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Foreword

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

editorial

Attention is drawn to the possibility that some of the elements of this document may;be the subject

patentri
patent ri
the ISO 1

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

For an ¢xplanation on the meaning of ISO specific terms and;expressions related to conformif
assessm¢nt, as well as information about ISO’s adherence to.the WTO principles in the Technic

Barriers

The com

equipment, Subcommittee SC 15, Respiratory protective.devices.
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Introduction

For an appropriate design, selection and use of respiratory protective devices, basic physiological
demands of the user must be considered. The function of a respiratory protective device, the way it is
designed and used and the properties of its material may have a thermal effect on the human body.

This part of ISO/TS 16976 belongs to a series of documents providing basic physiological and
anthropometric data on humans. It contains information about thermal effects associated with wearing
respiratory protective devices

© IS0 2013 - All rights reserved v
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TECHNICAL SPECIFICATION ISO/TS 16976-5:2013(E)

Respiratory protective devices — Human factors —

Part 5:
Thermal effects

[y

Scope

r¢lated to human anthropometry, physiology, ergonomics and performance for;the prepa
standards for design, testing and use of respiratory protective devices. It contain§ informatio
tq thermal effects of respiratory protective devices on the human body, in particular:

— temperatures of surfaces associated with discomfort sensation and harmful effects on huma
— thermal effects of breathing gas temperatures on lung airways and-tissues;

— effects of breathing gas temperature and humidity on respiratory heat exchange;

— effects of respiratory protective devices on overall body heat exchange.

The information represents data for adult healthy men and women in the age 20-60 years.

2| Normative references

The following referenced documents are indispensable for the application of this document. H
réferences, only the edition cited applies~For undated references, the latest edition of the r¢
dpcument (including any amendments) applies.

190 7730, Ergonomics of the thermal enivironment — Analytical determination and interpretation o
comfort using calculation of the PMV and PPD indices and local thermal comfort criteria

[0 7933, Ergonomics of the thermal environment — Analytical determination and interpretatid
stfress using calculation of‘the predicted heat strain

[0 11079, ErgonomieSof the thermal environment — Determination and interpretation of cold st
uing required clothing insulation (IREQ) and local cooling effects

190 13732-1;Efgonomics of the thermal environment — Methods for the assessment of human res
contact withysurfaces — Part 1: Hot surfaces

190 13%32-3, Ergonomics of the thermal environment — Methods for the assessment of human res
contact with surfaces — Part 3: Cold surfaces

This part of ISO 16976 is one of a series of Technical Specifications that provide information op factors

ration of
h related

h tissues;

or dated
ferenced

fthermal

n of heat

'ess when

ponses to

ponses to

[SO 16972, Respiratory protective devices — Terms, definitions, graphical symbols and units of measurement

ISO/TS 16976-1, Respiratory protective devices — Human factors — Part 1: Metabolic rates and

respiratory flow rates

ISO/TS 16976-3, Respiratory protective devices — Human factors — Part 3: Physiological responses and

limitations of oxygen and limitations of carbon dioxide in the breathing environment
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3 Terms, definitions, symbols and abbreviated terms

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

3.1.1
clo
unit for the expression of the thermal insulation of clothing

Note 1 tolentry: 1 clo is equal to 0,155 m2 °C/W.

3.1.2
insulatipn required
IREQ
cold strefs index as determined according to ISO 11079

3.1.3
metabolic rate
physiological energy utilization per unit of time

3.1.4
predictgd heat strain
PHS
heat strefss index as determined according to ISO 7933

3.2 Symbols and abbreviated terms
PPE personal protective equipment
RPD espiratory protective device
PMV bredicted mean vote

PPD bredicted percentage dissatisfied

Ts burface temperature: température of the surface contacted by skin

Ta hmbient temperature; temperature of the air surrounding the body or inhaled

Tc Contact temperature: temperature of the interface between skin and contacted surface
Tr ectal temperature: temperature of the core body

4 Lochl thermal effects

4.1 General
The effects of heat and cold described hereafter will vary according to individual sensitivity.

Notice should be taken of the assessment scales given in ISO 8996.[1]

4.2 Effects on skin contact by the RPD

Heat transfer by conduction takes place via the hands when handling the equipment and via face, head
and torso during the actual use of the equipment.

2 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=7e9b17b5cbc38866d9142bc01b8b40a5

ISO/TS 16976-5:2013(E)

Parts of RPD are, by their very nature, in more or less direct contact with naked human skin for

example

in the face. In contact areas heat exchange will be affected. The magnitude of this effect is dependent

on contact pressure, structure of surfaces, size of contact area, mass of material in contact,
conditions and thermal properties of materials in contact.

thermal

Materials used in RPD are mostly made of materials with low conductive heat transfer properties.

