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SECTION 1.

FOREWORD

This Guide has been produced by a joint working party of the Health and Safety Executive and the
Explosives Industry Group of the Confederation of British Industry.

It has been prepared to provide advice on the hearing protection1 aspects of personal protective
equipment (PPE) to those who manufacture, test or use explosives and explosive articles and
substances in Great Britain. Information on current legislation and practical advice on good practice
are included.

Whilst every effort has been made to cover appropriate legislation, regulations and best practice when
this Guide went to print, neither the CBI nor its servants or agents can accept responsibility for, or
liabilities incurred directly or indirectly as a result of, any errors or omissions in this Guide. Those
involved in the explosives industry are responsible for taking their own legal and other advice as they
see fit. Readers are also strongly advised to check whether there has been any change in legislation
or regulation since the publication of this Guide.

Nor do the CBI, its servants and agents make any representation expressed or implied that the
products and product ranges or the processes or materials referred to in this Gurde are suitable,
satisfactory or appropriate for the purpose or purported purposes set out or referred to in this Guide
and the CBI, its servants and agents accept no responsibility or liability therefor.

The term 'hearing protection' is used throughout this document. It is equivalent to the term 'ear
protection' as used in the Noise at Work Regulations 1989.

SECTION 2.

INTRODUCTION

What are the aims of the Guide?

To provide guidance to those involved in the manufacture, testing or use of explosives on the
assessment of noise exposure and the selection of hearing protection, and on audiometry (health
surveillance). The Guide also gives information on the legislation applicable to the provision of hearing
protection.

In preparing this Guide account has been taken of current practices within the UK explosives industry.

When i s Hearing Protection Needed?

The Noise at Work Regulations 1989 require that every employer shall reduce the risk of damage to
the hearing of his employees from exposure to noise to the lowest level reasonably practicable. The
Regulations also require that every employer shall make a noise assessment when any employee is
likely to be exposed to any of the noise action levels that they define.

Under the Regulations, when any employee is exposed to high noise levels, an employer is required
to reduce exposure by measures other than hearing protection (e.g. by sound absorption, enclosure of
machinery). If it is not reasonably practicable to reduce noise exposure to acceptable levels by such
measures, then, as a last resort, hearing protection should be provided. Areas in which hearing
protection is compulsory should be clearly indicated.

High noise levels can occur in the explosives industry. The following diagram shows examples of
these, alongside the noise levels of common activities.
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Limitations of the Guide

This Guide does not deal with the reduction of exposure to noise by the use of engineering measures,
but only with hearing protection. The advice in this Guide should not be taken as a substitute for
undertaking a full assessment of the noise hazard in any particular work situation.

SECTION 3.

CHECKLIST FOR HEARING PROTECTION

STEP 1 Do you have a noise problem?

As an employer, or self employed person, you should be aware of the need for control of noise in the
workplace.

There are several pieces of legislation which place requirements on employers and employees with
respect to noise in the workplace (see Section 4).

You should carrv out a noise assessment

You are required to assess the noise exposure of your workforce. The assessment must be carried
out by a Competent Person. Assessments must be made of:

-

Daily personal noise exposure (LE2:)
Action levels of 85 and 9OdB(A) for the total daily personal noise exposure

.

Exposure to single impulses
Action level at 140dB peak Sound Pressure Level for any single noise event

All workers likely to be at risk must be assessed, including:
Static and mobile workers
All workers working at or around noisy machinery or processes (including firing of explosives).

-

Off-site workers
Workers who may carry out firing of explosives at a customer site or provide demonstrations or
displays (e. g. fire works).

-

Visitors and contractors on your site
Anyone visiting your site must be suitably protected from high noise exposures.

A good noise assessment will also provide information to assist a noise control programme, such as:

Sources of noise
What machinery or processes contribute most to the noise exposure of your workforce?

-

The duration of exposure
How long are persons exposed ?

Frequency content

Is the noise of high or low frequency, does it have particular tonal contents?

STEP 2 Are workers exposed t o hazardous levels o f noise?

If your noise assessment identifies a noise as a hazard, you will need to put into place a noise control
programme. The priority of any noise control programme must be to reduce the noise at source.
Hearing protection must be used as a last resort in any noise control programme.

Can you reduce or eliminate the noise exposure by controllinq the noise?

-

Can the process be altered to eliminate the noisy elements?

Consider the whole work process. Can improvements be made to reduce or eliminate the need
for the noisy elements?
Can low noise machines be purchased?

If the machine has a CE mark, noise emission information should be available from the
manufacturer.

-

Can the noise source be enclosed or treated to reduce the noise emission?

Acoustic enclosures are available from specialist manufacturers, or can be made in-house.

.

Can acoustic barriers or screens be used to reduce the noise?

Acoustic barriers may be used both to deflect noise away from workers, and to absorb the
sound (using noise absorbent materials).

-

Can the operator or other persons be moved away from the noise source (e.g. remote firing)?

By moving further away from a noise source noise exposure maybe reduced, although at best
this will only give a 6dB reduction every time the distance from the source is doubled
Can the operator be isolated from the noise source (e.g. noise refuges, remote firing)?

Using 'quiet rooms' from where firing may be remotely triggered.

-

Can the number of people exposed be reduced?

Is it necessary for the noisy machinery to be positioned close to large numbers of people? Are
all the people present really n e c e s s a v
Can rooms be acoustically treated to absorb noise?

Noise absorbing linings can be effective for reducing, for example, the general noise levels in
indoor firing ranges by reducing reverberation of noise within the room.

-

Can the quantities of explosive be minimised to reduce noise emission?
Where it is necessaty, or unavoidable, for explosives to be fired, can the noise levels be
reduced by ensuring the minimum quantity of explosive is involved?

Do you need to use hearinq protection?

Hearing protection should not be used as a substitute for effective noise control, but it may be
necessary to use hearing protection under the following circumstances:
While a noise control programme is being carried out
Hearing protection should be used as a temporary measure while other noise controls are being
installed.

.

If noise control is not practicable
Where it is not reasonably practicable to effectively reduce noise exposure by means other than
hearing protection.
If noise control cannot reduce the noise exposure to safe levels
Noise control of the machine may not be sufficient, on its own, to reduce noise exposure to an
acceptable level.

How do you select the most appropriate hearinq protection?

Full information on selection methods can be found in Section 7. Additional information which may
not be provided in the initial noise assessment may be required to assist in the selection of hearing
protection. This includes :
Level of the noise
How loud is each noise?
The type of noise
Continuous, cyclic, intermittent, impulsive/explosive.
Frequency content
Either octave-band frequency information, or a comparison of A and C weighted sound
pressure levels.

In very high noise levels, a pair of ear-plugs may be used in combination with a muff-type protector
this is referred to as dual protection.

In addition, consideration may be given to:

-

Whether the protectors will be used with other personal protective equipment
The hearing protection must be compatible with other personal protection which needs to be
worn.

.

The environment the protectors will be used in (e.g. flammable atmospheres, dusty conditions,
chemical irritants)
Dust or chemicals may irritate the skin around the seal of muff-type protectors. Disposable
plugs or muffs with cushion covers may be a better solution.
Verbal communications required to carry out the task
Muffs are available with communications systems built in. Muffs are also available with
attenuation characteristics designed to minimise interference with speech communication.

.

Frequency content
Can warning signals be modified (e.g. change of frequency) to be audible with hearing
protectors? Can visual signals be used to supplement audible signals?

How do vou manaqe the use of hearinq protection?

The person responsible for the management of a hearing prcrection programme w ~ lneed
l
to:

-

'

Define hearing protection zones
These will need to be marked with the appropriate warning signs

-

Set up a system for the distribution, maintenance and replacement of hearing protection
Some hearing protectors are designed to be disposable, others have replaceable parts (e.g.
seals).

-

Ensure that information is given on the risk of hearing damage
Workers must be informed of the nature of any risks to hearing to which they may be exposed.

.

Ensure that appropriate training is given on the use of hearing protection and the identification
and reporting of faults
Incorrectly worn or fitted protectors are ineffective. Users should be instructed in the correct
use, care and maintenance ofprotectors. The users have a legal obligation to report any faults.
Ensure that hearing protection is being used correctly
To be effective, heariiig p;otection must be fitted properly and worn at all times the user is
exposed to high noise levels.

STEP 3 Do you need to monitor the hearing ability of your workers?

The employer has a legal obligation to carry out appropriate health surveillance on those workers at
risk from high noise levels (see Section 9). Tests of hearing ability (audiometry) will also:

.

identify workers with hearing loss
So that action can be taken to prevent further loss.

-

identify workers at risk (individual susceptibility)
Some individuals will be more susceptible to hearing damage than others. Audiometry may be
used to identify these individuals so they can be advised to avoid exposure to high noise levels.

.

monitor the noise control and hearing protection programmes
Grouped audiometric information may be valuable in monitoring the effectiveness of noise
control programmes.

-

provide a defence against future civil litigation

When setting up a health surveillance programme you will need to consider:

-

Who does the testing?
Doctor, Occupational Hea!th Physician, specialist consultants.

