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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
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an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
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5 document was prepared by Technical Committee ISO/TC 94, Personal safety — Persona
ipment, Subcommittee SC 15, Respiratory protective devices.

5 first edition of ISO 16976-8 cancelsland replaces the first edition of ISO/TS 16976-8:2
been technically revised.

main changes compared to the previous edition are as follows:
Requirements more specified.
5t of all parts in theISO 16976 series can be found on the ISO website.

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

This document provides guidance for the writers of respiratory protective devices (RPD) performance
standards on the specification of ergonomic factors.

Ergonomics involves the application of scientific methods and appropriate data to the design and
specification of machines, equipment, environments, systems and the interface with the people using
it. The successful use of ergonomics in designing RPD will enhance the acceptability of the RPD and
through this will improve the safety, health, performance and effectiveness of the wearer.
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some worK
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Some aspe
the RPD is
ergonomic
the existi

I situations where a T1SK to ieaitiy or safety has been fdentiffed. The preferred sotu
e the risk to zero and thereby to remove the need for RPD. If this is not possible, the)th
reduced so that practical RPD can minimize the risk to wearer exposed to that/azard
ing conditions some RPD can be more comfortable than none and not to be considere
nal discomfort. Side effects of using RPD can range from discomfort to seyeré constr
al load. The application of ergonomic principles to RPD allows optimizatioh of the bala
‘otection and usability.

Cts of the design and specification of RPD require specialist knowledge of the particular
used for and of the particular hazard against which the RPD is to be effective or partic
5 issues. Although this document covers many aspects, it cannot be expected to identify

n|
required ifperformance standards. It will remain the responsibility, ef the relevant experts to iden

and quanti
to ensure t

For practig
recognized

y the hazards in the work place and to foresee the patential ergonomic problems, and t
hat the RPD specified and manufactured is fit for the purposes intended in all respects.

al reasons, this document presents ergonomics. factors separately. However, it should
that the overall acceptability of a RPD will be determined by a combination of these

other factgrs by the individual wearer.
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ith ISO 16976-1 to ISO 16976-7, this document provides basic human factor data.
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Respiratory protective devices — Human factors —

Part 8:
Ergonomic factors

1 [Scope

Thif document describes requirements on factors related to human physiologyrergonomics and
performance for the preparation of standards for performance requirements,ctesting and use of
respiratory protective devices (RPD).

Thif document gives guidance on the generic ergonomic factors related to RRD-
It specifies principles relating to

— |the biomechanical interaction between RPD and the human body, and

— |the interaction between RPD and the human senses: visionyhearing, smell, taste and skin contact.

Thip document does not cover requirements related to spegific hazards for which RPD are d¢signed.

2 |Normative references

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

[SO|16972, Respiratory protective devices — Vocabulary and graphical symbols

3 |Terms and definitions
For|the purposes of this document, the terms and definitions given in ISO 16972 apply.
[SOland [EC maintainterminology databases for use in standardization at the following addgesses:

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

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

4 |Efgonomic factors

4.1 General

Performance standards for RPD should contain ergonomic requirements and test methods, or should
make normative reference to other standards to be applied.

Usually, ergonomic assessments of RPD have to be made while people are wearing them or are
connected to the external component of the system. Wherever possible, the assessments should be
objective, although some aspects can only be assessed subjectively.

Examples of how to make assessments are given in Annex A.

©1S0 2023 - All rights reserved 1
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4.2 Integration of performance and ergonomic requirements

The primary purpose of RPD is to provide protection against specific inhalation hazards that cannot
be eliminated or adequately reduced by other means. Performance standards should therefore contain
performance requirements and test methods to ensure that the products fulfilling the performance
provide the appropriate protection against the identified hazards, and that they are ergonomically
suitable for the users.

The tasks being performed, the equipment being used, the duration of the usage of the RPD, and the
environments likely to be encountered should be considered. It should be ensured as far as possible that
the RPD does not create hazards for the users. This can be by incorporating in performance standards
requirements and test methods based on this document.

