an intended use éf\a consumable by the customer with
functional performance, cleanliness attributes and special properties;

specification of properties for a designed use:of a consumable by supplier;
assessment of a consumable for an appropriate use;
documentation.

prmative annexes are used to listéxamples for personal and non-personal consumables, v
thods for cleanliness attributestesting and the potential impact of consumables on a clear

aning agents, disinfectants and lubricants are considered as consumables with 1
ir packaging, as their, packaging is likely to have cleanliness requirements in commo

s document dgeshot apply to:

design details of consumables;

attributes
particles,
Fication of

respect to

brification
jroom.

espect to
n with all

testing of functional performance of materials, e.g. barrier properties of gloves, wealr and slip

résistance of flooring;

health and safety requirements; legal requirements can apply in specific countries;
cleanability;

(raw) materials which are added within the production process as ingredients;
performance or function testing;

transport containers;

process media such as gases or liquids;

the functional performance of cleaning agents, disinfectants and lubricants.
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2 Normative references

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

ISO 14644-1, Cleanrooms and associated controlled environments — Part 1: Classification of air cleanliness
by particle concentration

ISO 14644-8:2022, Cleanrooms and associated controlled environments — Part 8: Assessment of air
cleanliness by chemical concentration [(ACC)

ISO 14644-9, Cleanrooms and associated controlled environments — Part 9: Assessment of Surffce
cleanlinesg for particle concentration

ISO 14644-10:2022, Cleanrooms and associated controlled environments — Part 10: Assessment of surffice
cleanlinesq for chemical contamination

3 Terr‘]ls and definitions
For the purposes of this document, the following terms and definitions apply:
ISO and [HC maintain terminology databases for use in standardizatiofrat the following addresses:

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

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

31
air cleanliness by chemical concentration
ACC
quantity df chemical detected in the air, expressedin terms of an ISO-ACC level N, which represents the
maximumfallowable concentration of a given cliemical species or a group of chemical species

Note 1 to eptry: Units: g/m3.

Note 2 to ¢ntry: This definition does ndt-include macromolecules of biological origin, which are judged td be
particles.

[SOURCE:[ISO 14644-8:2022, 3\1,2, modified — Units moved to note to entry.]

3.2
appropriate use
applicatioh matchingdesigned use (3.12) and intended use (3.13) within acceptable limits

Note 1 to ehtry: This‘use is typically stated by the customer of the consumable (3.9).

3.3
chemical contanmimation
non-particulate substances that can have a deleterious effect on the product, process or equipment

[SOURCE: ISO 14644-8:2022, 3.1.1]

3.4
cleanliness
condition not exceeding a specified level of contamination (3.10)

Note 1 to entry: In this document, contamination (3.10) refers to particles, chemicals or viables.

[SOURCE: ISO 14644-14:2016, 3.1, modified — Note to entry added.]
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3.5

cleanroom
room within which the number concentration of airborne particles is controlled and classified, and
which is designed, constructed and operated in a manner to control the introduction, generation and
retention of particles inside the room

Note 1 to entry: The class of airborne particle concentration is specified.

Note 2 to entry: Levels of other cleanliness attributes, such as chemical, viable or nanoscale concentrations in the
air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations can also be
specified and controlled.

No

e 3 to entry: Other relevant physical parameters can also be controlled as required, e.g) te

humnidity, pressure, vibration and electrostatic.

[SC

3.6
cle

URCE: ISO 14644-1:2015, 3.1.1]

anroom suitability

mperature,

ability to maintain the critical control attributes or condition of any clean zone (3.7) when used as

int
[Sq
3.7
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def
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No
No
air,
sp€

No
dey

No

ended
URCE: ISO 14644-14:2016, 3.3, modified — Note 1 to entry deleted.]

an zone
ined space within which the number concentration pf\airborne particles is controlled and

fontaminants inside the space

e 1 to entry: The class of airborne particle concentration is specified.

e 2 to entry: Levels of other cleanliness attributes, such as chemical, viable or nanoscale concentra
and also surface cleanliness in terms efi particle, nanoscale, chemical and viable concentrations
cified and controlled.

ice. Such a device can be located'inside or outside a cleanroom (3.5).

e 4 to entry: Other reléevant physical parameters can also be controlled as required, e.g. te|

huinidity, pressure, vibration‘and electrostatic.

classified,

I which is constructed and operated in a manner to control the introduction, generation and retention

kions in the
Can also be

e 3 to entry: A clean zone can bea defined space within a cleanroom (3.5) or can be achieved by a| separative

mperature,

[SOURCE: I1SO 14644+<1:2015, 3.1.2]

3.9

compatibility

stdte of which at least two things are able to exist without adverse effect

Noterl.to entry: All types of contamination (3.10) emitted from the consumables under consideratior] that could
ha‘ eJan impar‘f onthe qna]ify ofthe prnr‘]nt‘f or pvnrncc shallhoa talkon intg account

39

consumable

item for use and disposal, if applicable, within cleanrooms (3.5) and controlled environments
3.10

contamination

unwanted matter in an undesirable location

[SOURCE: 1SO 14644-13:2017, 3.4]
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3.11

controlled zone

designated space in which the concentration of at least one contamination category (particles, chemical,
biocontamination) in air and on surfaces is controlled and specified and which is constructed and used
in a manner to minimize the introduction and impact of contamination

Note 1 to entry: Levels of cleanliness attributes such as chemical and viable concentrations in the air or
cleanliness in terms of particle, chemical and viable concentrations on surfaces should be specified.

Note 2 to entry: Other relevant parameters may also be controlled as necessary, e.g. temperature, humidity and
pressure, vibration and electrostatic.

Note 3 to ¢ntry: A controlled zone can be a defined space within a cleanroom (3.5) or may be achieved-hy a
separative|device. Such a device can be located inside or outside a cleanroom (3.5).

[SOURCE:[ISO 14644-15:2017, 3.9, modified — deleted “by class(es)” in Note 1 to entry]

3.12
designed(use
applicatioh as foreseen for a specified purpose and shelf-life (3.17)

Note 1 to eptry: This is typically stated by the manufacturer or supplier of the consumable (3.9).

