TECHNICAL ISO/TS
SPECIFICATION 16976-6

First edition
2014-06-01

Respiratory protective devices —
Human factors —

Part 6:
Psycho-physiological effects

Appareils de protection réspiratoire — Facteurs humains —

Partie 6: Effets psycho-physiologiques

-_— Reference number
=/ N— ISO/TS 16976-6:2014(E)

© IS0 2014


https://standardsiso.com/api/?name=c718d4a9c6d69686b242d1c901aa34e0

ISO/TS 16976-6:2014(E)

COFPYRIGHT PROTECTED DOCUMEN1

© IS0 2014
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=c718d4a9c6d69686b242d1c901aa34e0

ISO/TS 16976-6:2014(E)

Contents Page
FFOT@WOIM ..........oooooooeeeeeee e85 58558 iv
IIMETOAUICTION.........oooooee et \%
1 SCOPI ...t 1
2 NOIIMATIVE FEFEIEINCES ..........oooooooeeeeeee oo 1
3 Terms and definitions, symbols and abbreviated terms ..., 1
4 Symbols and abbreviated terms

5 Psycho-physiological effects influencing user acceptance of RPD

5.1 LT3 1<) - OSSOSO =S SO
5.2 Physiological responses to wearing RPD and impact on performance ¢fwork... 4
5.3 Subjective feelings of diSCOMEOTL. ... e S
5.4 Psychological responses t0 RPD WEAT ... Moo
55 Objective measures of psycho-physiological effects...
5.6  Selection criteria for potential RPD wearer ...
5.7 Impact of the psychological and physiological responses(.)
BEDLIIOZIAPIY . ....ooccco s o

© 1S0O 2014 - All rights reserved iii


https://standardsiso.com/api/?name=c718d4a9c6d69686b242d1c901aa34e0

ISO/TS 16976-6:2014(E)

Foreword

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

electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance 'at

in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for t}
different/ types of ISO documents should be noted. This document was drafted in accordance with t}
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document maybe the subject
patent rights. ISO shall not be held responsible for identifying any or all such patentwights. Details
any patept rights identified during the development of the document will be in the-Introduction and/
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n
constitufe an endorsement.

For an g¢xplanation on the meaning of ISO specific terms and;expressions related to conformif

assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barrief

to Trade|(TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC94, Personal safety — Protective clothing ar
equipment, Subcommittee SC 15, Respiratory protective.devices.

ISO/TS 16976 consists of the following parts, under the general title Respiratory protective devices -
ctors:

— Part|1: Metabolic rates and respiratoryflow rates
— Part|2: Anthropometrics

— Part| 3: Physiological responses_and limitations of oxygen and limitations of carbon dioxide in tI
breathing environment

— Partl4: Work of breathing-and breathing resistance: Physiologically based limits
— Part|5: Thermal effécts
— Part|6: Psyché-physiological effects

— Part|7: Hearing and speech
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Introduction

This part of ISO/TS 16976 addresses the psychological factors that can trigger physiological effects

(psycho-physiology effects) that contribute to user acceptance, or the ability to tolerate

wearing

respiratory protective devices (RPD) for the duration needed. This part of ISO/TS 16976 takes the

position that the psychological state has a physiological correlate (e.g. anxiety is accompani
increase in heart rate) and that the physiological responses to wearing an RPD have an impa
psychology of the wearer (e.g. difficulty in breathing will result in anxiety). The following
focuses on a separate psycho-physiological situation that can impact user acceptance or cont

ed by an
ct on the
sections
ribute to

the likelihood of the wearer removing the RPD prematurely and, thus, being exposed to a rej{
hazard. The physiological responses to wearing an RPD is addressed first followed by a-disct
the psychological responses to wearing RPD. The discussion then turns to the methodolegie
nleasure the psycho-physiological responses and how these measurements are used topredict]
ah individual will have difficulty wearing an RPD. Finally, this part of ISO/TS 16976 addr¢
s¢lection criteria that can be used to determine who is best suited to engage in dan,occupation j
the use of RPD.

The following definitions apply in understanding how to implement an JSO-International Stan
other normative ISO deliverables (TS, PAS, IWA).

— “shall” indicates a requirement.
— “should” indicates a recommendation.

— “may” is used to indicate that something is permitted.

is able to do something.