Where thé
necessary

equipment
risk or risk

s it
tive
the

presence of more than one risk or the need to cover more parts of the body)makg
for a wearer to use simultaneously besides an RPD another item of persondl, protec
(PPE), such equipment shall be mutually compatible and continue to be effecfive against]
s in question.

PPE
PPE

In addition| to interactive effects on technical performance, interaction between. different forms of
including RPD can influence ergonomic aspects. Thus, although the effect of individual items of

tested in is
load and c
intrude up|
the combiy

olation might not be significant, it will be the combined effect thatwill determine the ove
bnsequent acceptability. For example, both a half-mask respirator and a safety helmet
pn the visual field (glasses). Either in isolation can be acceptable but, when worn toget
ed impact might not be. At its most extreme, extensive’body coverage by RPD, or wea

rall
can
her
[ing

several formms of protection can result in sensory and physical isolation.

Ergonomid the

basis ofar

S requirements can be taken into account by determination of performance levels on
jsk assessment.

4.3 Factprs to be considered in the determination of the best ergonomic solution

4.3.1 Gejneral

RPD is to He worn by an individual for protection against one or more health and safety hazards. This
protection|is the intended effect of the'\RPD, but wearing RPD can also result in unintended negafive
effects, whiich can interfere with the(wearer's normal performance of the risk-related tasks.

It should b
potentially
may be pos

e considered how to specify the best compromises between protection, practicality, and
adverse impact of-wearing the RPD. If different solutions apply, equivalent comprom
sible.

any
fses

4.3.2 Fagtors to be'eonsidered in specifying the optimum level of protection to be provided

The follow|ng variable aspects of the use of RPD should be considered:

the dufation of use of the RPD (some RPD such as escape RPD may be worn for only a few minfites
when 1T 1S perceived that a hazard is present, but other RPD may be worn for several hours or
throughout a working day/shift);

whether there are different situations in which the RPD is used, that require different amounts of
the body to be covered and for various other PPE to be used in addition;

the reasonable balance between the severity of the hazard, protection, burden and duration.

4.3.3 Factors to be considered in specifying the optimal practicability

The designs of RPD that result from conformity with performance standards should allow, as far as
possible, normal pursuit of all activity within the occupational environment. To ensure this is achieved,
performance standards should include test procedures and requirements based on the performance
of prescribed movements, or should make normative reference to such procedures and requirements.

2 © IS0 2023 - All rights reserved
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Where relevant, a reference to the fact that where RPD suppliers claim mutually compatible components
of PPE should be included that the resulting combination should be tested together. Tests should be
selected to represent a range of the normal movements made by wearers of the RPD while using it.

In any event the following should be included:

understanding instructions and warnings given by the manufacturers;
putting on, adjusting, and taking off the RPD and/or PPE;

general activities, such as moving and communicating;

Pra
stri

a)
b)
c)
d)
e)
Intd
inte
con

Gui
hun

For

4.3

The
use

activities specific to situations where the RPD is to be used;
safety of the subjects.

ctical performance tests can impose physiological strains on the test subjects thug
ngent controls. To ensure the safety of test subjects:

the test subjects should be medically examined and fit in accordance with ISO 12894;
ethical clearance should be obtained in accordance with Referenee}21];

the experimentation should be performed in accordance with Reference [21];

there should be physiological monitoring of test subjects;

normal safety procedures should be applied, including close supervision by trained, e
staff, and voluntary withdrawal should be permitted at any time.

rpretation of the results should take into account the levels of hazard against which
nded to provide protection, the inevitablé\burdens such RPD will impose, and the env
ditions under which it will be used.

Hance on the choice of movements and the overall conduct of ergonomic assessment off
1an subjects is given in Annex A

more information, see ISO 16976-1, ISO 16976-3 and ISO 16976-5.