3.13
intended juse
applicatioh in accordance with a specified purpose

Note 1 to eptry: This is typically stated by a user, customer or third party of the consumable (3.9).

3.14
material
single subktance or composite

Note 1 to eptry: It can be necessary to provide material in a representative form to enable testing.
[SOURCE:[ISO 14644-15:2017, 3.13]

3.15
personal consumable
consumable (3.9) that is worn by a.person

3.16
service life
period of {ime or numbenreof cycles a consumable is suitable for use

Note 1 to eptry: Service'life is dependent on appropriate use (3.2).

3.17
shelf-life

L] - 1 L L i | 1 . L L. . L 1 e - 1 1 1l 1 . . 1 .
spec1f1ed CITOU O1 T [TOTT UTE Udte O IIdIuldCtur€ ol a prouuctto It [a0eNed EXPIT atIoIT Uadie

[SOURCE: ISO 18369-1:2017, 3.1.9.10]

3.18

verification

confirmation, through the provision of objective evidence, that specified requirements have been
fulfilled

Note 1 to entry: The objective evidence needed for a verification can be the result of an inspection or of other
forms of determination such as performing alternative calculations or reviewing documents.

Note 2 to entry: The activities carried out for verification are sometimes called a qualification process.
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Note 3 to entry: The word “verified” is used to designate the corresponding status.

[SOURCE: ISO 9000:2015, 3.8.12]

4

Description and cleanroom suitability properties of consumables

4.1 Types of consumables

Consumables consist of 2 types:

a)

b)

In

4.2

Co
of
rat
of
or
refl

Th
pel

4.2
Fu

Annex A, examples of typical consumables are described.

.2 Properties of consumables

process from contamination emitted by the wearers, see A.2. Personal consumables can
a special function to protect the person wearing them. Fit, function and comfgritare
aspects for personal consumables.

Non-personal consumables, see A.3.

.1 General

hsumables are used operationally in a clean controlledienvironment to both maintain the g
this environment and facilitate the product realization process. However, due to theil
e, and their proximity to the process and product)consumables can also pose a considg
rontamination with particles, chemicals or material of biological nature, such as micro
pyrogens. Depending on the type, consumables can be either disposed of after a sin
rocessed to the required quality for multiple’use within a cleanroom.

brinciple, consumables can be selected for three main properties:
functional performance properties;

cleanliness attributes;

special properties.

bse properties andzattributes can be generic or specific and apply to both types of con
sonal or non-personal.

.2 Functional performance properties

co

Zo$e ot ¢controlled zone. All necessary functional performance properties for a consumab

hctional-properties are the starting point for consumable selection for use in a cleanrd

sidered. The following list can be used as an input for the consideration:

:2023(E)

Personal consumables: consumables worn by personnel, primarily to protect the prpduct and

also have
important

leanliness
high use
rable risk
hrganisms
ble use or

sumables,

om, clean
e shall be

a)
b)
‘)
d)
€)
f)
g)

cleaning properties;

sorption;

physical properties;

chemical compatibility;

breathability, if applicable;

barrier protecting the cleanroom or controlled environment or process;

barrier protecting personnel;

© IS0 2023 - All rights reserved
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h) application of liquids to surfaces;
i) surface protection;

j) abrasion resistance.

4.2.3 Cleanliness attributes

Cleanliness attributes address the contaminant of concern and how the implementation of a personal
or non-personal consumable affects the overall cleanliness level when being used in a cleanroom or
controlled-environment. In order to be able to assess the cleanroom cnifnhi]ify of 2 r‘nncnmnh]n’ it has
to be spe¢ified which contaminants, such as particles, fibres, chemicals and microorganisms,. arg of
interest. Tlherefore, the cleanliness attributes shall be captured at least by:

a) contaminant of concern (see Clause 5);
b) maxithum concentration of contaminant(s) of concern at observed airflow conditiens;
c) transfer of contamination (direct or indirect).

Biocontanpination can be addressed as a special property, either as sterility.or’bioburden (number of
contamingnts and species). In addition, pyrogens can be assessed as applicable.

4.2.4 Special properties
Examples|of special properties related to cleanroom suitability ate:
a) antistatic or static dissipative properties;
b) supply chain management and logistics:
1) qgpality management systems;
2) batch or lot information or certification(s);
c) biocoptamination sensitive processes:
1) specific sterilization methods;;packaging marking, etc.;
2) nlaterial compatibility with sterilization processes;
3) bloburden or sterility;
4) pyrogens;
5) cleaning of disinfecting consumables;

i)] pakticle filtration;

ii Yociduo ro
Fesiatetfe

d) appearance and texture (e.g. woven or non-woven);
e) dryor wetused;

f) recycling.

4.3 Intended use

The intended use shall be documented by the customer along with the consumable description. It shall
take into consideration functional performance properties, cleanliness attributes and special properties,
if applicable. A clear description of the intended use enables selection of the most suitable consumable(s)

6 © IS0 2023 - All rights reserved
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for assessment. If known, reference should be made to the corresponding ISO classification of the
controlled environment, including the cleanroom ventilation in which the consumable will be used.

4.4 Consumable use

4.4.1 Single-use

Single-use consumables are designed to be used once and then disposed of. Regarding disposal, the
consumable should be designed to be recyclable wherever fea51b1e Single-use consumables are used at

4.4
Mu

digposed of. Regarding disposal, the consumable should be designed to be recyclable, wherev{

Mu
be

.2 Multiple-use

Itiple-use consumables are designed to be used multiple times for a limited period of tim

Itiple-use consumables are capable of being reprocessed and, when requised, resterilized
used again. When deciding for multiple-use, a full life cycle assessment'can be applied to

godd sustainable option.

Th

Spd
thd
an

5

5.1

b reprocessing shall ensure that the consumable continues toaneet the functional, clean

consumable can undergo shall be specified and monitered. Ongoing conformity to req
l reprocessing cycles shall be documented.

Contaminant of concern

General

Ad
co
co
co

Co
dej

5.2

Pa

i

onsumable can cause contamination by'particles (including microorganisms), pyrogens or
tamination by emission into the.air of the controlled environment or onto a surface,
tact transfer or deposition. Annex'B provides methods that can be used to estimate the
tamination from a consumable.

htamination within a consumable or on its surface can be transferred into a liquid and by s
position can remain as.a‘residue on a surface.

