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FOREWORD
This mini-dissertation is meant to assist the Polokwane Platinum Smelter to decide

on the Occupational Health and Safety aspects of all workers.
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SUMMARY

Objective

This study assesses whether noise levels above legal limits of 85 dB(A) that can
result in noise-induced hearing loss are present in areas where employees are
supposed to work and to verify that such areas are demarcated as noise zones at

the Polokwane Platinum Smelter.

Background and motivation

Excessive noise is a global health hazard with considerable social and physiological
impact, including the development of noise-induced hearing loss (NIHL). Noise is a
major hazard in many workplaces. It is estimated that more than 30 million workers
(almost 1 in 10) are exposed to unsafe noise in their work places. NIHL is the
second most self-reported occupational illness or injury in the United States.
Amongst miners, more than 90% of the population reports hearing problems by the
age of 55 years. Noise exposure is prevalent in construction, foundries, agriculture,
transport, industry and mining-related activities. The prevalence of NIHL has not
changed much in the past two decades. Therefore, a hearing conservation
programme is an important issue in the smelter as certain areas are denoted as

noise areas.

Study design

A cross-sectional study design with a group of utility workers at the Polokwane
Platinum Smelter, as the experimental group, and a group of undergraduate
Bachelor of Science students at the University of Limpopo (Turfloop Campus) served

as a control group.

Method
A sound level meter was used to measure the noise levels where the utility group
performs their technical work. Data were analysed using the Statistical Package for

the Social Sciences (SPSS) computer program.
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Results

The average noise measured in various locations of the Polokwane Platinum
Smelter was between 62.6 dB(A) and 105.1 dB(A). The results indicated that
workers at the Polokwane Platinum Smelter are over exposed to noise in certain
work areas if they work eight hours in the area. Areas where the average noise level
was above noise rating limit of 85 dB(A) were demarcated as noise zones as an
additional protective measure. Employees also use hearing protective devices,
when they are working in noise zones, to control personal noise exposure. This is in
accordance with the Occupational Health and Safety Act No. 85 of 1993 as amended
eleventh edition (OHS Act 85/93).

Conclusion

In the present study, noise levels in certain areas exceeded the noise rating limit of
85 dB(A). However such areas are clearly demarcated as noise areas and
employees accessing those area must wear earmuffs or earplugs. Possibilities of
employees developing hearing loss overtime exist, if employees work for eight hours
or longer in demarcated areas and do not adhere to the existing Hearing
Conservation Program (HCP) implemented at the Polokwane Platinum Smelter.
Noise levels at the Polokwane Platinum Smelter should be monitored regularly.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Noise is one of the major threats to industrial workers. Since the period of
industrialization began, workers have been suffering from different occupational
diseases such as occupational hearing loss (Meyer-Bisch, 2005). Before the mid-
1960's, there were no laws mandating the use of devices to protect hearing, and
many people working before the mid-1960's have been exposed to dangerously high
levels of noise (Danielle et al., 2002). Occupational safety and health issues are
great concerns to developing countries aiming at industrialization (Daniel, 2005;
Nuwayhid, 2004; and Christiani, & Durvasula 1990). Noise and hearing loss
problems have been well documented in many developing countries, including India,
Thailand, and Singapore (Nuwayhid, 2004; and Ohrstrom & Bjorkman, 1998).
Studies conducted in these countries have revealed that workers are often exposed
to dangerous levels of noise (Nuwayhid, 2004). Occupational noise is also prevalent
in developed countries. Twenty-five percent of the work force in the United States is
regularly exposed to potentially damaging noise (Suter, 2002). Furthermore, hearing
loss affects the ability of one in ten Americans to understand normal speech (Higgins
et al., 2005; and Christiani & Durvasula 1990). Thus, NIHL is a real problem in both

developing and developed countries.