3]3.1 of the ISO/IEC Directives, Part 2 (sixth_edition, 2011) defines a requirement as an “expr
the content of a document conveying criteria to be fulfilled if compliance with the documen
claimed and from which no deviation is permitted.”

3]3.2 of the ISO/IEC Directives, Part2\(sixth edition, 2011) defines arecommendation as an “expf
the content of adocument conveying'thatamong several possibilities one is recommended as paf
stiitable, without mentioning ox, excluding others, or that a certain course of action is preferre
necessarily required, or that(in the negative form) a certain possibility or course of action is de|
blit not prohibited.”

piratory
ssion on
b used to
whether
psses the
equiring

dard and

— “can” is used to indicate that something is possible, for example, that an organization or individual

ession in
L is to be

essionin
ticularly
d but not
precated
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Respiratory protective devices — Human factors —

Part 6:
Psycho-physiological effects

[y

Scope

—3

his part of ISO/TS 16976 provides information on the psycho-physiological effects.'felatg
wlearing of respiratory protective devices (RPD) and it is intended for the preparation of stan
s¢lection and use of RPD.

—
ot

specifies for the writers of RPD standards, principles relating to

the interaction between RPD and the human physiological and psychological perception,

the acceptance by the wearer, and

the need for training to improve acceptance of the RPD bythe'wearer.

This part of ISO/TS 16976 does not cover requirements related to the specific hazard for which
designed.

—e
9]

2| Normative references

The following documents, in whole or in patt, are normatively referenced in this document
irldispensable for its application. For dated references, only the edition cited applies. For
r¢ferences, the latest edition of the referenced document (including any amendments) applies.

190 16972, Respiratory protective devices — Terms, definitions, graphical symbols and units of mea

Terms and definitions, symbols and abbreviated terms

1
ptiopathology
cquse of the pdthological state or disorder, pathogenesis

3|2
anxiety
state)of being uneasy, apprehensive, or worried about what might happen, misgiving

3
For the purposes of this document, the terms and definitions given in ISO 16972 and the following apply.
3
a

d to the
lards for

the RPD

and are
undated

surement

3.3
BP
arterial blood pressure (mmHg)

3.4
cardiac arrhythmia
variation from the normal rhythm of the heart beat

3.5
claustrophobia
abnormal fear or dread of being in an enclosed or confined space
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dysphoria
sensation of disquiet, restlessness, or malaise

3.7

dyspnoea
sense of air hunger, difficult or laboured breathing, or a sense of breathlessness

3.8
HR

heart ratfe (beats-min-1)

3.9
hyperc
excess a

3.10

hyperventilation

increase

Note 1 to
dioxide ((

3.11

hypoxia
volume f
atmosph

3.12

metabotsm/metabolic rate

energy p

3.13
minute \
Vg

total volime of air inspired (or expired) in‘the lungs during 1 min, in L-min-1 (BTPS)

3.14

paresth
abnormg
sensitivi

3.15
psycho-]
pertains

3.16

nia
ount of CO3 in the blood

in overall respiration resulting from an increase in both the depth and frequency of breathing

entry: This can be voluntary or result from an increase in activity, fear,or breathing excess carbqn
02).

raction or partial pressure of oxygen in the breathing\atmosphere below that found in the
ere at sea level

oduced in human cells by aerobic or anaerabjc processes

rentilation

psia
| sensation without(objective cause such as numbness, prickling, and tingling; heightengd
Ly

physical effect
to the mind and its relation to physical manifestations

psycho-]

physiological effect

psychol

: 1 ) 1 - : — b h . | 1 1 | . 1
LAl LI dItS ) AU TESPUIISES LU d g1IVEIL SITUAUIUIT WITILIT LAl PI'UVOURC d PITy SIOIUGILATTCSPUILST dl d

the physiological responses to a given situation which can provoke a psychological reaction

3.17
RR

respiratory rate (breaths-min-1)

3.18
Sa0;

degree of saturation of haemoglobin with oxygen in arterial blood (expressed as a % of total saturation)
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3.19
stereoacuity
visual clarity in three dimensions

3.20
tachycardia
increased heart rate due to exercise, pain, anxiety, or pathophysiological state

3.21
tcCO2

njeasured transcutaneous carbon dioxide

Npte 1 to entry: The level of carbon dioxide in tissue vasculature, as measured by a transcutaneous CO
afitached to the earlobe.