4  Factors to be considered in the physiological impact of RPD

following indicaters' should be considered to determine the physiological impact in rels
of RPD:

heart rate

oxygenconsumption;

requiring

kperienced

the RPD is
ronmental

RPD using

tion to the

alveolar gas composition;

breathing rate;
body temperature change;
sweat rate;

fatigue or strain of muscles.

Examples where indicators might be used include where the mass of the RPD can result in an excessive
burden or where the exothermic processes providing breathable air or other factors of RPD can give
rise to thermal strain.

More information can be obtained in ISO 16976-1 and ISO 16976-3.

©IS
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4.4 Factors to be considered in specifying requirements for the adjustability of RPD
and its appropriate fixation to the body

It should be considered whether requirements and test methods need to be included to test the
adjustments and restraint of RPD. In deciding that need, the seriousness of the consequences of
displacement of the RPD, and the maximum tolerable displacement should be considered. The following
are examples of aspects that should be considered:

— the information and instructions for fitting and adjusting;

— the information and instructinos for doffing of the RPD;

— the adjustability and the stability of adjustments;

— determining that the RPD has been correctly fitted.

When wrif
exerted on|
protection

4.5 Fact
irritate o

RPD shall
into contad

— wheth
the eff]

— for hoy
— wheth

— wheth
impact

— wheth

— wheth
reactiq

— wheth
hair;

— wheth

— wheth
specifi

ing a test, consideration should be given to the static and dynamic forces‘that migh
the RPD in normal wear, and during the circumstances in which it is isiténded to proy
and how these can be represented in test methods.

prs to be considered in specifying requirements to ensure:-that RPD does not
" cause discomfort

hot irritate or cause discomfort which can later lead to injuries for the users who can c
t with it. Factors to be taken into account include:

er the RPD will be in contact with the skin and how-sensitive this particular area of skin
bcts of rubbing and pressure;

v long the RPD will normally be in contact with the skin;

b1 the type of RPD may have sharp or hard edges or points;

on the user;
er chemical composition of the material used and its by-products may affect the body;

br any materials likely ‘to' be used in contact with the skin are known to produce alle
ns in a proportion ef.the population;

br any closure mechanism, or other feature, may become caught up with scalp, facial or b

b1 the outer'surface of the RPD could harm other people;

[ be
ride

me

s to

er the bulk, hardness and position ofadjustment and closure mechanisms may have a negafive

Fgic

her

br simple visual and manual examination of the RPD is adequate for an assessment, or whef

ctest methods need to be developed for assessing the hardness, roughness or other feattrres

of the

REPD.

4.6 Factors to be considered in specifying requirements to take into account the

anthropo

metric factors of RPD

In determining appropriate anthropometric factors of the intended RPD wearer group to be specified

in the RPD

performance standards, the following shall be considered:

— the body part(s) it will be in contact with or cover;

— the physical activities expected to be performed during its use.

© IS0 2023 - All rights rese
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The body part(s) the RPD will be in contact with will serve to identify those parts for which
anthropometric data are needed. If the RPD crosses or covers a body joint, then more anthropometric
dimensions should be specified based on different joint positions.

The physical activity expected to be performed during the use of RPD can alter body dimensions. This
should be taken into account in specifying anthropometric dimensions in a RPD performance standard.
Excessively close fitting or otherwise poorly dimensioned RPD can prevent or hinder the performance
of necessary activities.

Loose fitting or bulky RPD can restrict access to working areas or can present a potential safety hazard
by snagging on projections or other features of the environment.

The intended user group will need to be defined to ensure that appropriate dimensions are-4pecified to
encpmpass that population. Variations in size may be accommodated by means of adequate fadjustment
systems or the provision of size ranges as appropriate.

Becpuse different body dimensions are not necessarily closely correlated, the néed’to specifyf more than
one|essential anthropometric dimension in order to ensure satisfactory fit forthe intended juser group
shojild be considered.

The topics related to anthropometric factors detailed in ISO 16976-2 and in ISO 15537 should at least be
conkidered.

