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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

For an appropriate design, selection and use of respiratory protective devices, basic physiological
demands of the user should be considered. The function of a respiratory protective device, the way it
is designed and used, and the properties of its material can affect communications: either speech or
hearing or both.

This document belongs to a series of documents providing basic physiological and anthropometric data
on humans. It contains information about hearing and speech associated with wearing respiratory
protective devices.

© IS0 2023 - All rights reserved v


https://standardsiso.com/api/?name=f78c2808ace57c181ba6bbaf0bb1f3eb



https://standardsiso.com/api/?name=f78c2808ace57c181ba6bbaf0bb1f3eb

INTERNATIONAL STANDARD

ISO 16976-7:2023(E)

Respiratory protective devices — Human factors —

Part 7:
Hearing and speech

Thi
and|

Thd
con
und

ISO
ISO
[EC

For
foll

ISO

3.1

3.1
hea

Scope

5 document contains information related to the interaction between respiratory pretect
the human body functions of hearing and speech.

Normative references

following documents are referred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references,, only the edition cited 4
ated references, the latest edition of the referenced document (ificluding any amendmen

1999, Acoustics — Estimation of noise-induced hearing loss.
16972, Respiratory protective devices — Vocabulary and.graphical symbols

61672, Electroacoustics — Sound Level Meters

Terms and definitions, and abbreviated terms

the purposes of this document, the terms and definitions given in ISO 1999, ISO 169
wing apply.

and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

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

Terms and-definitions

1
ring

3.1

2

ive devices

Pir content
pplies. For
[s) applies.

/2 and the

dresses:

ma]mer inwhich the brain and central nervous system recognizes and interprets sounds (3.1.5

ototoxicity
damage to hearing (3.1.1) from overexposure to drugs or toxic substances

3.1.

3

noise
unwanted sound (3.1.5)

3.1.

pre

4
sbycusis

gradual sensorineural hearing (3.1.1) loss due to natural ageing

3.1.

5

sound
form of energy that moves through media in waves of pressure
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3.1.6
sound pre

ssure

local pressure deviation from the ambient atmospheric pressure caused by a sound (3.1.5) wave

Note 1 to entry: The sound pressure is measured in pascals (Pa).

3.1.7

RMS sound pressure
deviation from the ambient atmospheric pressure caused by a sound wave at an instant in time over a
given period of time

3.2 Abb

SPL SO

reviated terms

ind pressure level

NIHL ndqjise induced hearing loss

TWA  tir
STI sp
SII sp

RMS ro

4 Rang

ne-weighted average
pech transmission index
eech intelligibility index

pt mean square

p of hearing and speech

Humans wjith normal hearing can usually hear sound pressure waves in a frequency range of al

20 Hz to 2
declines d1
response 3
affected by

) 000 Hz, but the ear is most sensitive to frequencies from 500 Hz to around 4 000 Hz
amatically in sensitivity as frequencies-drop below 500 Hz. Figure 1 depicts the freque

ageing as explained further in 7.3.

Y
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nd sound pressure level response of human hearing and speech. The frequency range is
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X
Key
X logarithmic sale of frequency in Hz
Y sound pressure level, in dB
1 pain threshold
2 range of speech
3 hearing threshold

Figure 1 — Range of human hearing and speech
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5 Measurement of sound pressure

The measurement of sound pressure is carried out using a sound level meter which shall meet the
requirements of [EC 61672.

The sound pressure level (SPL) is the logarithmic ratio of the sound pressure to a reference sound
pressure and is expressed in decibels (dB) by Formula (1):

L, =20logyq (p RMS ] 1
Po
whére
Lp is the sound pressure level, in dB,
PrMS is the root mean square (RMS) sound pressure, in Pa,
Po is the sound reference pressure, in Pa.

In ;11; the reference sound pressure is 20 pPa. That reference is based-on-the average human threshold
of hearing at a frequency of 1 000 Hz.

When measuring sound pressure level as it relates to human perception, weighting factois, as given
in [EC 61672, are used to represent human loudness perception at different frequencies| The most
conmmon is the A weighted sound measurement which approximates the human loudness perception at
40 phon (40 dB at 1 000 Hz) and is expressed as dBA. Examples of some typical sound levels|are:

librpry: 40 dBA;
normal conversation: 60 dBA;
trafffic noise: 80 dBA;
metal shop: 100 dBA;
sirgn: 120°dBA;
jet éngine: 140 dBA.