-

How often are tests carried out?
Pre-employment tests, then regularly (see Section 9)

-

Who receives the results (Doctor, employee)?
The employer will only have access to anonymised, grouped data to give an insight into the
effectiveness of noise control programme. To observe medical confidentiality, the employer will
not have access to an individual's audiometric records.
If hearing loss is detected, who are the employees referred to?
Their GP, unions etc.

STEP 4 Do you keep the required records?

You are required to keep records of initial assessment of personal noise exposures. It is also
advisable to keep records of:
noise control programmes,
hearing protection programmes,

health surveillance.
subsequent noise assessments,

.

training

Records of any training on the use, care and maintenance of hearing protection

SECTION 4.

RELEVANT LEGISLATION AND GUIDANCE

There is a considerable amount of health and safety legislation which has a bearing on the selection
and use of hearing protection in the explosives industry. Set out below is a summary of the key points
from the main relevant legislation and associated guidance. The reader is advised to consult the
appropriate source document to resolve any areas of doubt. A full list of relevant legislation can be
found in Annex 1.

Health 8 Safety at Work etc. A c t 1974 (HSWA)

Section 2 - Health and safetv at work of employees

Employers are required to ensure, so far as is reasonably practicable, the health and safety at work of
their employees. It has always been recognised as good practice that health and safety is primarily
achieved through engineering controls and safe systems of work, and that the protection of employees
by the use of personal protective equipment (in noisy situations. by the use of hearing protection)
should be regarded as a last resort. The use of hearing protection as a means of reducing exposure
of employees should only apply in cases where it is not reasonably practicable to reduce exposure by
other control methods.

Section 3 - Health and safetv at work of visitors and contractors

Duties placed on employers and the self employed are also relevant to the provision of hearing
protection for any visitors on premises where hearing protection zones are defined; this can include
explosives sites.

Section 6 - Safety of machinerv and articles

This Section is relevant to designers, manufacturers, importers and suppliers of hearing protection. It
is also relevant to machinery suppliers, in particular if the machine is known to produce high levels of
noise. Designers, manufacturers and suppliers of explosives substances and explosives articles for
use at work need to consider the provision of advice to users on noise levels and hearing protection.
Regulation 12 of the Noise at Work Regulations 1989 (NAWR) modified duties under Section 6 of
HSWA on manufacturers etc. of articles for use at work.

Section 7 - Duties of employees

Indicates the general duties of employees to co-operate in ensuring the health and safety of
themselves and others while at work. The full commitment and co-operation of employees is essential
to the successful use of hearing protection in noisy environments.

Section 8 - Misuse of equipment

Section 8 of the HSWA would be contravened where a person intentionally or recklessly interfered
with or misused hearing protection provided for a work activity.

Section 9 - Supply of safety equipment

Employers have a duty not to charge employees for hearing protection.

The Noise at Work Regulations 1989 (NAWR)

The NAWR uses the terminology 'ear protection'. This document uses the elquivalent term 'he
protection'.

The Noise at Work Regulations 1989 require employers and employees to take specific actions (see
section 5) when certain action levels relating to noise exposure are reached and exceeded:
The 'First Action Level ' is an equivalent noise dose of 85dB(A) for eight hours of exposure
(daily noise exposure). Expressed as: L,

of 85dB(A).

The 'Second Action Level' is an equivalent noise dose of 9OdB(A) for eight hours of exposure
(daily noise exposure). Expressed as: L,

.

of 9OdB(A).

The 'Peak Action Level' is a peak sound pressure of 200 Pascals, equivalent to 140 dB (linear
weighting).

The first two action levels refer to the overall exposure to continuous, cyclic or repetitive noise during a
working day (e.g. from continuously running machinery) or to repeated exposure to explosive noise
(e.g. shotfring). The Peak Action Level refers to exposure to a single impulsive noise, such as a gun
shot.

Requlation 4 - Assessment of exposure

A major part of the Regulations asks the employer to make an assessment (carried out by a
Competent Person) of the employees' noise exposure, to determine if the 'First Action Level' is
reached or exceeded. The purpose of this assessment is to:
Identify all workers who are exposed
Provide the employer with information indicating where action to comply with other requirements
of the NAWR is needed, and help the employer decide what further action is appropriate.

It is for this second requirement that information should be collected which will enable an employer to
make an assessment of the type of hearing protection required. If the information from the initial
assessment is not sufficient to specify the correct hearing protection, further detailed measurements
may be required.

Requlation 5 - Records of assessment

All assessments shall be carried out by a Competent Person, and records shall be kept by the
employer until further noise assessments are needed.

Requlation 6 - Reduction of the risk of hearinq damaqe

Regulation 6 asks for a general reduction of the risk to hearing damage to employees

Requlation 7 - Reduction of noise exposure

If the noise exposure reaches and exceeds the Second Action Level or the Peak Action Level the
employer has to reduce, so far as is reasonably practicable, the noise exposure of that employee,
other than by the provision of personal hearing protectors. This means that before personal hearing
protectors are used to reduce the exposure, noise control must be considered and used where
practicable.

Requlation 8 - Hearinq protection

Under Regulation 8 the employer has to provide at the employee's request, suitable and efficient
hearing protection if the employee is exposed to the First Action Level or above, but at an exposure
that is likely to be less than Second Action Level.

Also under Regulation 8, if the exposure reaches the Second Action Level or above, or the Peak
Action Level or above, the employee must be provided with suitable personal hearing protectors
which, when properly worn, can be expected to keep the risk of damage to an employees hearing
below that arising from the exposure to the Second Action Level, or as the case may be, to the Peak
Action Level.

Requlation 9 - Hearinq protection zones

Employers must, so far as is reasonably practicable, demarcate, with an appropriate standard sign,
Hearing Protection Zones where employees are likely to be exposed to the Second Action Level or
above or to the Peak A c t i ~ nLevel or above. The employee must then wear the hearing protection
provided when entering a zone and whilst in the zone.

Requlation 10 - Maintenance and use of equipment

Employers have to ensure. so far as is practicable, that anything provided by them in compliance with
these Regulations, including hearing protection, is maintained in an efficient state, in efficient working
order and in good repalr. This Regulation also places the duty on the employees to, so far as is
practicable. fully and proper!:/ use the hearing protection provided by their employer, and if the
protection becomes defective to report the defects to their employer.

Requlation 11 - Provision of information

In the provision of information to employees, the employer shall train the employee in: the wearing of
hearing protection, how to recognise and report faults in that protection, how hearing protection can be
obtained and the employee's duties under these Regulations.

Requlation 12 - Duties of manufacturers and suppliers

This regulation modifies the duties under Section 6 of HSWA of manufacturers, designers, importers
or suppliers of articles or substances for use at work. P( duty is added to ensure that, where any article

/

is likely to cause any employee to be exposed to the First Action Level, or above, or to the Peak Action
Level, or above, adequate information is provided concerning the noise likely to be generated by that
article.

This duty is relevant to the manufacture and supply of machinery, and explosive articles, for use at
work. What constitutes "adequate information" will depend on the type of noise and the likely

circumstances of exposure, but it should be sufficient to tell the users (employers) what they need to
know to enable them to comply with their statutory duties under NAWR. This will include such
information on noise levels and frequencies as would be needed for the selection of suitable personal
hearing protectors, both for operators and other people in the vicinity who may be exposed when the
article is being used.

Explosives Act 1875 and subsidiary legislation

There is no specific reference to hearing protection in this legislation, but certain of its provisions need
to be considered when selecting hearing protection and noise measuring equipment for use in
premises licensed or registered under the Act, as follows.

General Rules for Factories. Maqazines. Licensed Stores and Reqistered Premises

Amongst other requirements. these rules state that no article liable to cause explosion or fire shall be
introduced into an explosives 5uilding. This does not ban the introduction of electrical instruments,
such as sound level meters ar!d hearing protectors with built-in electronics, into an explosives building,
provided that they are of an accropriate design and properly maintained for safe use in such buildings.
Further advice is given in HSE guidance note PM 82 "The selection, installation and maintenance of
electrical equipment for use in and around buildings containing explosives". For MOD explosives sites
guidance can be found in ESTC Leaflet No. 7 "Safety conditions for electrical installations and
equipment for buildings and areas containing military explosives".

Section 23 of the Explosives Act

Under this section, the occupier of every factory, magazine, store or registered premises is required to
take all due precautions for the prevention of accidents by fire or explosion. The control of electrical
apparatus such as sound level meters, mentioned above, is part of these precautions. Such
precautions could, in some cases, also include placing restrictions on the movement of hearing
protectors between explosives buildings to avoid potentially dangerous cross contamination.

Personal Protective Equipment at Work Regulations 1992 (PPER)
Requlation 3 - Dissa~plication

Indicates that, where other stated Regulations (e.g. NAWR) apply to a particular risk, the items of PPE
(hearing protectors) covered by those Regulations are exempt from most of the provisions of the

PPER, the exception being Regulation 5. HSE guidance (Guidance on Regulations, Personal
Protective Equipment at Work regulations 1992), states that the PPER will not apply to hearing
protectors.

Requlation 5 - Compatibilitv of personal protective equipment

Covers the compatibility of personal protective equipment. It requires that every employer shall
ensure that, where the presence of more than one risk to health or safety makes it necessary for his
employees to wear or use simultaneously more than one item of personal protective equipment, such
equipment is compatible and continues to be effective against the risk or risks in question.