Emission of eontaminants into the air

‘ticles as defifted in ISO 14644-1 or larger particles as addressed in ISO 14644-17 can |

from the corsumable by various mechanisms. Units and concentrations can be found in ISO 1

Ch
Ex

bmicabspecies as defined in ISO 14644-8 can be emitted from the consumable by various mg
hmples of chemical species and concentrations can be found in ISO 14644-8.

bcial requirements through periodic evaluation or testing. The number of reprocessing (

lly single-

b and then
b1 feasible.
n order to
identify a

liness and
ycles that
uirements

chemicals
either by
cceptable

ibsequent

e emitted
1644-1.

chanisms.

5.3 Surface contamination by contact transfer

A consumable can transfer particles or chemicals onto surfaces in the cleanroom by contact. Units,
chemical species and concentrations can be found in ISO 14644-9 and ISO 14644-10.

5.4 Surface contamination via liquids

Consumables can contaminate liquids with particles or chemicals. Contaminated liquids can create
contaminated surfaces. Examples for chemicals can be found in ISO 14644-10.
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6 Cleanroom suitability assessment prerequisites

6.1 General

This clause describes the steps and considerations that need to be taken by a customer and a supplier
to facilitate a cleanroom suitability assessment of a consumable. Documented data gathered during this
activity enables an effective comparison-based assessment. A consumable can then be selected on the
basis of its cleanroom suitability for an intended use case.

This clause does not address the numerous formal risk and hazard quality assessment methods
available. [tis intended to highlight considerations that could negatively affect the cleanroom suitability
assessmeit of a consumable, should they be ignored.

6.2 Cormsiderations

The customer shall provide requirements of the consumable, taking into consideration 4.1 to 4.4 gnd
Clause 5, [together with an explanation of its intended use. Typical customer reduirements for the
consumalfle are described in Clause 7.

The suppljer shall provide, upon request, a description and data for the designed use of the consumable,
e.g. functional performance properties and cleanliness attributes. This fnformation is usually made
available in data sheets.

6.3 Asspciated risks

For any cleanroom suitability assessment, the user shall consider making a judgement regarding how
critical the required consumable is to its cleanroom or ¢éntrolled environment and product qualjty.
This risk-pased judgement can influence the depth of ¥fequirements gathering and the rigour of the
assessme:tt, plus the need for any subsequent verification activity, should the comparison-based
assessmeit alone be judged to be insufficient. This judgement can be updated following the cleanropm
suitability] assessment, and prior to deployment of the consumable, as it can influence the scale of any
final verifjcation activity.

Separately, when mitigating personal safety hazards, the design of the personal protective equipmpnt
(PPE) consumable can present an associated contamination source. The selection of a consumaple
for its PPH function shall also include an evaluation of the potential for contamination with regard to
its intend¢d use. This evaluation‘can lead to measures to minimize the impact of this contaminatjon
source.

6.4 Requirements,properties and cleanliness attributes

For the infended uge\6f a consumable, customers shall specify their requirements for:

a) functional performance properties;

b) cleanliness attributes;

c) special properties.
The specification shall follow Clause 7.

NOTE It is expected that the more critical a consumable is to the cleanroom or controlled environment, the
more comprehensive the requirements and the related documentation.

Suppliers provide information on a consumable’s properties as outlined in Clause 8 to allow a
comparison between customer requirements and supplier data provided. Should additional data be
required for the customer’s cleanroom suitability assessment, the supplier can provide this data, if
readily available. Alternatively, new data can be created by testing the consumable specifically.

8 © IS0 2023 - All rights reserved
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The final assessment of cleanroom suitability (see Clause 9) is a comparison of information provided by

the

customer (Clause 7) and supplier (Clause 8).

6.5 Sustainability

Due to their high usage volumes and predominance of single-use, organizations involved within the
creation, distribution and use of consumables shall address sustainability and thereby reduce their
environmental impact.

a)

Manufacturers should implement a formal environmental management programme that

addresses

b)

d)

7

7.1

To
an
to

Cu

7.2

Th
Im

can offer appropriate consumables and associated data for comparison.

7.3

7.3
Th

P

fmpact Titigation Tanging fronT energy and waste Tequction to TeSOUTTE CONSErvation
and finally optimum materials selection and recycling.

Companies involved in the distribution of consumables should address waste and energy 1
via efficient logistics. Furthermore, they should enable material returns processes.

User companies should follow a formal environmental management progtamme. All us
segregate waste materials at source to enable either material repurposing or recycling.

The sustainability of a consumable should be considered using a holistic approach. From p
reprocessing, use to final disposal or recycling.

Customer requirements

General

enable the subsequent comparison assessment\for cleanroom suitability of a consumable,
1 documenting the customer (user) requirémiénts is a key step. The content of this clause i
supplement existing selection and approval processes, which can exist, for example, ag
tomer quality management system.

Description and intended use

b customer shall describe-the consumable for use within a cleanroom or controlled eny
portantly, the intended se’of the consumable shall also be documented so that potentia

Requiremeits for consumable assessment

.1 Funetional performance properties

e following requirements (in no specific order) for functional performance propertie

corllsidered and the results shall be documented:

initiatives should also be enabled via the upstream supply chain (desigh for recyclability).

generally

eductions

brs should
Recycling

roduction,

gathering
5 intended
part of a

ironment.
suppliers

5 shall be

a)
b)
c)
d)
e)
f)
g)

primary function, plus any secondary functions (should they exist);
materials for construction, important design and fabrication attributes;
relevant functional test methods and criteria if known, see Annex C;
single-use or multiple-use;

anticipated use cycles (e.g. using a wiper four folds);

expected service life;

shelf-life;
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h) any additional performance attributes;

i) fit, function and comfort for personal consumables;

j) chemical compatibility requirements;

k) packa

ging regime.