Exceptions are metal parts, in particular, if they are not insulated.

In extreme hot or cold environments the ambient conditions may heat or cool the RPD or parts of it,

thereby increasing the risk of a thermal effect on the skin.

Alrisk assessment of contact cooling or heating of the bare skin shall be based on
[SO 13732-1, for hot surfaces, and
ISO 13732-3, for cold surfaces.

Ekposure values and criteria used in the figures below are based on hand or body.sKin surface cont
skin is likely to be more sensitive in particular to discomfort and more conservative values should|

4{3 Hot surfaces

[

40 13732-1 provides comprehensive information about the risk ef.bare skin contacting differ¢
of materials at different temperatures. Figure 1 shows surfacetemperatures of polished metal
cjquse skin burns. This condition appears to be the most severe case, but other metals such as
copper maybe as harmful at similar or slightly higher temperatures. Other materials like plag
anhd ceramics require considerably higher temperature.to cause harm to bare skin.

For long contact duration (10 min and longer) the birn threshold doesn’t depend on the type of
F

br these materials the zone 3 “safe surface” in,Figure 1 moves up to the line 4, i.e. upper limit

hcts. Face
be used.

ent types
that may
steel and
tic, glass

material.
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Zone|1 indicates a high risk of skin burn
Zone|2 indicates a possible risk of skin burn
Zone|3 indicates safe surface temperatures

Figure 1 — Surface temperature of uncoated, polished metallic surfaces with similar heat

RPD is likely to be used for short duration-timed in minutes and longer duration timed in hours. Table

conductivity properties thatmay cause skin burns within 10 s

indicateq burn thresholds for contact periods of 1 min and longer for different materials (modified fro
ISO 13732-1). Values apply for contact areas that are less than 10 % of the body surface, so they shou

apply forf most RPD.

Table 1 —Burn threshold for contact periods of 1 min and longer

ST

Material 1 min 10 min 8 h and longer

°C °C °C

Uncoated metal 51 48 43

Coated rhetal 51 48 43

Ceramics;gtass-and 56 48 43

stone materials

Plastics 60 48 43

Wood 60 48 43

4.4 Cold surfaces

ISO 13732-3 provides detailed information about the assessment of cooling effects on skin in contact
with various types of cold surfaces. Information is given about five types of materials: aluminium, steel,
stone, plastic and wood. For each of the materials three criteria for cooling are applied.

© ISO 2013 - All rights reserved
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As with a hot surface, contact with a small skin surface area with cold, metallic goods may rapidly cool
the skin and eventually result in local frostbite. Figure 2 shows cooling curves obtained with the finger
tip touching surfaces of steel and aluminium at temperature of -20°C, -30°C, -40 °C and -50 °C. The
contact temperature (7T¢), which is likely to be very close to the skin surface temperature drops to below
0°C within few seconds when touching the metal surfaces.[3] The risk of developing local frostbite is
highly probable.

Studies[3] have shown that

— coolingto a skin temperature of 0 °C is associated with an imminentrisk of tissue freezing “frostbite”

— Cooling to a skin temperature of =7 °C is associated with the gradual development of numbness

Cooling to a skin temperature of =15 °C is associated with the experience of pain

Tc
30

25
20
15
10

a) Steel

b) Aluminium

Ky

t contact duration, in s

Tc contact temperature, in °C
-20°C

-30°C

-40°C

- 50 °C (estimated value shown, no published data available)

AW N R

Figure 2 — Change in Tc of finger in contact with metallic surfaces at temperatures of -20 °C,
-30°C, -40°C and -50 °(estimated)
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Figures 3 to 5 show the surface temperature of a specific material that might cause the different type of
cooling effects.[3]

Key

Figure

Ts

contd

surface temperature, in °C

ct duration, in s

alumjfinium

steel
stong

80

3 — Frostbite threshold — Acceptable surface temperature as function of time for 7 tq
reach 0 °C (finger touching cold surfaces between 0,5 s and 100 s)

90 100
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Ts 1 2
5 3
0 -
5 H
10 H
4
-15 H \
20 -
-25H 5
30 H
35 H
_40 | | | | | | | | | |
10 20 30 40 50 60 70 80 900 100
Kpy
t| contactduration,ins
T§ surface temperature, in °C
1| aluminium
2| steel
3| stone
4] nylon
5| wood

Higure 4 — Numbness threshold — Acceptable surface temperature as function of time
reach -7 °C (finger totiching cold surfaces between 0,5 s and 100 s)

for 7. to
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Key

t  contdct duration, in s

Ts surface temperature, in °C

steel

U s W N =

Figure 3 — Pain threshold — Acceptable surface temperature as function of time for 7. to reac