Management of Health and Safety at Work Regulations 1992 (MHSWR )

Requlation 3 - Assessment of risk

An important requirement of these Regulations is for an employer to make a suitable and sufficient
assessment of the risks to the health and safety of employees and other persons arising from the
employer's undertaking. Similar duties are placed on the self employed.

Requlation 4 - Health and safety arranqements

Indicates to employers that they must make arrangements for the effective planning, organisation,
control, monitoring and review of preventative and protective measures associated with identified
risks. This will include hearing protection.

Requlation 5 - Health surveillance

Requires employers to identify risks and then provide appropriate health surveillance to employees for
those known risks. This means introducing hearing checks (audiometry).

Requlation 8 - lnformation for employees

lnformation shall be provided to employees by the employer on the risks to their health and what
preventative and protective measures are in place to reduce the risks.

Requlation 10 - Contractors

Any person who is employed as an outside contractor shall be provided with information on the risks
arising from the undertaking's operations.
Requlation 11 - Capabilities and training

Asks employers to take account of their employees' capabilities when entrusting tasks related to
health and safety.
Requlation 12 - Employees' duties

Employees shall use any machinery, equipment or safety device provided, in accordance with any
training given to them in the use of that equipment (e.g. hearing protection).

The Approved Code of Practice to MHSWR

This ACOP advises that when deciding what measures have to be taken following a risk assessment,
collective protective measures (i.e. those which may protect the whole workplace and all those who
work there) such as enclosures or barriers, must be given priority over individual measures such as
the wearing of personal hearing protection.

CE Marking of Hearing Protection

Like any other forms of PPE, hearing protection must show a CE mark of conformity

The Personal Protective Equipment (EC Directive), Regulations 1992 (as amended) require
manufacturers and importers to ensure that PPE put onto the European market meets certain basic
safety standards. Since 1 July 1995 it has been illegal for manufacturers and importers to sell PPE
unless it meets the basic safety standards and displays the CE mark to show it complies.

The responsibility of employers operating in the explosives industry is to ensure that any PPE they
provide to employees is suitable for purpose. They can continue to use any PPE without the CE mark
which was legally supplied to them, providing that it continues to be suitable for the use to which it is
put and is properly maintained. When employees need to be provided with new PPE, CE marked
equipment should be selected as this indicates that it conforms to the basic safety standards.

SECTION 5.

ACTION LEVELS

The Noise at Work Regulations 1989 specify duties which must be met when certain action levels
relating to noise exposure are reached or exceeded.

-

First Action Level:

Daily personal noise exposure of 85dB(A)

Second Action Level:

Daily personal noise exposure of 9OdB(A)

Peak Action Level:

Peak sound pressure level of 140dB

The following summarises the duties of employers and employees

General duties

Employers have a general duty to reduce risk. At all noise levels, the risk of hearing damage must be
reduced to the lowest level reasonably practicable (Reg.6).

At, or above the First Action Level (85dB(A))

In addition to the general duties:

Employers must:

-

Ensure that a noise assessment is carried out, by a competent person

Reg.4

.

Ensure a record of assessment is kept until a new one is made

Reg.5

-

Provide suitable and efficient hearing protection if requested by the employee

-

Provide adequate information, instruction and training about the risks to hearing, what

Reg.8(1)

employees should do to minimise risk, how they can obtain their hearing protectors if they are
Reg. 1I

exposed to between 85 & 9OdB(A), and their obligations under the Regulations

.

Ensure so far as is reasonably practicable that protectors are provided to employees who ask
for them (Reg. 8(1)) and that they are maintained and repaired

-

Reg. 10(l)(b)

Ensure, so far as is practicable, that all equipment provided under the Regulations is used and
maintained, (except for hearing protectors provided at noise levels between the First and
Second Action Levels)

Reg. IO(i)(a)

Employee's duties:

So far as is practicable, employees must:

-

use any other protective equipment

Reg. 10(2)

report any defects in equipment to the employer

Reg. 10(2)

Desianers'. manufacturers'. im~orters'and s u ~ ~ l i e rduties
s'

-

Manufacturers. designers, importers and suppliers of articles or substances for use at work.
must provide information on the noise likely to be generated by their products

Reg. 12

A t or above the Second Action Level or at or above the Peak Action Level

In addition to the duties at or above the First Action Level:

Employers must:

-

Reduce exposure to noise as far as is reasonably practicable by means other than hearing
protection, i.e. noise control

.

Reg.7

Provide suitable hearing protection, which will reduce personal exposure below the Second or
Peak Action Level
Mark hearing protection zones with notices, so far as is reasonably practicable

Reg 8(2)
Reg.9

Emplovees must:
use the hearing protection provided

Reg. 1O(2)

SECTION 6.

TRAINING OF COMPETENT PERSONS

The Competent Person will not need an advanced knowledge of acoustics, but will be able to work
unsupervised, will need a good understanding of what information needs to be obtained, how to use
and look after the instruments involved, and how to present the information to others in an intelligible
manner.

To make the assessments required by Regulation 4 of the Noise at Work Regulations, the Competent
Person will not necessarily need the knowledge and experience to select and design control measures
required by the other Regulations. However, in order to decide what information needs to be provided.
and to give advice on when someone with more specialised knowledge should be employed, the
Competent Person will need an outline appreciation of more advanced topics.

A Competent Person will be someone with knowledge and practical experience of assessment and
control of noise in the workplace. The Competent Person may be an external consultant, who will
have a wide range of experience of assessment and control in different work environments, with an
in-depth knowledge of acoustics. The Competent Person may also be a nominated individual within
the workplace, someone very familiar with the work process and with a basic understanding of the
requirements of the Noise at Work Regulations and the selection, use and maintenance of hearing
protection. For any Competent Person, it is important that they are aware of the limitations of their
knowledge and experience, and know when to seek additional assistance.

Short training courses taking from 2 to 5 days in duration are available to give the initial knowledge for
competency. These are held at colleges throughout the country, by the Institute of Acoustics (IOA),
National Examining Board in Occupational Safety and Health (NEBOSH) and the British Examining
and Registration Board in Occupational Hygiene (BERBOH), see Annex 4 for addresses.

SECTION 7.

ASSESSMENT AND SELECTION

Assessment of Noise Exposure

The Noise at LVork Regulations 1989 require an assessment, by a Competent Person, of the noise
exposure of persons at work, to indicate whether the daily'noise exposure exceeds the First or Second
Action Levels or whether the peak noise level exceeds the Peak Action Level. The records of such
assessments should be documented and retained.

Daily personal noise exposure

The assessment of daily personal noise exposure is to ensure that .the risk from long term exposure
to noise is not likely to cause loss of hearing.

The daily personal noise exposure is dependent on the noise levels and the exposure times. The
calculation of daily noise exposure may be complex due to the logarithmic nature of the decibel scale
(for example, the daily noise exposure is reduced by 3dB every time the exposure time is halved).
The Guides to the Noise at Work Regulations 1989, Noise Guides 3 to 8, describe methods for
calculating daily noise exposure.

Peak Sound Pressure Level

If the peak sound pressure level of a single! high-level noise event exceeds the Peak Action Level,
then instant damage to hearing may occur.

Instrumentation for Assessment

The characteristics and complexity of sound level meters required for noise assessment will depend
on whether the noise is continuous, intermittent or impulsive (or explosive) and on whether the
assessment is for daily noise exposure or peak level. If information is required for the selection of
hearing protection, additional measurements will be needed which require additional facilities on the
sound level meter.

The table opposite summarises the principal features of sound level meters, identifying which features
are required for various types of basic assessment and hearing protection selection.

Sound level meter requirements for both exposure assessment and hearing protector selection
Exposure assessment
Daily. exposure
.
Availability

Notes

I

Meets requirements of Standard specification of
IEC 651 (BS EN 60651) reputable sound level meters

Meets requirements of Standard specification of
IEC 804 (BS EN 60804) reputable integrating meters
Measure A weighted
SPL

All meters should feature
A-weighting

Measure C weighted
SPL

Most meters should feature
C-weighting

Measure maximum
Peak SPL (C or linear.

Standard specification of
reputable sound level meters

iteady Variablt

J
Needed where L, functions
are provided.

Hearing
- .protector selection

>eak exp

Repeated Single
impulse
impulse

J

J

J
J

J

-

For checking for peak SPLs
above the 140dB Peak Action
Level

J

For measurement of the
maximum A-weighted and
C-weighted SPLs (LA,,,,,
and Lc,,ast,max)
Response up to
155dB(C or linear) or
higher (l60dB
preferable)

exposure level (SEL)

It is normal for instruments to
be able to measure up to just
above 140dB. To measure
beyond 140dB usually
requires a non-standard
microphone

To assess the amount by
which the 140dB Peak Action
Level is exceeded (to
determine the noise reduction
required by the hearing
protection).

Not available on all
instruments

Alternatively SEL call be
I.,,, a ~ tlw
~ d
calculated IIOIII
measurement duration

All sound level meters should
Acoustic calibrator
meeting IEC 942, Type be supplied with a calibrator
2 or better.