A perceived differencé-in sound level occurs at approximately 3 dB, and a perceived doubling of sound
volume occurs with‘a10 dB increase in sound pressure level.

Andther sound.weighting is the C-weighting, which approximates the human loudness pefception at
100 phon.

6 |Physiology of the ear

6.1 General

The human ear is the sense organ that detects sounds and changes the pressure waves into a signal of
nerve impulses that is sent to the brain. The ear not only receives and converts sound but also plays a
major role in the sense of balance and body position.

As shown in Figure 2, the ear is usually described in three sections: the outer ear (key 1), middle ear
(key 2) and inner ear (key 3).

©1S0 2023 - All rights reserved 3
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7 8 9 10 11 12

@ 13

O 14
15
5 6 17 16
1 2 3
Key
1 outeregr 10 oval'window
2 middlefear 11. semi-circular canals
3 innerefr 12" vestibular nerve
4  pinna 13 cochlear nerve
5 externdl auditory channel 14 cochlea
6  tymparlic membrane 15 Eustachian tube
7  malleus 16 round window
8 incus 17 tympanic cavity
9 stapes

Figure 2 — Physiological ear terms

6.2 Outeér ear

The outer [ear,is the most external portlon of the ear. The outer ear 1ncludes the pmna (also callled
auricle), the—€s ; : ; e ; T i
membrane) In humans the only v151b1e portlon of the ear is the outer ear. The outer ear does help get
sound (and imposes filtering), but the ear canal is very important. Unless the canal is open, hearing will
be damped. Ear wax (cerumen) is produced by glands in the skin of the outer portion of the ear canal.
The outer ear ends at the most superficial layer of the tympanic membrane.

The pinna helps direct sound through the ear canal to the tympanic membrane (eardrum).

6.3 Middle ear

The middle ear, an air-filled cavity behind the ear drum (tympanic membrane), includes the three ear
bones or ossicles: the malleus (or hammer), incus (or anvil), and stapes (or stirrup). The opening of
the Eustachian tube is also within the middle ear. The three bones are arranged so that movement

4 © IS0 2023 - All rights reserved
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of the tympanic membrane causes movement of the malleus, which causes movement of the incus,
which causes movement of the stapes. When the stapes footplate pushes on the oval window, it causes
movement of fluid within the cochlea (a portion of the inner ear).

In humans the middle ear (like the ear canal) is normally filled with air. Unlike the open ear canal,
however, the air of the middle ear is not in direct contact with the atmosphere outside the body. The
Eustachian tube connects from the chamber of the middle ear to the back of the pharynx.

The arrangement of the tympanic membrane and ossicles works to efficiently couple the sound from the
opening of the ear canal to the cochlea. There are several simple mechanisms that combine to increase
the sound pressure.

— | The firstis the “hydraulic principle”. The surface area of the tympanic membrane is ntapyf times that
of the stapes footplate. Sound energy strikes the tympanic membrane and is coneentrpted to the
smaller footplate.

— | A second mechanism is the “lever principle”. The dimensions of the articulating ear ossifles lead to
an increase in the force applied to the stapes footplate compared with thatapplied to the malleus.

— | A third mechanism channels the sound pressure to one end of the(cochlea and protectf the other

end from being struck by sound waves. In humans, this is called “round window protectjon”.

6.4] Inner ear

The inner ear includes both the organ of hearing (the cochlea) and a sense organ that is attfined to the
effects of both gravity and motion (labyrinth or vestibularrapparatus). The balance portion ¢f the inner
ear|consists of three semi-circular canals and the vestibule. When sound strikes the ear| drum, the
moyement is transferred to the footplate of the stapes, which presses into one of the fluid-filled ducts of
the|cochlea. The fluid inside this duct is moved, flowing against the receptor cells of the cocHlear nerve,
whilch fire. These stimulate the spiral gangliom,$hich sends information through the audit¢ry portion
of the eighth cranial nerve to the brain.

7 |Hearing loss

7.1 Conductive hearing less

Abrlormalities such as impacted ear wax (occlusion of the external ear canal), fixed or missipg ossicles,
or Noles in the tympanic-membrane generally produce conductive hearing loss. Conductive hearing loss
may also result froncmiddle ear inflammation causing fluid build-up in the normally air-fillgd space. In
sonje cases, conductive hearing loss is reversible.