In the field of occupational health, noise-induced hearing loss (NIHL) can be defined
as a permanent hearing impairment resulting from prolonged exposure to high levels
of noise or as a condition caused by occupational and environmental factors that
damage the structures involved in hearing (Daniel, 2005; Prince, et al., 2004; Prince,
et al.,, 2003; Joshi, et al., 2003; and Allen, 2001). Hearing loss has many
consequences, including poor communication and deafness (NIDCD, 2010; Clark &
Bohne, 1999; and Steffen & Jaggy, 1998). Because of the risk of occupational
noise-induced hearing loss, government standards regulating allowable noise
exposure in occupational situations have been developed. These standards aim to
control excessive noise exposure (NIOSH, 1998). However, in many cases, such

occupational laws are neglected (McCall & Horwit, 2004).
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Hearing Loss can also result from non-occupational activities such as leisure, and
entertainment activities (Clark & Bohne, 1999). Typically, this occurs in individuals
who are exposed to gunfire or firecrackers, and hear ringing in their ears after the
event (this is known as tinnitus) (Dias et al., 2006; and Cunningham & Eavey, 1993).
A hypothetical relationship between smoking and hearing loss has been proposed
because nicotine reduces blood supply to the cochlear organs (Graham et al., 2010;
Boggia et al., 2008; Namura, 2006; Friedman & Griffith, 2003; and Furuta et al.,
2000).

There are also other causes of hearing loss. According to Petit et al., (2001)
hundreds of genetic diseases cause hearing loss and this is called familial
sensorineural hearing loss (Steel & Kros, 2001). A brain tumour can also result in
hearing loss (Camp et al., 2003). According to Evans and Lepore (1993), a decline
in hearing ability with advancing age and is called prebycusis (Martini, 2006; and
Gates & Mills, 2005). Males are exhibiting a higher Hearing Threshold Level (HTL)
at the higher frequencies, and are susceptibility to the effect of occupational noise
(Landon et al., 2005). The term socioascusis has been applied to an increase in
HTL resulting from exposure to non-occupational noise (Martini, 2006). It is clear
that hearing loss does not only result from noise exposure, but from many other non-

occupational factors.

The aetiology of NIHL is simple: prolonged exposure to excessive noise results in a
permanent hearing disability (Heggins, 1998). The hearing loss usually develops
over a period of several years (Chung et al., 2005). Since it is painless and gradual,
it is often not noticed (Min-Yong, 2003). Many people are not aware of the dangers
associated with loud noise; therefore they do not seek protection against it (Camp et
al., 2003). Excessive noise exposure is the most common cause of hearing loss
(Camp et al., 2003). According to Chung et al., (2005), habitual exposure to noise
above 85 dB(A) causes a gradual hearing loss in a significant number of individuals.
Exposure to noise above 85 dB(A) damages hair cells in the inner ear (Petit et al.,
2001; and Alford et al., 2000). As noise exposure increases, more and more hair

cells are destroyed (Wu et al., 2004; and Pye et al., 1984). As the number of hair
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cells decreases, the hearing ability also decreases. There is no way to restore life to
dead hair cells; therefore the damage is permanent (Davidovits, 2008). Noise can
also cause reversible hearing loss, called a temporary threshold shift (Allen, 2001,
and Kraener, et al., 1995). Tinnitus can develop as a result of long-term exposure to
noise that has damaged hearing (Martines et al., 2010; and Kaltenbach, 2006).
However, the diagnosis is not always straightforward, especially when more than-

one-pathology is present (Min-Yong, 2003).

Besides hearing loss, loud noise may also lead to systemic symptoms (Prince et al.,
2003). These include anxiety and irritability; an increase in pulse rate and blood
pressure; and an increase in the secretion of stomach acid (Ahmed & Dennis, 2001).
Very loud noise can reduce efficiency of performing difficult tasks by diverting
attention from the task (Reid et al., 2004; and Ahmed & Dennis, 2001). Individuals
differ in their sensitivity to noise (Clark & Bonhe, 1999). Thus noise does not only
affect the hearing of workers, but also their health in general and their ability to
perform tasks.

Noise levels in the workplace should be below the noise rating limit of 85 dB(A) as
stated in the Occupational Health and Safety Act No. 85 of 1993 as amended
eleventh edition (OHS Act 85/93). The OHS Act (85/93) (NIHL regulations) regulates
noise exposure levels in South African industries. Statutory occupational noise
exposure limits vary from country to country. The variation levels are from 85dB(A)
to 90dB(A), however, acceptable levels in South Africa as per OHS Act (85/93) is an
8 hour time weighted average of 85 dB(A) as legislated in Noise Induce Hearing
Loss Regulations (2003) (SIMRAC, 2001; OHS Act 85,1993).

