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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

The information in this document has been produced to assist firefighters, fire services and purchasers (or
the person who advises the employer) in making the necessary decisions regarding the selection, use, care
and maintenance of PPE for firefighters.

The purpose of this document is to establish a best practices document for PPE with the goal to evaluate and
reduce the hazards and potential health risks associated with firefighting. This selection and use, guideline
provides basic answers, criteria, and options for the fire service personnel that are selecting or using PPE
through its life cycle with respect to protection it provides related to heat and flame or damaged PPE.

The maip-tepi hat-the-fire-service-needs-to-considerare-hishHshtedin-this-doctment—This-bestpractices
document goes through the various steps and considerations such as risk assessment, compatibility, testing,

this docyment too complicated to read, but are necessary to describe hazards and risksjthe value of the test
methodg for the end user, for example Annex E and Annex F provide importance guidance informatjon.

The sele¢tion of appropriate PPE for heat and flame are based on your own risk assessment and prodqurement
documents.

In the pgst 10 years, the world has experienced a rise in temperature die to climate change. As a|result of
this temperature rising, firefighters are facing the danger of heat stress, heat stroke and other fatal heat
sicknessps. Many fire departments have begun considering heat stfess management, taking into acqount the
rising temperature and hot and humid climates, and have established new firefighting strategies, including
tactics, fraining, equipment, and organization. Although seme’ countries are placing more emphasis on
heat and| flame protection, the increased frequency and danger of heat stress and heat stroke incidents are
estimated to result from the heavier and thicker PPE réquired. The risk of these newly generated risks,
including dangerous heat stress/stroke, can not be underestimated. Risk assessments of firefighters' PPE(s)
are to influde the risks associated with heavier and.thicker PPE(s) under various environmental copditions.

The compatibility in this document focused mainly on the physical compatibility between each element of
PPE and [the documentation.

This dogqument is not intended for cleaning, inspection or repair of firefighter PPE. ISO 23616 is|used for
cleaning| inspection and repair of firéfighters personal protective equipment (PPE).

Currently, TC 94/WG1 works to establish a parent standard for the development of this document. In case of
the parent standard publication,-Consider the consistency of this document.

© IS0 2024 - All rights reserved
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Best practices on the selection and use of personal protective
equipment (PPE) designed to provide protection for
firefighters

1 Scope

This docpment sets out the best practices for the selection and use of PPE designed to provide protdction for
firefighters while carrying out their duties.

The PPE|covered in this document is intended for firefighting personnel exposed to risks associdted with
but not rlecessarily limited to the following activities:

— struftural firefighting;

— wildlland firefighting;

— incidents involving hazardous materials;
— incidents involving motor vehicle;

— urbdn search and rescue.

The purpose of this document is to highlight the main_aféas that a fire service needs to consider when
providinig PPE to its members. This document is a supplement to the information provided in|the PPE
standards or used in conjunction with them. Most paragraphs of the document contain bullet lidts, these
lists are provided for guidance only and they are not\€xhaustive.

Cleaning, inspection and repair of firefighters' personal protective equipment (including dare and
maintenance) are covered by ISO 23616.
2 Normative references

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

ISO/TR 19591, Personalprotective equipment for firefighters — Standard terms and definitions

3 Terms and*definitions

For the gu¥poses of this document, the terms and definitions given in ISO/TR 19591 and the followi|ng apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1
base-layer garment
the first layer of a textile structure that is in direct contact with the skin (i.e. briefs, t-shirts, bras, socks)

© IS0 2024 - All rights reserved
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3.2
care
processes and procedures for cleaning, decontamination, and storage of protective clothing and equipment

[SOURCE: ISO/TR 19591:2018, 3.30]

3.3

cleaning

act of removing soils and contaminants from protective clothing and equipment by a mechanical, chemical,
thermal, or combined processes

[SOURCE: ISO/TR 19591:2018, 3.45]

Note 1 tofentry: See ISO 23616 for further information

3.4
compatibility
capabilitly of two or more items or components of personal protective equipment tajexist or fuhction in
the same system without modification, adaption or mutual interference with respect to interfhces and
performance

3.5
contaminant
undesirable solid, liquid, gaseous or particulate hazardous substance su¢h as

a) products of combustion (e.g. soot),
b) body fluids,
¢) infe¢tious micro-organisms, and

d) chemicals (e.g. asbestos or respirable fibres, flammable, corrosive, carcinogenic, mutagenic, toxic or
sensjitizing substances)

Note 1 tofentry: Same definition with ISO 23616

3.6
coverall
one-piecp garment that completely cevers the wearer’s torso, together with arms, and legs, excluding the
head, hanpds, and feet

3.7
deterionation
downgrdding of the effectivVeness or physical characteristics of PPE component due to use, cqre (3.2),
maintenance or storagé ¢onditions

3.8
ensemble
combinafion ar-assembly of multiple items that are individually compliant with a standard that provide
protecti(l)n to'the head, upper torso including arms and hands and the lower torso including feet

[SOURCE: ISO 11999-1:2015, 3.24]

3.9

ergonomics

scientific discipline concerned with the understanding of interactions among human and other elements of
a system, and the profession that applies theory, principles, data and methods to design in order to optimize
human well-being and overall system performance

[SOURCE: ISO 26800:2011, 2.2, modified — The note has been omitted.]

© IS0 2024 - All rights reserved
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3.10

flame resistance

property of a material whereby combustion is prevented, terminated, or inhibited following the application
of a source of ignition, with or without subsequent removal of the ignition source

[SOURCE: ISO/TR 19591:2018, 3.114]

Note 1 to entry: Usually flame resistance materials for fire fighter are Index III of ISO 14116, but flame resistance is
denoted by meeting one of the Index of ISO 14416 using the flame spread test method ISO 15025.

3.11

maintenance
the acto procnr‘n'ng PPE from loss or deterioration ('2 7) and includes prr\r‘nﬂnrnc for incpnrfinn, r pair and

ultimate[removal from service, see ISO 23616 for further information

Note 1 tofentry: See ISO 23616 for further information

3.12
risk
probabiljty of a specific undesired event (e.g. injury) occurring so that a hazard issealized

[SOURCH: ISO/TR 11610:2004, 3.205]

3.13
risk assessment
overall process that identifies hazards, estimates the potential séverity of injury or damage tp health,
estimates the likelihood of occurrence of injury or danger to health

3.14
selectiop
process determining/assessing what PPE is necessary forprotection of fire and emergency services fesponse
personng¢l from an anticipated specific hazard or othertactivity, the procurement of the appropriate [PPE, and
the choide of the proper PPE for a specific hazard or:getivity at an emergency incident

3.15
use
application of PPE including its limitations

4 General

4.1 Rdsponsibility of proeedure development
Fire servjices develop procedures for selection and use (of SUCAM) for firefighters’ PPE.

NOTE 1 | ISO 23616'i5-a companion to this document which describes detail requirement of cleaning, inspeftion, and
repair.

NOTE 2 | ISQ/TS 16975-1 is also a companion to this document which describes SUCAM of RPD.

NOTE 3 ~TSO/TR 18690 IS an additional companion to this document which describes SUCAM of occupational
footwear and other personal protective equipment offering foot and leg protection.

4.2 Ergonomics

Ergonomics for firefighting organizations is a matter of ergonomic approach that firefighters are to consider
when conducting activities, and the main purpose is to reduce the burden on humans.

The following items are to be taken into consideration.

© IS0 2024 - All rights reserved
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The firefighting organization are to evaluate the compatibility and ergonomics of PPE by practical
performance tests. In addition, the wearers are to try on and evaluate as necessary. Testing is to be
performed by firefighting organizations, manufacturers or other competent organization.

Practical performance tests are conducted in accordance with ISO/TS 20141, Annex B and other applicable
standards.

When co
— ease

— ease

nducting trial fitting by the wearer, the following items are considered:
and time required for donning and doffing;

of adjustment and adjustable range;

— com
— com
— whe
— prot
— iden

NOTE

fort and weight tolerance;

batibility with other PPE to be used at the same time;

Lher or not all the expected tasks can be carried out without problems;
pction against all postures during the work;

fification of risks associated with attaching accessories to PPE.

Consider the location (e.g. in high risk areas) and material (e.g. flame rétardant) of the accessorie

4.3 Compatibility

43.1 (

Compati
exist or {
interfacq
refers td
specified

This tab
equipme
paidtot

Table 11

Freneral

bility is the capability of two or more items or components of personal protective equij
unction in the same system without modificatien, adaption or mutual interference with r
s and performance. ISO/TS 20141 provides-general information of Compatibility. This d

for ER purpose, following information is,provided.

le shows necessity of consideration about compatibility between PPE combinations.
nt, there are cases where it does net apply to the classification of this table, so careful att
he compatibility with related equipment.

elow shows the interactivity with the various parts of PPE, with in addition underwear.

Table 1 — Compatibility of PPE

bment to
bspect to
ocument

ISO/TS 20141 for basic references and umderstandings of compatibility. In some specific cases

For new
ention is

= g 5 : Py ' § 3
- 2 o
Compatfbility | . g ‘é o05 E o %0 E‘é c:% " g *é "
with g <= a T 9 xS < O E | =¥ o oy 2, B
s | £ |25 58| 8 |8%| 2 45|28 2 |25|z§| £
- — o [
T | E |f5|za| £ (28| C |@a®|SE| © |£€5| &5 S
Helmet X X X X X X X X X X
Fire hood X X X X X X X X X
Eye protection |X X X X X X X
Hearing protec- | X X X X X X X X
tion
RPD X X X X X X X X X X
Neck protec- X X X X X X X X X X
tion
Clothing X X X X X X X X X X X X
Base layer gar- |X X X X X X X X X X
ment
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Table 1 (continued)

] LI) 1

Q = S Q bt

sy ° et 2 é o & - O
Compatibility | ¢ | § |5 | 2% sz £ |55)8_ | 4 |2 |E | ¢
with £ = =) =8 22| 5 o E | =% g o = )
s | £ |e5|8S| & |35 5 |g=5/88) 2 |85/%8| £
T | E |®S|Ta| £ |z8| S |a&|S6E| T |£€5|&£5| S

Over garment |X X X X X X X X X X X X

Gloves X X X X X X

Foot protection X X X X

Fall protection |X X X X X X X

Others X X X X X X X X X X X X

NOTE PPE samples which are widely used in the current work field include, but are not limited to)the following:

— helmlet: fire helmet, safety (mechanical protective and electric shock) helmet;

— fire Bood: fire hood for firefighting;

— eye frotection: safety glasses, goggle, face shield, RPD type;

— hear|ng protection: earmuff, ear plug;

— RPD{jbreathing apparatus, non-powered respirator;

— neck|protection: SHIKORO, fire hood, stand collar type apart of clothing;

— clotHing: firefighting clothing (structural, wildland), rescue activity clothing (RTC, USER);

— Dbase|layer garment: briefs, t-shirts, bras, socks, station.uniform, radiation protection (head protgctor), FR
unddrwear, protective undergarment for cold atmospheré{including foot protection), body cooling devide for heat
strolfe prevention;

— overfgarment: chemical (biological) protection, radioactive particle protection, mechanical risk protectipn (elbow

guarfl, knee guard, chaps), including partial protective devices for each hazard;

— glov

— footyear: chemical (biological) protection, radioactive particle protection, mechanical risk protection,
partial protective devices for each-hazard;

— othefs: protective equipmeht excluding above group, multi-functional protective equipment.