Any additional specific requirements for functional performance properties shall also be documented.

eanliness attributes

732 (l
The follow
results sh
a) destiq
b) conta
c) releva
d) judge

levels
e) prim3d
f) secon

Any addit

ring requirements (in no specific order) for cleanliness attributes shall be considered and
h1l be documented:

ation cleanroom or controlled environment, with reference to International Standards;
minants of interest;
nt cleanliness test methods, acceptance criteria and available test results, see Annex C;

ment on criticality of the consumable to maintaining the custonier’s specified cleanlin

ry packaging;
dary packaging, if applicable;

onal specific requirements for cleanliness attributes shall also be documented.

7.3.3 Special properties

The follov
results sh

ing requirements (in no specific order)yfor special properties shall be considered and
i1l be documented:

a) sterility, including requirements for specific sterilization methods;

b) biobu
c) pyrog
d) regul:

e) antist
f) repro

g) perso

den and species identification;
ens;

\tory-related requiréments;

atic or static dissipative properties;
Cessing requirements, if applicable;

hal pfiotection function;

h) packaging material(s):

Lhe

D

LSS

the

i) logistics;

j) lotidentification or information;

k) required certificate(s);

1)  supply chain information.

Any additional specific requirements for special properties shall also be documented.

10
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8 Consumable properties as designed by the supplier

8.1 General

To facilitate the assessment for cleanroom suitability of a consumable, the supplier shall provide design
and relevant application characteristics for the consumable.

NOTE Generic supplier information is usually provided in the form of data sheets.

8.2 Description and designed use

The supplier shall describe the consumable and its designed application(s) for use within a’¢leanroom
or pontrolled environment.

8.3 Consumable properties and attributes

8.3.1 Functional performance properties
The following consumable functional performance properties (in no speeific order) shall be cpnsidered:
a) | designed functions;

b) | materials of construction, important design and processing attributes;
c) | performance properties and related test methods, see’Annex C;

d) [ barrier properties, if applicable;

e) | sizing and fit, if applicable;

f) | use-cycle limitations;

g) | expected service life;

h) | shelf-life;

i) | storage conditions;

j) | chemical compatibility;

k) | packaging.

Additional functional performance properties can exist for specific consumable de$igns and
applications..Jfthey are included for consideration, they shall also be documented.

8.3.2 + Cleanliness attributes

Th Fr\"nxAnnn' concumahla claanlinace attrilhiitac rln nacnacific ardarl chall ha cancidarad.
CTorTo TS CoOo U oI e CrCoa It oo et T G co O (1 11O P oot J oo o CooTatToas

a) processing cleanroom or controlled environment, in accordance with ISO 14644-1, ISO 14644-8,
ISO 14644-9, 1SO 14644-10;

b) contaminants of interest,

c) relevant cleanliness test methods, acceptance criteria and available test results, see Annex C;
d) primary and secondary packaging information, if applicable.

NOTE For particles, the sizes can be of interest.

Additional cleanliness attributes can exist for specific consumable designs and applications. If they are
included for consideration, they shall also be documented.

©1S0 2023 - All rights reserved 11
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8.3.3 Special properties

The following consumable special properties (in no specific order) shall be considered.

a) sterilization methods and material compatibility to sterilization method;

b) biobu

rden and species identification;

c) pyrogens;

d) antistatic or static dissipative properties;

e) repro

f) perso

Cessing information and associated logistics for multiple-use consumables;

hal protection functions or exclusions;

g) packaging material;

h) overa

1 logistics;

i) lotidgntification or information;

j) requi

k) suppl

red certificate(s);

7 chain information;

1) reguldtory-related requirements.

Additiona

special properties can exist for specific consumable‘designs and applications, and if they

included fpr consideration, they shall also be documented.

8.4 Supplier quality documentation

Elements
of the cus

fomer’s requirements with respecttg-a cleanroom suitability assessment. As an assessm

progressef, supporting documentation fromsub-suppliers can also be requested.

Following|a successful assessment, supplier documentation can require updating. These updates

include:
a) opera

b) sub-s

kions and logistics documentation;

ipplier quality dataand certifications;

c) testing results databdses;

d) techn

NOTE

9 Asse

cal and-application data sheets.

Opérations can include manufacturing, total supply chain and quality control.

bf the supplier’s quality management system and related compliance adherence can form p,

HIre

art
ent

an

ssment

9.1 General

The consumable assessment is primarily a comparison between documented customer requirements
and supplier-provided data for a consumable, as outlined in Clause 7 and Clause 8.

An assessment can:

— be a straightforward comparison of customer requirements against published supplier data
(see 9.2);

12
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— be supplemented with the provision of additional data for functional performance properties,
cleanliness attributes or special properties (see 9.3);

include a verification step in order to show that the assessment based on submitted data is valid,
and to quantify and mitigate any associated risks judged to exist with the consumable’s appropriate
use (see 6.3).

Comparison of supplier data using published data can be done if test methods are known. Sufficient test
methodology shall be made available to allow reproducible test results.

NOTE The most valid comparisons can be obtained through side-by-side testing.

For worked examples see Annex D.

9.2 Initial comparison

Ha
an
des

nsumable
[ available
customer

ving identified and documented their requirements, along with a description,of both the cqg
| its intended use, the customer shall perform a comparison of their requitements agains
ign characteristics for the consumable. If no information or data gaps‘are identified, the
y finalize the assessment at this stage and therefore select a consuniable (see 9.4).

9.3 Detailed comparison

If g
red
exa
eit
of

pa

omparison gaps have been identified, it can be impossible,to’select a consumable followin
uirements comparison only. In this case, an assessment of additional supplier data is req
ymple, this could be a results requirement for a specific cleanliness test. This additional
her be made available by the supplier upon requestior, should it not exist, it can be created
h consumable. This testing may be carried out<by the supplier, customer or an indepen

ty.

P an initial
uired. For
data shall
by testing
dent third

9.4 C(Cleanroom suitability assessment

Co
the
are

hsumables are considered suitable for a use case when an assessment has concluded that, when using
consumable appropriately, the'cleanliness requirements or specifications for a process ¢r product
not adversely affected.