4.7| Factors to be considered in specifying requirements to take into account the
biomechanical factors of RPD

4.7]1 General

In determining appropriate biomechanical effeets to be specified in the RPD performance(standards,
thelfollowing should be considered:

— |the static distribution of mass, the.dymnamic or inertial forces and consequent load on the human
body when using different types of RPD and/or combinations of RPD and PPE;

— |optimization of the influence of biomechanical effects of RPD on work load and /or task pefformance.

RPI) can have adverse effects on the body by increasing muscle strain or energy consumptipn through
incteased passive loading or-by altering the dynamic loading. For example, additional mass ¢n the head
profuces forces in the neck that have to be countered by the neck muscles.

Thg mass of RPD andits distribution have to be considered in relation to the specific body pdrt or parts
likely to be affected:

Hedvy masses on the body or body parts increase energy consumption, especially when walking or
runpning.

Cargshould be taken when applying the principles in this section of this document to RPD intended to
be worn under water or 1n situations Involving unusual accelerative forces.

4.7.2 Mass distribution

Peripheral parts of the body are more susceptible to added mass than the trunk, because of the
increased moment. Hence, an additional weight is best worn on the trunk and as close as possible to the
body centre of gravity and as symmetrical as possible. This means that the waist is the body location
where such a weight is best carried. However, this is often not practical because RPD is normally made
to be worn on specific body parts in order to protect against a specific risk.

© IS0 2023 - All rights reserved 5
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4.7.3 Restriction and prevention of movements

Heavy, close fitting, stiff or bulky material can excessively impede the bending of joints and restrict
working positions and movements. Materials and products that resist movement elastically and require
a continuous muscular effort acting against the elastic recoil to maintain a particular joint position can

cause fatig

ue and injury.

4.7.4 Abrasion or compression of the skin and underlying structures

Movement of RPD agamst the body can give rise to redness (erythema) and 1f prolonged to abrasion.

blood vess g

body parts
shoulder j
irritation ¢
possible ar

4.7.5 Ex

In some si
Some forn
vibration ¢
such phen
standards.

4.8 Fact
thermal €

4.8.1 Ge

In the pre
protective

It is evident that RPD which does nottput severe restrictions on heat exchange would consider

improve w
selection a

Whenever
and moisty
air occurs

The overa
environme
clothing h3
which ther
properties

ls or nerves pass close to the body surface or are hable to be trapped agamst hard (bg
then further adverse effects can occur. For example, straps passing close to theine
nction can compress nerves or occlude blood flow. Abrasion or compression niight c3
r reduce the acceptability of the RPD. Pulse points in the neck, groin and wrisfldre obv
eas for concern in relation to circulatory effects.

hcerbation of vibration

fuations RPD, interacting with an external force, can produce wibration or shock effe
s of RPD can impart additional vibration to the body of the\wearer such as effect
xposure, when wearing RPD during travelling in vehicless Special circumstances wi
mena can occur and, if appropriate, suitable testing should/be included in the performa

prs to be considered in specifying requiremeénts to take into account the
ffects of RPD

neral

paration of performance standards‘ergonomic factors should be considered so that
function of the RPD is maintained'atthe best possible level of thermal comfort for the wed

earer comfort and efficiency. This can to some extent be achieved by appropriate matg
hd designs.

possible, RPD shall’be’ designed so that covered body parts can maintain good ventila
re exchange whénthis is necessary. For example, the condensation of moisture from exh
vith many forigs of RPD and this can result in local thermal discomfort.

| effect on'the wearer’s heat exchange depends on the interaction between the ther
nt, activity, clothing and RPD. Therefore, RPD or combined RPD and workwear and/or of
ve an\upper and a lower range of environmental conditions for defined activity levels wi

ny)
ck/
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ous
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ecwill be little discomfort for the user. Proper specification of such limits, and/or ther
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4.8.2 Thermal effects of materials and complete RPD

Attention shall be paid to the selection of materials for RPD which shall not only provide the required
protection against the relevant hazards, but should also interfere as little as possible with body heat
balance. The aim is to obtain thermal comfort and minimize thermal strain.