For routine checks of the
meter's accuracy (oflen sold
as options, at additional cost)
-

--

-

J
--

J

J

--

J

Daily exposure

'eak exp

Steady dariable Ftepeated Single
impulse impulse

J

Steady noise

Where the noise level is steady, the noise assessment requires a simple measurement of the average
sound pressure level, made at the position of the operator's ear. The basic requirement of a meter for
such measurements is that it can measure the A-weighted sound pressure level.

If an assessment is required for hearing protection selection the meter must also to be able to
measure the C-weighted sound pressure level.

For a full assessment of industrial noise (and in particular for hearing protector selection) it is useful to
be able to measure the octave-band spectium of the noise. This feature is available on some
instruments with a higher specification.

Intermittent noise (variable noise)

The noise generated in many workplaces is constantly changing; some machines run continuously,
some have a series of cyclic operations, others operate intermittently. In these situations noise
measurements are best made using integrating sound level meters, which measure the L,

a measure

of the average noise over a period of time.

Impulsive noise - daily noise exposure

For repeated impulses the daily noise, exposure may exceed the First or Second Action Levels for
daily noise exposure. One method of assessing exposure from repeated impulses is to measure the
Sound Exposure Level (SEL). or to measure the L, over a known period (from which the SEL can be
calculated).

One method of assessing exposure from repeated impulses is to measure the Sound Exposure Level
(SEL) of a single impulse, or to measure the L, over a known period (from which the SEL can be
calculated. The SEL can then be used, along with the number of impulses per day, to estimate the
daily personal noise exposure.
Impulsive noise - peak noise level

A single occurrence of an impulsive noise or explosion may exceed the Peak Action Level. To assess
for noise exceeding the Peak Action Level, a sound level meter needs to be able to measure the
C-weighted (or linear weighted) peak sound pressure level up to, and above, 140dB(C).

To provide adequate information for recommending hearing protection in high-level explosive or
impulsive noise, the meter must be capable of measuring noise levels well above 140dB(C) as well as
the maximum A-weighted and C-weighted SPLs with the meter set to a fast time response (L,
and L,,as,rnax).

Selection of Protector Types

Having assessed noise exposure, and found that it is at or above one or more of the NAWR Action
Levels, the next stage is to decide what measures, if any, can be taken to reduce the employee's
exposure to noise by means other than the use of hearing protectors e.g. engineering measures such
as reduction at source by damping, enclosure, the use of acoustic barriers or screens. Advice on
these noise reduction techniques does not fall within the scope of this guide, but is available in other
publications (e.g. HS(G) 138 "Sound Solutions"). If, having done all that is reasonably practicable to
reduce noise exposure by these approaches, the exposure is still too high, hearing protectors will have
to be used. The remainder of this section gives advice on hearing protector selection.

Hearing protection is required to provide sufficient protection to reduce exposure to below the Second
or Peak Action Levels. However, it is good practice to reduce noise exposure to below the First Action
Level, without providing so much protection that users feel isolated from their surroundings.

Hearing protectors are available in many.different types (see below and the table opposite).

I

1

Semi-aural

There are a number of points which should be considered to ensure the most appropriate protector
type is chosen:
Use with other personal protective equipment
Can ear-muffs with head-bands be used? Will the head-band interfere with helmets,
eye-protection or breathing apparatus? Will eye protection reduce the effectiveness of the
head-band seal?

Types of Hearing Protector

TYpe

Description

Ear-muffs

Hard plastlc cups flttlng over and around the ears, sealed to the head with soft cusliions and lined with sound absorbent materials.

IApplications

. General

Head-band ear-muffs A pair of muffs held f~rmlyagalnst the side of the head by a
head-band.
Individual ear muff cups mounted on arms f~ttede~thers ~ d eof
Helmet mounted
ear-muffs
industrial safety helmets.
Level dependent
or
Amplitude sensitive
(electronic ear-muffs)

Active noise
reduction ear-muffs

(

Where helmets are also required

Advantages
Good m ~ dto
- h~ghfrequency pedormance
Large range avatlable.
Intrinsically safe

Generally poor
low-frequency
performance

Ear-muffs with an external mcrophone and mternal loudspeaker
Al low noise levels lhe electronic system ampl~flesexternal noise,
allowing easier comniurilcatlorl At hlgh riolse levels the electro~itc
arnpl~f~cat~on
system cuts-out, glvlng the maxlrnuni protect~on

Variable or unpred~ctableperiods of l i ~ g h
llolse exposule, a g 11111ig
Ianges
. Where comlnunlcalIor101 llle al)lllly lu hear
a t (IIIVL'IS
it
01
walnlng s~gnalsIS t ~ ~ ~ p o ~et g
rnobde machmery 111 facto~yareas

Avo~dshavmg to
None are currently
repeatedly remove s l ~ d
IIIII
t~is~cally
safe
repldce ~nutfsw h e ~~iolst!
~
lxpens~ve
level IS h~ghlyvdrlable

Earmuffs incorporatmg electronr ampl~llcationsystem des~gnedtc
partially cancel incomlng sound

. H~gh-level,low-frequency contmuous nolse

Good performance In
Heavy
low-frequency nolse
None currently
The ANR system bu~lt
lntrmsically safe
Into trad~t~onal
muffs can
Very expensive
give good attenuation
across the whole aud~bie
frequency range

. Where specif~cconimunicat~onlinhs are

Communication
ear-muffs

Ear-muffs incorporating one or two-way communicatton system

Ear-plugs

Hearing protectors which prevent sound reaching the ear by being inserted into the ear canal or the ear cavity.

Premoulded
ear-plugs

Ear-plugs inserted into the ear canal without prior shaping Usually
made of sofl plastics, silicone rubber or glass down.

User formable
ear-plugs

Made from compress~blefoam mater~als,so lhat the wearer
moulds the plug before ~nsert~on
mto the ear canal After bemg
inserted the plug expands to prov~dea seal

Custom moulded
ear-plugs

Plugs of hard plastics custom made to 111closely the shape of a11
ind~vidual'sear cavity andlor ear canal.

. Where use of other protective equipment
makes ~td~ff~cult
to use ear-muffs
In very high nose environments where
alone are not sltfftcle~lt,double
plotectlon usmg b o t l ~t~iuffsdnd plugs IS
sometinies necessaly

performance (some
manufaclurers provide BS
EN 24869-1 data on the
protection achieved with the
electronics switched om
No standard which
manufacturers can use to
declare performance.

Heavy
None currently
intrins~caltysafe.
Communication noise
can itself be hazardous in
poorly des~gnedsystems

BS EN 24869-1
No current standards for
noise levels from the
cornmunicat~onsystems

BS EN 24689-1

. Low cost

Can be difkult to fit
correctly. Users need to
be trained for effective

. Less likely to be fttted

Expensive

necessary

I

L

1 ~ i s a d v a n t a ~ e s Istandards'

mcorrectly than other
Plugs

Pre-moulded ear caps attached to a headband.

L
seml-Insert)

I

The headband presses the caps t~ghtlyagainst the entrance to the
ear canal (to achieve an effectwe seal)

. Where use of hearmg protectors IS
infrequent, and for short per~ods

May be renioved and
htted eastly
. Compact

. Some people fmd the

BS EN 24689-1

headband pressure
tntolerable, part~cularly
over long periods

These Standards relate to hearmg protector attenuation only. Manufacturers must also ensure that the heartng protectors contorm to standards relatmg to wearabd~ty,durability, safety and qual~tycontrol

-

Ease of use and comfort
Protectors should be easy to use and comfortable to wear.

--

Use in flammable atmospheres, or atmospheres with explosive dusts
Can a protector with in-built electronics be used?
Use in dusty atmospheres, or when working with chemical irritants
Can dust or chemicals get onto muff cups or ear-plugs, causing irritation? Can disposable
plugs, or muffs with protective covers be used?
Need for communications (one or two way)
Is verbal communication required to carry out the task? Are there audible warning signals that
must be heard; can these be reinforced by visual signals?
Costs
What are the costs of maintenance or routine replacement? How often will the protector need
to be replaced? What are the costs of training in the correct use of the protector?

Selection methods

General

Hearing protector selection is based on the information provided by the manufacturer on the
performance of the protector. The manufacturers provide attenuation (noise-reduction) information in
each of 7 octave-bands from 125 to 8000Hz (63Hzis optional). They also provide some simplified
indicators of protector performance: the HML (High, Medium and Low) values and the Single Number
Rating (SNR) value. An example of the information provided is shown below:

The objective of all hearing protector selection methods is to estimate the sound pressure level (SPL)
at the ear when hearing protection is being used. To do this an assessment must first be made of the
Predicted Noise level Reduction (PNR) of the hearing protector; this will depend on the characteristics
of both the hearing protector and the noise. The PNR is then subtracted from a measure of the SPL
outside the hearing protector to give an estimated SPL at the ear.

Selection methods

There are three basic methods by which the effectiveness of a hearing protector may be assessed.
The method used will depend on the information available about the noise source. The methods are
summarised below, and worked examples of each can be found in Annex 2:

Method

Description

Measurements required

I

example
Worked
2a

Octave-band spectrum
requires the most complex noise assessment. An
octave-band spectrum of both the noise and the
expected protection are,used to calculate an
estimate of the SPL at the ear.
/pkh.
Mediiim and
1~Ow)

This is the preferred method where an
octave-band spectrum is not available. Three
values H, M and L are used with two simple
measurements of the noise level.