22

hobia
1y persistent and irrational fear of a specific object, activity, or situation thatTresults in a co
bsire to avoid the feared stimulus

fate-Trait Anxiety Inventory

bed to differentiate between situational anxiety (state anxiety) and chronic feelings of anxief]

3
p
a
d
3|23
S
p
u
of the overall personality structure (trait anxiety)

4 Symbols and abbreviated terms

b detector

mpelling

sychological assessment tool used to determine the presence and\type of anxiety in an individfial and is

y as part

RIPD respiratory protective device

Vi minute ventilation

BP blood pressure

STAI State-Trait Anxiety Inventory

FFR filtering(facepiece respirator

HR heattyrate

R respiratory rate

Sa0; arterial oxyhaemoglobin saturation
SARS severe acute respiratory syndrome
WoB work of breathing

Pa pascal

SCBA self-contained breathing apparatus
Tsk skin temperature

SA state anxiety

TA trait anxiety

IDLH immediately dangerous to life and health

© IS0 2014 - All rights reserved
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14 0, rate of oxygen consumption during breathing

14 COo, rate of carbon dioxide production during breathing

5 Psycho-physiological effects influencing user acceptance of RPD

5.1 General

Many oc¢upations require workers to wear RPD to protect them from hazardous atmospheres. Howeysr,
a small bjut significant fraction of the workers find it difficult or even impossible to wear RPD forlonger
thanafeyminutes. This mightbe due to the physical discomfortofapoorly fitting RPD or due to dangerous
situationfs under extreme circumstances or might be due to the particular psychological-traits of the
wearer’s|personality. Wearing an RPD provokes physiological responses in essentially all ' wearers arld
it appeails to be the psychological response to the physiological sensations (air hunger,-heat, narrowing
of the vigual field) that might provoke a psychological reaction that renders the individual incapable pf
wearing [the RPD. The following sections address first the physiological responsesto wearing RPD ar{d
the potential psychological reactions to those physiological responses.

5.2 Physiological responses to wearing RPD and impact on performance of work

The simpjle act of donning an RPD can elicit a number of psychologicatt'esponses that can be independent
of the enyironment in which the RPD is used. Wearing an RPD canfalter the concentration of oxygen (Op)
and carbpn dioxide (CO2) in the breathing space that, if of sufficient magnitude, significantly affect gross
respiratqry function (e.g. increase or decrease in minute ventilation). In addition, wearing an RPD |is
associat¢d with changes in cardiovascular function in~fésponse to sympathetic nervous syste
stimulat{on, reduction in physical performance, work of breathing, changes in VE (e.g. dyspnoea) as

m
a
result of[increased resistance to airflow, and sensatian of heat. In most, if not all people, there will be|a
D
e

]
Mild hypoxia results in Tittle change in the healthy personllI] and results in an initial mild respiratory
depression followed by anincreasein VE [13] Breathinghyperoxic gas mixtures under higher atmospheric
pressure (underwater diving, caisson work) can result in generalized seizures, hallucinations,
involuntary movements, paresthesias, psychological changes (dysphoria, amnesia), and problems with
some autonomic (involuntary) nervous system function.[55]

Breathing elevated CO; might result in changes in stereoacuity and perception of coherent motion([56]
[64] reduced retinal blood flow[31] increased rate of body heat loss during snow burialll3] decreased
performance on reasoning tasks, subjective increases in both irritability and discomfort,[45] and reduced
ability to exercise during simulated emergency escape procedureslé], an increase in resting VE of up to
75 L-min-1,[49] induction of anaesthesia, as well as inert gas narcosis[32]. Increased partial pressure of
CO3 (PCOy) affects pulmonary VE disproportionate to the level of exercise, thus, increasing the metabolic
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cost of breathing as well as inducing a sense of “air hunger” (dyspnoea) that limits exercise tolerancel€l
and can increase the potential to induce cardiac arrhythmias(32].

For some workers, the RPD does not seem to present a significant problem during relatively short-term
usel43]. Roberge et al.[44] found that O, and CO3 in the breathing space remained relatively unchanged
but retention of CO7 (increased tcCOz) occurred after about one hour of wear. This level of tcCO; did not
result in symptomatology but might be a cause for concern if the worker wore the RPD for longer than
an hour. It is interesting to note that there were small but statistically significant differences in Sa0O;
between filtering facepiece respirator (FFR) RPD with and without an exhalation valve.