It should be born in mind that the thermal effects of multi-layer materials or of RPD enclosing the whole
body cannot be the same as the sum of those of the individual materials.

It should be born in mind that the impact of the thermal effects of the complete RPD will be influenced
by the thermal environment in which the RPD is to be worn and the physical activity of the wearer.

© IS0 2023 - All rights reserved
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rmal effects should be addressed by considering the information given in ISO 16976-5.

4.9 Factors to be considered in specifying requirements to take into account the
sensory effects of RPD

4.9.

1 General

The human senses are the means through which the human body receives information from the
environment. Reception of the correct information is often a precondition for taking appropriate
reactions. In a working situation the information can for example be about the environment, spoken

infdrmation from other persons, visual information from papers, machinery or displays

fro
risK
or

4.9

RPI
are
visi
sigr
g0§8
des
the

4.9
RPI

waits to hear (e.g. speech) or needs to hear (e:g. warning signals). For example, RPD can coyj

the working process; or warning signals. If the sensory signals are too weak or distogté
that they will either not be received or will be misunderstood. If the sensory signals’are
rolonged, the annoying effect can cause distraction, or symptoms such as fatigée,and pa

2 Vision

might affect the wearer's vision adversely. Two possible examples, which are sometimeg
a decrease in the extent of the visual field and a reduction in opticaltransmission within,
pn i.e. a reduction in the quantity or quality of visual information and the interpretation
als. When designing respiratory interfaces that cover theseyes or are used in conjun
bles and spectacles, the impact on visual aspects should betaken into account. RPD sh
gned to allow wearers of corrective glasses to comply with the wearing of the RPD wh
necessary visual correction and still achieve both protection and comfort.

3 Hearing and speech

can hinder the receipt or transmission eftauditory signals or information which the

oh

feed-back
d thereis a
too strong
n.

combined,
the field of
of warning
ction with
Id also be
obtaining

iser either
er the ears

(e.g} hooded type respiratory interface) orcreate disturbing noise or vibration.

Hegring and speech should be addressed by considering the information given in ISO 1697647.

4944 Odour or taste

Strgng odours or tastes from/the RPD might create a hazard to health by masking the odoui or taste of
a hgzardous or toxic substance. Unpleasant odour or taste can also cause discomfort either yhen using
the|RPD or, if the odour‘persists afterwards, it may be given as a reason for not using RPD.

4.9/5 Touch or-ether skin contact

Wearing RPD.¢can have undesirable sensory effects either by impeding the acquisition of infopmation by
the[sensé&ef touch, or by creating conflicting stimuli from contact with the RPD.

5 Verification procedure for conformity with ergonomic factors

5.1 General approach

5.1.1 In order to ensure that standards being written include appropriate provisions to ensure

conformity of the RPD with the ergonomic requirements it is necessary to check that all ergonomic
factors have been considered. To determine the relevance and importance of these different factors
they should be considered within the context of

©IS
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— the conditions of use of the RPD including
— the intended wearer group,
— the tasks to be performed,
— the frequency and duration of the tasks, and

— the environments in which the RPD is to be used.

5.1.2 Using the following list, which is not presented in any particular order, it should be verified that
the relevafit ergonomics factors nave been taken INto consideration within the above context any, if
appropriatg, tests have been included in the standard:

— adequate fit due to adjustability and stability;

— intelligibility of instruction [does the deliverable allow the wearer to operate the*RPD correctly
(donnipng, doffing, adjusting, controls, operating....)];

— mass gnd mass distribution;

— essentjal dimensions;

— restridtion and prevention of movements;

— irritatjon, abrasion or compression of the skin and underlying structures;
— exacerpation of vibration;

— thermal comfort;

— physiological impact;

— visual;
— auditofy;

— odour pr taste;

— touch ¢r dexterity.