A-weighted and C-weighted
average sound pressure
level.

1
I

2b

SNR
(Single
Number
Rating)

The single SNR value is used with a single
measurement of the noise level.

C-weighted average sound
pressure level

2c

The methods are listed here with the method expected to be the most accurate first. The octave-band
method is the preferred method, but requires the most information about the noise.

For most types of industrial noise all three methods give comparable results. Where the noise is
dominated by single tones, particularly at low-frequencies, the SNR and HML methods become
inaccurate., Further details on these methods can be found in BS IS0 4869-2 : 1995 and BS EN 458 :
1994.

Explosive noise

For explosive noises, such as proof-firing, weapons testing and fireworks, the main purpose is often to
ensure protection against noise levels which exceed the 140dB Peak Action Level in the Noise at
Work Regulations 1989. Unfortunately. the normal methods of estimating the effectiveness of hearing
protectors are not good at estimating PNRs for peak sound pressure level. However, a simple
method, described in BS EN 458 : 1994, has been shown to give acceptable results for mid and high
frequency explosive noise; the method is outlined below and a worked example is given in Annex 3a.

Method

Description

Measurements required

Variation of
the HML
method

The M value is used to obtain the PNR. The
method can not be used with noise dominated by
low-frequencies.

A-weighted and C-weighted
maximum sound pressure
levels measured using the
fast ('F') time weighting of
the sound level meter

Worked
example
3a

For low-frequency explosive noise (see Annex 3a for how to determine whether the noise from the
explosion is low-frequency) no simple assessment method has been shown to give acceptable
estimates of the expected protection. The only reliable method of determining the performance of
hearing protection in low-frequency explosive noise is to measure the noise levels under the protector;
such measurements require highly specialised techniques and equipment.

Where explosive events are repetitive, such as in proof firing, it is also important to ensure that the noise
exposure from repeated explosions does not exceed the First or Second Action Levels in the Noise at
Work Regulations 1989. A worked example of the method (summarised in the table below) is given in
Annex 3b.

Description

l~easurernentsrequired

The standard HML method is used to obtain the
PNR. The SEL value is used to calculate the
maximum number of events per day before the
Action Levels are exceeded.

A-weighted and C-weighted
Sound Exposure Level
(SEL) values

I

I

I

Worked
example

3b

Annexes 3b and 3c also show how to determine the number of explosions a person may be exposed
to before the Action Levels are exceeded.

I
I

SECTION 8.

CARE, MAINTENANCE AND TRAINING

Care and Maintenance of Hearing Protection

Users must be given adequate information on the care and maintenance of their hearing protection.
They should be taught how to check it and how to use it effectively. Further information can be found
in BS EN 458 : 1994.

.

Check the cup seals for general cleanliness and for signs of hardening, tearing and
deformation. Service kits, including new seals, are available from most manufacturers.

.

Check the cup condition for cracks and holes.

-

Check the tension in the headband. This can be carried out by holding the headband at its
mid-point on the end of a finger. If there is a gap between the cups the headband tension may
have deteriorated.

-

Check the seals on helmet mounted muffs. If they sit on the helmet side for long periods they
will become deformed.

-

If users notice any skin irritation around the area of the head where the seal fits, they must seek
medical advice immediately and also inform their supervisor

-

Ear-muffs must be stored in a clean environment and cleaned following the manufacturers'
instructions.
Preferably, a set of ear-muffs should be used by one individual only. Where ear-muffs are kept
for the use of visitors they should be hygienically cleaned for each new wearer. Alternatively,
disposable covers may be used.

Ear-pluqs:

-

Disposable ear-plugs should be used only once.
Washable ear-plugs should be cleaned according to the manufacturers' instructions, and stored
in a clean container until next,required.
Check reusable ear-plugs for resilience and softness.
Hands should be clean when fitting ear-plugs

Reusable and washable ear-plugs should only be on individual issue and used by one person.
Where disposable ear-plugs are used, adequate supplies of new plugs must always be
available.

Inspection and replacement

All hearing protection should be inspected for damage, at specified intervals. by a nominated person.
The inspection should assess the condition of the cups, seals and headband of ear-muffs and the
general condition of reusable ear-plugs, looking for signs of mechanical failure. ageing, accident or
abuse.

The cushion seals of ear-muffs, or the complete muff, must be replaced as soon as the seals lose
shape, become hard or brittle, or show signs of cracking.

Training

Users must be instructed on the following matters:
How to obtain their hearing protection
How to fit their hearing protection correctly.

.

How to avoid the potential interference with the effectiveness of their hearing protection by long
hair, spectacles, ear rings etc..
How to wear their hearing protection in combination with other personal protection.

.

To wear their hearing protection at all times in a noisy environment (removing it for only a few
minutes in a shift will lower the protection to the wearer considerably).
How to store their hearing protection correctly

-

How to care for and to check their hearing protection at frequent intervals.

-

Where to report damage to their hearing protection.

.

How and where to obtain replacement parts or obtain new protectors

This training may be provided by the,Competent Person, or a suitably trained supervisor.

SECTION 9.

HEALTH SURVEILLANCE (AUDIOMETRY)

Requirements under Regulation

Appropriate health surveillance forms an important part of risk management and is a requirement of
the Management of Health and Safety at Work Regulations. The primary purpose of hearing
surveillance is to establish the quality of an individual's hearing at various frequencies using
audiometric equipment and to monitor those exposed to noise (both continuous and impulse) in order
to detect any,deterioration in hearing quality.

Gyidance from the Health and Safety Executive

Guidance from the Health and Safety Executive (in their leaflet IND(G)193L) indicates that it is good
practice for employers to carry out regular hearing checks on all employees whose daily personal
noise exposures equal or exceed the Second Action Level. The risk of hearing damage rises
significantiy at exposures above this level. Therefore, even where hearing protection is worn,
employers should carry out hearing checks where the noise levels reach or exceed 95dB(A), except
where that exposure is likely to be temporary, for example for only a few weeks per year.

Audiometry is used to establish a datum line for the hearing of new employees to a company. This is
followed by further routine hearing checks, initially annually for the first two years of employment and
thereafter every three years, unless hearing damage is detected or the risk to hearing is high.

Best practice from industry

Audiometry may be included as part of a selection process, to assess an individual's suitability for a
particular occupation. It is good practice to give an audiometric test to any in,dividuals who have been
unexpectedly exposed to very high noise levels. This test should be carried out as soon as possible
after the exposure and, if necessary, repeated after a suitable period to determine if there is any
permanent deterioration in hearing ability.

Leavers from the company may be given an audiometry test as part of an employee's noise
surveillance record, which includes routine measurements to demonstrate that there was no significant
deterioration in hearing ability during their employment: the audiometric record provides documentary
evidence. The audiometry records are a valuable asset when handling investigations and potential
compensation claims

Audiometric equipment is available from medical suppliers at a reasonable cost or arrangement may
be made to conduct audiometric tests through a local health practice or local hospital.

SECTION 10. ACKNOWLEDGEMENTS

The CBI gratefully acknowledges the valuable contribution made to the preparation of this Guide by
the following:-

HSE's Explosives lnspectorate
HSE's Physical Agents Group (Directorate of Science and Technology)
The Health and Safety Laboratory of the HSE
The Ministry of Defence
British Aerospace Plc., Royal Ordnance Business Unit
Pains Wessex Limited

ML Aviation Limited
Standard Fireworks Limited

ANNEX 1
Page 1 of 6
Guidance, leqislation and Standards
Annex l a

Guidance

Noise at Work. Noise Guide 1 : Legal duties of employers to prevent damage to hearing.
Noise Guide 2 : Legal duties of designers, manufacturers, importers and suppliers to prevent damage
to hearing. The Noise at Work regulations 1989.
HSE Books 1989 Reprinted 1994. ISBN 0 7176 0454 3.'

Noise at Work. Noise Guides 3 to 8. Noise assessment, information and control (including in Noise
Guide 5 : Types and selection of personal hearing protectors). HS(G) 56
HSE Books 1990. ISBN 0 11 885430 5.'

Sound Solutions. Techniques to reduce noise at work. HS(G) 138.
HSE Books 1995. ISBN 0 7176 0791 7.

Introducing the Noise at Work Regulations. IND(G) 75 (L) (Rev) 1989
HSE free leaflet on The Noise at Work Regulations 1989.

Noise at work - advice for employers. IND(G) 99(L) (Rev) 1991
HSE free leaflet, a guide to employees.

Hearing protection in noisy firms - Employers' duties explained. IND(G) 200L 1995
HSE free leaflet on hearing protection.

Hear this - a pocket card for workers on hearing protection. IND(G) 201 P 1995
HSE free leaflet.

Hearing Protection. An Interactive Learning Programme. 1996.

A Multi-Media CD ROM training package to instruct the wearers of hearing protection
HSE Books.

Management of Health and Safety at Work. Approved Code of Practice, Management of Health and
Safety at Work Regulations 1992.
HSE Books. ISBN 0 11 886330 4

'

HSE is planing to publish revised versions of these guides in 1998.
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Health Surveillance in Noisy Industries. Advice for employers. IND(G) 193L 1995.
HSE free leaflet on audiometry.