4.3.2

Physicalljinteractionsbetween the various PPE such that the various pieces of PPE don’t hinder ead

protecti

between|the warious pieces of PPE are sufficient. Ensure the overlaps, freedom of movement and

hindran

ones such-as

Physical compatibility

dn properties and reduce/jeopardise the level of protection: In addition, ensuring the

gs: firefighting glove, mechanical riskprotection (cut resistance), thermal risk protection (low tempperature
resistance), chemical (biological) protective glove, including over glove style;

including

h others
overlaps
botential
specific

feare evaluated using practlcal performance test movements (see Annex B) 1n addltlon tq

edpiratory

protective dev1ce (RPD) or glove dexterlty for handlmg various tools and PPE. For optlmum protectlon
garments are selected for having a level of ease, or not too tight fitting (air provides additional layer of

protecti

NOTE

4.3.3

on).

Guidance for structural firefighters gear can be found in ISO/TS 11999-2.

Thermal protection compatibility

The thermal protective properties of different layers will not have a negative impact on each other, e.g. by
reduction of air layers between different items of PPE. Different items of PPE will not increase the thermal

© IS0 2024 - All rights reserved
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physiological impact of the PPE on the wearer. Wearers are aware of the materials of the underclothing when
using protective clothing against heat and flame to consider the melting possibility of underwear.

4.3.4 Chemical protection compatibility

The chemical thermal protective properties of the outer layer is critical to providing chemical protection of

the fire f

ighter whether this is for structural clothing or hazardous materials incidents.

Repellency, in garment such as for structural fire fighting, station wear, rescue clothing, needs to be ensured
after washing through re-impregnation. If not the garment could absorb or let through chemicals during an
incident or cleaning operations. These chemicals (e.g. solvent, oil) may negatively impact the heat and flame
protection of the garment, glove, boot, etc.

Wear an
garment

Chemica
chemica

] tear, and specifically abrasion, can negatively impact the chemical protection of boots, gl
5. Helmets may lose their robustness if exposed to chemicals (e.g. solvents, acids).

protection of the ensemble need to ensure, if one part e.g. gloves protect dgainst J

protecti¢n.

5 Sele¢ction

5.1 Ge

On the |
based o
activity,

neral

procurement process of PPE, emergency response organizations are to select appropr

oves and

specific

, set of chemicals or mixtures, that the other parts (e.g. boots, garments, RPDjvisor) provide similar

iate PPE

risk assessment. For this purpose, emergency response organizations are to identify the

on purp¢se and performance information of PPE. In addition, incidental information on PPE (com

informaf

ion, maintenance service information on CIR,“information on SDGs, etc.) is to be exa

determine the optimal PPE within the selected range;

Therefon
selection
process §

5.2 Se

e, emergency response organizationscare to develop procedures and plans, etc. for

ummarized in Clause 6.

lection for PPE procurenient

5.2.1 tlentification of activity-scope

Identifyi
are to id
face duri
It also le

g the scope of activity is an important factor in determining PPE. Emergency response orgg
bntify the purpoese’of the activities so that firefighters are adequately protected from the r
ng their actigities and that their activities are not limited by the excessive performance of]
hds correctimderstanding of the unprotected areas, which can ensure safe activities. The

procureinent, it iS\mecessary to assume an appropriate scope of activities and perform the following

The scop

e of\activities is to be specified in consideration of the following conditions. However, thes

scope of

atibility
ined to

hrea of activity and required level of protection, after'that, determine appropriate PPE ralﬁe based

making

s, and implement the PPE procurement process including feedback information to purchasing

inization

sks they
the PPE.
refore, in
r steps.

e are not

limited t

D

— what kind of activity and act in which working area is to be considered,

— what kind of environment is to be considered (geographical climate, environment at the actual place of
activity (high working place, closed space, gassed place, densely built area, etc.)), and

— duration of work (how often) at each place.

The scope of activities are to be established appropriately, meeting the objective.

© IS0 2024 - All rights reserved
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5.2.2 Risk assessment for procurement

The risk

— chec

assessment of PPE selection is to include the following points:

k the working activity scope, area and environment using PPE;

— alternative actions to mitigate risks (e.g. mitigation measuresin place prior to applying PPE, consideration
of organizational knowledge and other organizations experience, training, and understanding of other

man

agement measures);

— geographical location and climate (environmental temperature and conditions);

— list of hazards covered with

— asse
— risk
— iden

— iden

EXAMPLE

splashes
— Feed

NOTE
lists liter

thermal hazards: high temperature and heat flux (e.g. convection, radiation, mixing of he3
rontact heat, work environment, etc.,

thermal hazard: low temperature, working environment and/or temperature(of-the wo
[low temperature, cryogenic temperature, etc.),

mixtures (e.g. acids/bases, organic solvents, gasoline, chlorine, etc.) , pollutants (e.g. asbe
combustion residues (e.g. smoke, particulates, etc.),

biological: viral, bacterial, and other biological risks,

mechanical: wear, cutting, vibration, flying objects, etc.,

bther hazards (e.g. noise, electrical hazards, falls, flashes, etc.);

ksment of the risks arising from the use of PPE (fréguency and duration of PPE use);
quantification;

Lification of protection level of PPE and the“scope of protection;

droplets) are easily adhered tos
back from knowledge of-acc¢idents, injuries and causes

Several risk assessment models are available to determine the level of risk associated with a task
ture on risk assessment.

5.2.3 ldentification-ef minimum protection levels that fit to the scope of activities

The leve

— iden

fification of body parts that require protection;

fification of whether the attachmentof accessories to protective clothing increases the risk

of protection of PPE for the work to be covered is to be determined, including the followinig:

It types),

'k object

rhemicals: phases of chemicals (e.g. gases, liquids, particulates or solids}-and which chemicals or

stos) and

k.

When a badge is attached, a‘convex part is formed on the surface of the protective suit, anid molten

. Annex A

— identification of the protective performance required of PPE (for the target body part);

— confirmation of the existence of standards or test methods that stipulate the necessary protective
performance.

Other evaluations, depending on the risks involved in the operation, may be necessary to determine the
choice, such as the following evaluation items:

— for each item of PPE, determine the level of protection required (to the relevant part of the body) in
relative or absolute terms;

© IS0 2024 - All rights reserved
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— evaluation of whether previously used PPE meets standards (any problems or concerns that may have
been caused by these, such as comfort, incidents, or inappropriate use));

— identify compatibility issues and requirements for PPE items.

5.2.4 Collect information on PPE that can be procured

Firefighting organizations are to collect information on the acquisition of PPE, including the following:

— conducting market research to determine available products;

— collecting information from suppliers on PPE performance and handling, including compliance

infoy ulatiuu,

— gatl—lering information on PPE use cases used in similar operations;

— cheg

NOTE
PPE:

— educ

— postj

k compatibility between all PPEs used simultaneously.

The following are examples of other matters that may be necessary to gather information on

htion for users at the time of procurement (including education provided by .third parties);

procurement services;

— qualjty assurance system up to delivery;

— requ
— requ
— requ
— delivj
— size

— Ssupp

— avail

rements for washing, sanitizing and decontamination;
rements for inspection and repair;

rements and costs for replacement of parts;

ery times for standard and special sizes;

vailability;

lier inventory;

ability of supplier's stock;

— inveItory needs of users;

— mea
— safe

— asse

[f multip
may hay
selectior]
or arisk

s of delivery to wearer after procurement;
lisposal methods for-PPE;
sment of the imipact of additional labelling, such as company name, on performance.

e PPEs are provided by the firefighting organization for different tasks, the firefighting orgz
e the PRE wearer select the PPE after providing appropriate training to the PPE wea
of PRE-by the PPE wearer is based on a risk assessment conducted by the fire service orgs
ssessment by the PPE wearer based on the conditions of use.

pbtaining

nization
rer. This
nization

5.2.5 Collection of information on compatibility

When PPE is worn in a task, physical or performance compatibility between multiple PPE and the
environment in which they are worn may be an issue.

This means that each item of PPE used may not be compatible with each other or may interfere with each
other. When collecting information on the compatibility of items of PPE, the following is considered:

— interfaces: physical interference between the items of PPE is not to limit operation or compromise
protection in the intended operation;
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— performance: all PPE used simultaneously is to have a minimum protective performance for the purpose
of protection, and the weakest item of PPE is to provide sufficient level of performance and protection;

— protective performance is reviewed based on the reequipments from a chemical, heat and flame and
mechanical perspective;

— conditions of use: not only is the PPE to be operational for the intended operation, but it is to also be
usable for the local climatic conditions (humidity, temperature, rain, etc.) as well as the length of time
the PPE will be worn and the environment in which the wearer will be using it.

When using PPE containing child devices, the compatibility of the interface between the PPE and external

devices i

s also to be considered.

Fire sery
tests as

defined in ISO/TS 20141) from their suppliers. Since the information provided by supp

not be sifficient for the actual activities and conditions of the activities, fire-fighting organizatio

ensure t
to be usd

5.3 Ev

The firefi
tests. In
firefight

Practica
applicab

he compatibility of the above three requirements, including evaluation by trial fitting with
d.

aluation by trial fitting for selection

jghting organization is to evaluate the compatibility and ergonomics-0f PPE by practical perf]
hddition, the wearers are to try on the PPE and evaluate as necessary. Testing is to be perfd
ng organizations, manufacturers or other competent organization.

performance tests are to be conducted in accordance with ISO/TS 20141, this document 4
e standards.

When copducting trial fitting by the wearer, the following items are considered:

— ease
— ease
— com
— com
— whe
— prot
— iden
NOTE

When de
be limite

— dete

and time required for donning and doffing;

of adjustment and adjustable range;

fort and weight tolerance;

batibility with other PPE to be used at the same time;

Lher or not all the expected.tasks can be carried out without problems;
pction against all postutes during the work;

Fification of risks a§sgciated with attaching accessories to PPE.

d to

rovine which parts of the body require protection,

Consider the location (e.g. in high risk areas) and material (e.g. flame retardant) of the accessories

ice organizations are to obtain information on compatibility (e.g. results of practical perljr)rmance
liers may

ns are to
the PPE

prmance
rmed by

nd other

D.

fining thelevel of protection required, consideration is given to the following as a minimumn, but not

— identify what kind of protection is required,

— identify the appropriate Standards or methods that provide the required protection,

— determine the level(s) of protection required (for the relevant parts of the body) in relative or absolute
terms for each item of PPE,

— assessment of previously used PPE for meeting standards (any issues and concerns these may have

caus

ed such as comfort, incidents, improper use), and

— identify compatibility issues and requirements of PPE items.

© IS0 2024 - All rights reserved
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5.4 Provision of information for purchase by PPE manufacturers

Manufacturers are to provide basic performance information on PPE to fire service organizations as selection
considerations for procurement. In addition to this, the compatibility of the equipment, sustainability of the
product (e.g. energy reduction, recycling, use of materials with low environmental impact, etc.), simulation
results of manikin tests, etc. are to be provided to the fire service organization as additional considerations.

NOTE1 The standard for PPE compatibility is ISO/TS 20141. There are other standards that are considered parallel
to product standards, such as ISO 11999-2, ISO 15384.

NOTE 2  ISO/Guide 64 and ISO/Guide 82 are standards on sustainability of PPE. This document defines the developer

of the product standard as the primary user, but provides guidelines that is to be widely applied in the process of
manufachlring the prndnr‘f Therefore information is prnvidpd asreference information forthis document

6 Batrh testing

6.1 Gdneral

In some [regions or countries, batch testing is conducted at predetermined time€s-to confirm thatl the PPE
being supplied and the materials they are made of continue to meet the performance requirements $pecified
in the orjginal contract.

Batch tepting is conducted using a set of predetermined requirements that an item of PPE can e tested
against. [These are the same as the performance requirements contained in the relevant Standgrd, thus
ensuring continual compliance with the specifications.

These tepts are conducted according to regional requirement, regulations and specifications.

It is recommendable to make available and submit material«ertificates and testing results which sgtisfy the
fire servjce. Batch testing is a decision for the fire service:to make and is not a mandatory requirenient.