Habitual noise exposure above 85 dB(A) causes a gradual HL in a significant
number of individuals, and louder noises accelerates this damage. In addition, the
duration (how long an employee is exposed to a noise) can affect the extent of
noise-induced hearing loss. The longer you are exposed to a loud noise, the more
damaging it may be. For unprotected ears, the allowed exposure time decreases by
one half for each 5 dB(A) increase in the average noise level. The alternative of 3

dB(A) is used in other countries than the USA. For instance, exposure is limited to 8
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hours per day at 85 dB(A), 4 hours per day at 90 dB(A), and 2 hours per day at 95
dB(A) (Camp et al., 2003). The highest permissible noise exposure for the
unprotected ear is 115 dB(A) for 15 minutes per day. Any noise above 140 dB(A) is
not permitted (Goyal et al., 2010; Dicke, 2005; and Camp et al., 2003).

It is obvious that noisy machinery at workplaces should be engineered to be quieter
or the worker's time in the noisy environment should be reduced. As an alternative,
individual hearing protectors can be used when noise averages more than 85 dB(A)
during an 8hour day (Opperman et al., 2006; Chung et al., 2005; and Camp et al.,
2003). In South Africa, medical surveillance has to take place annually according to
the (OHS Act 85/93). This includes routine audiometric tests and medical
examinations. The cost associated with these actions is often prohibitive (Melnick,
2004; and Katz, 1994). When noise measurements indicate that hearing protectors
are needed, the employer must offer at least one type of earplug and one type of
earmuff without cost to employees (OHS Act 85/93). If annual hearing tests indicate
hearing loss of Percentage Loss of Hearing (PLH) shift of 10% or more in higher
pitches in either ear, the worker must be informed to undergo numeral medical tests
in order to determine if there is permanent hearing loss. The worker must wear
hearing protectors when noise averages more than 85 dB(A) for an 8 hour day or be
moved to an non noisy area (Daniel, 2007; and OHS Act 85/93). It is the employer's
obligation to protect workers against factors that may be harmful to their health (OHS
Act 85/93).

Occupational hearing loss is commonly caused by work-related hearing disabilities
amongst workers in mining, construction, manufacturing, agriculture, foundries and
other similar industries (Neitzel & Seixas, 2005; and Bies & Hansen, 2009).
According to the research conducted by Landon and colleagues in 2001, during the
past years there have been an indication of an increase in the prevalence of NIHL
among foundry and similar industries. This is at least partly due to the effect of an
increase in noisy machines industries (Rabinowitz, 2000). It affects millions of
workers and inflicts high costs to society (Landon et al., 2005; and Rabinowitz,
2000). NIHL in at the Polokwane Platinum Smelter have not been studied since the

inception of the Smelter as often as other industries (Goncalves & Iguti, 2006; and
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Landon et al., 2005; McReynolds, 2005; Seixas, 2004; Beckett et al., 2000; and
Shakhatrek et al., 2000). The study is one of the few studies in South African
Smelters. Therefore, research is necessary in the area of occupational hearing loss

especially in Smelters.

It is important for the Polokwane Platinum Smelter to comply with safety measures
as stipulated in the (OHS Act 85/93) and noise regulation within the Act. The
monitoring of noise at regular intervals may assist in ensuring that occupational

noise does not affect employees.

The aim of this study was to assess noise levels in various work areas at the smelter
and further verify whether areas with high noise levels are demarcated as noise zone

areas at Polokwane Platinum Smelter, Limpopo Province, South Africa.

1.2 Research Questions of the Study

e What are the noise levels in the work areas of a group of utility workers
at the Polokwane Platinum Smelter?

e Do the noise exposure levels in these areas at the Polokwane Platinum
Smelter comply with the 85dB(A) noise rating limit according to the
Occupational Health and Safety Act No. 85 of 1993?

e Are the present control measures at the Polokwane Platinum Smelter
for control and prevention of noise hazards sufficient?

e Are any changes in measures for the control and prevention of noise

hazards, at the Polokwane Platinum Smelter, needed?

1.3 Limitations of the Study
The following are limitations of the study:

e Selection of the a experimental group was not done randomly but was
limited to one specific group of utility workers and it influences the study
group size;

e The control group was chosen as a random but convenient group from

students at the University of Limpopo;



e Study was limited to this one Smelter and to utility workers at the
Polokwane Platinum Smelter;

e The study was not intended to be a full occupational report to the
Polokwane Platinum Smelter, but simply investigates those aspects listed
under the questions of the study;

e The study is limited to occupational noise levels, it does not include leisure
time noise exposure or hearing loss due to other causes as it was not
feasible and extremely difficult to monitor employees outside working
environment; and

e The researcher was not able to access the medical records of the
employees due to confidentiality; hence medical history was not discussed

in the results. This includes the results of audiograms for the experimental

group.

