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1. INTRODUCTION

Noise and its effect on hearing were traditionally not thought of as a problem In the Ammy untll the
prasent century; although there must have been some noke-Induced hearing l0ss ever since the
Invention of gunpowder. More recently, the problem has been Increasad by the development of
the tracked amoured fighting vehicle.

The First Worlg War produced a spate of reports of noise-induced hearing loss from gunfire. These
reports were lorgely forgotten: from a technical point of view, they were sexiously imited in that the
technology of the day could measure nelther noise nor hearing aculty. A similar spate of seports
followed the Second Word War, but in this case some early ploneers were able 1o measure both
the noise and #ts effect on hearing. The most detailed, and also the most accessible, of this work
was that by Munray and Reld (1).

Muray and Reld described noise. and resutting ternporory and permonent hearing loss, from a
variety of weapons. from rifles 10 howitzers. They included some weapons which were more nolsy
than anything in cuent service,

After the Second World War, interest in noise-induced hearing loss gwindied again. Interest was re-
kindled with the introduction of the 7.42mrm Self Loading Rifle. and very much more so by the
grodually incregsing use of audiomelry. For instance, Livesey (2) found that 54 out of @ sample of
100 Infantry showed evidence of noise-induced hearing 10ss. Brasher (3) found o similar incidence
in Infantry soldiers, but a lesser incidence in medical personnel, presurmably refiecting the lasser
noise exposure of the Iatter. Coombe (4} found a similar state of atfairs in 1979

At this time, the most wsed form of protection was o soft plastic ear plug which had been shown
to be effective when property worn. This device was issued 1o qll Army personnel In 1966, but
hearing loss continued to occur. Clearly, a more formal prograrmmne for hearing conservation was
needed. The Ammy Hearing Conservation Programme (with equivalent program mes in the other
Services) wos developed to meet this need, and issued o5 a general administrative instruction,
Routine screening oudiometry was formally introduced in 1979 4.

The Army Hearlng Conservation Progromme Is designed to preserve combat effactiveness. preserve:
. heagtth, ond meet statutory abligations. The hearing conservation measures availoble at unit level
are the detection, measurernent and evaluation of hozard: reduction of noise hczord: use of
personal hearing protection: monitoring of hearing acuity; and heatth education.

In many respects, therefore. hearing conservation in a military context is broodly sirilor ta its civilian
equivalent. However, there are also some marked differences:

® exposures, even during routine training, vary grectly from day 1o doy;

@ there is a great variety of noise sources, including impulse noise from gunfire;
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thalr jobs - hence the requirernent to preserve combat effectiveness.
This last point Is v marked contrast 1o civil life where nolse-induced hearing loss rarely has o
direct effect on employabillity, Soldiers are generally well oware that nolse-induced hearing loss
can gtfect or in some cases tenmincte their coreers.

|
@ soldiers need o have reasocnably good hearing in order 10 ba oble to do J‘

The UK Nolse ot Work Regulatians (1989} (5) apply to the Amed Services in peacetime In the
same way os to Industry, but their opplication is not always straighttorward,  They are really
tramed around continuous nolse from mochinery ond ore clearly not designed to take
account of Itegular exposures, nor of Impulse noise from gunfire. The concept of o "daily
parsonal nolse exposure’, for instance. doas not accord with g job where each day s diffarent
from the naext. The obvious solution in this case is to ossume the worst reasonably credible

EXPOSIE,

2. IMPULSE (GUNFIRE) NOISE

impulse noise from gunfite has few civil eguivalents. #t i charoctersed by very high peak
pressurés over @ very brief duration. Typically, small arrns produce, ot the user's ear, peak
pressures around 2 kPa with g durgtion ground 5 ms. Cther weapons con be maore noisy.
especially infantry support weapons and artillery where peak pressures can be 20 kPa or more
with durations in the range 10 - 50 rrs. The majority of weapons require use of hearing
protaction; the most nolsy weapons ¢an, in susceptible individuals, cause severe hearing 10ss
after a very small number of rounds where prolection is not used..

Evaluation of impulse noise from gunfire is based on a UK Defence Stondard (6), which is
generally similar in Intent and effect to stondards used in-other armed forces (7). There is
evidence 1o show that It i over-cautious when opplied to exposures where hearing protection
is used (8).

Hearing protectors are generally- very etfective {provided, of course, that they are used
carefully on gl occasions of exposure). Typically an ear muff will reduce peck pressure ot the
ear by about 15 - 20 dB, a5 meosured by minigture microphones at the ear position; but the
reduction in peck pressure s, by ltself, an inadequate measure of protection of hearing and
will under-astimate the effeciiveness of protection. Athough the Noise at Work Regulations
1989 are conrect In stating that peak pressures above 200 Pa ot the ear may be hazardous,
the osserion that they are necessarily hazardous in oll coses Is flatly contradicted by the
evidence, especially as so for as levels of the protected ear are concemed.

Problems associated with the use of hearing protection include ergonamic factors such as
fitting, comfort and compatibility with other headgear such as helmets. The reduction in
volurma of speech can also be perceived as a problem, pariculary with o quigt background:
it s possible to construct hearing pratectors with an acoustical or electrcacoustic element
which will transmit speech in quiet conditions but cut out intense noise, and some of these are
in service in small numbers.