6.2 Prjoduct certification

In some [region or countries, as part of the precurement process fire services specify and requiref that the
selected|PPE is independently certified te'the relevant Standard (International, Regional or Natiohal). The
product [certification body is accredited*to a national or internationally recognised accreditatiop system
(e.g. ISO/IEC 17065). At least all testing.is carried-out by labs accredited to ISO/IEC 17025 for that tgst and to
guarantege correct testing and reptoducibility.

Product [certification is conducted according to regional requirements, regulations and specificatlions (for
example| NFPA 1971, EU PPE'Regulation 2016/425, Brazil CA certification scheme).

7 Use

7.1 Startusing PPE

7.1.1 ’ ) ! a;u;us bCfUl T UustT

The firefighting organization is to conduct training to ensure proper use of the equipment, taking into
account the equipment to be used, the area of operation, the environment, tactics, etc. The training is to be
conducted in a manner that is appropriate to the organization's needs.

Information on individual pieces of equipment is available from the information provided by the
manufacturer, but for the use of multiple pieces of equipment at the same time, the fire service organization
is to take the initiative to determine the necessary training and provide training to fire fighters with the
appropriate information and appropriate implementers.

© IS0 2024 - All rights reserved
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For CIR of PPE, necessary training is to be conducted to operationalize the implementation method developed
based on ISO 23616. For example, this includes cleaning, inspection, and repair of PPE as well as retirement
of PPE that is no longer suitable for use.

Furthermore, it is desirable that these trainings are properly and continuously conducted, and that they are
repeated and appropriately for long-term users in order to maintain and stimulate their understanding.

All personnel are trained on how to use their PPE correctly prior to the PPE being introduced into service.
The basis for this training is the instructions for use provided by the manufacturer/supplier.

The training includes but not be limited to

— information concerning limitations and capabilities of the PPE

— what the PPE will protect from,

— what the PPE will not protect from,

— whaf the effects are (if any) of long-term use,

— howlto care for and maintain the PPE in accordance with the manufacturer’s¢équirements,
— how]to undertake routine inspections of PPE before and after use,

— howlto don and doff, and if appropriate, how to adjust correctly for the correct use and wear of|the PPE,
— the ¢ompliance with the manufacturers/supplier’s instructions;
— howl{to store the PPE when not in use,

— how]to ensure appropriate cleaning and decontamination (including avoidance of cross contamination
to maintenance operator and environment),

— how]to determine when the PPE is no longer fit:fo¥ purpose,
— howlto obtain replacements, and

— the importance of using PPE that is fitfor¥ purpose and has been cleaned and maintained in ac¢ordance
with the manufacturer’s instructions.

The instfuctions and training provided to the firefighter will depend on the level of risk and complexity
of the PPE provided. The provigion’ of written instructions or information may not be sufficient| and the
firefighters may need to be invelved in practical demonstrations, training and exercise.

7.1.2 ecord keeping
The purpose of recerding training prior to use is to

— record thatthe firefighting organization has conducted training not only on the use of individual PPE
but alsoon'the risks associated with the combination of PPE to ensure that the selected PPE can be used
appiopriately, and

— in the event of an accident, this record is intended to provide feedback on the adequacy of the training
prior to the start of PPE use.

Record the content of the training (classroom and practical), when it was conducted (initial and periodic),
who conducted it and who received it.

7.2 Use in duty

7.2.1 Routine inspection

The contents of the routine inspection in ISO 23616:—, 5.1 are carried out as maintenance in use.

© IS0 2024 - All rights reserved
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7.2.2 Risk assessment for the scope of activities at the time of mobilization

A risk assessment is conducted based on the activities anticipated at the time of each mobilization.

[temize the items to be considered when conducting the risk assessment (may be taken from Annex A).

One method of risk assessment is given Annex A.

7.2.3 Identification of protection required during the activity

Based on the results of the risk assessment, the appropriate protection for the activity is to be identified.

Select PRE that meets the identified protective performance. If more than one PPE is possessed, s
appropriate equipment for the activity based on the results of the risk assessment, If there is no
PPE, altdrnative means is to be considered if the PPE to be used is not suitable for the activity basg
results of risk assessment.

7.2.5 ther consideration

If there {s no PPE to be selected in 5.2.4, it is desirable not only to eonsider alternative means bu
provide [feedback to the PPE procurement process (5.2.1 Identification of scope (including co
activities).

7.3 Care and maintenance of PPE after use

The PPE| used must be cared for and maintained. Detailed procedures and considerations for
maintenance are specified in ISO 23616. Detailed ptocedures for cleaning, inspection, and docuni
are basefl on ISO 23616.

7.4 R4gcord of use
Record df use is maintained by fire organizations.

In the oyerall management of PPE,)consideration is given to build a full life history for each ite
manufacfture to disposal. Detailed/controls are identified in product specifications.

Record KReeping incorporatés’the following, but not limited to
— the gpecification efithe PPE (manufacturer, delivery date, batch number),
— to whom the PRE was issued, including date,

— the dervicdehistory of the PPE (date of issue, name of wearer),

elect the
choice of
td on the

t also to
htent) of

tare and
entation

bm, from

— traiti s of . . he PPE. includi he d . f is] 11l
of the risks,

— details of hazards to which the PPE has been exposed, record keeping,
— storage, and
— problems arising from the use of the PPE.

These records are made readily available to the current user.
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7.5 Storage

Manufacturers indicate any specific storage requirements of the PPE and the firefighter follow these
instructions. Manufacturer provide appropriate storage condition.

If the life cycle of the protective PPE is influenced by the storage condition, this is indicated by the
manufacturer.

The follo

wing is an example of the storage condition for PPE:

— Not be stored in direct sunlight or exposed to direct sunlight while not being worn (e.g. UV degrades

poly

mers, fabrics and plastics).

— Not
gui

— Bes

e stored in airtight containers unless they are new and unissued or unless on manuf
lines.

ored in a clean, dry, well-ventilated area at a temperature that will not adversely @ffect the

the protective clothing.

— Not
NOTE

— Not
that
PPE

— Not
com

— Notl
PPE

— Isclq

— Tob

be stored at temperatures below -32 °C (=25 °F) or above 82 °C (180 °F).
These are extreme temperatures for storage, not necessarily for use.

be stored or transported in compartments or trunks with sharp ‘ebjects, tools, or other eqg
could damage the PPE. Where PPE is required to be transported or stored in such envir
is not placed in a protective case or bag to prevent damage.

be stored in living quarters or with personal belongingsor taken or transported in the p
bartment of personal vehicles.

be stored in contact with contaminants such as, butfiot limited to, oils, solvents, acids, or alk
is not adversely affected by the method of storage.

baned and dried before storage when soiled:

b used and are awaiting disposal.

8 Manufacturer information

8.1 G¢

neral

The manufacturer's informdtion can be split into four types of information:

— reqy
PPE

— reqy
lang

ired by laws and-tegulations of each country/region (may be required in paper version W
in the local language);

ired by"PPE performance standard (may be required in paper version with each PPE in
Lage);

acturers

items of

uipment
nments,

pssenger

alis. The

Fith each

the local

— info}

mation on the labels and marking (may be required in paper version with each PPE in

the local

language);

— additional information that the manufacturer may share about the PPE.

All items of PPE are provided with manufacturer information, including use instructions accordance with
each PPE regulation, guidance and requirement depends on the country. Each type of PPE has designated
appropriate information style to clarify manufacturing information (i.e. both of label and documents are
preferred for clothing).
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8.2 Manufacturer information for selection and use

Use instruction include but are not limited to

— designation of product type, commercial name or code,

— significance of any marking or labelling,

— pictograms,

— specify what is safety critical, risk against which the PPE is designed to protect (product specification
the PPE has been certified to),

— wha
— infol
— infol
— wha
— size
— infol
— wha

— how

[ the PPE will protect from,

mation on levels of protection (including test results),
mation concerning limitations and capabilities of the PPE,
L the PPE will not protect from,

designation,

mation on accessories, if any,

[ the effects are (if any) of long term use,

to don and doff, if appropriate adjust correctly,

— the I:portance of complying with the manufacturers/supplier’s instructions, and

— the importance of using PPE that is fit for purpose andhas been cleaned and maintained in ac

with

the manufacturer’s instructions.

rordance
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Annex A
(informative)

Risk assessment

A.1 Overview

Organisd
of PPE tl
guidancg

Example
followin

Emergen
or perfo
clothing

Base-lay
means n

Addition|
hazardoy

tions are responsible for carrying out a risk assessment in determining the level of and

on this subject.

b risk assessment template may be of assistance:

'mance of the certified clothing or equipment; interfere with form, fit, or function of the
or equipment; or become a hazard to the wearer.

bt engineered, manufactured, or authorized by the clothing fmanufacturer.

ally, if the base-layer garments are not designed and manufactured from suitable materia
Is environments of emergency incidents, the failure of'the base-layer garments could cau

to the emergency responder.

If a base
certified

In the p3
of this t
heat sicl
tempera
probabil
underest

A.2 Ri

clothing might not be compliant with the standard with which it was originally certified.

bmperature rising, firefighters are facing the danger of heat stress, heat stroke and ot

imate possibilities of heat stress/stroke.

sk assessment guideline for selecting PPE for emergency service person

the type

nat is required for their firefighters. National risk assessment models and standards arq used as

s of risk assessments for PPE can be found in EN 469, NFPA 1851, and for guidance purposes the

cy response organizations are cautioned that base-layer garments could-degrade the protection

certified

br garments are not part of the certified clothing but could be*worn under certified cldthing by

s for the
e injury

-layer garment causes the structural integrity of the certified clothing to be compromjsed, the

st 10 years, the world has experiencefDa rise in temperature due to climate change. Aq a result

her fatal

knesses in higher occurrence prebability. Strengthening the protection capability against high
fure heat and flame sometimes-introduces thicker and heavier PPE(s) that could cauge higher
ty of heat stress and/or lieat stroke. Thus, the emergency response organizations is not to

nel

This risif assessment guideline was developed previously based on the work of CEN Technical Cdmmittee

TC 162,
encompd

Joint Working Group for firefighters Personal Protective Equipment and has been mo

guidelings for_choosing the PPE for firefighters”)”.

During incidents being undertaken by emergency service personnel, many different hazards

dified to

ss PPE worn by all emergency service personnel. (CEN/TC 162/JWG FFPPE N 52 “Risk as§essment

may be

encountered—Wherepossibte; theteveltof risk thateachrhrazard presentstotheemergencyservice
is to be eliminated or reduced to an acceptable level. The guidance given in this document indicates how
to carry out a Risk Assessment by acknowledging the hazards that may be present, the likelihood of the
emergency service personnel becoming exposed to them and possible consequence of such exposure.

rsonnel

This guideline has been produced to assist fire service in making the decision on choosing the most
appropriate type of PPE for emergency service personnel for whom they are responsible:

— structural firefighting;

— wildland firefighting;

— incidents involving hazardous materials;

© IS0 2024 - All rights reserved

15


https://standardsiso.com/api/?name=225a3824a3a0446277aca115ec601393

ISO/TR 21808:2024(en)

— incidents involving mobile property e.g. motor vehicle, train, boat;
— specialist rescue e.g. USAR, swift water, vertical;
— emergency medical response;

— storm and tempest, and flood recovery.

A.3 Basis of this best practice

A definition of risk is the probability that the harm or damage from a particular hazard is realised. Risk
reflects both the probability and the consequences of the harm.

In the hazard table in part E below, categories of many of the hazards likely to be encountered by émergency
service gersonnel in the execution of their duties are listed. It is very unlikely that all the hazards listed will
be encountered during one incident, nor is the list of hazards definitive. Hazards may be deleted orfadded to
by any fife service carrying out a particular Risk assessment, subject to local conditions'and requirements.