1.4  Conclusion

The Polokwane Platinum Smelter is still in its early stages of operation and is using
advanced technology. Therefore, the level of noise experienced by the workers is
less in certain areas (Plant Cooling and Ventilation Fans, Casting Platform and Larox
Filter Press) within the Polokwane Smelter. The study concluded based on the
results that not all areas workers experienced high noise levels. The study, further
observed that Smelting operations are inherently noisy due to the large amount of
mechanical equipment, physical activities, and energy usage, notably furnaces,
Flash Dryer and Storage Silo were noise levels exceeded legislated noise exposure
limit of 85dB(A).

The aim of this study was to assess noise levels in certain areas at the Polokwane
Platinum Smelter, Limpopo Province, South Africa and verify if these areas with
excessive noise levels comply with legislative requirements (i.e., zoning of noise

areas, putting relevant signage and implementing a hearing conservation program).

The objectives of the study were to:
1. determine which areas where the experimental group are supposed to work

have noise levels above legal limits that can result in hearing loss;
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2. determine if all such areas with high noise levels are demarcated as noise
zones;

3. determine if such areas has relevant signage as required by legislations and
access is controlled; and

4. verify if any of the experimental subjects are suffering from noise-induced

hearing loss.

1.5 Content and Planning

In Chapter Two, the literature pertaining to the anatomy and physiology of the ear,
the effects of noise (both auditory and non-auditory), and NIHL and its effects on
workers in the mining industry are discussed in detail. The methodology used to
capture, analyse and present the data is described in Chapter Three. Chapter Four
encompasses the results of the research. The results are discussed in the light of
previous literature findings and the research questions are answered. Conclusions
regarding the aims and objectives of the study are made in Chapter Five. Limitations
of the project are discussed and further possible avenues of research are suggested.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

Noise is an intense sound capable damaging the inner ear (Rosen et al., 2001).
Noise-induced hearing loss (NIHL) is permanent hearing damage, caused by noise,
to the outer hair cells of the cochlea, resulting in a decrease of the amplification
ability of the cochlea (Ou et al., 2000; and Reshef et al., 1993). The development of
NIHL depends on the characteristics of noise, that is, its temporal patterns, spectral
distribution, overall sound level and the duration of the noise exposure (Katz, 1994).
Loud noise may cause tinnitus (ringing in the ear). This commonly occurs after noise
exposure, and often becomes permanent (Ludman & Wright, 1998). Exposure to
continuous noise is more damaging than to intermitted noise, with sound levels
exceeding 75-85 dB(A) beginning to stress the auditory system (Chen & Henderson,
2009; Bjork, 2002; and Kvaerner et al., 1995).

Individuals who are exposed to noise while working can be affected in a variety of
ways. Annoyance, decreased productivity, psychological distress and physiological
changes are only a few of the effects that have been reported (Lepage, 1998; and
Katz, 1994). A more direct and permanent consequence is the development NIHL
(Casali et al., 2000). NIHL occurs slowly over time, and the full effects thereof are
generally only realized after 10 to 15 years of chronic exposure to excessive noise
(Rosen et al., 2001).

An estimated 60-80% of mineworkers are exposed to 85 dB(A) or more noise during
their work shift (a shift is averaged at eight hours per day) (McBride, 2004; and
Hermanus, 2007). Agriculture, construction, engineering, woodworking, and foundry
workers are therefore significantly at risk for developing NIHL (Neitzel & Seixas,
2005; and Rowlinson, 2004). In South Africa, more than R448 million in settlement
was paid to over 43 000 employees within the mining industry between 1998 and
2003 (Giuld et al., 2001). Direct costs include compensation costs, costs associated
with interruption of production. Indirect costs include the costs of livelihoods lost,

income to dependents, and the cost associated with caregiving by families and the
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community (Rikhardsson, 2004). Poor communities tend to bear the brunt of
externalized indirect costs, but mining companies can also suffer loss of reputation
and withdrawal of investment capital (Hermanus, 2007; and Rikhardsson, 2004).
These amounts exclude the amount equated to loss of skills and rehabilitating

injured employees (Rikhardsson, 2004).