7.2] Ototoxicity

A npmber of drugs in clinical use and some substances at the workplace (e.g. styrol) are fonsidered
“otqteXic” and have the potential to cause damage to hearing as a side effect, especially in cgmbination
with noise exposure. Hearing loss caused by ototoxic drugs can be reversible or permanent.

7.3 Presbycusis

Hearing loss caused by natural aging affects the higher frequencies making word recognition difficult,
see Clause 8. It is permanent.

7.4 Noise induced hearing loss (NIHL)

NIHLis caused by exposure to sound levels or durations that damage the hair cells of the cochlea. Initially,
the noise exposure may cause a temporary threshold shift, that is, a decrease in hearing sensitivity that
typically returns to its former level within a few minutes to a few hours. Repeated exposures lead to a
permanent threshold shift, which is an irreversible sensorineural hearing loss. Hearing loss has causes

© IS0 2023 - All rights reserved 5
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other than occupational noise exposure. Hearing loss caused by exposure to nonoccupational noise is
collectively called sociocusis. It includes recreational and environmental noises (e.g. loud music, guns,
power tools, and household appliances) that affect the ear the same as occupational noise. Combined
exposures to noise and certain physical or chemical agents (e.g. vibration, organic solvents, carbon
monoxide, ototoxic drugs, and certain metals) appear to have synergistic effects on hearing loss!3]
(41[2][6][8][9][11][12], Conductive hearing losses, as opposed to sensorineural hearing losses, are usually
traceable to diseases of the outer and middle ear.

7.5 Other types of hearing loss
For more igformmatioronrothrer types of trearimgioss; see 1561999

7.6 Other effects of noise

Noise expdgsure is also associated with nonauditory effects such as psychological stresscand disruption
of job perf¢rmancel11l[12][13] and possibly hypertension. See References [14] to [26]. Neise may also pe a
contributing factor in industrial accidents[271{28][29][30],

7.6.1 Gelneral

Hearing lofs from long term exposure to noise has been recognized as d.hazard. The effects of npise
can includ¢ increased stress, cardiovascular function (hypertension, ehianges to blood pressure and/or
heart rate)| annoyance, sleeping problems, and mental health. In théworkplace, non-auditory effecfs of
noise also Include problems with oral communications.

7.6.2 Efflects on the wearer

7.6.2.1 Rhysiological

The physidlogical effects can be temporary or perianent.
Examples ¢f temporary physiological effects‘are

— the spl»ntaneous response to loud neise, where muscles are required to protect the auditory senjses,

— them
noise,

scle tension response, where muscles tend to contract in the presence of continuous loud

— the regpiratory reflexes; where the respiratory rhythm tends to change when noise is present,
— changgs in the hearfbéat pattern, and

— changgs in thediameter of the blood vessels, particularly in the skin.

7.6.2.2 Rerformance

Examples of the performance effects would be the
a) speech intelligibility.

The presence of noise interferes with the understanding of what other people say, including hearing
safe work instructions. This exchange includes for example face-to-face talks, telephone conversations,
audible danger/warning signals, and speech over a public address system.

In order to be intelligible the sound level of speech shall be greater than the background noise at the ear
of the listener. People with otherwise unnoticeable hearing loss find it difficult to understand spoken
words in noisy surroundings.

6 © IS0 2023 - All rights reserved
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In a noisy work environment, people are able to converse with difficulty at a distance of one meter for
a short time in the presence of noise as high as 78 dB(A). For prolonged conversations, the background

noise level shall be lower than 78 dB(A).

In a work environment with a low background noise level not exceeding 55 to 60 dB(A) people often can
talk at distances of 2 m to 4 m comfortably, see Table 1.

Table 1 — Speech communication versus level of background noise

Communication (50 to 70) dB(A) (70 to 90) dB(A) (90 to 100) dB(A) (100 to 130) dB(A)
Face—te—faee Raised-reicetevelat—Verylond-or Masimtm-voice Very-diffiewto
(unpmplified distancesup to2m [shouted voice level |level atdistances |impossiblefeyen ata
spelech) at distancesupto |upto25cm distanceofd ¢m