By considering all the various hazards to which emergency service personnel may.,be exposed tp and by
applyinglthe Risk Assessment formula in this model, line by line, the more serious risks are identified by their
higher s¢ore. This highlights where decisions are taken to ensure adequate and correct levels of protection
for emergency service personnel.

Risk ass¢ssment formula

where:
L [ Likelihood of the emergency service personnel being exposed to the hazard, and
S [ Severity / Consequences to the emergency sex¥ice personnel if exposed to the hazard.
R [ Risk
R FLxS

PPE chogen is based on protecting the emergency service personnel against the identified risks. Valpies of “L”
and MS"

Likelihood Severity/Consequence
Never 1 NIL: e.g. No Injury
Exceptional 2 LOW: e.g. Minor Injury: Small Cuts;
Burns etc. etc.
3 Oceasional 3 MODERATE: e.g. Major Injury; Broken
bones; Serious Burns
Very likely 4 HIGH: e.g. Life threatening
5  Always 5 EXTREME: e.g. Death

“1 Never[_isconly allowed where there is absolutely NO chance of the hazard being encountered.

Reassessment

After assessing the risks, a 'reassessment’ is to be conducted to evaluate how the implemented 'Control
Measures' have resulted in risk mitigation. The processes used in the reassessment is to be the same as
those used in the initial risk assessment. Sometimes, the control measures may induce another risk, which
is defined as a 'counter-risk'. For example, a control measure to mitigate a certain risk may require a heavier
helmet than the current one, which may increase the likelihood of heat stress and/or heat stroke. Therefore,
the reassessment is to include an assessment of the counter-risk. The procedures for assessing counter-risk
is also to include L, S, and R assessments. After the reassessment, it may be determined that the 'Control
Measures' are not feasible for mitigating the risks.
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The following table is provided for guidance only and is not intended to provide an exhaustive list of possible
hazards.
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EXAMPLE

Hazard: A particle is flying and hit to unprotected area of firefighter’s helmet.

L: Likelihood: 2 - This incident has not been observed often and the unprotected area of the helmet is less than 5 % of
the entire area of the helmet.

S: Severity: 4 - If a particle hit the unprotected area of the helmet, the wearer would be heavily injured or could be

fatal.

R: Risk: 8

Control Measure

Prepare 4 new helmet without unprotected area. The weight of the prepared helmet increases from 0,8 kgto
Reassessent of the control measure:

L: Likelihpod: 2 - Unchanged

S: Severitly: 1 - The new helmet can protect the wearer very well.

R: Risk: 2

Reassess]:‘ent of the counter-risk

The new

L: Likelihpod: 4 - Firefighters often suffered heat stress/stroke with the ledvier helmet).
S: Severitly: 4 - Heat stress and/or heat stroke may induce serous sickness, even fatal.

R: Risk: 1p

Result of

Reassess]:ent of the control measure: 2

Reassess

2+16=1

Feasible dtudy of the risk assessment:

The origi
risk that

FEASIBLE. Therefore, the emergency response organizations is to find another control measure.

A.4 Risk assessment reference standards

For a list of staridards for firefighter’s personal protective equipment (PPE) in which requirem|

levels of

Differen

eavy helmet induces more heat stress/stroke.

Ffeassessment:

ent of the counter-risk: 16

®

hal risk indexed 8 and the-risk of the reassessment is 18. The risk reassessment is greater than th|
means the control measure is dangerous solution, or the control measure of a heavier helme

rotection against particular hazards are outlined, refer to Annex C.

1,5 kg.

e original
t is NOT

ents and

ive is not

PPE types are tested differently against particular hazards and the protection level they g

always equal. See also Annex D for further information on standards.

A.5 Other factors to be considered

The training, tactics and operational procedures of each fire service will have an impact on any Risk
Assessment and will probably dictate how each hazard is regarded and indicate the figures to be applied to
—Land —S.

1) “Firefighting helmets: heaviness and thermal burden” by Joo-Yong Lee, Yutaka Tochihara, a presentation in
ISO/TC94/SC14 Tokyo Meeting in Feb., 2023.
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Even if not identified as a potential serious risk under par. 7a of the Hazard Table, the physiological aspects
of wearing PPE is also considered when carrying out the Risk Assessment as these can have a serious impact
on the health and safety of the firefighter.

[t may be decided by some that even with different risks being identified by the Risk Assessment, the decision
taken will be to provide protection against the risk of the highest severity.

Emergency response organizations are cautioned that base-layer garments could degrade the protection
or performance of the certified clothing or equipment; interfere with form, fit, or function of the certified

clothing

or equipment; or become a hazard to the wearer.

A number of documents on risk assessment and risk assessment models are available. The following

£

exampleg

— ENA
— CEN

— Helg
asse

— Helg
syst

— NFP)
pers

— ISO
and

For furth

Table A.7
and cont

offer-gtidance-onthisstbjeet
69, 1S0 11999-1:2015, Annex A
TC 162/JWG FFPPE N 52 —Risk assessment guidelines for choosing the PPE for fivefighter

na Makinen, Finnish Institute of Occupational Health, 3rd Seminar on PPE imEurope, 199
ksment for the selection and use of protective clothing - a practical example,\page 57 - 62

na Makinen, Finnish Institute of Occupational Health, 4th Seminar.on PPE in Europe,
bmatic risk assessment and PPE programme|| page 113 - 117

A 2113 Selection, care, use and maintenance of flame resistant garments for protection of i1
onnel against short-duration thermal exposure.

TS 16975-1, Respiratory protective devices - Selection, Use and maintenance - Part 1: Est
mplementing a respiratory protective device programme.

er reference, readers can contact their national standards bodies and refer to Table A.1.

| below give qualitative information on the different heat and flame risks (convective -flamg
nct heat) in different activities.

Table A.2 — Thermalthazards present in the work place

5

6, —Risk

1997, —A

hdustrial

hblishing

, radiant

Industry Convective heat - Flame Radiant heat Contact heat

Fire fighting ++ ++ +
—  Brush fire
—  Oil ell fire
—  Solyent flash over
— Apqrtment fire
— Autp gas tank explo-

siof
0Oil and ghs/chefficals + +/- +/-
Welding fcufting (sparks of + + ++
molten njetal)
Glass factory + ++ ++
Electric arc + ++ +/-
Foundry (drops of molten + ++ ++
metal)
Military ++ ++ +
Munition, flares and pyro- +/- +/- +/-
technics
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Annex B

(informative)

Practical performance tests

B.1 Ergonomics

The ergdnomics test attempts to replicate thermal environment and workload conditions where the wearer
is able tg thermoregulate whilst wearing reference clothing. To achieve this, the environmental cgnditions
need to allow heat loss. The first test is a performance assessment, which measures the hindrange of the
clothinglin a work simulating test drill in a thermally neutral climate (20 °C = 2 °C, RH 55% * 5 %|or equal
conditions). This test allows then dry and evaporative heat loss through the clothing. Theféllowing glements
are part|of this test and measure time or distance (see Table B.1). All test items arescarried out in the same
sequencg for reliable comparisons.
Table B.1 — Work simulating test drill on physiological impact.of protective clothing
Numbgr Test item activity Goalof test item Performance in
Test Itgm
1 a. Donningin a workplace environment:
On a signal don the garments, in front of the test wear-\\| The goal of this test
er on a table, as fast as possible, so that a good fit is item is to measure
achieved with all closures closed. the ergonomics of the
closure systems and
the flexibility of the
clothing
b. Donning ifra truck:
On a signaldon/the jacket of the garments on a chair The goal of this test
in the firegtruck, as fast as possible, so that a good fit item is to measure
is achiéyed with all closures closed. This is done in a the ergonomics of the
statienary and driving situation closure systems and the
flexibility of the cloth-
ing in a small room
7 L
&\ : &
2 Running:
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Table B.1 (continued)

Number
Test Item

Test item activity

Goal of test item

Performance in

On a signal sprinting over 50 m as fast as possible. Time
in seconds will be registered.

The goal of this test
item is to measure the
load of the clothing on
running

3 Hose unrolling:
Test wearers walk and roll the hose in his hands. While |The goal of this test S
rolling, the other end of the extended hose is stationary |item is to measure’the
on the floor. A standard hose is used for the test (e.g. hindrance of thecloth-
weight, length and diameter of the standard hose are ing while performing a
6 kg, 25 m and 39 mm, respectively.) task specific/activity

4 Hose rolling up:
Test wearers roll up the unrolled hosés;-A standard The goal of this test S
hose is used for the test (e.g. weight;length and diam- |item is to measure the
eter of the standard hose are 6Kkg;»25 m and 39 mm, hindrance of the cloth-
respectively.) ing while performing a

task specific activity

5 Stand-and-reach:

Bending the torso as far as possible forward with the  |The goal of this test cm

rightleg on a table with a height of 80 cm and leftleg
on the floor. Both feet are completely horizontal. After
practicing several times the wearer reaches out and
holds that position for at 1 s to 2 s while the distance is
recorded.

item is to measure the
available space in the
pants’ crotch
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Table B.1 (continued)

Number
Test Item

Test item activity

Goal of test item

Performance in

Sit-and-reach:

This test involves sitting on the floor with legs
stretched out straight ahead. Shoes are removed. The
soles of the feet are placed flat against the box. Both
knees are locked and pressed flat to the floor. With the
palms facing downwards, and the hands on top of each
other or side by side, the test wearer reaches forward
along the measuring line as far as possible. Ensure that
the hands remain at the same level, not one reaching
further forward than the other. After some practice
reaches, the test wearer reaches out and holds that po-
sition for 1 s to 2 s while the distance is recorded.

The goal of this test
item is to measure the
space in the jacket and
pants

cm

Sargent jump:

The Sargent or vertical jump test-Consists of measuring
the difference between a persan’s maximum vertical
reach before jumping and at the highest point during a
jump. The person swingsthis or her arms downwards
and backwards, assumes.a crouching position, pauses
momentarily to get balance, and then leaps as high as
possible, swinging.the arms forcefully forwards and up-
wards. Usually,the fingers are covered in chalk so that
a mark canbeéZmade on a board to record the heights
reached before and after jumping.

The goal of this test
item is measure the
sleeve feed

cm

This test'is meant to measure the freedom and/or hin-
drance’of the sleeve and sleeve-insert.

N2 c
//

%// 7 }

Stretch arms/back:
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Table B.1 (continued)

Number Test item activity Goal of test item Performance in
Test Item
Lifting up the torso, lying on the belly with both legs The goal of this test cm
and feet on the ground. The arms are stretched besides |item is to measure the
the body. Distance between ground and chin will be available space on the
measured in cm. After practicing several times this test |back of the clothing.
clement will be carried out once.
- S — =
//
9 Fence climbing:
Climb over a fence of 1,30 m when standing before the |The goal of this tést cm
obstacle. Test is completed when standing straight be- |item is to measure the
hind the fence. Judges the freedom of movement of legs |overall flexibility of the
and crotch clothing
10 Running 8-shaped curves with bending;:
Running as much ‘eights’ as possible during 30 s around | The goal of this test amount of qgomplete
2 connected poles at a distance of 230 cm and a height |item is to measure the |ran eightsins
of 130 cm. To determine the freedom of buck, knees overall flexibility of the
bending, coordination and balance. clothing
11 Crawling:
Crawling through a ‘tunnel’ of 15 m with a heightand a |The goal of this testis |s
width of 70 cm. to measure the flexi-
bility of the protective
clothing
12 Obstacle course:
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Table B.1 (continued)

Number Test item activity Goal of test item Performance in
Test Item
A short course with all kinds of obstacles where test The goal of this test
wearers have to climb, crawl, bend and stretch. item is to measure the
overall flexibility of the
clothing
Q
13 Donning and doffing a SCBA set with the garments:
On a signal put on as fast as possible the SCBA set, The goal of this test
which is lying in front on a table. Time is stopped item is to measure‘the
when the wearer is breathing adequately through the |compatibility of the
SCBA-set. Then the SCBA set is taken off and time is clothing with the SCBA.
stopped when the SCBA set is in front of the table.
14 Release (Doffing):
At the end of the test releasing the garments as fastas |The goal of this test
possible. item is to measure how
fast you can release
the clothing in case of
emergency
Parts of the"above test battery is repeated while wearing additional protective equipment (e.g. a SCBA set).
In case the-test drill starts with test element 2 (donning the SCBA set) and continues until test eleiment 12.