The potential of NIHL to disrupt ordinary lives justifies the research and other efforts
that have been made in the last 20 years to try to understand it, with the ultimate
goal of protecting the workers from getting this disease. It is appropriate therefore to
look briefly at the sequence of events at cellular level that can lead to the
development of NIHL (Martini, 2006).

There is no treatment, no medicine, and no surgery, not even a hearing aid that
corrects hearing once it is damaged by noise (Fowler & Leigh-Paffenoth, 2007;
Lynch & Kil, 2005; and Katz, 1994). Therefore, it is important to take precautionary
measures to avoid hearing loss within the society in general, but also in occupational

settings.

Although NIHL is often caused by occupational noise, researchers (Lynch & Kil,
2005; Murray-Johnson et al., 2004; Bluestone & Klein, 2001; and Horne et al., 1994)
agreed that non-occupational noise is regularly encountered during recreational

activities and is also a source of premature hearing reduction.

This chapter gives an overview of the, properties of sound, physiological and
anatomy of the ear, hearing loss/deafness, sources of noise, effects of noise, both
auditory and non-auditory, hearing loss, consequences, prevalence of NIHL,

legislation and Hearing Conservation Programs.

2.2 Sound
2.2.1 The Physical Principles of Sound
e Introduction
Sound is the form of energy which is detected by the ear (Martini, 2006). In physical

terms, it is the mechanical vibration of an elastic medium, causing the transmission
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of energy away from the source by a series of successive changes in pressure,
known as sound waves (Martini, 2006; and Michael & Byrne, 2000). Sound is
propagated through materials by the longitudinal oscillation of individual molecules
and interaction with adjacent molecules; therefore, it cannot pass through a vacuum
(Gardiner, 1996). The characteristics of a particular sound depend on the rate at
which the sound source vibrates the amplitude of the vibration and the properties of
the conducting medium (Michael & Byrne, 2000). Air, the medium through which
sound generally reaches the ear, has both mass and elasticity; and the transmission
of sound can be described in terms of momentum and the recovery of elastic forces
(Martini, 2006).

Sound may be described in terms of three variables: amplitude (perceived as
loudness), frequency (perceived as pitch) and time pattern (Botteldooren et al.,
2006). Physical properties of sound include wavelength, frequency, loudness, speed

of sound, sound power, and intensity of sound and will be discuss below.

e Wavelength

A single compression, which is transferred in the medium, is known as a wave, and
the distance between two consecutive wave fronts is known as a wavelength.
Wavelength is indicated by the symbol ‘A’ (Martini, 2006).

e Frequency

The rate at which a sound source vibrates, or makes the air vibrate, determines the
frequency of the sound (Rabinowitz, 2000). Thus the frequency of sound can be
defined as the number of pressure changes moving past a definite point per second
(Martini, 2006). Frequency is indicated by the symbol ‘f and measured in Hertz (Hz)
(Martini, 2006; Michael & Byrne, 2000; and Rabinowitz, 2000). The unit of time is

usually one second (Rabinowitz, 2000).

Humans can identify sounds with frequencies from about 16Hz to 20,000 Hz
(Novitski et al., 2007; and Rabinowitz, 2000). Sound with a long wavelength has a
low frequency whilst sound with a short wavelength has a high frequency (Martini,

2006). The simplest form of sound, known as a pure tone, consists of waves having
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the same frequency (Botteldooren et al., 2006). Pure tones are relatively rare in
real-life situations. Most sounds, including industrial noise, consist of a complex
mixture of many frequencies, and are generally known as broad-spectrum noise
(Botteldooren et al., 2006; and Matrtini, 2006).

e Loudness

The frequency response of the ear is most sensitive to sounds in the 1-5 kHz
frequency range and particularly insensitive at low frequencies (Martini, 2006;
Botteldooren et al., 2006; and Gardiner, 1996). Loudness is the subjective
assessment of sound quantity and has a complex relationship with the sound
pressure level actually presented to the ear. Loudness level depends on both

frequency and sound pressure level (Gardiner, 1996).

e The speed of sound

The tempo at which pressure transfer takes place determines the speed of sound
(Martini, 2006). The speed of sound is indicated by the symbol ¢ (Michael & Byrne,
2000; and Martini, 2006). It is dependent on the density and elasticity of the medium
and on the temperature (Michael & Byrne, 2000). In a homogeneous, medium
sound of all frequencies is transmitted at the same speed (Martini, 2006; and
Michael & Byrne, 2000).