A guide to audiometric testing programmes. Guidance Note MS 26. 1995.
HSE Books. ISBN 0 7176 0942 1.

Personal Protective Equipment at work Regulations 1992, Guidance on Regulations. L12
HSE Books. ISBN 0-7176 0415-2.

A short guide to the Personal Protective Equipment at Work Regulations 1992
HSE free leaflet. IND(G) 174(L).

The selection, installation and maintenance of electrical equipment for use in and around buildings
containing explosives. Guidance Note PM 82
HSE Books 1997. ISBN 0 7176 1217 1
Ministry of Defence - Defence Standard 00 - 27 Acceptable limits for exposure to Impulsive Noise
from military weapons, explosives and pyrotechnics.
Ministry of Defence.

Safety conditions for electrical installations and equipment for buildings and areas containing military
explosives
Ministry of Defence. ESTC Leaflet No. 7
(available in support of MOD contracts through the MOD project manager)

Personal Protective Equipment Catalogue JSP 437.
Ministry of Defence, Directorate of Defence Health and Safety, Defence Clothing and Textiles Agency

Personal Protective Equipment. URN 951606, February 1995.
Department of Trade and Industry.

Product Standards - Machinery, UK Regulations April 1993. Guidance to the Supply of Machinery
Regulations 1992.
Department of Trade and Industry.

Product Standards - Machinery Update, UK amending Regulations, October 1994.
Department of Trade and Industry.
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Legislation

The Health and Safety at Work etc. Act 1974.

The Noise at Work Regulations 1989.

The Management of Health and Safety at Work Regulations 1992.

The Personal Protective Equipment at Work Regulations 1992.

The Personal Protective Equipment (EC Directive) Regulations 1992.

The Personal Protective Equipment (EC Directive) (Amendment) Regulations 1993.

The Personal Protective Equipment (EC Directive) (Amendment) Regulations 1994.

The Explosives Act 1875 and subsidiary legislation.
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Standards

The standards relating to hearing protection deal with three distinct aspects:

-

Guidance on the selection and use of protectors.

.

The measurement of the effective performance of protectors.

-

The safety requirements and product testing of protectors.

There are also standards dealing with the specifications for instruments for measuring noise (sound
level meters).

Guidance

BS EN 458 :I994

Hearing protectors - Recommendations for the selection, use, care and
maintenance - Guidance document.

This is the most important standard for the user of hearing protection. It outlines the current methods
of selection, how the devices should be used and how to look after protectors to make sure that they
are giving their optimum performance.

Measurement Standards

BS EN 24869 - 1 : 1993:

Acoustics - Sound attenuation of hearing protectors Part 1 Subjective method of measurement.

This standard defines the method for the measurement of the sound attenuation of hearing protectors.
It uses real test subjects to determine, by multiple measurements, the effective octave band
attenuation of the protectors.

BS EN I S 0 4869 - 2 : 1995,

Acoustics - Hearing protectors Part 2 - Estimation of effective
A-weighted sound pressure levels when hearing protectors are worn.

This standard describes three methods (the octave band, High-Medium-Low and SNR methods) of
estimating the A-weighted sound pressure level when hearing protectors are worn. The methods are
not suitable for use with peak sound pressure level measurements.
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BS EN 24869 - 3 :1994,

Acoustics - Hearing protectors Part 3 - Simplified method for the
measurement of insertion loss of ear-muff type protectors for quality
inspection purposes.

This is a technical report which specifies a method for measuring the insertion loss of an ear-muff type
hearing protector and is used for quality inspection purposes.

There are in preparation two further measurement standards which define the method of testing of
electronic type muffs and also the method of testing the performance of hearing protectors against
impulsive noise. Their publication dates have not been released.

Safety requirements and testins Standards

BS EN 352 - 1 :1993

Hearing Protectors - Safety requirements and testing Part 1- Ear-muffs.

This standard is concerned with ear-muffs and specifies constructional, design and performance
requirements, methods of test, marking requirements and user information. The standard does not
deal with ear-muffs which are attached to a helmet, electronic devices or the performance against
impulsive noise.

BS EN 352 - 2 : 1993

Hearing protectors - Safety requirements and testing Part 2 - Ear-plugs.

This standard is concerned with ear-plugs and specifies constructional, design and performance
requirements, methods of test, marking requirements and user information. It includes custom
moulded ear-plugs and banded devices. The standard does not deal with electronic devices or the
performance against impulsive noise.

BS EN 352 - 3 : 1997

Hearing protectors - Safety requirements and testing
Part 3 - Ear-muffs attached to an industrial safety helmet.

This standard is concerned with and specifies constructional, design and performance requirements,
methods of test, marking requirements and user information for ear-muffs when fitted to an industrial
safety helmet. The standard does not deal with electronic devices or the performance against
impulsive noise.

Sound level meters

BS EN 60651 : 1994

Specification for sound level meters

This standard provides the basic specification for sound level meters, including the A-weighting
coefficients used with the octave-band method of hearing protection selection.
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BS EN 60804 : 1994

Specification for integrating-averaging sound level meters

This standard provides the specification for sound level meters featuring facilities for L, measurement.

IEC 942 : 1988

Sound calibrators

This standard provides the specification for acoustic calibrators, for use with sound level meters.
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Worked examples of the calculation of the noise reduction provided by hearinn protectors
Annex 2a

Octave band method

A machine is running continuously. The noise from the machine has a distinct cycle which is
repeated, with little change between cycles.
The characteristics of the noise from the machine are:

IL,

(or L,

in dB(A)) measured over one (or more) complete cycle:

l ~ o i s espectrum, average value over one or more complete machine cycles:
Octave-band centre
frequency (Hz)

63
90

SPL (dB)

1/

125

250

500

1000

2000

4000

8000

92

94

94

96

98

96

94

What effect will the hearing protector being used have on the noise level at the ear?

1

1 I

l ~ h i hearing
s
protection comes with BS EN 24869-1 attenuation data supplied by the manufacturer:
Octave-band centre
frequency (Hz)

/ 6 3 / 1 2 5 2 5 0 ( 5 0 0 (1000

/

Mean attenuation (dB)

7.4

Std.dev. (dB)

3.3

Assumed Protection
value (APV) (dB)

4.1

1
/

1

2000

4000

8000 H

10.0

14.4

19.6

22.8

29.6

38.8

34.1

3.6

3.6

4.6

4.0

6.2

7.4

5.2

6.4

10.8

15.0 1 8 . 8

23.4

31.4

28.9

25

(M

(L

19

~SNR

13

The A-weighted noise level at the ear can be calculated using the octave-band information:
\when hearing protection is worn, the level at the ear in each octave-band is given by the noise level minus the
assumed protection:

SPL - APV:
-

-

125

250

500

1000

2000

4000

8000

85.91 85.6

83.2

79.0

77.2

74.6

64.6

65.1

63

Octave-band centre
Frequency (Hz):
-

To determine the A-weighted level at the ear, A-weighting factors need to be added to the protected noise
level at each frequency:

1

A-weighting ractors
(Awl:

-26.2

-16.1

-8.6

-3.2

0.0

1.2

1.0

-1.1

A-weighted SPL at the
ear = (SPL - APV) + AW

59.7

69.5

74.6

75.8

77.2

75.8

65.6

64.0

Note: These weighting
factors are
constants, they are
defined in BS EN

60651.

These A-weighted levels must be summed. To do this the level must first be converted from decibels to a
value related to energy: antilog (SPL at earllo), which is equivalent to 10(SPL at earllo).
antilog (SPL at earllo):

3332%

2511886 Note. antilog is INV LOG
function on
calculators

8912509 2 8 ~ 3 1 538018940 52480746 38018940 3630781

These values must then be summed and converted back to an A-weighted SPL using 10 x log(sum):
Sum:

173347371

/A-weighted sound pressure level = 10 x Iog,,(174530034)

82.4

dB(A)

Round to the nearest integer

82

dB(A)

The estimated noise level at the ear is therefore 82dB(A). These protectors offer good protection
(reducing the SPL at the ear to below the First Action Level in the Noise at Work Regulations 1989),
without providing so much protection that the user will feel overprotected.
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Annex 2b HML method

As in Annex 2a, a machine is running continuously and the noise from the machine has a distinct cycle
which is repeated with little change between cycles.
The characteristics of the noise from the machine are:

IL*(or Leqin dB(A)) for one or more complete cycle:

103.2 dB(A)

(or Leqin dB(C)) for one or more complete cycle:

103.4 dB(C)

I

What effect will the hearing protector being used have on the noise levelat the ear?
l ~ h i shearing protection comes with BS EN 24869-1 attenuation data, supplied by the manufacturer
Octave-band centre
frequency (HZ):

I

12?