After that the SCBA set is doffed and put on a table (time is measured). The test can also be carried out with
helmet, boots etc. to determine the compatibility with other protective equipment.

The goal of the practical performance test is to look at the ergonomics hindrance (thermal load or restriction
of movement) linked to the PPE being worn (clothing but also other PPE such as boots, gloves, RPD, firehood,
helmet, radio, etc.) for certain defined tasks.

B.2 Cold protection

Cold protection properties of the protective clothing are also measured. Test wearers were asked to
complete a test circuit of one hour in a deep freeze warehouse at a temperature of -10 °C (e.g. test elements
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from the test battery except test element 1 and test element 13 for a period of one hour). After fulfilling the
test circuit, they were asked to fill in the relevant questions of the questionnaire and give their ratings of
perceived exertion, thermal comfort and humidity sensation.

B.3 Rain protection

Rain protection is tested in a relevant scenario. The protective clothing is worn by the test wearers in an
artificial rain environment (e.g. constant rainfall at a rate of 20 mm h-1). Test wearers need to walk through
the rain performing a small obstacle course at a low speed during 20 min. The obstacle course consists of
climbing over objects, as well as crawling under objects and e.g. moving bricks from low to high positions and
vice versa. These movements test the design of the clothing (gaps when bending over), the waterproofness of
materialf, Seems and closure systems 1n normal conditions and under pressure and stress (knees,|elbows).
The clothing performance is measured in terms of water absorption, water penetration to the underclothing
(both byf weighing the respective garments and underwear), the leakage locations and the.test|wearers
subjectiye judgements.

[l _«C ?"

S
\

—

=

\

we

\ .1

Figure B.1 — Rain protection

B.4 Pd4rameters to be measured

Loss of performance as a measure of hindrance is measured in time or distance compared to the same testin
referencg clothing (station wear or previous protective clothing in use). The following formulae arg¢ used to
calculatg the loss of performance:

— for increasing test result§ (time elements of the test):

_test result - reference value

LoP x100 %

testrésult

— for decreasiiig test results (distance or amount elements of the test):

_ réference value - test result

LoP x100 %

reference value

The loss of performance is given in percentages with respect to the reference value (this is a test with a
beforehand defined standard, either basic station gear or previous protective clothing in use). Test result is
the result with the (new) protective clothing.

After all test elements subjective sensations are measured following the international accepted and
validated scales as described in Heus and Havenith (1996)[88], for temperature, sweat and comfort and for
perceived exertion. All test wearers are requested to fill in a questionnaire about their experiences with the
functionality of the (new) protective clothing ensemble.
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B.5 Additional testing

The tests described below require medical supervision because of the risk of skin burns or heat stress. It is
also recommended to measure skin temperatures and core temperatures of the test wearers to monitor the
safety limits?).

B.6 Heat protection

The heat protection against skin-burns test is carried out in a small room of 4 m x 4 m with a standardized
and constant heat-flux load of about 7 kW m2 in the middle of the room. All test wearers were exposed with
the protective clothing with their front and back to the heat load with a maximum duration of 2 min making
stepping[MoOvements on the piace.

Test wedrers are asked to withdraw from the heat source when they feel too hot3). Time un€il, withdrawal
is measured. Time until recovery is also measured (test wearer indicates that (s)he is-back t¢ normal
temperatures).

The complete test is repeated with standardized wet underwear (100 g water per sét of underwear).

B.7 Physiological heat load

Exposurgs where time is limited by Self Contained Breathing Apparatus (SCBA) or by heat strain (indoor
fire attag¢k): high air temperature (equal to or above skin temperature) with medium radiation and{medium
work lodd allows for working times up to 30 min (new types of 300 bar SCBA may allow longer|working
times anfd test limit times may be adjusted for this). The heat strain will be mainly determined by the ability
of the wearer to lose his/her body heat through the clothing to‘the environment. Considering the high air
temperatures, dry heat transfer will be negligible or towards the body, and body heat loss will have to be
through |evaporation. However, this test measuring the physiological impact of the protective clothing will
be performed without using SCBA to measure only the impact of the protective clothing. The test cqnditions
have to pe around 40 °C to create an environment’that only allows heat transfer from the body to the
environtnent by sweat evaporation. In this environment subjects are requested to walk with a [speed of
5 km h-1{for a period of 20 min® (see specific pardmeters in Table B.2).

Table B.2 — Physiological impact of walking

Numbégr Activity Environment Criteripn
15 Physiological heat stress-test: subjects walk with 40°C+1°C,RH Heat storage 48] g'!
5,0 km-h! in a heated room with fire fighters’ protec- |30 % + 5 % (abs. body weight 7., .
tive clothing during-20 min. vapour pressure <38,5 °C Ty, 37 °C

2,2 kPa * 10 Pa)

Heat storage is derived from the heat balance.
Heat stesage = (0,8 dT,,,. + 0,2 dT;,) x 3,48

dT_ o7 difference in core temperature form begin till

endof the test

AT, = difference in mean skin temperature form
bhegin till end of the test

ore

3,48 = specific heat of human tissue in ] g1 °C1

Borg ratings of perceived exertion (RPE) (Borg,1998)[82], thermal comfort, and humidity sensation will be
measured. Besides that test wearers were requested to fill in the relevant questions of the questionnaire.

2) Skin temperatures not higher than 42 °C and core temperatures not higher than 38,5 °C.
3) Generally test wearers withdraw just before burning of the skin at a skin temperature of 42 °C.

4) An alternative test in this environment is a test with test elements of the before described PPT. These test elements
can be performed for a maximum period of 30 min, but skipping test element 1 and 14.
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Annex C
(informative)

Examples of relationship between type of activity, the heat/flame
hazard linked to the activity and clothing to be chosen for protection
based on the existing product standards

Table C.J|

below is presented as a guide, to be used when selecting clothing to protect against heatand flame.

The follgwing control measures/standards are provided as guidance only and are not an exhdustive list of
references. Each fire service considers the impacts identified in relevant Standards that miay-exist within

their coyntry.

As it is
clothing

hltimately the responsibility of the employer to select the most appropriate items of protective
after carrying out a risk assessment, the table is used strictly as an explanatory guide.

WARNING — In selecting the appropriate protective clothing, care is made not to over prdtect the

wearer,

as this can lead to discomfort and / or excessive stress that may prove hazardous.

This table is based on the existing standards at publication.

Table C.1 — Link between activity hazard andprotective clothing

Type of activity

Main hazard (test method)

Suggested protective clpthing
(product standard)

Work in faboratory or firm with risk
of brief cpntact with small igniting
flames wjithout significant heat haz-
ard (incvlvllding students in labs)

Small flames - accidental'contact with
flame

(ISO 15025 Limited Flame spread test)

Lab coat

(Clothing to ISO 14116 Indgx 1 or 2)

Clothinglto protect main heat and
flame protective clothing for oil, dirt
and grime, not intended to provide
additional protection

This clothing.is only there to protect the
main heatiahd flame protective clothing
Small flames - accidental contact with
flame

(ISO 15025 Limited Flame spread test)

Clothing worn over protectiive
clothing against heat and flames
offering other types of protection
such as against foul weathqgr or low
visibility
(Clothing to ISO 14116 Indgx 1 or 2)

Construdtion plant/pipeline

Very small flame (roofing tar), indirect
sparks)

(ISO 15025 Limited Flame spread test)

Non-meltable clothing (ISO[14116
Index 2)

Plant mofdification, expafisions,
turnaroynds

Small flame (roofing tar, welding), indi-
rect sparks)

(ISO 15025 Limited Flame spread test,
ISO 9151 csonvective heat test)

Single layer coverall or pants and
coat

(ISO 11612 A Index 3 levels|B1)

Welding prid/cutting

Sparks and small molten metal drops

Flame resistance coverall

(ISO 15025 Limited Flame spread test
and ISO 9150 small molten metal splash)

(Clothing to ISO 11611 Class 1 or
higher)

Working beside hot stuff (e.g.in a
production process)

Contact heat

(ISO 15025 Limited Flame spread test
and ISO 12127-1 contact heat tester)

Coverall or pants and coat

(ISO 11612 levels F1 or F2 or high-
er)

Aluminium, Iron and steel works

Molten metal splash and contact heat
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Table C.1 (continued)

Type of activity

Main hazard (test method)

Suggested protective clothing

(product standard)

Welding and cutting -small ac-
tivities but potential for small
metal drops

aluminium and iron foundry —
medium activities but potential
for medium metal drops

metal drops but potential for
large quantities of metal drops

(ISO 15025 Limited Flame spread test,
ISO 9150 small molten metal splash,
IS0 9185 molten metal splash and

ISO 12127-1 contact heat tester)

For other metals, understanding of their
melting temperature and behaviour are

ISO 11611 Class 1-2 or
I1SO 11612 levels D1, E1 and F1

ISO 11611 Class 2 or ISO 11612
levels D2, E2 or F2

Clothing to ISO 11612 levels A
Index 3, B2 and C3 or C4, D1 to

to be analysed

D3 or E1 to E3.

Industrid
or other
trolled fl

1 work e.g. glass working,
bxposure to small con-
hmes and fires)

Larger flames and convective heat

(ISO 15025 Limited Flame spread test,
IS0 9151 convective heat test)

Single layer coverall gr,pants and
coat — non meltablejunderwear

(ISO 11612 A Index 3 and B[l- B2).

a.  Woyking beside small fires (e.g.
in afproduction process)
b. Firdextinguisher training
Presgence of flame/convective
hea
Industrigl work Radiant heat and occasional flames Single layer coverall or panks and
a.  Woiking close to furnaces (ISO 15025 Limited Flame spread test, coat, non meltable underwgar

ISO 9151 convective heat test,1S0'6942
radiant heat test)

b. Wor
pro

C. Insi

king near a furnace in a
luction process

e kilns

(ISO 11612 A Index 3 levels|B2 and
C2)

Live elec
short cir

frical working - risk of
Cuit electric arc

Convective heat, radiant heat and small
molten metal*drops, arc flash resistance

(ISO 15025 Limited Flame spread test,
ISO 9151 convective heat test, ISO 6942
radiant heat test, 9 150 small molten
metal splash

IEC 61482-1-1 open arc test, [EC 61482-1-
2 box test

Single or multi-layer layer doverall
or pants and coat, non meltable
underwear

(ISO 11612 levels A Index 3
and E2-E3

or

B1, C1

IEC 61482-2 ATPV 8 or higler
Class 1-2)

Industrig
gas/solvg
example

a. Rac

1 work with potential of
nts being availablein for
explosive zore

ng driver cyash

Convective heat, radiant heat and flame
engulfment

(ISO 15025 Limited Flame spread test,
ISO 9151 convective heat test, ISO 6942
radiant heat test, ISO 13506-1 thermal
manikin)

Single or multi-layer layer doverall
or pants and coat, non meltpble
underwear

a. 1SO 14460

b.  0il gas worker

c. Petro-chemical worker

d. Pharmaceutical raw material
production

b.  /c./d: minimum ISO 11612 A
Index 3, B1 C1, ISO 13506 less
than 30 %-50 % body burn

Firefighting

Intense heat and flame Flashover in
fire-fighting
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Table C.1 (continued)

Type of activity

Main hazard (test method)

Suggested protective clothing
(product standard)

Entering a burning building

Surrounded by/in proximity to

alarge fire

Aircraft crash

(ISO 15025 Limited Flame spread test,
ISO 9151 convective heat test, ISO 6942
radiant heat test, EN ISO 12127-1 con-
tact heat tester, ISO 17493 hoven test,
ISO 13506-1 thermal manikin)

Multi-layer layer pants and coat,

non meltable underwear

EN 469 level 2 or EN 1486 Type 2-3

ISO 13506 less than 10 % body burn

Firgin petrochemical storage
tanks

Wildlland fire-fighting in open
couftryside

—

Firefightjng

Wildlland fire-fighting in open
countryside

Volynteer fire fighting (no
enty into flaming buildings)

Flampes and burning debris

Less intense heat and flame

(ISO 15025 Limited Flame spread test,
ISO 9151 convective heat test, ISO 6942
radiant heat test, ISO 12127-1 con-

tact heat tester, ISO 17493 hoven test,
ISO 13506-1 thermal manikin)

Multi-layer layer pants and|coat,

non nfeltable underwear
a..(_Clothing to ISO 15384

b. EN 469 level 2

c. IS0 11612 levels B2 anld C2.
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Annex D
(informative)

Performance levels relating to clothing designed to provide
protection from heat and flame

This list|is based on existing standards at the time of publishing this document. Note that(Severfal of the
Standards mentioned are currently under revision and that others undergo cyclic reviews. Therdfore, the
publication year is not mentioned.