5.2 Selecting an appropriate type of test

Anumber df different typesof tests (see Table 1) can be considered in writing clauses relating to verifying
that an itefn of RPD camplies with appropriate ergonomic factors. The selection and specification of an
appropriate procedure will be determined by reference to the potential consequences of inadeqyate
conformity. Whighever type of test is specified, the test subjects used should reflect the intended
wearer grqup.

Table 1 also presents guidance on the type of test that could be included in performance standards to
ensure adequate conformity with selected ergonomics factors.

Table 1 — Potential types of test for verifying ergonomic factors

Test type Comment

Functional performance testing Poor fit or other ergonomic inadequacies can impair
the functional performance of the RPD. If any function-
al performance testing on human subjects is included,
this can be sufficient for the verification.
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Table 1 (continued)

Test type

Comment

Specific ergonomic testing

Where the impact of specific ergonomic factors is
expected to have an adverse effect on activity or task
performance, then testing for those factors should be
specified.

Ergonomic practical performance test

Final verification of the suitability of the RPD should
be established through appropriate practical perfor-
mance test, e.g. as described in Annex A. These should
reflect the overall impact of all ergonomics factors on

wearability and acceptability.

5.3
Thd

conformity with anthropometric principles:

5.4

5.4

Thd
test

5.4

The

Assessment of the anthropometric factors of RPD and their impact onthe wearer

following checklist should be used as a basis for RPD standards writers(to assess

Range of wearers.

Purpose for which the RPD is intended (e.g. activities and environitient).
Adequate fit requirements.

Anthropometric measurements of wearers to ensure adéquate fit across the range of wgq

Means of describing size categories to ensure correctselection of RPD for the wearers.

and verify

darers.

In writing or revising a RPD standard, the potential significance of each of these issues should

be considered and ensured that they are adequately accommodated within the provig
standard. This may, for example, include defining the range of intended wearers and

requirement for a representative sample from each of a number of designated size ra
testing (see for example ISO 15537):The influence of fit on functional performance will

factor here in establishing the relative importance of attending to anthropometric factor
functional performance should‘not be the sole criterion as a reluctance to wear poorly
can negate any protective bénefit.

Assessment of the'biomechanical factors of RPD and their impact on the w

1 General

ions of the
ncluding a
ges in any
e a critical
5. However,
fitting RPD

carer

informatiofivand data from the list in 4.7.1 should be used to determine whether biojnechanical

s of the RRD are required.

2 AMass

-acteristics

of the target population of wearers taking into account where it is worn on the body, the duration and/
or frequency of wear and the activities likely to be undertaken while using the RPD. In determining
whether or not some form of test or other requirement relating to the mass of the RPD is required.

5.4.

3 Restriction of movement

The likely extent of any possible restriction and whether or not this might hinder or prevent the
wearer from carrying out general movements such as walking, sitting, climbing stairs, etc. should be
considered. It should also be considered whether or not this might hinder or prevent the wearer from
carrying out such movements as are considered necessary to carry out specific activities appropriate
for the intended use. If such general or specific impediment might reasonably be anticipated then an
appropriate test should be devised and included in the standard.

©IS
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5.4.4 Abrasion and compression of the skin and underlying structures

Negative effect due to abrasion or compression from closely fitting RPD might exist. Provision for
assessment should be included in the standard. This may take the form of a practical performance test
incorporating appropriate movements and postures.

5.4.5 Vibration

Where wearers of the RPD might be exposed to vibration from the RPD then provisions for assessment
should be included in the standard.

5.5 Assgssment of the thermal effects of RPD and their impact on the wearer

The possible impact of thermal effects of RPD on the wearer should be considered. If such ananalfysis
shows that there are effects which could cause thermal discomfort or strain then the pérformgnce
standards for that RPD should contain requirements for assessing its suitability.

A variety df approaches to the assessment of the thermal effect of the RPD are available to select frjom.
These inclyde tests on the materials, on complete RPD and on human subjects.