Up
das§

It g
pr

su

pn the completion of either an initial or detailed comparison, the customer may fi
essment for an intended Gse case and select a consumable.

an be necessary-for-‘the selection of a consumable to compromise between functional pe
perties, cleanliness attributes and special properties. Any compromise influencing the

Ad
co

onclusionstatement shall describe the consumable and its intended use, along with the req
parisen data. Only the customer or third party may generate and document this conclusi

ability assessment shall be documented. Any previous analysis of associated risks shall b

halize the

Fformance
fleanroom
revisited.

uirements
D1.

1"

If a judgement on associated risks with the use of the consumable as intended rank sufficiently highly,
then prior to full implementation the consumable shall be verified against its intended use. The
verification process can vary between personal and non-personal consumables and intends to quantify
whether any negative cleanliness impacts arise during appropriate use. Negative impacts could arise
due to contamination emissions from the consumable or be related to the performance of a barrier
function.

9.

1 P
IlllplClllUllLdLlUll

The findings of any previous assessment of associated risks should be taken into account.

The cleanroom suitability assessment statement can require subsequent updating.
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10 Documentation

10.1 General

The documentation shall contain required information to give documented evidence for a final
cleanroom suitability assessment. It starts from the customer’s use case and specified intended use,
includes the supplier’s documentation for this or a similar use case (designed use) and ends with the
documentation of the cleanroom suitability assessment by the customer or a third party.

10.2 Initial-customer's-decumentation

T—O—troTtr

The custgmer documentation shall include information and requirements which have beencused

he use case (intended use) and how the cleanroom suitability assessment is related‘to the
ustomer.

hentation consists of, but is not limited to the following:
ption of the consumable;

ption of the intended use, including the location where the use ogcurs, e.g. on a tool, surf
duct;

‘ements for functional performance properties for the intendéed use;
rements for cleanliness attributes for the intended use.{see Clause 5);
rements for special properties for the intended use;

rement(s) for test results and related methods, if applicable;

nce to standards or guidelines to be applied;

mer’s name;

h(s) stating the requirements;

Vhen the requirements were.stated.

plier documentatjen

er documentation'shall include sufficient information to enable the two-stage assessment

outlined ip 9.2 and 9.3.

ring information shall be provided:
ption-of the consumable;

ption of the designed use case;

to
1se

HCE

as

image of the consumable as it is;

image(s) of the consumable in its primary packaging and its secondary packaging, if applicable;

functional performance properties for the designed use case;

cleanliness attributes for the designed use case (see Clause 5);

technical data sheets, including material(s) of construction;

supplier, manufacturer and manufacturing site;

person(s) and function providing the information;

describe t
caseofac
The docu
a) descr
b) descr
or prd
c) requi
d) requi
e) requi
f) requi
g) referd
h) custo
i) perso
j) date
10.3 Sup
The suppl
The follow
a) descr
b) descr
c)
d)
e)
f)
g)
h)
i)
14

© IS0 2023 - All rights reser

ved


https://standardsiso.com/api/?name=4742a9993e84cbec9aeb7772d843506f

j)

ISO 14644-18

date when the information was stated.

10.4 Assessment documentation

:2023(E)

The assessment documentation has to allow retracing to information provided by the supplier or
customer and, if applicable, for any specific design or use case. It shall establish documented evidence
for a consumable’s cleanroom suitability when appropriately used.

The documentation consists of, but is not limited to the following:

a)
b)
‘)
d)
e)
f)

T TP o O eI e CoOTr o a o ioTey

image of the consumable as presented for its assessment;

image of the consumable in its primary packaging and its final packaging;
sample or lot number, including sample size used, of the consumable beingused for the af
involved parties (customer, supplier);

documentation which has been used for the assessment:

1) provided by the customer;

2) provided by the supplier;

3) any additional testing, including test results and-description;
supply chain assessment, if applicable;

manufacturing process assessment, if applicable;

gap analysis results and rationale for initial comparison-only conclusion or conclusion
detailed comparison, as specified in, 9:2°and 9.3;

description of the appropriate use;

conclusion of the assessmefit, including remaining risks associated with the appropriate
consumable;

name(s) of the perspn(s) performing the assessment;
organisation(s)ofithe person(s) performing the assessment;

date of the@sséssment.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Personal and non-personal consumables

A.1 Gemerat

In this arjnex, examples of typical consumables are described. The consumables are divided ipto
personal gnd non-personal consumables.

Personal ¢onsumables are worn by cleanroom personnel and typically fit different sizes of men gnd
women. They fulfil a barrier function to shield the cleanroom or controlled envirenment or procgss
from contpmination emanating from the person. Some personal consumables arelinitended to protect
the person from the environment or from materials associated with the process (chemical substandes)
that are used.

Non-persdnal consumables are used generally by a person to fulfitya specific function. These
consumablles can be mass-produced or dedicated products.

Each condumable has a set of functional performance properties;. cleanliness attributes and spegial
properties which can be set as requirements. In this document, the focus is on their impact|on
cleanlinesfs attributes.

A.2 Pernsonal consumables

A.2.1 Garments

Garments|can be single-use or multiple-use:'Garments are expected to meet the requirements after any
decontamjfnation processing. Garments have a barrier function and should cover the person as required.
Their cleanroom suitability decreases after use since the person contaminates the garment. Multiple-
use garmgnts can degrade through wear and damage. Reprocessing cycles are therefore limited.

There arel many tests on physical properties, durability and comfort of the garments. In respect of
contamingtion, the barrier furetion and the cleanliness are important.

A.2.2 Gloves

Cleanroomh glovesfape used to shield the cleanroom or controlled environment from skin particles,
microorggnisms and fingerprints. In some applications, gloves are used to protect the user frpm
negative impacts of chemical or biological materials or extreme temperatures. Gloves are generglly
single-use. [i/some cases, gloves are multiple-use and can be reprocessed.

Gloves limit the sense of touch and precision manipulation. Therefore, the selection is an optimization of
various requirements. Sometimes, two pairs of gloves are used. With respect to cleanroom suitability,
the barrier function, cleanliness and integrity of the gloves are important.