5/2.2 Metabolic rate during RPD use

Wearing an RPD generally results in an increase in the metabolic rate of the wearer ovén and gbove the
iffcrease resulting from performing physical work alone. Clinically significant incréases in metabolic
rgte as measured by increased HR, BP, RR, and elevated Tgk in the immediate proximity undermpeath the
RPD have been noted at moderate and higher workloads and attributable.to) increased Hreathing
r¢sistance of the FFRI22]. In other studies in which ventilator resistance waswatied, exercise folerance
t@ increased breathing resistance decreased[1Z]. These general physiologicakresponses were also noted
by Smith et al.[50] Raven et al.[40] noted a 17 % to 21 % decrement in funétion, a 37 % increase metabolic
rate, a 24 % increase in BP, and a 27 % increase in submaximal HR..In¢reased breathing resistance in
RPD also resulted in a decrease in O uptake leading to increased ‘Oz/deficiency during exercise, and a
decrease in Vg [40]. In studies by White et al. [62] subjects wearingprotective clothing including[RPD also

experienced an increased physiological burden as manifested by increased HR and decreaged work
tglerance that worsened at higher work intensities. The in¢reased HR and RR have also been measured
il subjects wearing FFRI25]. These responses are a clearindicator of an increase in the physiological cost
of wearing respirators and the greater resistance to airflow, the greater the workload and th¢ greater
the physiological effect.

5|3 Subjective feelings of discomfort

Alcommonly reported type of discomfortrelated to wearing RPD is headache. In a report Hy Lim et
al.[29] 37,3 % of respondents reportgd-headache associated with wearing FFR during an epjdemic of
s¢vere acute respiratory syndrome\(SARS) in Asia and Canada that required analgesic medication and
sick leave. Although some respondents reported that they had chronic headache that was exacerbated
by RPD use, others reported that the use of the RPD alone caused headache. Lim et al.[29] suggested that
the aetiopathology could bé hypoxemia, hypercapnia, mechanical factors (e.g. poor-fitting regpirator),
or stress associated with_the circumstances of use (dangerous epidemic). However, neither the gas
concentrations in the Hredathing space of the RPD nor blood gases were measured. Therefore, it i§ difficult
tq determine the specific cause of RPD-associated headache in this study. Others have suggepted that
excessive pressuré.on superficial nerves in the head, poor RPD fit, or pulling FFR straps tdo tightly
njight be the rgo¥cause of the headaches[28].

Reports afheadache during and after RPD use might also be due to exposure to an elevated leyel of CO;
irf] the hreathing environment. A report by NIOSHI[2] summarized 19 studies on the effects qf CO2 on
hfiman ‘'subjects. Both the physiological responses to acute and longer term exposure were dgscribed.
TheZesults of these studies have been integrated into ISO 16976-3. In this summary, studies siipported
the notion that breathing CO; at sufficient concentrations usually resulted in a COz-induced headache. As
mentioned in 5.2.1, breathing gas mixtures containing >6,5 % CO decreased performance on reasoning
tasks and subjectively increased both irritability and discomfort[43]. The discomfort experienced by
breathing elevated levels of CO; can also influence RPD use in hazardous environments. Nevertheless,
given the wide range of human tolerance to COy, it is likely that inhalation of even relatively low
concentrations of CO; in the breathing space of an RPD might be responsible for headache and other
discomforts in the sensitive individuall43].

Although nearly everyone who wears an RPD experiences some level of discomfort, and the tolerance to
discomfortvaries greatlyamongpeople,[12] thereis no question thatthe correctfittingofan RPDis critical
to wearer comfort and acceptance especially when the RPD is worn in an extreme environment[3Z]. An
RPD thatis too tight on the face, has straps or other features that create pressure on the skin might cause
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such extreme discomfort or pain that the wearer might remove the RPD[14]. Other sources of discomfort
might arise from an undiagnosed medical condition experienced by the wearer. Other wearers might
feel discomfort due to a perceived sense of an increased difficulty in performing mentally stressing
tasksl21].