Where thq relationship between material characteristics and the effects on the intended weafers
is known fhen tests of material characteristics can be an appropriate’ method for inclusion in a
performanice standard.

With apprqpriate precautions, assessment of the complete RPD using human subjects provides a difect
indication pf its effects.

5.6 Assgssment of the sensory factors of RPD and their impact on the wearer

5.6.1 Gepneral

This subclduse presents guidance on the likelysensory factors of different forms of RPD and on posdible
test approgdches to assess these.

5.6.2 Vigion aspects of RPD

5.6.2.1 Hield of vision

The range [or field of visionArom a static head position varies between individuals. The actual shHape
takes a coplex multi-céntred elliptical form. However, in the two major axes it extends 110° to|left
and right, 40° vertically’\upwards at the centre, and 70° downwards on the same axis. These measuyres
represent {the maxifmum field of vision that should be provided wherever feasible.

Specificatipn @f '@ minimum acceptable field of vision depends upon the intended use of the RPD and
should be $pegified in the performance standards accordingly. It is essential that the effect on vigual
perception

The effective field of vision allowed by an RPD can be measured in the laboratory for example as
described in ISO 16900-11.

5.6.2.2 Visual acuity

Where items of RPD actually cover the eyes, two test criteria can be identified relating to visual acuity
and to the accuracy of colour transmission. As with the field of vision, the criterion values to be applied
will depend upon the intended application. At one extreme, complete transparency, lack of distortion
and chromatic faithfulness may be required, particularly considering that any distortion of the visual
field can have effects on balance, in extreme cases causing unwanted effects such as nausea. In other
instances distortion of peripheral parts of the field of view may be regarded as acceptable.
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Visual distortion can be determined according to ANSI Z 87.1 or ISO 16900-7. Alternatively, standard
ophthalmic tests could be specified. If considered appropriate, colour transmission can also be
examined in practical performance test or in standardized objective or semi-objective tests.

5.6.2.3 Visual impairment during use

Visibility can become obscured or impaired during normal use. For example, visors can become misted
with condensation of sweat, or scratched or abraded during use. Some objective tests, such as those
cited in ISO 16321-1 can be appropriate. Alternatively, it might be possible to adapt tests such as those
outhned above to quantlfy such effects For example in the absence of an approprlate ob]ectlve test, the
vis - . e o A2 3 dhof physical
wot k w1th1n the practlcal performance testlng

5.6/3 Auditory aspects of RPD

5.6)3.1 Acoustical factors of RPD

RPI) can change the sound at the ear; a means of assessing sounds should be made such that wanted
soupd is not distinctly reduced and unacceptable noise is not creatéd-by the RPD. Examples where
thig can occur include occlusive designs of devices such as assisted. filtering devices with lgose fitting
respiratory interface (powered helmet respirators) where fan noise can have a masking dffect. With
sonje forms of RPD unwanted noise can create a hazard to hearing.

Sperific test criteria are given in ISO 16900-14.

5.6{3.2 Assessment of impairment of speech or.atiditory warning signals

Wearing RPD can lead to a reduced recognition-and/or transmission of specific sounds apd/or their
dir¢ction.

Where speech intelligibility and/or perception of warning signals are deemed to be an gppropriate
criterion, an assessment can be used(for speech communication (see ISO 9921) or warnhing signal
recpgnition (ISO 7731, EN 457).

Hegring and speech should be addressed by considering the information given in ISO 1697647.

5.6/4 Odour or taste aspects of RPD

The primary sense of\taste is represented by one of only four basic tastes, i.e. sweet, soyr, salt and
bitter. The senses{of taste and smell are, in a practical sense, largely inseparable. The pleagantness or
unpleasantness‘af-a smell or taste is essentially subjective although few would consider extfemely foul
smalls to besattractive. Ideally, an item of RPD should have no distinguishable odour or tapte at least
none when-worn normally. Where it has a distinguishable odour then subjective practical pgrformance

'y fatigue.