250

63

Mean attenuation (dB)

7.4

10.0

14.4

Std.dev. (dB)

3.3

3.6

3.6

Assumed Protection
value (APV) (dB)

The noise level at the ear can be estimated using the HML attenuation values
The Predicted Noise level Reduction (PNR) is calculated from the H, M and L factors. The formula used
depends on the difference between LCand LA.
If LC - LAis less than or equal to 2

I

(H-M) x ( L c - L A -2)
PNR= M - --hI

I

If

- L , is greater than 2

P N R = M - ?( Mx L( )L c - L A - ~ )

The A-weighted sound pressure level at the ear is then given by subtracting the appropriate PNR
value (rounded to the nearest whole-number) from the measured A-weighted sound pressure level
(LA).
In this example LC- LA= 0.2dB, therefore the first equation for PNR is used:
PNR = 19 - ((25 - 19) 14) x (0.2 - 2)

21.7

dB

A-weighted sound pressure level at the ear = LA - PNR

81.5

dB(A)

l~ound
to the nearest integer

82

dB(A)

The estimated noise level at the ear, for this example using the HML method, is then 82dB(A). These
protectors offer good protection (reducing the SPL at the ear to below the First Action Level in the
Noise at Work Regulations 1989), without providing so much protection that the user will feel
overprotected.

1
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Annex 2c SNR method

As in Annex 2a, a machine is running continuously and the noise from the machine has a distinct cycle
which is repeated with little change between cycles.

1

l ~ h characteristics
e
of the noise from the machine are:
103.4 dB(C)

LC(or L
, in dB(C)) for one or more complete cycle:

What effect will the hearing protector being used have on the noise level at the ear?
- -

I

F h e a r i n -g .protection comes with BS EN 24869-1 attenuation data, supplied by the manufacturer:
Octave-band centre
frequency (Hz):

63

125

250

500

1000

2000

4000

8000

Mean attenuation (dB)

7.4

10.0

14.4

19.6

22.8

29.6

38.8

34.1

Std.dev. (dB)

3.3

3.6

3.6

4.6

4.0

6.2

7.4

5.2

Assumed Protection
value (APV) (dB)

4.1

6.4

10.8

15.0

18.8

23.4

31.4

28.9

H

M

L

SNR

25

19

13

22

The A-weighted sound pressure level at the ear can be estimated using the SNR value.
The level at the ear is given by simply subtracting the SNR value from the C-weighted sound pressure level
(LC):
81.4
dB(A)
A-weighted SPL at the ear = Lz - SNR
Round to the nearest inteqer

81

dB(A)

The estimated noise level at the ear, for this example using the SNR method, is then 8ldB(A). These
protectors offer good protection (reducing the SPL at the ear to below the First Action Level in the
Noise at Work Regulations 1989), without providing so much protection that the user will feel
overprotected.

This method gives a slightly different result to the octave-band and HML methods. However, this
small difference is quite acceptable.
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Worked examples of the calculation of the noise reduction provided by hearinq protection
aqainst explosive noise
Annex 3a

Peak level of explosive noise

During proof firing of cartridges, the peak sound pressure level, from any singe firing, must not exceed
the 140dB Peak Action Level. Therefore, is the 140dB Peak Action Level of the Noise at Work
Regulations 1999 being exceeded?

l ~ h characteristics
e
of the noise from a cartridge are:
Peak, C-weighted, sound pressure level

147.8 dB(C) Note : Either C weighted or unweighted (linear)
measurements can be used, the difference
between the two is likely to be minimal.

Maximum value of the A and C weighted SPLs using the 'F' response of the sound level meter:
L~.fast.max

125.4 dB(A)

LCfast max

128.7 dB(C)

Without hearinq protection

The unweighted (or C-weighted) peak sound pressure level is greater than 140dB. Therefore action
must be taken to ensure this noise level is reduced.

With hearinq protection

l ~ h BS
e EN 24869-1 attenuation data supplied with the hearing protector is:
Octave-band centre
frequency (Hz):

63

125

250

500

1000

2000

4000

8000

Mean attenuation (dB)

7.4

10.0

14.4

19.6

22.8

29.6

38.8

34.1

Std.dev. (dB)

3.3

3.6

3.6

4.6

4.0

6.2

7.4

5.2

10.8

15.0

18.8

23.4

31.4

28.9

Assumed Protection
value (APV) ( d ~ )

Is

Lc,fast,,ax

-

SNR

25

19

less than 5dB? If so the M-value can be used as the Predicted Noise level

Reduction (PNR). Note: if

- L,,~,s,,ax is 5 or more, then low-frequencies dominate the noise and

the noise level at the ear can only be determined by direct measurement.

In this example

- LA,,st,,,

= 3.3dB, therefore the level at the ear is estimated to be:

peak SPL - (M-value) = 147.8 - 19 = 128.8dB(C).

This is below the 140dB Peak Action Level, therefore the hearing protection provides adequate
protection against a single firing. If there is more than one firing, see Annex 3b.
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Annex 3b Daily exposure from repetitive explosive noise

During proof firing, many cartridges are fired each day. In addition to the requirement that the Peak
Action Level is not exceeded (see Annex 3a), the cumulative effect of the repeated firings should not
exceed the daily exposure Action Levels. Therefore, how many cartridges may be fired per day before
the First (85dB(A)) and Second (9OdB(A)) Action Levels are exceeded?

The noise is characterised by the SEL, or L,,

measured for the firing of a single cartridge:

SEL,

122.1 dB(A)

SEL,

124.4 dB(C)

Note 1: The C-weighted SEL is required for
calculating LC- L, (= SEL, - SEL,)

SEL cannot be measured directly on all instruments. An alternative method is to measure the A-weighted and
C-weighted L
, over a known duration:
Duration of measurements (1)

30 seconds

Note 2: The 30 second duration is arbitrary here. In
practice a duration a little longer than the
duration of the noise from the explosion
would be chosen.

A-weighted L,

,

107.3 dB(A)

Note 3: SEL, = L,,(,,, + 10 x log(t)
where t is in seconds.

C-weighted L,

,

109.6 dB(C)

Note 4: LC- LA = ,L
,,

- Le,crl.s

Without hearinq protection

Daily exposure for one firing:

.

For one noise event the daily noise exposure (L,,)

is given by: L,

= SEL, - 44.6.

(Note: -44.6 is a constant = 10 log(ratio of 1 second to the number of seconds in 8 hours) = 10 log( 1128800))

In this example, the daily noise exposure from one firing is therefore 122.1 - 44.6 = 77.5dB(A).

Number of firings before First or Second Action Level is exceeded can be determined by one of two
methods. Either using the look-up table in Annex 3c:

-

For SEL, = 122.ldB(A), round to 122dB(A) and look up the number of firings in the table of
Annex 3c to give:
for 85dB(A): 5 firings,
for 9OdB(A): 18 firings

or, by calculation:

.

The number of firings before the First Action Level is exceeded is given by:

N = antilog

(

ActionLevek44.6-SELA
10

)
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Therefore, N = antilog[(85+44.6-122)/10] = 5 firings
i.e. only 5 cartridges could be fired per day before the 85dB(A) First Action Level is exceeded.
For the 9OdB(A) Second Action Level, N = antiIog[(90+44.6-122)/10]= 18 firings.
i.e. 18 cartridges could be fired before the 9OdB(A) Second Action Level is exceeded.

With hearinq protection
--

This hearing protection comes with BS EN 24869-1 attenuation data, supplied bythe manufacturer:
Octave-band centre
frequency (Hz):

63

125

250

500

1000

2000

4000

8000

Mean attenuation (dB)

7.4

10.0

14.4

19.6

22.8

29.6

38.8

34.1

Std.dev. (dB)

3.3

3.6

3.6

4.6

4.0

6.2

7.4

5.2

Assumed Protection
value (APV) (dB)

4.1

6.4

,10.8

15.0

18.8

23.4

31.4

28.9

H

25

M

19

L

13

SNR

22

The most appropriate method to use for estimating Predicted Noise level Reduction (PNR) for
repeated impulsive noise is the HML method (it is often difficult to get reliable measures of the
octave-band frequency content of impulsive noise, therefore the octave band method is inappropriate):
The level at the ear in each octave-band is calculated from the H, M and L factors. The
formula used depends on the difference between LCand LA.

If L, - L, is less than or equal to 2
If L, - LAis greater than 2

.

-

PNR=M-,-x(Lc-L~-2)
(H-M)
P N R = M - ?(M-L)
x(LC-L~-2)

The A-weighted SEL at the ear is then given by subtracting the appropriate PNR
(rounded to the nearest whole-number) from the measured SEL,.
In this example, based on the 30 second L, measurements: LC- LA=2.3dB,therefore the
second equation for PNR is used

The attenuation figure is then applied to the SEL, value. Therefore the SEL, under the hearing
protection is:
Protected SEL, = 122.1 - 19 = 103dB(A) (rounded to the nearest whole dB)

Number of firings before First or Second Action Level is exceeded can be determined by one of two
methods. Either (using look-up table in Annex 3c):
For SEL, = 103dB(A), look up the number of firings in the table of Annex 3c to give:
for 85dB(A): 457 firings,
for 9OdB(A): 1445 firings.
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or, by calculation:
The number of shots before the First Action Level is exceeded is given by:

N= antilog

(

AciionLeveW.&protecledSEL~
10

Therefore, N = antilog[(85+44.6-1O3)/lO] = 457 firings
(i.e. 457 cartridges could be fired per day before the 85dB(A) First Action Level is exceeded).
For the 9OdB(A) Second Action Level, N = antilog[(90+44.6-103)/10] = 1445 cartridges could be
fired (i.e. 1445 cartridges could be fired before the 9OdB(A) Second Action Level is exceeded).
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Annex 3c

Lookup table of values for the maximum number of explosions before NAWR
Action Levels are exceeded

The lookup table below can be used to estimate the maximum number of explosions or events of a
known SEL allowed without daily noise exposure exceeding the First (85dB(A)) or Second (9OdB(A))
Action Levels.