5.3.1 Subjective feelings of dyspnoea (air hunger) due to increased breathing resistance and
work of breathing

Sensations of dyspnoea mightbe due to physical or physiological stressors thatdonothave a psychological
basis. Increased hrn:\thing resistance impncpd hy wearing an RPD mighf resultina an]ing of not hpirg
able to irfhale sufficient air during the breathing cycle. Resistance to either inhalation or exhalation that
did not dlter Vg have been reported to be acceptable to the wearerl47] [48]. In these studies, weork pf

breathing (WoB) caused by resistance to breathing was acceptable over the long term if the inspiratofy
and expiratory work of breathing per tidal volume (WoB/VT) each was <0,9 kPa and-with a pedk
inspiratqry and peak expiratory pressures of <1,2 kPa. Short-term tolerances were greater. Resistancgs
that excdeded these values were deemed unacceptable and might create a sense of dySpnoea that could
induce thhe wearer to remove the RPD while still in a hazardous environment. As mentioned previously,
the tolerance to discomfort varies widely among individuals but might be related to/psycho-physical (gs
distinct [from psycho-physiological) effects with associated physiologicaltesponses that are ngt
completgly related to exercise limitations[1Z].

Breathinig elevated PCO; or decreased PO, might also result in a sensation of dyspnoea and the resulting
increasefl discomfort might reduce RPD tolerance. As mentioned previously, both hypoxia and
hypercapnia are powerful stimulators of ventilation and, if the inh@led PO3 is low enough or PCO3 is high
enough, ile person might have a sense of dyspnoea. The sense of: dyspnoea might even occur when there
is sufficient Oz in the presence of a high concentration CO%t6 prevent hypoxial62]. This situation [is
exacerbdted in the presence of an increased breathing t€sistance or load. Hypoxic or hypercapnijc
stimulatjon of VE against an increased resistance to breathing might induce a sense of dyspnoea or|a

sense of|discomfort even when workloads are minjmal and more so with increasing workloads ¢r
increase} in breathing resistancell16] [23]. In persons with high psycho physical load, sensitivity might
have an ¢ven lower tolerance than average evenif the person is “physiologically normal” [17], Increasdd
breathing resistance also results in a decreasein submaximal V 0y, VE and respiratory exchange ratjo

(decreasgd exhaled CO; relative to Oz cgnsumed resulting in CO; retention) leading to an increase |n
energy Heing supplied through anaerobic metabolisml[49]. If the resistance to breathing is increasqd
beyond { certain level, an O; deficitumight arise leading to attempts to increase ventilation against the
resistange leading to dyspnoealllI8]. If the inspired CO; is above 3 % by volume (an alveolgr
PCOz > 40 mmHg) and breathing resistance is above 1 kPa (as measured at a constant air flow pf
100 L mip-1),[30] subjects werewunable to continue exercise due to dyspnoea and headachel48]. Therefor,
increasefl resistance to breathing coupled with an inhaled CO3 > 3 % reduced tolerance to the RPD with
complaints of dyspnoed, headache, and reduced ability to workI[22].

Previoudly, disordered breathing (e.g. rapid breathing in the absence of exercise), awareness of breathing
sensationhs (e.g..seénsation of increased effort of breathing), or hyperventilation syndrome was thought

to be secpndafy-to psychological conditions such as anxiety. However, it is now understood that anxiety
d

healthy wearers, the resplratory or other physmloglcal responses to wearlng an RPD are what provoke a
psychological response that affects wearer tolerance of the RPD (“hyperventilation syndrome”). In other
cases, pre-existing psychological conditions in the wearer which are exacerbated by the physiological
responses to RPD wear are what influence RPD tolerancel3Z].

5.3.2 Subjective feelings of dry respiratory passages

5.3.2.1 Mouth breathing

Many wearers of RPD revert to mouth breathing after donning a respirator. The switch from nasal to
mouth breathing depends on the individual but is generally related to the level of exercisel59] [60] or with
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an increase in resistance to airflow (e.g. increased nasal congestion)[2]. However, the percent time spent
in mouth breathing also increases with RPD wear time. The nasal passages offer the greatest resistance
to air flow within the pulmonary system (~50 % of the total resistance). When this anatomical resistance
to air flow is combined with resistances imposed by wearing an RPD, the total resistance to breathing
increases and reversion to mouth breathing occurs sooner than it would without wearing the RPD. This
is especially true as exercise begins to increase beyond a Vg of about 35 L-min-1(18] [19] [33].