5.6.5 SKin contact aspects of RPD

5.6.5.1 Irritation effects

Roughness, sharp edges, projections and other features of the RPD such as cold or hot surfaces (for
more information see ISO 16976-5, which can cause unacceptable irritation, should be avoided. As
well as direct sensory effects, irritation sensory exposure can disturb or distract wearers from
concentrating on their tasks. Some forms of RPD have been found to create static electricity which
results in discomfort or pain when wearing the RPD, particularly when taking it off or discharging the
electricity in some other way.
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Commonly known materials, such as Latex, to which large groups of wearers might have allergic
reaction, should/not be used in RPD design.

Skin irritation or reduced circulation of the blood caused by pressure are known to exist with some
forms of RPD and can lead to considerable discomfort and consequent reluctance to use the RPD in
question.

Appropriate test activities should be included in practical performance testing for evaluation of
irritation effects.

5.6.5.2 Tactile effects

Impairmert of tactile contact is likely only to be an issue with gloves when worn during use of-d RPD or
other formis of PPE covering the hands, as the extent of acquisition of tactile information through other
pathways Is very limited. As far as an acceptable level of impairment of tactile contact isyconcerped,
this is clearly highly dependent on the balance between the protective and task requirements which
might be ip conflict. For example, manual control means which form part of a RPD sheuld be designed
for access gnd activation for wearers wearing gloves if appropriate to the application. Warning devjices
which relyfon tactile sensation should be placed such that it is not affected by other PPE.

Appropriafe test activities should be included in practical performance testing for evaluation of tagtile
effects.
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Annex A
(informative)

Ergonomic assessment of RPD using panels of test subjects

General
=enera:

The ergonomic factors of RPD affect the comfort, mobility and dexterity of users, the rafe at which
they develop fatigue, the efficiency with which they can work in the RPD, the interaction
with other PPE, and the effectiveness of the protection provided. However, it is notalways
proyide numerical requirements for physical measurements on the RPD for all thése ergono

Asspssments have to be made while people are wearing the RPD, and many 0f'them will be
Where a characteristic can reasonably be objectively assessed then such™testing is prefer

sub
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ective appraisal of a practical performance testing.

v people wear RPD and how they are operated are influenced by‘the information for use {
manufacturer. This information related to donning, use and doffing should be assessed.

5 annex provides an example of how assessments mightvbe specified to be made an
eptability or non-acceptability of the RPD can be deterinined. This annex is not intended|
ead of specific ergonomic testing provided in performance standards.

types of RPD should be subjected to practical.performance test assessment accordi
formance standard. The complexity of the RPD should guide the design of the assessmg¢

han testing of RPD is an essential part ofthe functional assessment of the effectiveness of
of its possible detrimental effects-on'the wearer.

Principle

hppropriate number of mémbers of a panel of subjects, selected from the target wearer
the RPD, carry out prescribed movements, and doff the RPD.

ervers watch the subjects and question them. The observers determine whether t
eptable or has‘such major flaws in its design or construction that it is unacceptable
nded, and therefore does not meet minimum requirements.

practical performance test based on ergonomic factors specified in a performance stand

incl

de

f the RPD
ossible to
ic factors.
subjective.
able to the

upplied by

d how the
to be used

hg to their
ents. In the

ses below, a comprehensive assessment is described. This should be altered where appr¢priate.

the system

proup shall

he RPD is
for the use

ard should

1 ] £l h - +1 - 1 -
— 4 UCSLTIPLIUIT UT'UIIC SUDJTLLS, LT LdSK UT TTITUVTIIITIIL,

— adescription of the conduct of tests to replicate elements of the movements the users would perform,

and

details of the evaluation of the results of the tests and derivation of limit values.

A.3 Practical performance test

Test subjects representing the intended wearer group, i.e. medically fit and trained adults and the
number of test subjects should be selected in accordance with the appropriate performance standards.
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