4.5 Effects of inhaled breathable gas to airways and lung tissues

4.5.1 (General RPD function

Duringr

effect on| hot air and¢@<¥arming effect of cold air. This effect is not well known and depends on typ

of RPD-
compres

gas is he

alumfnium

stong
nylor}

wood

16976-5:2013(E)

Ts

0 10 20 30 40 50 60 70 80 90 100

-15 °C (finger touchingeold surfaces between 0,5 s and 100 s)

pspiration thereys’a heat exchange function also for the RPD. There is at least initially a cooliy

aterial,-agtivity level and environmental conditions. For example, the use of high pressur
sed airshould present no problem in hot air as air is cooled during the expansion from the tubge.
In contrdst RPD-whose function is based on chemical reaction may present a problem as the breathab

g
e
e
e

le

hted by the chemical process.

Inhaled breathable gas has low density (even at cold temperature) and low heat capacity. The anatomical
and physiological construction of the airways, in particular the upper respiratory tract, provides significant
features for preservation of body heat and moisture and mitigation of environmental cooling or heating.

4.5.2 Effects caused by hot breathable gas

At very high temperatures, inhaled breathable gas may result in pain sensation and eventually in tissue
burn. During short exposures, nasal breathing may become difficult at approximately 125 °C ambient,
dry inhaled breathable gas temperature. Mouth breathing may become difficult at approximately
150 °C ambient, dry inhaled breathable gas temperature. Moist inhaled breathable gas will increase
heat exchange and significantly shorten tolerance time at high temperatures. Water saturated inhaled

© ISO 2013 - All rights reserved
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breathable gas at 60 °C to 70 °C increases discomfort at rest (steam sauna) and will be intolerable for
longer times during activity.

With RPD, tolerable temperatures are likely to be much lower due to longer exposure times and
higher ventilation rates. Warm or hot inhaled breathable gas will also heat the respiratory interface,
contributing to a local conductive heat gain in the face/head area.

It is known that at high inhalation temperatures and relative humidity irritation of the lung tissues and
air ways may occur. For example at temperature levels of 90 °C at less than 20 % RH at “light work” or
70°C at less than 70 % RH at “moderate work” or even 45 °C with up to 100 % RH at “very, very heavy

ork” might cause irritation.

Temperatures given in Table 2 should be regarded as maximal temperatures and only applicable to
short exposures. The burden on respiratory and whole body heat exchange is significant also|at lower
tgmperatures with longer work times, see also Clause 5.

Table 2 — Maximal temperatures for warm or hot inhaled bréathable gas

Class Work Average metabolic | Temperature Teémperature Temperature
rate of inhaled of inhaled of inhaled
W/m? breathable gas bredthable
at breathable gas at gasat
RH <20% 20% <RH<70% RH 70 %
°C °C °C
1 Resting 65 90 70 50
2 Light work 100 90 70 50
3 Moderate work 165 90 70 50
4 Heavy work 230 80 65 A5
5 Very heavy work 290 80 65 45
6 Very, very heavy 400 80 65 45
work
7 Extremely heavy 475 80 65 15
work
8 Maximal work 600 80 65 A5

These values have been derived from ISO 11079.

4{5.3 Effect causedby cold breathable gas

Af very low témperatures inhaled breathable gas cools the airways, eventually resulting in proncho-
constriction @hd epithelial irritation. Symptoms may be coughing and asthmatic-like reactionsg.

p—

40 11079 suggests the following temperature limit values for cold inhaled breathable gas. The Ipw strain
values.refer to effects of more sensorial type, such as discomfort. The high strain level indicatgs values
thatmmay cause irritation, coughing and eventually long term health effects such as asthmatic syymptoms.

See Table 3.

Breathable gas through a RPD at such low temperatures is not very likely to cause harm as the respiratory
interface itself will act as a kind of heat exchanger and provide some re-warming of inhaled breathable gas.

It is known that at low inhalation temperatures and relative humidity irritation of the lung tissues and
air ways may occur. For example, at a temperature level of =40 °C “light work”, at =30 °C “moderate
work” and at =20 °C “very heavy work” might cause irritation.