50 cm
Tel¢phone Satisfactory to Difficult to unsatis- |Use press-to-talk  |Use.special equipment
slightly difficult factory switch and an
acoustically
treated booth
Intgrcom system  |Satisfactory Unsatisfactory Impossible using Impossible usfng loud-
using loudspeaker |loudspeaker speaker
Type of earphone |Any Use any earphone |Use anyinh muff or |Use insert tyye or over-
to qupplement helmet except bone |ear earphone$ in helmet
louflspeaker conduction type or in muffs; ggod to
120 dB(A) on phort-term
basis
Public Address Satisfactory Satisfactory to Difficult Very difficult
System difficult
Type of Any Any Any noise-cancel- |Good noise-cdncelling
midrophone ling microphone microphone
required

NOTE The information given in this table has been compiled from the data in Reference [3]. Although t
refgrence, no recent information was found thatwould change these examples.

his is an old

b) [annoyance.

In roisy environments, people generally prefer to reduce the noise loudness, avoid it, or leay
area if possible. The same‘noise could be annoying to some people but acceptable to ot}
is no definite relationship’between the degree of annoyance or unpleasantness of noise a
dverse health effects. For example, very loud music may be pleasant to one group of

of

annoying to another group. Both groups will be equally at risk of hearing loss.

e the noisy
ers. There
hd the risk
beople and

Besjdes loudnéss of sound, several other factors contribute to annoyance. Table 2 lists examjples of such

factlors.

Table 2 — Factors that affect individual annoyance to noise

Areas of concern

Factors

Primary acoustic factors

Duration

Sound level
Frequency

Secondary acoustic factors

Spectral complexity
Fluctuations in sound level
Fluctuations in frequency
Rise-time of the noise
Localization of noise source physiology

NOTE The information given in this table has been compiled from the data in Reference [3]. Although
this is an old reference, no recent information was found that would change these examples.
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Table 2 (continued)

Areas of concern Factors

N

on-acoustic factors Adaptation and past experience

How the listener's activity affects annoyance
Predictability of when a noise will occur

Is the noise necessary?

Individual differences and personality

NOTE The information given in this table has been compiled from the data in Reference [3]. Although
this is an old reference, no recent information was found that would change these examples.
c) job intprference.
Depending| of the type of activity, noise can severely affect efficiency of a task performarce.

following €
— A nois)

A nois)

Further in
industrial

8 Noisd

8.1 Wor

Occupatior
combinatid
in Table 3.

T (min

where TW|
accepted t¢
halves for ¢

h

xamples will illustrate this point.
 environment could create a hazard, since audible alarms might not be heard:
 environment interferes with oral communication and thus, interferes with the activity.

ormation can be found in References [10] to [25]. Noise can also_ie,a’contributing factd
hccidentsl261[271[28][29],

exposure limits

kplace exposure levels and durations

al noise exposure should be controlled so, that worker exposures are less than

The

the

n of sound exposure level (SPL) and duration (1), as calculated by Formula (2) and as sh¢wn

480
5(SPL-TWA)/3

A (Time-Weighted Average)tnoise exposure limits vary with jurisdiction, but are usu

be 80 dBA or 85 dBA for anyeight hour work shift using a 3 dB exchange rate, i.e. the dura
very 3 dB increase in sound pressure level (SPL).

Table 3 — Maximum exposure duration (7)

(2)

ally
[ion

S Maximum'duration for TWA = 85 dBA Maximum duration for TWA = 80 dBA
d h min S h min S
80 25 24 8 0
8 20 10 6 21
8] 16 0 5
83 12 42 4
84 10 3 10
85 8 2 31
86 6 21 2 0
87 5 2 1 35
88 4 0 1 16
89 3 10 1 0
90 2 31 47 37
91 2 0 37 48
92 1 35 30 0
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SPL | Maximum duration for TWA = 85 dBA Maximum duration for TWA = 80 dBA
dB h min s h min s
93 1 16 23 49
94 1 0 18 54
95 47 37 15 0
96 37 48 11 54
97 30 0 9 27
98 23 19 7 30
99 18 54 5 ~ b7
100 15 0 4 73
101 11 54 3 vl 45
102 9 27 2_0y 59
103 7 30 2O 22
104 5 57 O1 53
105 4 43 N7 1 29
106 3 45 20 1 11
107 2 59 JROX 56
108 2 22 R 45
109 1 53 QO 35
110 1 29 . 28
111 1 11 22
112 R 18
113 LO 45 14
114 REEE 11
115 S 9
116 N\ 22 7
117 oS 18 6
118 1O 14 4
119 Y 11 4
120 | Y 9 3
121 | oV 7 2
122\~ 6 2
3] : :
< 124 4 1
D 125 3 <1
126 2 <1
127 2 <1
128 1 <1
129 1 <1
130 <1 <1
131 <1 <1
132 <1 <1
133 <1 <1
134 <1 <1
135 <1 <1