There are standards describing test methods (these are only mentioned with theirtitle and what method
is tested|but there are no pass/fail criteria or levels) and standards specifying performance requjrements
for garments (product standards have pass/fail criteria and levels). The standards from this last|type are
mentiong¢d with title, scope and, where applicable, with the performance levelsas described in the Jtandard.

WARNING — Performance levels mentioned in standards may vary in successive editigns of a
standarf. Please check with your Standardization Body what the most recent available editi¢n of the

standarf is before making any decisions.
At the mjoment there is no clear distinction between the terms ‘resistant’ and ‘retardant’, often leaving
some buyers and end-users puzzled. Currently the CIRFS (European Man-Man Fibres Associatlion), the

represerftative body for the European man-made fibre industry, is attempting to create an official definition
rious combinations of terminology using resistant, retardant, inherent or treated in the|name to
clear up fonfusion. As a rule of thumb, the following definitions are widely accepted:

Flame resistant fabric (FR) and Flame retardant(FR) are two terms that are used to describe a matgrial that
is self- extinguishing after removal of an external ignition source.

The distinction of inherent versus non-intherent fibres of fabrics, is whether the flame resistant or retardant
propertigs are intrinsic to the polymer or fibre properties or whether a flame retardant or resistant chemical
treatment applied somewhere afterthe fibre production. The flame resistance of a fabric is primarily a
consequence of the properties of the fibre. Different yarn properties and fabric construction can cqntribute
to incredsed flame resistance:

— Flanpe resistance treated/coated materials

Non-inhgrent fabrics;/sometimes known as coated FR or coated flame retardant fabrics, use a fhemical
treatment to achieve protection. The treatment chemicals are frequently ‘activated’ by intense heat,
producirlg char_and gases that inhibit combustion for a certain time. The limitations of flame retardant
bricsyare that the added chemicals can be affected or removed by external factors such as washing,
exposur¢ to heat or exposure to other chemlcals The non- -inherent fabrlcs are limited 1n that the heat and
flame prite 33 A - laximum
number of cleanlng cycles. However thls will only stay true as long as the user adheres strictly to the
manufacturers cleaning instructions, otherwise there is risk of damage to the flame protective properties,
potentially putting the wearer at risk.

— Inherent materials

When a fabric offers inherent protection, this is because it is manufactured with fibres, whose intrinsic
structural properties make them naturally flame resistant. Because the properties are part of the structure,
they cannot be washed out or removed by cleaning processes, wear and tear, and will continue to offer
the same level of protection throughout the garment’s lifetime. The advantage of these types of protective
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fabrics is that the performance is robust despite the probable non-observance of the manufacturers cleaning

instructi

on.

— Mixed materials

These mixtures of fibres may include FR and non-FR fibres, all inherently flame resistant fibres, FR treated
or a combination. These mixtures are made for various reasons:

— reduce cost;

— increase comfort;

— better balance of properties;

—  Dbett
— Whag
— flam

— inte§
excel

— insu
garn

— Othgd
— tear
— searn
— resiy

—  resiy
pers

— low
garn

— clea

temperature, bleach, peroxides;softener to heat and flame resistance;

— liqui
wha

For any
to be we
potentia

Different

br type of heat and flame protection.
tever the material used the garment meets a number of key requirements:
e resistance;

brity of the garment when exposed to heat and flame (e.g. remain intagt.during the exp
ssive shrinkage, seams need to last after the exposure, not deposit tarOr other conductive

ation (the function of the garment is to slow down the heat transfer from the source thr
hent to the skin, in order to allow sufficient escape time).

r aspects that can impact the choice and life of the garment+te consider are:
and abrasion resistance;

1 strength;

tance to UV degradation (strength and appearance);

tance to ozone (welding creates ozone-that can degrade certain materials from a s
pective);

heat flux thermal damage (low héat'radiation e.g. 5 kW, 10 kW and influence the streng
lent and protection at high heat'flixes);

nability (ease and completéness of cleaning) conditions or risk of washing at different ¢

d repellency (e.g. avoid penetration of water, oils, solvents and other liquids), life span of re|
[ needs to be done‘in’cleaning cycle to maintain it (e.g. drying).

freatment, offe'needs to understand the life span and the conditions at which the garme
shed (e.g. temperature, use of bleach or peroxides, effect of starching for ironing, as tl
ly have'effects on the heat and flame protection) or dried.

fibres have different heat and flame properties due to their thickness, and strength. In

sure, no
liquids);

pugh the

trengths

th of the

ondition

pellency,

nt needs
hese will

addition

to the ny

niber of washing, the wear and treat of a garment will have a negative effect on its heat a

nd flame

properties as well. All materials will become thinner due to washing, due to wear and tear, rubbing against
other surface (abrasion).

The required level of performance is chosen following a risk assessment (see also Annex C for examples).

D.2 Standards describing performance requirements for protective clothing or
materials

This subclause will start with the product standards followed by the test methods (see Tables D.1 to D.4)
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Table D.1 — Firefighter product specification

Standard

Standard title (sum-
marised)

Required tests

Highlights of description of limits or pass/fail

criteria

EN 469:2020

Protective clothing for
firefighters- Perfor-
mance requirements for
protective clothing for

firefighting

This document specifies mini-
mum performance requirements
for protective clothing designed
to be worn during firefighting
activities.

This document makes distinction
between firefighting activities
dividing them into two perfor-
mance levels based on a risk
assessment:

Thermal (determining Level 1 and Level 2)

Limited Flame test — Procedure

Aindex 3

Thermal resistance — 180 °C, 5 min, >5 %
shrinkage and no ignition or melting

D 1t M| £+ 1CN 20
T

— Level 1: specifies the
minimum requirements for

id +
TeEStaHa Tt Sre-StTrenR gt

m2,3 min 2450 N
Thread no melting at 260G

12 10 kW/

firefighting clothing involving
work associated with outdoor

Level 1 Leve

firefighting and their support

Contactheat

activities, taking into account the
environments and conditions of
the expected operational scenar-

250 °C fon
IS0 121

not required

ios of such firefighting activities.

The level 1 is not applicable for
protection against risks encoun-

Radiant heat
ISO 6942 Method B (20 kW/m

tered in fighting fires or rescue
from fire activities in structures,
unless combined to a level 2 or

RHTF1,,>10, RHTI,,
RHTI,4.1,23; RHTI,,

other specialized PPE.
— Level 2: specifies the mini-

Convective heat
1SO 9151 (80 kW/m?2)

mum requirements for firefight-
ing clothing for risks encoun-
tered in fighting fires and réscue

from fire in structures:

The distinction betweén Level 1
and Level 2 clothing is restrict-
ed to the requirements for heat
and flame (X1 or X2 - Heat and

Flame). These levels of protec-
tion can'be reached by a single
garnient or a combination of

seéparate garments.

Additional marking provides
two grades of protection for

Y (protection against water
penetration) and Z (water vapour
resistance). It is essential that
these performance grades are
indicated on the marking of the

clothing and explained in the
instructions for use.

HTI,,>9, HTI,,313,
HTI,, 4,23; HTI,, 4p>4;
Water/vapour
— Water penetration- Y1 < 20 kPa ¢r
Y2 = 20 kPa with moisture barri¢r
—  Water Vapour Resistance (RET) |—
71 <30 m% Pa/W to <45 m?2 Pa/W or
Z2 <30 m% Pa/W
Chemical (ISO 6530) 80 % repellency
—  Sulfuric Acid, 30 %, Xylene
Mechanical
— Tensile = 450 N fabric, = 225 N $tructural
seams
— Tear strength = 30 N.
Others
— Dimensional change :
Woven < +/-3 %,
Non-woven < +/- 5 %
— Visibility
— Thermal manikin (optional) ISO 13506-

1:—
Comfort/physiology (optional)
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Table D.1 (continued)

Standard

Standard title (sum-
marised)

Required tests

Highlights of description of limits or pass/fail
criteria

EN 1486

Test methods and re-
quirements for reflective
clothing for specialised
fire fighting

This standard specifies test

methods and minimum perfor-
mance requirements for reflec-
tive protective clothing used in

Heat transfer (radiant heat):

specialised firefighting. This
clothing provides protection
against flame lick and intense

when the component assembly is tested accord-
ing to ISO 6942 a heat flux density of 40 kW/m2

radiant heat and is worn for

RHTI 24 > 120

short periods only, to enable the
fire fighter to enter specific high-

Heat transfer (convective heat):

risk firefighting and fire rescue
situations which also require the
use of breathing apparatus and
head, hand and foot protection.
This standard only covers pro-
tective clothing that relies upon
the ability of the outer material
to reflect intense radiant heat.
This type of reflective clothing
may also be used for industrial
applications involving high levels
of radiant heat.

IS0 9151 80 kW/m#; HT1 24 > 721
Contact heat:

when the component assembly istesteql accord-
ing to EN 702 (all parts) at 4 ¢ontact tefnperature
of 300 °C.

Threshold time be 15,s.

The reflective clothing specified
in this standard for specialised
use is not covered in EN 469.
Non- reflective protective
clothing as specified in EN 469
may also be used for special-
ised firefighting applicationsin
conjunction with appropriate
head, hand, foot and ¥espiratory
protection.

EN 13911:p017
(Under reyision)

Requirements and test
methods for fire hoods
for firefighters

This standard specifies mini-
mum safety requirements and
testmethods for a fire hood worn
by-afirefighter whilst wearing
proetective clothing (EN 469),
breathing apparatus (EN 136 and
EN 137) and helmet (EN 443)

Heat transfer (flame) ISO 9151, 80 kW/m2
HTI,,>8s
HTI ,, 1,235,

Heat transfer (radiation) ISO 6942 method B,
20 kW/m?

RHTI ,, 211 s,
RHTI 54 415 23s,

Thermal resistance- 180 °C, 5 min, >5 %6 shrink-
age and no ignition, nor melting, nor breaking in
addition to mechanical requirements

1SO 1538412018

Protective clothing for
firefighters - Laboratory
test methods and per-
formance requirements
for wildland firefighting
clothing

This standard is similar, but

not identical to, EN 15614 or

ISO 16073 ISO 15384 will replace
EN 15614 and will also be replace
to in the clothing part of the

ISO 17063 ensemble standard.