A.2.3 Face masks

A face mask shields the cleanroom or controlled environment from facial contamination, such as skin
flakes, hair, saliva and aerosols. In some designs, a face mask contains a breathing filter to protect the
user from harmful fumes or microbiological contamination. The material of the face mask can have an
influence on the contamination. Face masks are generally single-use, but there are face masks which
can be reprocessed.
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A.2.4 Covers

Head and beard covers create a barrier between a hairy skin and the cleanroom or controlled
environment. The main function is to prevent hairs entering the cleanroom or controlled environment
. Therefore, it is important that all the hairy parts of the skin, including beard, are fully covered. Head
and beard covers are single-use.

Shoe covers create a barrier between a shoe and the cleanroom or controlled environment. The main
function is to prevent sand, hairs, fibres and other particles entering the cleanroom or controlled

environment. The strength of a shoe cover is important, since it can release many particles when it

breaks-duringuse-Shoe coversare single-use-S d pative shoe coversareavailable

A.2.5 Goggles

Goggles shield the cleanroom or controlled environment from facial contamination. Thege contain
pafticles and microorganisms. Goggles can also be used to protect the eyes. Gogglés are typi¢ally made
from non-shedding material.

A.3 Non-personal consumables

A.3.1 Wipers

A Wiper is a wiping material that can be used to clean a surface, to remove spilled liquid dr to apply

didinfectant. There are foam, non-woven, knitted and:woven wipers. The application determines

thg material used. The material can also be a sourcetofrcontamination. For critical applic:
finjshing of the edges is important for reduction of the release of larger particles and fibres.
be|ultrasonic or laser cut and can be sealed. In seme applications, the emission and extrad
chémicals should be considered. It should be noted that certain wiper materials leave resid
clepned surface which can emit contaminantsafterwards.

A.3.2 Swabs

A dwab can be considered as a piece of wiping material on a stick or with a flexible suppo
cam be used either to clean a lgcation with respect to the presence of particulate, microb

itions, the
Edges can
tability of
1es on the

't. A swab
logical or

1
ch¢mical contaminants or to-take a surface sample. There are foam, non-woven and knitted swabs.

The application determines-the swab head material used. The material can also be a
comtamination. For critieal-applications, the finishing of the edges is important for reduct
relpase of larger particles’and fibres. In some applications, the emission and extractability of
shquld be considered,

A.3.3 Mops

A dleanroem mop is used to clean flat surfaces such as floors, walls and ceilings. For cleaning
thdy arecdesigned to have an efficient pick up of particles and fibres. For disinfection purp
hayecacapacity to release a variety of cleaning agents on the surface. Mops can be single-use o

source of
ion of the
chemicals

purposes,
oses, they
" multiple-

useand can pe foarm, RNitted, MTON-WOVEN OF WOVEIL 1 Ney call Tave COMpPIeX SIIUCtUTes, espe

ally when

microfibres are used, and therefore present a challenge to effective reprocessing. When using mops,
the potential re-release of particles and the extraction efficiency of chemicals are important aspects,

especially following reprocessing.

A.3.4 Others

There are many other consumables in a cleanroom, such as tapes, labels, note utensils (pape

r or pens),

packing material and packaged consumables such as test media, e.g. agar plates, contact plates or

witness plates.

© IS0 2023 - All rights reserved
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Annex B
(informative)

Impact of consumables on cleanroom cleanliness levels

B.1 Gengerat

Consumaljles can help to reach required cleanliness levels by posing a barrier function or by colleécting
surface cpntamination during cleaning. However, they can also contribute to contamination |by
excessive pmission of unwanted contaminants in air and by contact transfer on surfaces. In‘this annex,
the potentlial negative impact of consumables is addressed. The proposed formulae and ¢alculation offer
a simplifigd method to estimate the acceptable impact of consumables. With respectterair cleanlinesp, a
separated|approach to personal and non-personal consumables is proposed.
B.2 Air|cleanliness
B.2.1 Air cleanliness by chemical concentration (ACC)
For impacf of consumables on air cleanliness by chemical concentration (ACC), see ISO 14644-15.
B.2.2 Air cleanliness by particle concentration (ACP)
The impadt of consumables on the air cleanliness by particle concentration (ACP) is determined by:
— transfer of contaminants per total surface area of a consumable applied per m? cleanroom area;
— emissfon of contaminants per surface area;of the consumable per time.
The contaminants considered are particle-numbers (particles 2 0,5 pum and = 5 pm as well as fibfes
with a lenpgth = 100 pm) and mass of unwanted chemical species (in grams).
Time can te selected in seconds, niinttes or hours. S could also be seen as the maximum source strength
used duripg the design of the cleanroom.
The achieyed air cleanliness'C in a given cleanroom is determined by the total contamination soufce
S and the pffective ventilation with clean air &-Q, as shown by Formula (B.1) for non-unidirectional fair
flow (see ISO 14644-4:2022, B.3.1):
S
C=—1- (B.1)
e1Q

where

C istheair cleanliness limitin contamination concentration, expressed in number of particles per m3;

S isthe source strength during operation, expressed in number of particles per min;

£ is the ventilation effectiveness;

Q is the amount of clean supply air, expressed in m3 per min.
NOTE The emission and dilution by air supply vary in time and position with respect to a consumable.

18
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In a good non-unidirectional cleanroom, the ventilation effectiveness is € = 0,7. In a worst-case analysis,
a ventilation effectiveness £ = 0,5 can be used for the calculation. In an unidirectional air flow, the value

of 0,5 is often too low compared to the real ventilation efficiency.

For worst-case evaluation, the change in air cleanliness by contamination from a consumable S, . and
the effective ventilation with clean air &-Q, where € = 0,5, is given by Formula (B.2).
2-S
AC=—"7F°15 (B.2)
Q
where
AC  istheincrease of the airborne particle concentration caused by the consumable,’expressed in
number of particles per m3;
Scons 1S the source strength caused by the consumable, expressed in numbég6f particleq per min.
If the acceptable increase of the airborne particle concentration is knownjithe maximum emission of
th¢ consumable can be determined by Formula (B.3).
AC-Q
Scons = (B.3)
2
The expected increase in airborne concentration is limited by-the overall air cleanliness requirements.
To [estimate the impact of a consumable, the state with and without the consumable can be fompared.
In most cases this is done locally. The ventilation efficiency can locally be smaller than the overall
ventilation efficiency and be smaller than 0,5.
Formulae (B.1), (B.2) and (B.3) can be used for the location of interest by transferring them to an
expression per m2. Then the average local source strength and average local air supply is S, #nd Q, per
m? These values can be multiplied with thie’area of interest.
The source strength of the consumable'in the considered area is added to a state without the donsidered
comisumable. Then Formula (B.4) gives the local estimation:
AC, -Q
Seops = —2—2 (B.4)
2
where
Scons 1S thesource strength of the consumable, expressed in contamination per min per n?;
C, istheair cleanlinesslimitatthe considered location in contamination concentration,expressed
in number of particles per m3;
@, is the amount of clean supply air, expressed in m3 per min per m2.