Breathing directly through the nose allows air to be heated, humidified, and filtered of particulates
(>10 um in size) prior to the air reaching the deeper respiratory passagesl2l. However, the nasal passages
offer a greater resistance to air flow compared to breathing through the oral passages. The resistance
tq air flow results in a slowing of the air velocity to allow for the “conditioning” of air as mlentioned
previously[18]. Although breathing through the mouth offers less resistance to air flow, aif passing
agross the oral mucosa might dry out the oral passages causing discomfort to the wearer) The yse of dry
¢mpressed breathable gas can aggravate the drying of oral mucosa during mouth br€athing[1pl.

(@)
—

le to the rapid movement across the pulmonary airways is known to provoke asthma attadks in the
stisceptible individuall34]. Some types of RPD supply cold, dry breathable gas, to the wearer whiich could
tifigger an asthma attack. The anxiety produced by the possibility of usidg.an RPD that might trigger an
asthma attack would exacerbate the psychological stress of using an RPD in the first place.

The drying of the oral and pulmonary mucosa through the breathing of cold_dry breathatéF gas or
d

5|3.2.2 Hot breathable gas produced by RPD

Cgrtain types of closed-circuit RPD produce oxygen through) chemical reactions (typically pptassium
stiperoxide reacting with H»O to produce oxygen). This rea¢tion is strongly exothermic and might result
il the wearer breathing very hot gaseous oxygenl1l. Breathing large volumes of hot or cold dry gas might
r¢sultin a drying of the oral cavity[38]. The breathingof extremely hot gas might result in actual damage
tq the pulmonary tissue if the temperature is toa'great, especially if the air is very humid (and above
190 °C with high relative humidity =70 %)[33]. On'the other hand, the sensation of dry oral passages might
cquse significant discomfort in many peopleiXWith some escape RPD the wearer must placela mouth
plece into the mouth and then inhale hot, breathable gas directly into the mouth, with the potential
fqr the drying of the oral cavityl[19] [5Z], [n-addition, water loss from the exhaled breath increages when
syvitching from nasal to oral breathifigl5Z]. The loss of water from the oral cavity might contribute to
the sense of dry mouthl26]. Certdin‘medications, particularly atropine-like drugslZl and cerfain anti-
dgpressants,[4] might also result.in drying of the oral cavity. An individual being treated wjth these
types of medications (especidlly if being treated for anxiety) will likely experience an aggravation of the
s¢nsation of dry mouth while/using an RPD that delivers either hot or cold dry gas. Therefore, a complete
uhderstanding of the wearer’s medical history, including the use of any prescription medicatjons that
can impact the abilitygte’tolerate wearing an RPD, is necessary.

5|3.3 Subjective feelings of heat stress

—3

here is apotential for RPD to impose increased heat stress on the wearer regardless of the degree
of acclimatization as indicated by increased sweating, HR, and Tgk, even during light worklgads, and
tqlerdnce time was significantly reduced during maximal workloads. This effect seems to be exalcerbated
while wearing RPD (e.g. SCBA) with encapsulating protective clothinglell.

5.4 Psychological responses to RPD wear

As outlined previously, there are many physiological responses to wearing RPD that can have an impact
on the wearer’s psychological state. The donning of an RPD might provoke a psychological response
(e.g. “anticipatory” response) in the wearer in the same manner that the RPD provokes a physiological
response (e.g. increased sweating response). In a review of these issues, Morgan[3Z] observed that
wearer “comfort” represents an important criterion for both the selection of RPD but also the wearer
acceptance of the RPD which will determine user compliance with the requirement to wear the RPD. The
physical limitations such as a narrowing of the visual field might lead to anxiety and hyperventilation
because of subjective feelings of stress that is in excess of the actual external work or hazard exposure.

© ISO 2014 - All rights reserved 7
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The following discussion addresses some of the psychological reactions to physiological sensations
resulting from wearing an RPDI[38].