The table gives calculated values for: N = antilog

SEL
(dB(A))

.EPd

(

ActionLevek44.6-protectedSEL~

less than

10.

-EP,d

less than

85dB(A)

9OdB(A)

134
133
132
131
130
129
128
127
126
125
124
123
122
121
120

1
1
1
2
2
3
4
5
7
9

1
1
1
2
2
3
4
5
7
9
11
14
18
22
28

119
118
117
116
115
114
113
112
111
110
109
lo8
107
lo6
105
104
103
102
101
100

11
14
18
22
28
36
45
57
72
91
114
144
181
229
288
363
457
575
724
912

36
45
57
72
91
114
144
181
229
288
363
457
575
724
912
1148
1445
1819
2290
2884

C. Example from Annex 3b (without

hearing protection)

Example from Annex 3b (with
hearing protection)
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The rows highlighted in the lookup table correspond to the worked example in Annex 3b:
Without hearing protection: at SEL, = 122dB(A), more than 5 events will exceed the 85dB(A)
action level and more than 18 events will exceed the 9OdB(A) action level).

-

With hearing protection: at SEL, = 103dB(A), more than 457 events will exceed the 85dB(A)
action level and more than 1445 events will exceed the 9OdB(A) action level).
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Addresses
Competent persons training courses

The Institute of Acoustics:
The Institute of Acoustics
Agriculture House
5 Holywell Hill
St. Albans
Herts. A L I 1EU
Tel : 01727-848195
Fax : 01727 850553
E-Mail : Acoustics@clusl .ulcc.ac.uk
National Examining Board in Occupational Safety and Health (NEBOSH):
Industrial Relations Services Training
First floor, Lincoln House
296 - 302 High Holborn .
London W C l V 7SH
Tel: 0171 420 3500
Fax: 0171 420 3520
British Examining and Registration Board in Occupational Hygiene (BERBOH):
British Occupational Hygiene Society
Suite 2, Georgian House
Great Northern Road
Derby D E I 1LT
Tel : 01332 298101
Publications

Copies of legislation can be obtained from:
The Stationary Office
Order Department
PO Box 276
London
SW8 5DT
Tel: 0171 873 0011
Fax: 0171 873 8200
Copies of HSE books and leaflets can be obtained from:
HSE Books
PO Box 1999
Sudbury
Suffolk COlO 6FS
Tel : 01787 881165
Fax : 01787 313995
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Ministry of Defence publications can be obtained from:
Ministry of Defence
Directorate of Standardisation
Montrose House
187 George Street
Glasgow G1 1YU
BSI publications are available from:
BSI Customer Services
BSI Standards
389 Chiswick High Road
London W4 4AL
Tel: 0181 996 7000
Fax : 0181 996 7001

Glossal
.The ear is more sensitive to noise at frequencies in the middle of the
audible range than it is to either very high or very low frequencies. Noise
measurements are often A-weighted (using a dedicated filter) to
compensate for the sensitivity of the ear.
A-weighting factors

A series of correction factors which can be used to A-weight a frequency
analysis.

Assumed Protection Value
(APV) . . . . . . . . . . . . . .

Manufacturers supply average figures for hearing protection attenuation,
.along with standard deviation figures (indications of the accuracies of the
averages). To predict the noise reduction which might be achieved in real
use, an Assumed Protection Value is used, usually taken to be the mean
attenuation minus one standard deviation.

Attenuation

..................

.Noise reduction, measured in decibels.

C-weighting

..................

.The A-weighting is not appropriate at very high noise levels; as the noise
level increases the ear is better able to hear low and high frequency
noise. The C-weighting has an almost flat (or linear) response across the
audible frequency range. The C-weighting is often used for measures of
peak sound pressure level.

Competent Person

.......

Cycle (machine cycle)

.......

.A competent person will not need an advanced knowledge of acoustics,
but will be able to work unsupervised, will need a good understanding and
practical experience of what information needs to be obtained, how to use
and look after the instruments involved, and how to present the
information to others in an intelligible manner (see Section 6).

A period of operation of a machine which is continuously repeated

Daily personal noise exposure A measure of the average noise energy a person is exposed to during a
(LEPId). . . . . . . . . . . . . . . . . .working day. The LE?,6is directly related to the risk of hearing damage.
Decibel (dB)

.................

Ear protection

..............

.The units of sound level and noise exposure measurement.

.A term often used to mean all forms of hearing protection (i.e. ear-muffs
and plugs). The term "hearing protection" has been used in this
guidance.
.Hearing protection based on a cup enclosing the outer ear.
.Hearing protection in the form of a plug which is inserted into the entrance
to the ear canal.

Fast ('F') and slow ( ' S ' ) time
weightings . . . . . . . .

Noise levels are constantly and rapidly changing, a meter which
.accurately follows these changes would be impossible to read. To allow
rapidly changing noise levels to be measured a time averaging is used.
Two averaging times are defined in Standards: a fast response of 0.125
seconds, and a slow response of 1 second.

First and Second Action Levels Daily personal noise exposures above which specific actions are required
under the Noise at Work Regulations 1989. The First Action Level is
85dB(A), at which hearing protection must be supplied if requested and
the Second Action Level is 9OdB(A) at which controls should be put in
place to reduce exposure and hearing protection must be used where the
noise level cannot be otherwise reduced (see Section 5).
Frequency

.....................

Hearing protection
Hertz

.............

...........................

HML method

..................

.The pitch of a sound. measured in Hertz
.Any personal protective equipment worn to reduce the noise level at the
ear (e.g. ear-muffs or ear-plugs).
.The units of frequency (Hz, the number of cycles per second)
.A method of estimating the attenuation of hearing protection based on
three parameters provided by the hearing protector manufacturer: H High, FA - Medium. L - Low.

Impulsive noise

II

II

II

.Any type of single or repeated noise of short duration, e.g. the noise from
an explosion, the noise of a power press.

.............

LAo r ,L
,,

.......................

A-weighted average sound pressure level, measured in dB

L, o r ,,L,

.......................

.C-weighted average sound pressure level, measured in dB

LA,,

,

.......................

.Maximum value of the A-weighted sound pressure level, measured using
the fast ('F') time weighting (in dB).
.Maximum value of the C-weighted sound pressure level, measured using
the fast ('F') time weighting (in dB).
.A frequency weighting which gives equal significance to all frequencies
(usually within a defir,ed frequency range e.g. i O to 20,000Hz)

Linear weighting

Low, medium and high
The audible frequency range is from 20Hz to 20,000Hz. The terms low,
frequency . . . . . . . . . . . . . . m e d i u m and high are used to represent ranges within the audible
frequency range, they are not precise!^ defined. The medium frequency
range covers the frequencies used for communication, from around
250Hz to around 6,000Hz.

L,,,,. . . . . . . . . . . . . . . . . . . . . . . . . . . . .See Daily personal noise exposure

II

II

II

L,

............................

Leq,,,

...........................

Average sound pressure level, measured in dB.

.Let measured over a specific time period, t

Maximum SPLs (A-weig hted
See L,,fas:,naxand LC:astmax
and C-weighted) . . . . . . . .

A division of a frequency range into bands, the upper frequency limit
of each band being twice the lower frequency limit. The width of the
octave bands increases at higher fiequencies.
Overprotection

.The use of hearing protectors whicfi provide much more noise reduction
than is necessary.

Peak s o u n d pressure level . . . . .The highest sound pressure level without any time weishting (usually C or
linear frequency weighting).
Peak Action Level

.A level, set at 140dB, above which workers should not be exposed, even
for a single event. Under the Noise at Work Regulations 1989 the same
requirements apply for both the Peak Action Level as for the Second
Action Level.

Predicted Noise level
Reduction (PNR)
Semi-aural, Serni-insert

~

The noise reduction predicted using manufacturer's aKenuation data.
........
........

.Hearing protection in the form of an ear-canal cap, which is held tightly
against the entrance to the ear canai by a headband.

Single Number Rating (SNR) . . .A simple single attenuation value which can be used to predict the
attenuation of a hearing protector (referred to as "Simplified Noise level
Reduction" in BS EN 458).

I

Slow ('S') time weighting

I

Sound Level Meter (SLM)

!

......

Sound Exposure Level (SEL)

..

......

Sound Pressure Level (SPL)

...

.see fast ('F') and slow ('S') time weightings
.A measure of the sound energy in a short duration event: such as an
explosion. The SEL is defined as: "The sound pressure level (in dB(A))
which, if it lasted for 1 second would produce the same A-weighted
energy as the actual noise event".
.Instrument for measuring various noise parameters.
.The basic measure of noise loudness, expressed in decibels, usually
measured with an appropriate frequency weighting (e.g. the A-weighted
SPL in dB(A)).