© IS0 2013 - All rights reserved 9
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Table 3 — Low temperatures that refer to sensorial effects

Class Work Average metabolic rate| Temperature of inhaled
W/m?2 breathable gas
°C
1 Resting 65 -40
2 Light work 100 -40
3 Moderate work 165 -30
3 Heavy work 230 =20
5 Very heavy work 290 -20
6 Very, very heavy work 400 -30
7 Extremely heavy work 475 -30
8 Maximal work 600 =40
5 Effdcts on whole body heat balance

The bod)
skin. Hed

5.1 Rd

Respirat
transfer
breathin
exchangg
respiratq
some da
situation

Respirat
differend

The follo
E

res

C

res

ex

r exchanges heat with the environment basically through the respiratory system and via t}
t exchange by respiration comprises convective and evaporative components.

spiratory heat exchange

bry heat loss accounts for 5-15 % of the body’s heat loss depending on the level of activity. He
to hot and cold air through the airways is controlled to some extent, in particular with nas

 becomes less efficient. In the cold it adds to-respiratory heat loss and in the heat it reducg

ry heatloss. On the other hand, the respiratory interface, a filter and the dead space may provid

mping of the immediate effect of envirofimental temperatures. In high heat and high humidif

s the mask worn may exacerbate the gffect. The magnitude of these effects is not known.

bry heat exchange can be described as a function of the minute ventilation and the temperatuy

e between inhaled and exhaled air.

wing empirical equations‘are used:

=0,0173M(poy — D) (

=0,0014M(t <t ) (
=[29+0,2¢, (

b. With moderate to heavy exercise mouth breathing is necessary and the heat and moistur

1

ht
hl

le
y

e

)

)

where

Eresis the evaporative heat exchange, in W/m?2;

Cres is the convective respiratory heat exchange, in W/m?2;

M is metabolic rate in W/m?Z;

Dex is the water vapour pressure of expired air, in kPa;

pa is ambient water vapour pressure, in kPa;

tq isthe ambient temperature, in °C.

10
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It is assumed that expired air is water saturated and has a temperature (tex), that is related to inspired
(ambient) temperature (t;) by Formula (3).[4]

Convective heat exchange is normally quite small, but may reach noticeable magnitudes in certain
circumstances. Evaporative respiratory heat loss is generally greater than the convective component.
RPD using compressed breathable gas as a source may provide cool and dry gas. That may be beneficial
in hot environments but a disadvantage in cold conditions.

Under conditions when RPD may cause increased levels of inhaled CO;, ventilation may increase,
enhancing respiratory heat loss (see ISO/TS 16976-3).

In hyperbaric environments respiratory heat exchanges increase in proportion to the increased ambient
pressure. In deep sea diving heating of air may be required in order to compensate for respiratory heat
ldsses. This is particularly true if helium is used as a breathing gas to a larger extent.

RIPD using compressed air as a source provides dry air thatin most casesisinhaled dtalower temjperature
than ambient due to decompression. This means that more evaporative heat and’more water is lost for
thhe same minute ventilation than under normal breathing conditions. This provides for some ektra heat
Idss in warm environments but at the expense of increased water loss.

p—
—

the cold the extra heat loss may still be positive at high work rates) At lower work rates the extra
heat loss may require compensation by e.g. extra clothing for the, maihtenance of heat balance. At high
wlork rates in the heat associated with mouth breathing, more heat is expelled to the environment and
therefore is a positive effect.

5|2 SKkin surface heat exchange

Most of the body heat dissipates via the skin. The impact of a RPD is therefore, much dependent on the
c¢verage of the skin surfaces and the properties of:the material that covers the skin.

The head is important for heat exchange batlfrom a subjective and physical point of view. The head
id more sensitive to thermal stimuli than-many other parts of the body. The head and neck represents
approximately 10 % of the body surface-area. It is a significant area for heat exchange, pafticularly
irf] the cold. Blood flow to head and-brain is not reduced in the same manner as to extremitigs during
viisoconstriction. Certain types ¢f RPD may have even large of coverage of the body. For ventilated
chemical protective suits it may be 100 %.

Thermal effects of respiratory interfaces are likely to be more of a sensorial nature - comfort/digcomfort.
The quantitative effect.of-a RPD on whole body heat exchange is small. In the heat it is likely fo add to
thermal discomfort.An-the cold the respiratory interface provides an additional protection of the face
area due to its insulation and the heat exchange effect. Contact with cold metal parts must be avoided.

RPDwithahoedimplies coverage ofthe head and parts ofthe uppertorsowith material thatisimpg¢rmeable
tq water vapour. Evaporative heat exchange of covered areas is affected. On the other hand, hood systems
1g on the
butetoa
rgeroverall body h d slightly

In some user applications the RPD is combined with other types of personal protection. In these
conditions the thermal effects can be large, for example with a chemical protective suit or a fire fighter
turnout gear. Exposure times often become limited to 30-60 min due to the availability of breathable
gas as well as due to rising levels of heat stress. Technical solutions are available that provide means of
cooling the clothing microclimate, for example by supplying air for ventilation or by using phase change
materials (PCM) in suits or extra vests. The heat exchange in these conditions can be analysed and the
contribution of RPD and other personal protection can be calculated.

© IS0 2013 - All rights reserved 11
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