5.4.1 Subjective feelings of claustrophobia

Many people experience some level of claustrophobia when donning an RPD. This might be derived from
the stimulation of skin sensors that result in a sensation of heat, narrowing of the perceptual field,
increased resistance to breathing that might, in some people, induce a feeling that there is insufficient
breathable gas or requlrmg too much effort to access the gas all leadlng to a general sense of
claustrophobial37 = e Qve - aust A e
longer the person wears the RPD In soldlers susceptlble to claustrophobla the tolerance to weati] g
these RED prior to removal of the RPD is measured in minutes[41] [42]. Others who are tolerant pf
increasefl resistance to breathing and dead space loads were able to wear the RPD for the duration of the
time nedessary to complete the tasks[1Zl. Those more sensitive to CO; (in terms of the se¢nsation pf
increasefl Vi and air hunger) were less tolerant of the RPD and were more likely to remove'the RPDI6] [64.
Sensitivify to CO2 stimulation of Vg varies with the individual and is influenced by per§onality. Howevar,
in a study examining the effects of personality on CO; sensitivity, Shershow et ak[46] reported that |n
subjects|whose personality was evaluated using the Minnesota Multiphasi¢“Personality Inventory
(MMPI), those scoring more highly for abnormal psychological features were("low-responders” to a C()2
challeng¢ compared to a more CO2-sensitive group. Therefore, the individual’s psychological state might
influencg tolerance to RPD and would explain the wide range of tolerancé.among individuals.

5.4.2 RPD phobia
Military{type RPD have routinely been issued to military personnel as a result of the development pf
chemical (and, later, biological) warfare agents that were sised extensively starting in 1915 near the
beginninlg of the First World War through the Persian GulfiVars to protect against hazards ranging from
blistering agents to nerve gasl41] [42] [51], As such, the US military (and many armed forces worldwidg)
currently issues RPD to all soldiers both during combat training and throughout deployment. Although
the militpry use of RPD is outside the scope of this'document, the extensive military experience with
RPD has|revealed that a small but significant iumber of RPD wearers (about 10 %) develop what has
come to pe termed RPD phobia and this experience can inform the civilian sector on ways to address
this issug.

RPD phobiaisageneraltermthatencenipassesaclusterofsignsand symptomsincludinghyperventilatio
tachycarfdia (rapid heartrate), sweating, fear, an overwhelming urge to remove the RPD (thereby riskir
exposur¢ to the hazardous atmosphere), sensations of claustrophobia, and fainting[35] [41]. RPD phobi
therefor¢, might be exacerbated by a number of physiological factors including the increased resistan
to breathing which ultimately hinders physical performance, fogging of lenses due to perspiratig
resulting in a reductionofvision, and difficulty in communication[2Z]. Increased CO3 in the breathir
space might stimulate’pulmonary ventilation and aggravate the sensation imposed by the resistan
to breathingl63]. Treatment strategies have been developed by the military for RPD phobia focus d
desensitjzation techniquess(41] [42] [63],

5.5 Objective measures of psycho-physiological effects

Measuring the physiological responses to wearing RPD has been performed with increasingly
sophisticated instrumentation for decades. However, there are measurement tools devised by
psychologists that can be used to predict(20] [38] as well as monitor[3Z] the psychological responses
to wearing RPD. The prediction can be based on a battery of personality tests,[46] screening using
both physiological and psychological measurements,[20] or using a specific psychological inventory to
determine the general level of anxiety either due to a personality type or a situation. The following
section discusses a selection of these methods.
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5.5.1 Use of screening tool to predict the psycho-physiological effect on the RPD wearer

As mentioned previously, claustrophobia is commonly experienced by many people when they wear
an RPD for the first time. Therefore, successful desensitization techniques which remove or minimize
symptoms of anxiety or phobia are required to allow the individual to work in the environment that
requires the use of an RPDI41] [42], Properly treated using proven techniques, these people eventually
overcome or desensitize to the feelings of claustrophobia and are able to successfully wear the RPD
occupationally[39]. Although effective desensitization techniques exist, it still seems important to be
able to screen for those individuals who are likely to suffer from RPD phobia and to either preclude
them from occupations that require RPD use or, if possible, offer those individuals training aimed at
desensitizing them to the RPD.