The expected increase in airborne concentration is limited by the local air cleanliness requirements.

The data to be used in the evaluation described in the following clause depends on the consumable to

be

considered.

B.3 Personal consumables

Personal consumables consist of cleanroom clothing, face masks and gloves. The impact of cleanroom
clothing is discussed in this subclause. To analyse the impact of other personal consumables, the state
with and without these consumables is considered.

© IS0 2023 - All rights reserved
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In the case of cleanroom clothing, the complete cleanroom and the number of persons can be considered.
In this case the source strength without personnel is taken. This value can be determined by measuring
the air cleanliness with running equipment but without personnel.

Then the acceptable increase in airborne particle concentration can be determined by Formula (B.5).

AC=C- Cequip (B.5)
where
Cc is the air cleanliness limit at the considered location in contamination concentration, expres$ed

in number of particles per m3;

C

equip| 1S the achieved air cleanliness at the considered location with running equipment'withput

personnel, expressed in number of particles per m3;

The accepfable contribution by personnel S, .. can be determined with Formula (B.6).

pers

Spers IS determined by the number of persons, their activity and their resulting-emission, the efficiency

of the bafrier function of the cleanroom clothing and the emission by the eleanroom clothing, see

Formula (B.6).

Spers::N'(P‘f"'E) (B.6)
where

Spers |1S the source strength;

N is the number of persons;
is the average particle dispersion per pefson without cleanroom clothing, expressed in numper
of particles per min;

f is the filter efficiency (ratio incoming and outgoing particles);

E is the number of particles-emitted per set of cleanroom clothing per min.

(P - f+E) dan be obtained from a.body box test. This analysis is not valid for larger particles that canpot
be removgd by airflow.

The filter pfficiency andemission rate are parameters related to the garments. The average dispersjon
of a persoh can be estifmated using published data.

Since the [impact<of/ personnel on air cleanliness is very high, the determination of the impact| of
personnel|can he:done when determining the required supply air volume rate in the design phase.

B.4 Non-personal consumables

Since a non-personal consumable is used locally, Formula (B.7) can be used to determine the acceptable
contribution by the considered consumable S .. The local air supply and the acceptable increase of the
airborne concentration at the considered location can be determined.

When the emission data and used area of the consumables is known, then the contribution to the source
strength is determined by Formula (B.7).

S
d ==—cons. B.7
1 (B.7)

cons
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where
d is the emission rate during intended use, expressed in contamination per min;
Agons is the used consumable area per m? cleanroom area.

B.5 Surface cleanliness

Factors that influence the surface cleanliness are determined by:

— | the total surface area of consumables applied per m? surface area;
— | the inherent cleanliness of the consumable;
— | the release of contaminants during contact;

— | the transfer rate and the surface cleanliness of the consumable.

The contaminants considered are particle numbers (particles =2 0,5 pm and = 5 um as well as fibres

with a length = 100 pm) and mass of unwanted chemical species (in grams).

The impact on the surface cleanliness depends on the type of contact. If this is only a stationajry contact

thgn the contact area, the difference in surface cleanliness and the transfer efficiency dete
sufface contamination.

The transfer efficiency for particles is somewhere between 2 % and 20 %, depending on t
suffaces and the applied forces. In the worst-case analysis, 20 % may be used. If the transfer
medasured, 10 % may be applied as an initial estimate.

If friction causes release of contamination, 20 %;0f the released contamination to the surface d
calp be added. The supplier can reduce this edntribution by supplying with a surface cleanli
to pr better than SCP grade level 4 (surfacg.cleanliness by particle concentration, see ISO 146

rmine the

he type of
cannot be

leanliness
hess equal
14-9).

© IS0 2023 - All rights reserved

21


https://standardsiso.com/api/?name=4742a9993e84cbec9aeb7772d843506f

ISO 14644-18:2023(E)

Annex C
(informative)

Test methods

C.1 Gengerat

The test njethods can be applied to measure the surface cleanliness of consumables and to medsure the
emission ¢f particles or chemicals of a consumable in their intended use. For emission testsyvarigus
industry-4pecific and consumable-specific test methods are available. It is importantthat the test
condition§ reflect the intended use (e.g. by standardised mechanical or thermal agitatipn). At pres¢nt,
there are|only a limited number of test methods available that are either specifically written [for
consumalles or that can be applied for consumables to be used in cleanrooms.

It is up to fthe customer to check whether the test methods are correctly applied and the stated resylts
can be ad¢quately applied for the intended use case’s cleanroom suitability assessment.

For the eyaluation of attributes influencing the cleanliness levels, Tdable C.1 provides information|on
standardq or guidelines in which test methodology or input for assessment are given, depending|on
the contaminant of concern. The table is not exhaustive. Testxmethods for functional performance
propertie$ and special properties are not addressed.
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C.2 Personal consumables

C.2.1 Garments

In a body box, the particle emission of a person wearing a garment can be tested by using an airborne
particle counter or a particle deposition monitor. The emitted microorganisms can be collected and
enumerated after growth.

NOTE1 The measured emission depends on the particle emission of the person inside the cleanroom garment.
This can differ from person to person and from day to day.

NOIFE 2 The body box measurement is influenced by the position of the particle counter(s) with@egpect to the
bodly box and losses in sampling tubes, especially for particles =2 5 pm.

The Helmke drum tumble test is a method of measuring the particle release of a washed garjment. The

garment is tumbled in a rotating drum. The release of particles sized = 0,3 pum and 20,5 pm isfmeasured
with an aerosol counter. See IEST-RP-CC003.4.