Garments are required to pass certain design
and physical requirements

Garments/materials/seams will be cerfified to
the limited flame test Index 3 of ISO 14{L16

It specifies methods of test and

Radiant heat ISO 6942, 40 kW/m?

minimum performance require-
ments for protective clothing to
be worn in wildland firefight-
ing and associated activities.
This clothing is not intended to
provide protection during fire
entrapment.

RHTI ,, > 11's
RHTI 4 1,2 4s

Heat and Thermal Shrinkage ISO 17493 at 260 °C,
no melt, drip, ignite or shrink >10 % (hardware
tested at 180 °C)

It covers the general design of
the garment, the minimum level
of performance for the materials
employed and the methods of
test to determine these levels.
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Table D.1 (continued)

Standard

Standard title (sum-
marised)

Required tests

Highlights of description of limits or pass/fail
criteria

Thermal Resistance ISO 11092
< 0,055 m2K/W

Tear Strength

IS0 13937-1: 225N
Seam strength
[SO 13535-22300 N

Tensile Strength
IS0 13934-1. > 600N

Thermal stability of hardware and-visipility
ISO 17493: 180 °C, and not melt,drip; ignite,

Cleaning Shrinkage EN 25077: Dimensjonal
change woven <3 % for knitted <5 %

EN 16689|2017

Fire fighting for technical
rescue operation

This European standard speci-
fies the minimum requirements
for technical rescue clothing.

Technical rescues involves work
associated with the environ-
ments and conditions associated
with operational scenarios such
as but not limited to those found
during road traffic collisions and

Garments are required topass certain design
and physical requiréments

Limited flame test(1SO 15025) method A Index 3
of ISO 14116),

Radiant heatJS0 6942, 20 kW
RHTI 44 27 s
Contact Heat ISO 12127-1

when working in and around
collapsed structures often for
extended periods of time aftelr

Simulates accidental contact with hot qurfaces.
When tested at 100 °C, the performancg levels
are:=5s

natural disasters (earthquake,
landslides, etc.)

This European Standatd covers
the general clothing désign, the
minimum perforpiance levels of
the material used; the methods
of test to be-used to determine
these perfermance levels and
marking:and information sup-
plied by the manufacturer.

Uhless combined with other
specialised PPE, this standard
is not applicable to clothing
used to protect against risks
encountered in fighting fires or
rescue from fire, dealing with
hazardous chemicals, working
with chainsaws and water and
rope rescue and Wildland.

This European Standard does
not cover protection for the head,
hands and feet or protection
against other hazards e.g. chem-
ical, biological, radiological and
electrical hazards. These aspects

arecoveredin other European
T

Thermal resistance- 180 °C, 5 min, with
respectively for woven and non-wovenf <3 %

and <5 % shrinkage and no ignition or melting
Residual tensile strength-1SO 6942: 10[kW/m?2,
3 min=450N

Abrasion >20 000 cycles using ISO 12947-2
(Martindale)

Visibility meeting requirement ISO 20471. In
addition to other requirements

Standards.

[SO 11613:2017

Protective clothing for
firefighter's who are
engaged in support
activities associated with
structural fire fighting

This document is intended for
firefighters who are engaged

in support activities associated
with interior attack firefighting.
It is not intended for firefight-
ers who are engaged in interior
attack firefighting.

Garments are required to pass certain design
and physical requirements

Interior attack firefighting and
support activities of firefighting
are defined as:

interior attack firefighting
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Table D.1 (continued)

Standard

Standard title (sum-
marised)

Required tests

Highlights of description of limits or pass/fail
criteria

activities of rescue, fire sup-
pression and property conser-
vation generally performed in
the interior or in the immediate
vicinity of the fire of the involved
structure

HTI,, 29,0

support activities of firefighting

activities executed by firefight-
ers, who are not involved in inte-

HTl,, 1, 23,0
Radiant heat ISO 6942, 20 kW/m?

rior attack but support through
activities such as

—  water and material supply

—  extinguishing fires from
the outside of the structure

RHTI 5, 210s
RHTI 5, 1,23

—  prevention of exterior
spreading to adjacencies,
preventing environmental
damage and limiting effect
of smoke

—  securing traffic and envi-
ronment

—  firstaid base activities

Residual tensile strength-1SO 6942 10 kW/m?2,

2450 N (woven only)

Thermal resistance- 180 °C, 5 min, >5 46 shrink-
age and no ignition or melting

—  preparing the fire ground
for subsequent activities

—  RPDreplenishmenttasks

—  assessment zone
— BA communication

—  fefward command post

Tensile strength

— >450 N fabric woven,

— 2100 kPa (50 cm?2 test area) (knjtted
fabric)

—  2200kPa (7,3 cm2 test area) (knfitted
fabric)

Tear strength 2 25 N.

— €vacuation

— ~ assist planning

—  assistlogistics

— assist communication

—  transportation

Water absorption resistance <15 %
Dimensional change

— <5 % (woven fabric)

— <5 % (non-woven fabric or knitt¢d)

Water penetration- 220 kPa Water Vappur Re-
sistance (RET) — <20 m2 Pa/W

Seam Strength
— 2225 N (woven fabric)

— 2100 kPa (50 cm? test area) (knifted
fabric)

—  2200KkPa (7,3 cm? test area) (kn|tted fab-
ric) Garment test: thermal manilin 4 sec
optional

Cleaning Shrinkage EN 25077: Dimensional
change <3 %

[SO 11999-3:2015
(Under revision)

Protective clothing for
firefighters- Perfor-
mance requirements for
protective clothing for

firefighting

The purpose of this standard is
to provide essential performance
requirements for protective
clothing for firefighters whilst
firefighting. The clothing in

this standard can be used by
firefighters in other activities
subject to arisk assessment.

Heat resistance |Level Al Level A2
(No ignition/
melting on all
materials <5 %

shrinkage)
[SO 17493 180 °C, |ISO 17493
5 min 260 °C,
5 min
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Table D.1 (continued)

Standard

Standard title (sum-

Required tests

Highlights of description of limits or pass/fail

marised) criteria
Level A1 is close to identical to Flame Spread  |[ISO 15025 Proc A & B Index 3
EN 469 and max Char 100 mm
Level A2 is close to equivalent to
NFPA 1971
Heat Transfer |ISO 9151 HTI1242>13 |HTI24>17,
-Flame (80 kW/ |HTI124-1224 HTI24-
m?) 1226
Heat Trans- ISO 6942 Method  |ISO 6942
fer-Radiant BRHTI,,>18, Method B
(40 kW/m?2) RHTI,, 1,24; RHTI,,>26,
RHTI,,.
228
Contact heat 1SO 121271.55 kPa | SO 12127-
(Tested dry and |on knee(14 kPa on 55 kPa
wet) shouldep 180 °C for | ¢n knee
both 4 kPa on
ghoulder
260 °C for
oth
Dimensjon= IS0 5077 < +/- 3 % inpoth
al Change directions
(Shrifikage
after 5 cleaning
cycles)
Resistanceto  |ISO 6530 Level C1 |Level C2
penetration by |No penetration ISO 13944
liquid chem- Repellency >80 %, [FProc.Cno
icals (NaOH, penetra-
HCI, H2S04, fion 1 hr
0-xylene)
Resistance to EN 20811 EN 20811
water penetra- |hydro pressure hydro
tion at 0,98 kPa/ pressure
min < 20 kPa 3t 5,9 kPa/
min
3175 kPa
Water vapour |ISO 11092 ISO 11092
Resistance <40 m? Pa/W £30 m?
ASTM F168, PartC |Pa/W
THL 2200 W/m? ASTMF168,
Part C THL
3300 W/
2
Surface Wetting | EN 24920 Spray Rating =4
(water absorp-
tion)
ISO 16073}3 Ensemble for wild-
land see for clothing
1SO 15384
[SO 18639-3:2017 Fire fighting Jor technical | Similar to the European but split | Requirements common to both RTC and USAR

rescue operation

in to two different activities:

RTC - Road Traffic Crash
of ISO 14116),

USAR — Urban Search and

Rescue woven 2360 N

Tear = 25N

Limited flame test (ISO 15025) method A Index 3

Tensile strength for fabric and seam 2450 N, non-

Dimensional change: respectively for woven and
non-woven: <3 % and <5 % shrinkage

(Martindale)
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Table D.1 (continued)

Standard

Standard title (sum-
marised)

Required tests

Highlights of description of limits or pass/fail
criteria

Water Vapour Resistance (RET) ISO 11092
<20 m2Pa/W

Visibility meeting requirement ISO 20471
Viral or biological requirement ISO 16604
Additional requirements for RTC
RHTI24=>7s

Contact Heat ISO 12127-1 at 100 °C, performance

levelsare: 2 15s
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Table D.1 (continued)

Standard

Standard title (sum-

Required tests

Highlights of description of limits or pass/fail

marised) criteria
[SO 21492:2019 Station uniform for This standard sets out minimum Level 1 Level 1
firefighters performance requirements for
station uniforms for firefighters Thermal requirements
that are provided by agencies to k!
be worn under primary protec- |Limited flame spread Index 2 Index 3
tive garments compliant with the Heat resistance 180 °C 180 °C
relevant standards. . . .
This d ¢ specifies t ISO 17493 for 5 min, no | shrink shrink
1S doCUMENt SPECIIes tWO | y5terial shall melt, drip, |>5 % >5 %
levels of requirements for station |, . o
. ignite 260 °C
uniforms: .
shrink
— Level 1 specifies mini- $10 %
mum no melting nor dripping -
requirements that provide no Heat transfer (convec- required
additional protection but ensure |tive) ISO 9151, shall
the firefighter is not harmed by |meetatleastvalue of
the melting of station uniform  |HTI2424s
materials in cases where heat Heat transfer (radiant) fequired
or flames impinge the station 1SO 6942 Method/B,
uniform. 20 kW/m2,RHRI24 > 7 s

— Level 2 specifies heat and
flame requirements to provide
minimum protection. It can be
combined with additional layers
or garments to meet the require-

Dimensiondl change

woven materfial (length
or width dirgction)

<5 % and for|knitted
materials <8(%

ments of a standard for a specific
primary protection garment, this

Meéchanical require-
ments

combination is to provide im-
proved protection and comfort.