5/5.2 Anxiety

Human physical performance depends not only on overall physiological fitness but'én the psychological
state of the individual and has been reviewed in detaill36]. Essentially, there aféytwo forms o‘{lanxiety
described by adherents to this system of psychology. A person who feels anxiety due to circumnstances
(facing an important exam, walking alone at night) is said to be experiefieing state anxiety |- that is,
the state of anxiety is due less to a facet of the individual’s personality than to circumstances that
ptrovoke the individual’s anxiety. On the other hand, psychologists recagnize a common form of anxiety
that seems to be chronic, involving up to 18 % of the general population, and is linked to a faget of the
irfdividual’s psychological make-up. These individuals might feelra'sense of anxiety that is not |inked to
s¢me external circumstance - that is, they might feel chronically anxious regardless of circumstancel63l.

Apxiety, whether situational or chronic, might have a significant impact on the ability of an individual
tq wear RPD long enough to protect against an external sespiratory hazard. The industrial psyfhologist
hps specific testing tools available to them to detesmine the presence of anxiety in a worker and to
d|fferentiate between workers with “state” or “trdit” anxiety. An example of a psychological screening
tdst for anxiety is the State-Trait Anxiety Inventory originally developed in 1970 and further r¢fined by
Reference [54]. The State-Trait Anxiety Inventery was designed to be generally applicable and it§ validity
hjs been consistently supported in the literaturell16] [24] [52] [34]. The State-Trait Anxiety Inventory has
appeared in more than 3 000 studies[3] and has been translated into at least 48 languages[24].

—

ndividuals who must wear RPD dué-to potential to exposure to occupational inhalation hazargls can be
eyaluated using State-Trait AnxietyInventory (STAI) that measures state anxiety (SA) before (sdreening)
ahd during (monitoring) RRD\use. The STAI can also measure trait anxiety (TA) which is|a stable
personality characteristic. {ndividuals who score high (>48) for TA probably experience some ¢gegree of
chronic anxiety. These individuals would not be expected to be good candidates for occupatignal RPD.
Individuals with scores of ~30 to 32 but experiencing SA would be good candidates for RPD use[63]. Even
iff RPD phobia were\te’occur in SA individuals, desensitization techniques have been developg¢d which
have successfullyzréduced or eliminated RPD phobia and have allowed the use of RPD without, or with
nlinimal, symptems of RPD phobial41].

[

1} addition, RPD design can contribute to SA in some individuals and RPD design can be an inportant
njeansfor reducing SA in the wearerl63]. Reducing resistance to breathing or other RPD feature {o reduce
theperceived effect might ultimately contribute to a reduction in SA in the RPD wearer[1Z].

5.6 Selection criteria for potential RPD wearer

As has been mentioned in previous sections, approximately 10 % of the potential wearers of RPD might
be unable to do so for a variety of reasons including a cluster of psychological and physiological factors.
Because of the negative consequences to the individual and any co-workers’ safety in a hazardous
atmosphere, the ability to screen for a potential inability to wear an RPD when the occupation demands
it would seem invaluable. Several authors have offered possible objective tests to determine personality
traits that can be used to screen for RPD acceptance and usel36] [37] [39] [63]. These authors have
identified both personality traits (the so-called “trait anxiety”) as well as physiological responses to
CO2 which can be used as criteria in determining whether a person is likely to be able to wear an RPD
successfully in a hazardous atmosphere. Simple tests for personality traits as well as a test to measure
the physiological response to CO could be used to screen individuals for RPD acceptance for safety

© ISO 2014 - All rights reserved 9
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reasons. In addition, proposed psychological desensitizing strategies for overcoming RPD phobia have
been used successfullyl41] [42]. The screening for psychological and physiological responses can also
be used to identify workers who might have difficulty wearing an RPD but would be responsive to
desensitizing techniques that would allow them to continue to work with an RPD.

5.7 Impact of the psychological and physiological responses

The impact of the psychological and physiological responses to wearing RPD cannot be overemphasized.
Many occupatlons requlre workers to wear RPD to protect them from hazardous atmospheres Some of

dangerots to life and health (IDLH) (superheated low oxygen atmospheres found in structural f1re<).
Regardldss of whether the riskis long-term or immediate, RPD are a critical component to workersafety.
The costfof pulmonary disease, lost work time, loss of income, and premature death are all consequencgs
of ignorihg psychological and physiological responses to wearing RPD. Part of the problem,is training
and the perception of risk, user acceptance, and the inability to wear an RPD due to psychological ¢r
physiological reasons.

10 © ISO 2014 - All rights reserved
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