e Sound power

Any source of sound has a characteristic sound power, which is determined by the
rate at which sound energy leaves its source (Martini, 2006; Michael & Byrne, 2000;
and Gardiner, 1996). It is measured in watts (W) (Botteldooren et al., 2006). A
source of sound approximating a point will produce a spherical sound field, so that
the sound power is dissipated over an ever-increasing area (Botteldooren et al.,
2006; and Gardiner, 1996). The sound pressure level that reaches the ear depends
on many external factors, such as the temperature of the medium, the distance from
the source and obstructions in the transmitting path of the sound wave (Martini,
2006; Michael & Byrne, 2000; and Gardiner, 1996). Sound power is merely a
physical characteristic of the source of sound and is often used to compare sources

of sound with one another (Martini, 2006).
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Measured sound pressure is a result of the amount of sound power generated by a
source (Michael & Byrne, 2000). There is a cause-and-effect relationship between
sound power and sound pressure: Sound power is the cause of a noise, and sound
pressure is the resulting effect (Martini, 2006; and Michael & Byrne, 2000). Sound
pressure levels can be predicted from known sound power levels, depending on the
environment in which the sound source is located, the exact distance from the

source and other variables (Michael & Byrne, 2000).

e The intensity of sound

The average tempo, at which energy is transmitted per surface unit over an area at
right angles to the direction of transmittance, is known as the intensity of the wave
(Martini, 2006). The intensity of a sound wave is related to the size of the pressure
change that takes place in the medium (Michael & Byrne, 2000). This deviation is
known as amplitude (a) and it is measured in watts per square meter (w/m?) (Michael
& Byrne, 2000).

2.2.2 Types of Sound Sources

Sound is caused by various noise sources (Miglani, 2010). The three types of sound
sources are the point source, plane source and line source (Martini, 2006). The
point source is the simplest source of sound (Michael & Byrne, 2000), and is
regarded as a pulsating sphere producing a series of consecutive wave fronts, which
are steadily transmitted from the centre in all directions (Russell, 2009). Examples of
point sources include individual machines, steam leaks and hammer blows (Miglani,
2010).

2.2.3 Types of Sound

Sound can be divided into a number of types depending on how it varies over time in
terms of continuity, fluctuation, impulsiveness and intermittency. These are, namely,
continuous sound, fluctuating sound, interrupted noise and impulse sound (Martini,
2006). Intermittent sound, such as hammering, is more harmful than continuous
sound and a single very loud noise (e.g., a shot or an explosion) can damage the

hair cells in the cochlea immediately (Harding, et al., 2005; and Kroemer &
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Grandjean, 2000). Continuous and intermitted sound is the most common causes of
hearing loss in the construction, foundry and similar industries (Pourbakht &
Yamasoba, 2003).

e Continuous sound
Continuous sound is produced for relatively long periods at a constant level (Martini,
2006; and Prasher, 1998). Examples of continuous sound include the noise of a

waterfall, turbines, fans, and electronic motors (Martini, 2006).

e Fluctuating sound

Fluctuating sound refers to sound whose intensity varies considerably over a given
period of time (Martini, 2006; and Rahman, 2006), such as a machine that runs
continually, but whose engine runs at different speeds depending on the load it has
to carry (Botteldooren et al.,, 2006). There is no evidence in the literature that

fluctuating sound contributes to the development of NIHL (Rabinowitz, 2000).

e Interrupted or intermittent sound

Interrupted or intermittent sound is noise which is interrupted at intervals, producing
great variations in sound intensity from a given background noise (Russell, 2009;
Martini, 2006). Examples of interrupted sound are the switching on and off of

equipment, such as hand-drills and grinding-wheels (Martini, 2006).

e Impulse sound

Impulse sound is momentary noise with a duration of less than 0, 5 seconds (Matrtini,
2006; and Starck et al., 2003). Impulse noise may be repetitive, or a single event (as
with a sonic boom) (Balough & Jackson, 2010; Martini, 2006; and Zhao et al., 2006).
Such an impulse may be heard under normally quiet conditions or it may be
superimposed on a background of continuous or fluctuating noise (Martini, 2006; and
Starck et al., 2003). Examples of impulse sounds are a pistol shot and the hammer
blows in the workshop of a boilermaker (Martini, 2006). If the impulses occur in very
rapid succession, such as jackhammers, drills, the sound would not be described as
impulsive (Fletcher et al., 2002; and Starck et al., 2003).
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Impulse sound may damage the structures of the inner ear severely (