Tensile strength (woven
materials)

1SO 13934-1p 300 N

Tear strength (woven
materials)

ISO13937-2R 10N

Burst strength (knitted
materials)

I1SO 13938-1 pr

1SO 13938-2,when
using a 50 cnp? test
area, mean >[100 kPa
or, using a 7,3 cm? test
area >200 kPa

Structural seam
strength

1SO 13935-2k 225 N
for coverallsfand
trouser, and 150 N for
shirts

Abrasion resistance
(optional)

1SO 12947-2,(12 kPa,
>15 000 rubg for
woven mateifials

Ergonomic and Com-
fort Requirements

Thermal resistance 1SO 11092,
<0,010 m2 K/W

Water vapour resistance | ISO 11092,

or <5m2 Pa/W

LOIOT TasStness (optiondl)

TSO105-B02:2014,
1SO 105-X12:2016,
ISO 105-E04:2013
ISO 105-C06:2010 or
1SO 105-D01:2010,

Grade 4

Electrostatic resistance
(optional)

EN 1149-5 or equiv-
alent
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Table D.2 — Gloves product specifications

EN 388:2016+A1: |Protective gloves All specimens shall be taken Test Level
2018 (identical to |against mechanical from the palm of different
[SO 23388:2018) risks gloves for classification
purposes. For arm protectors, [po e [ 2 3 4 5
specimens shall be taken from .
the area for which protection |Abrasion 100 {500 [2000(8 000 |—
is claimed. (rubs)
A protective glove against Coupe cut 1,2 |2,5 50 (10,0 (20,0
mechanical risks shall have test: (index)
performance level of 1 or —
above for at least one of the Tear (N) 10 125 S
g2 Lol i Llodd Do ctcn (N 19N a0 100 10 J—
l.ll bel CICTO LCIUI doSIVUII, UIdUuT TRIICTUITIY)g [=Av4 A~ Av TO O T
cut, tear and puncture) or at Resistance 1 |2 3 4 ] 6
least level A of the cut test of
IS0 13997:1999 (e.g. TDM). Cut TDM 2 10 15 32 |30
An addition optional impact (150 13997)
protection was included in the
revision as a pass/faill criteria.
EN 407:2020 Protective gloves This document specifies Limited flame spread (ISO 15025)
(ISO 2340y final against thermal requirements, test methods,
ballot for identical |risks — heat and/or information to be supplied and
requiremgnts) fire marking for protective gloves Perfors~ | After flame | Afterjglow
against heat and/or fire. It is mance time time
to be used for all gloves which level s
protect the hands against heat No rebuire-
and/or flames in one or more 1 <15 m(lnt
of the following forms: fire,
contact heat, convective heat, <10 <120
radiant heat, small splashes < <Ps5
or large quantities of mielten
metal. This standard.is only 4 s |5
applicable in conjunction with
EN 420.
Contact heat (ISO 12127-1):
Perfor- |Contact Tem-| Threphold
mance perature T, time t,
level °C
1 100 =[5
2 250 =5
3 350 2|5
4 500 =5
For contact heat performance levels ¢f 3 or 4,
the limited flame spread shall reach 3t least
level 3, otherwise the maximum contpct heat
performance that shall be reported if level
2 (all the tables below shold have a similar
statement)
Heat transfer (convective heat): ISO 9151
(80 kW/m?)
Heat transfer index
Performance level HTI
s
1 >
2 >
3 210
4 >18
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Table D.2 (continued)

Heat transfer (radiant heat)
1SO 6942 with a heat flux density of 20 kW/m?

S

Performance level | 10 trasnsfer t24

27

=220

>50
4 295

>

Small molten metal spla Q) i
EN 348 (similar to ISO )
A
Performag(QEvél Number of dfoplets
(‘l\\ N =10
N
N\ 2 >15
NE > 25
\ 4 >35
§ Large molten metal splash
5\ ISO 9051
<
)
. Q)$ Performance level Molten iyon

X\ g

\O 1 30

) c\)l: 2 60
C)\\ 3 120
. 4 200

EN 659:2003+A1:
2008

in revisior

Structural Fire f@t\i;lg
glove ¢

Limited Flamespread — No after flan

<2 s, No afterglow <5 s, (EN 407 Leve
Convective ISO 9151 (40 kW) HTI24
=13

(EN 407 Level 3)

Radiant ISO 6942, Met. B RHTI24 >22

ne

| 4)

£ 1CO 191

ral i 2741 £ 200 0 44 ke |
COMtaCt T IOU Tz TZ7 T atzJuU Gttt =1

Abrasion (EN 388) Level 3
Cut (EN 388) Level 2

Tear (EN 388) Level 3
Puncture (EN 388) Level 3

[SO 11999-4:2015

Structural Fire fighting
glove

1SO 9151 (40 kW)

Limited Flamespread Index 3 Convective

HTI>13 HTI24-12 2 4, HTI >17
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Table D.2 (continued)

—  (HTI>9HTI24-12 = 3, HTI >13 HTI124-
12 24, HTI>17 HTI124-12 26)

Radiant ISO 6942, Met. B

—  RHTI>20 RHTI24-12 = 4,
RHTI >26 RHTI24-12 > 8

—  (RHTI>11 RHTI24-12 = 4,
RHTI >22 RHTI24-12 = 6,

RHTI >33 RHTI24-12 = 10)
Contact IS0 12127-1 at 250 °C

—  tt=210s,tt=2145s,tt=>14s
— (tt=655,tt=10s, tt = 14-5)

Heat resistance ISO 17493
Temp/Shrinkage

— 2160°C/>8%,)= 260 °Cand = 260 °C
both >5 %

— (2180.2C, 2260 °Cand = 260 °Cpll >5 %)

Thread résistance = 260 °C Abrasion [(EN 388)
level 3.or&4

Cut (ISO 13997) Level B, C, D (Level A or 24 N)
Tear (EN 388) Level 2, 240 N or 3 (Lepel 2 or 3)

Puncture (EN 388) 260 N 290 N 212 N
(Level 2 or 3)

Water penetration (ISO 811) 7 kPa N¢ drops all
levels (level 1 & 2 no drops, not for leyel 3)

Chemical (ISO 13994) — no penetratjon for
1 hr for level 3

[SO 16073

-4:2019

Wildland firefighting
personal protective
equipment —Gloves

Limited Flamespread: Index 3 Convegtive
1SO 9151 (40 kW):

HTI,, 29, HTIl,, 4, 23

Radiant ISO 6942, Met. B :

RHTI,, 211, RHTI,, 4,2 4
ContactISO 12127-1 at 250 °C: tt=6's
Thread resistance : 260 °C

Heatresistance using ISO 17493 at 1§0 °C no
shrinkage >5 %

Abrasion (EN 388: level 3
Cut EN 388 (ISO 13997): A

Tear (EN 388): level 2 (>25 N)
Puncture (EN 388) : level 2 (>60 N)
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Table D.2 (continued)

[SO 18639-4:2018

PPE ensembles for fire-
fighters undertaking
specialist rescue activi-
ties — Part 4: Glove

This standard provides the
principles that govern the
development of incident

type and/or hazard specific
test methods and minimum
performance requirements for
protective gloves for firefight-
ers while engaged in special-
ist rescue activities, e.g. 6.2
Road Traffic Crash, (RTC) and

Limited Flamespread Index 3 (only RTC)

Convective ISO 9151 (40 kW) HTI,, = 9, HTI124-

12>3

Radiant ISO 6942, Met. B RHTI,, > 7, only for

RTC

6.3 Urban Search & Rescue,

(USAR)

RTC)

Contact ISO 12127-1 at 250 °C: : tt= 6 s (only

Heat resistance using 150 17493 at 1
shrinkage >5 % (only RTC)

0°Cno

forlimited flame
spread properties
of materials and
material assemblies

Abrasion (EN 388) : level 2 (RT€) or 3(USAR)
Cut (ISO 13997) : 213 N , nane for RTE Tear
(EN 388): Level 2, none’for’'RTC
Chemical (ISO 1399%); ho penetration for 1 hr
for RTC only
Table D.3 — Industrial/professional product specifications
Standard Standard_tltle Required te@$ H-lgl}llghts of desc.rl])t_lon-of
(summarised) limits or pass/fail criteria
ISO 1411p:2015 Limited flame spread | This standard spec- | To pass the test, depending on
materials and mate- |ifies the perfor- the Index 1,2,3 (min. tq max.
rial assemblies mangéeyrequirements |classification) they shgll meet a

before and after washipg:

No flaming to top|
men (Index 1-3)

of speci-

used in protective
clothing. A classifica-
tion system is given
for materials and
material assemblies
tested according to
ISO 15025 "Protective
clothing. Protection
against flame — Test
method for limited
flame spread", before
and after a standard
cleaning procedure

No flaming or mo
debris (Index 1-3

Afterglow < 2 s (I

(Index 2 or 3)
Afterflame <2 s

A number of additiona
requirements design a
ical properties of fabri
garment

No hole formation

Iten

ndex1-3)

Index 3)

nd phys-
Cand

Letter Al denotes
materials passing the
surface test (Method
A) and A2 denotes
materials passing

the bottom edge test

(Method B).

© IS0 2024 - All rights reserved

46



https://standardsiso.com/api/?name=225a3824a3a0446277aca115ec601393

ISO/TR 21808:2024(en)

Table D.3 (continued)

Standard

Standard title
(summarised)

Required tests

Highlights of description of
limits or pass/fail criteria

[SO 11611:2015
(Under revision)

Protective clothing
for use in welding
and allied processes

This standard speci-
fies test methods and
general performance
requirements for
protective clothing
for operators engaged
in welding and allied

processes with com-
pqrnh]p risks This

Garments are required to pass
certain design and physical
requirements, including elec-
trical resistance.

Garments / materials will be
certified to the following:

A (Limited Flame Spread) in-
cluding Index 3 of ISO 14116

type of protective
clothing is intended
to protect the wearer
against small splash-
es of molten metal,
short contact time
with flame, and ultra
violet radiation, and
to be worn continu-
ously for up to 8 h at
ambient temperature

Impact Splatter (1S0/9150)
with increasing the terppera-
ture by 40 K without ignition:

—  Class@yatleast 15 drops
of molten metal

— _ Class 2: atleast 25 drops
of molten metal

Heat Transfer (Radiatipn
ISO 6942) Using Methdd B, at a
heat flux density of 20 KW/m?2,

— Class1: RHTI24 %7
Class 2: RHTI 24 > 16

ISO 1161p :2015

Protective cloth-

ing — Clothing to
protect against heat,
and flame — Mini-
mum performance
requirements

This‘'standard is ap-
plicable to protective
clothing for workers
exposed to heat. The
clothing consists of
garments made from
material to protect
specific parts of the
body. Hoods and
gaiters are included
but all other types
of protection for the
head, hands and feet
are excluded.

Garments are required to pass
certain design and phyjsical
requirements

Garments / materials ill be
certified to the followipg Code
Letters

— A (mandatory Index 3 of
[SO 14116),

— atleastoneof B, (, D or
F):

B (Convective heat [SO|9151)

The transfer of heat through
the material(s) by meapuring
the time for temperatufre to
rise to level of pain (HTI 12)
and 2nd degree burns

This standard speci-

(HTI 24). The performgince
1 1

fies-the-performanee
requirements and
methods of test

for the protective
clothing materials
and gives design
recommendations for
the clothing where
necessary.
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Table D.3 (continued)

Standard Standard_tltle Required tests H_lgl}llghts of desc_:rlpt_lon_of
(summarised) limits or pass/fail criteria
Protective clothing  |The transfer of heat through
complying with this |the air onto and through the
standard is intended |material(s). The test measures
to protect workers the time for temperature to
against brief contact |rise to level of pain (RHTI12)
with flame and and 2nd degree burns
against at least one (RHTI24). The performance
type of heat, The heat |levels are:
may beinthe form of
convective heat, radi-
ant heat, large molten
metal splashes or
combination of these
heat hazards.
C1l: 7ssRHTI24<20%
C2420s<RHTI 24 <5(s
C3:50s<RHTI24 <93 s
C4:RHTI24 295
D (Molten Aluminium $plash
[SO 9185)
Simulates Aluminium g§plash in
foundries, but also bropze or
molten mineral (Code Letter
E is a similar test that ¢overs
iron, copper, etc.). The perfor-
mance levels are:
100g<D1<200g
200g<D2<350gD3350¢g
F (Contact Heat ISO 12[127-1)
Simulates accidental c¢ntact
with hot surfaces. When tested
at 250 °C, The performpnce
levels are:
5s<F1<10s
10<F2<15
F3215s
IEC 6148p-2:2018 Live working - Garments shall be Garments are required to pass

protective clothing
against the thermal
hazards of an elec-
tric arc

tested to either [EC/
EN 61482-1-1 method
B (open arc mani-

kin test) or to [EC/

EN 61482-1-2 (box arc

certain design and phyjsical
requirements

garment test). They
shall be tested to the
same Arc rating or
class as the front ma-
terial or assembling.
Only upper body gar-
ments (shirts, jackets,
coverall torso) are
tested.
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