© IS0 2023 - All rights reserved
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Table 3 (continued)

SPL Maximum duration for TWA = 85 dBA Maximum duration for TWA = 80 dBA
dB h min S h min S
136 <1 <1
137 <1 <1
138 <1 <1
139 <1 <1

Where the noise exposure is composed of two or more periods of noise at different levels, the total noise
dose (D), which is the actual exposure relative to the amount of allowable exposure and for which@-dose
of 100 and jabove represent exposures that are hazardous, can be calculated as given in Formula (3 ):

¢, C c
D=100| L +-2 4. .+-1 (3)
T, T, T

C, inricates the total time of exposure at a specific noise level;

T,

» indlicates the duration for that level as given in the table above:
Incremental doses can be summed using the following tables.

As an exanpple, calculate the dose for an employee who is subjected to 92 dB for 2 h, 87 dB for 4 h jand
82 dB for 24 h.

From Tablg 3, T, for 92 dB is 1 h 35 min (1,58 h), for 87 dB; 5 h 2 min (5,03 h), and for 82 dB, 16 h.
Therefore,

D=10 2 +i+i =100(1,27+0,;80+0,13)=220%
1,58 5,03 16

Using Tabl¢ 4 below,
D=12¢ +79 + 13 =218 %.

The differgnce is caused byeunding.

Table 4 — Percentage of total dose based on 85 dBA TWA

SPL Duration of exposure
h
(dBA) 1/4 /2 1 2 4 8 10 12
105 318 636
104 252 504 1008
103 200 400 800
102 159 317 635
101 126 252 504 1008
100 100 200 400 800
99 79 159 317 635
98 63 126 252 504 1008
97 50 100 200 400 800
96 40 79 159 317 635

10 © IS0 2023 - All rights reserved
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Table 4 (continued)
SPL Duration of exposure
h
(dBA) 1/4 1/2 1 2 4 8 10 12

95 32 63 126 252 504 1008

94 25 50 100 200 400 800 1000 1200

93 20 39 79 158 316 632 789 947

92 16 32 63 126 253 505 632 758

91 13 25 50 100 200 400 500 600

90 10 20 40 79 159 318 397 477

89 8 16 32 63 126 253 316 379

88 6 13 25 50 100 200 250 300

87 5 10 20 40 79 159 199 238

86 4 8 16 31 63 126 157 189

85 3 6 13 25 50 100 125 150

84 2 5 10 20 40 79 99 119

83 2 4 8 16 31 63 79 94

82 2 3 6 13 25 50 63 75

81 1 2 5 10 20 40 50 60

80 1 2 4 16 31 39 47

79 6 13 25 32 38

78 5 10 20 25 30

77 8 16 20 24

76 6 13 16 19

75 5 10 13 15
8.2 Peak limit value
Exposure to impulsive noisg-is.regulated by national regulations and is generally accepted ndt to exceed
137/ dBC or 140 dBC.
9 [Speech andhearing difficulties
Spegech as shown'in Figure 1 encompasses a range from about 100 Hz to 5 000 Hz. Varioug phonemes
are|comprised of different frequencies even though they may share a similar sound. Plosivgs like “pa”,
“kal, “tee’-bee” and “dee” range from low to medium frequencies. Fricatives like “sss”, “veq’ and “zee”
are|mostly high-frequency sounds.

Vowels are mostly medium- to low-frequency sounds. Thus, communication problems due to hearing
loss will be dependent on the frequency of the loss. If hearing loss is in the high-frequency range, as it
usually is with presbycusis, fricative sounds will be easily confused.

Further affecting the ability to hear speech with high-frequency loss is the fact that there is a difference
in the frequency range between male and female voices: males use frequencies down to about 100 Hz
while females’ lower limit is about 250 Hz.

The ability to understand speech is compounded by many factors in addition to hearing loss. One major
issue is masking due to the background noise. The noise spectrum and speech-to-noise ratio are very
important to understanding speech. Another factor is distortion caused by reverberations, muffling,

echoes, or just plain variations in pronunciations or dialect. This arena is far too complex for this
document.
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