C.2.2 Gloves

Nekt to the testing of the barrier function and surface cleanliness, the.efiission of chemicals is fmportant
in ¢ertain applications. See EN 455-2 and EN 455-3 and IEST-RP-CC005.4.

C.2.3 Face masks

Fag¢e masks can be evaluated based on ASTM F2101 and ASTM F2299.

C.2.4 Head covers

The same test methods as for single-use or multiple-use garments can be applied.

C.2.5 Goggles

For goggles, see the applicable standatds for personal protection.

C.2.6 Shoes

There are no known standardized test procedures for shoes. For general test procedures, see
ISQ 14644-14 and 1SO 14644-15.

C.2.7 Shoe covers

Se¢ ISO 9073-16:

C.3 Non-personal consumables

C.3.1 Wipers

In some test methods, agitation is used to release the particles. Extraction is used to determine the
release of chemicals and trace elements into liquids or onto surfaces.

[EST-RP-CC004.4 details a method for removing particles from a wiper for subsequent enumeration
using a laser-based liquid particle counter (LPC) or optical microscopy. The technique involves
immersing the wiper in deionized (DI) water and agitating using an orbital shaker.

C.3.2 Swabs

In some test methods, agitation is used to release the particles. Extraction is used to determine the
release of chemicals and trace elements into liquids or onto surfaces.

©1S0 2023 - All rights reserved 27
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C.3.3 Mops

The same methods as detailed for wipers can be used.

C.3.4 Packaging materials

For the evaluation of packaging material, see Table C.1.

C.3.5 Paper

For the ev

C.3.6 Others

For hospifal covers, standards concerning biocontamination are available. For many ‘ether npn-
personal donsumables, there are no standardized measurement methods and thereforem6 data. In syich
cases, a seflf-test can be made with representative agitation, if applicable. The release-of‘particles canbe
measured|with a particle counter. Extraction methods can be used to determine thesurface cleanliness
and potenfial chemical release.
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coﬂidered. Comfort has an impact on the emission of particles, fibres and microorganisms.

ISO 14644-18

Annex D
(informative)

Worked examples

:2023(E)

t—Persomatconsunmables

1.1 General

s worked example uses the requirement for a multiple-use cleanroom garment'system td
selection process for a personal consumable for a stated use case. The garment system u
hex consists of 3 items: a hood, a coverall and a pair of boots. Although irdividual consun
Hergo some cleanroom suitability assessments, the impact of the garment'system on air a
hnliness cannot be assessed for a single consumable. It is assumed the'3 items are constru
e medium in the same manner, with the exception of the footweaf-sole.

prder to make the worked examples concise, only some potential requirements and char
each of the functional performance properties, cleanliness.attributes and special prope

illustrate
ced in this
hables can
hd surface
Cted of the

hcteristics
rties were

Amination

he selection of the garment system, the ease of decontamination is also important. Decont|
performed by laundry. Laundering can impact.the structure and the efficiency of

1
micals used in the laundry process can impactboth the decontamination effectiveness an

hnliness requirements.

b following functional performance properties have an impact on the air cleanliness:
barrier function, which is influeneed by:

— filtration efficiency or.particle penetration of the fabric;
mean pore size;

particles retention capability;

quality of the construction;

— fit which is related to size and design;

comfort, which is related to:

) air permeability;

e barrier

t
ction. This impact depends on the medium and*construction quality of the garment S)Istem. The

chemical

water vapour transmission;
heat transmission;

durability of the construction and fabric during laundry and use (wearing).

As special properties, the emission of microorganisms and the capability to be sterilised require
consideration.

©
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Important properties or parameters are used to compare customer requirements and supplier data
and characteristics. Different suppliers publish different data. IEST-RP-CC003.4 and VDI 2083 Blatt 9.2
describe a number of tests for cleanroom clothing:

— particle penetration test (barrier function, filter efficiency in %);
— microbial penetration test (cfu filter efficiency in %);
— pore diameter test (um);

— body box test (average number of particles = 0,5 and 5 um per person per min);

— Helmke drum test (number of particles = 0,3 and 0,5 um per m?2 per min in first 10 minutes);

— ASTM F51/F51M-20 surface cleanliness test (number of particles = 5 pm or number of'fibres per
0,1 m¢}).

A test of the garment system for the intended use in the intended cleanroom accompanied with [air
cleanliness and particle deposition rate measurements would provide more yérification datafto
determing the cleanroom suitability, if the customer assessment of associated risks reaches this
conclusiog.

D.1.2 Owtline of requirements

The intenfed use case cleanroom or controlled environment is }SO/Class 6 for particles = 5 pnmy in
operation|and less than 20 cfu/m3. The number of people workifig in the cleanrooms is on average
60 per week and 12 per shift, 50 % male and 50 % female. The)Wwork is mostly standing and walkjng
slowly at 4 dedicated location. The cleanroom temperature is;20 + 2 °C. Garment systems are used dgily
(4 changes). No cleanroom undergarments are used.

To enable| an effective supplier dialogue and subse@uent selection of a consumable, the followjng
customer preliminary activities are considered:

— speciflication of important requirements (Clause 4);

— contaminant of concern (Clause 5);

— cleanfoom suitability assessmentprerequisites (Clause 6);
— surve of available test methods and data;

— revieyv and assessment-of the contents of customer requirements (Clause 7) and supplier
specifications (Clause\8).

The assembled and ewvaluated data can be used to assess the cleanroom suitability of the garmpnt
system fof the inténded cleanroom and activities. The final selection of the consumable is preceded by
a comparison of.customer requirements and supplier design characteristics and specifications.

Referring fo-the assessment, the customer documents requirements against the attributes. Subsequer]tly
following supplier(s) dialogue, the design characteristics of consumable(s) can be documented by the
supplier.

In Clause 9, the assessment is described to enable an initial comparison.
D.1.3 Cleanroom suitability assessment

D.1.3.1 General

For a complex personal consumable such as a garment system, it can be impossible to conclude
a cleanroom suitability assessment based entirely on the comparison of customer requirements
and supplier design characteristics. If a risk to acceptable cleanliness levels has been judged to be
associated with the implementation of a garment system based on an initial data comparison only, the
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