3. VEHICLE (CONTINUOUS) NOISE

Continuous nolse Inside tracked armoured vehicles such as 1anks can reach 120 - 130 dB SPL.
the worst case being fast movement on reads. Much of the nolse atises from impoct between
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track link pads and the road; noise tends to be siightly lass during movement across country
since the ground s soffer. Mast of the sound energy Is concentrated ot low frequeancies
conesponding to track link passage. Noise from wheeled vehicles tends 1o be less than in
tracked vehicies, but can st exceed 90 dB(A). In proctice, the duration of nolse exposure
tends 1o be rastricted by the high cost of running these vehicles. but some groups {such os
driving instructors or test drivers) have consistertly long nolse exposures.

Protecting hearing In such an environment presents quite a challenge, especiolly when the
soldier Is Istening 10 speech over o communications natwork. If the speech is contamingted
with nolse picked up by live “nolse-canceling' microphones. the noise at his ears will be further
increased.

The use of active noise reduction can iImprove the attenudtion of g communications heodset,
while Improved mictophones and Q voice operated switch can reduce the ambient noise
fransmifted through the communications network (9). It is now possitle, af least in principle, to
reduce nolse at the ear to 90 dB(A) even in the most nolsy vehicles, so the requirements of the
NoBse at Work Regulations {5) con be met.

4. SURVEYS OF HEARING LEVEL

Heaqring levels In the British Army are monitored during routine medical checks, on intoke and
at intervals thereafter, using convertional pure-tone gir-conduction oudiometry. Tha results
form part of normal medical records ond are pemmanently ottached to the scldiers other
medical docurnents. They cre not collated centially, except in a very abbreviated form
showing the proportion of soldiers below minimum entry standards. The primory intention of
rmedical records generally Is to assess fitness for service. Results are expressed s a heating
‘degree” as follows, with the “low™ frequencles being 0.5. 1 ond 2 kHz. and the “high*
frequencies 3. 4 and & kHz:

Degree Sum of hearing level | Sumn of hearing leve! | *Geneial Description”
ot low frequencies In high frequencies (from Service medical
in dB in B Clossification)
H1 Not more than 45 Not mora than 45 Good hearing
H2 Not more than 84 Not more than 123 | Acceptable practical
hearing for Service
purposeas
H3 Net more than 150 | Not mora than 210 Impoired hearing.
The hearing leve! at which
most personnal gre unfit for
entry 10 the Services
H4 Gregter than 150 Greater thon 210 Very poor hearing. Below
entry standard 1o the
Services

Resulls are recorded for right and ieft ears separately. and an overall degree awaorded on the
basls of the worsg aar.
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14 iIndicates unfitness for front-Ine service. A further degree, H8. indicates unfitness in any
copaciy, inevitably resutting in medical discharge; the distinction between H4 and HE is the
responsibilty of the ENT specialist and may include non-oudiotogical foctors.

Maost hearing loss occurs at 4 o 6 kHz, with the other frequencles important for hearing speech
being less affectad. As a result, and since the assessment & made on the heating of the worse
aar, It s possiola for a soldiers hearing 1o be unsuitable for front-line (or any) service without
his being deat in the socikal meaning of the term.

In pinciple. it would be possible to conduct o survey of hecring levels by extracting results from
individual medical records, which noimally Include the hearing level of each frequency as well
as the overall degree. In practice, t s more satisfactory to obtain fresh cudiograms, since
existing audiograms will have been cbtained at various times so that most will not be up-to-
date; also, the quality of routine audiometry can vary.

Figure 1 shows the results of a small survey of hearing in tank crew, using audiogroms frashly
obiained for the purpose. This was conducted in 1987 {10) after the infroduction of o new Main
Battle Tank (Challenger 1) which produced higher levels of continuous noise than the Chieftain
which it reploced {n this regiment). Tank crew use a noise-excluding heodset/helmet
{Crewguard), but nolse at the ears coutd still exceed 90 dB(A). It can be seen that the majority
of tank crew are H1 with most of the rest H2, There were very few H3 and no H4, Thase results
are not greatly different from the audiometric retums for the Arry o5 0 whole. it oppears
probable that the nolse from the tank is not an undue risk to hearing. aofthough it was
recommended that the measuraments be repeated after an interval to ensure that no
deterioration was ocourming.

The Gulf conflict involved movement in armoured vehicles at high speeds over long distances,
both during the land battle and during the training which preceded i: for most of the scidiers
involved, the noise exposure would be much greater than during peace-time. In addition to
tank crew using Challenger 1, there were mechanised infantry units using the Waortior
Amrmoured Parsonnel Camier which s also very noisy (up 10 120 dB, 112 dB(A)). Wamior, like
Chatlenger, is equipped with noise-excluding  headsets (in some cases. with octive noise
reduction), but their use may not have been universal. There was therefare some apprehension
of @ high incidence of hearing ioss in Gulf veterans.

Figure 2 (taken from dota reported by Richardson (11)) shows hearing levels in Challenger crew
before and afier the Gulf contflict. The “pre” results were 1aken from routineg medicat
audiograms gs described above. It i immediately apparent that hearing oppears 10 have
improved due to noise exposure. On closer exarmingtion, this unusuah finding is seen to be due
to the quality of the audiameatry, which was done rather more corefully ofter the Gulf conflict
than for the routine medical checks beforehand, Comparison of hearing levels between those
who had served as tank crew, ond controls who hod not, showed thal there was no apparent
loss due to exposure to Challenger noise. Thete is o suggestion of some deterioration o 6 kHz
in both populations, probobly due to small-arms nolse exposure.

In the case of Warior crew. results averaged ocross 0.5, 1 and 2 kHz also show a slight
improvernent, again attributable to more careful cudiometry. Figure 3 shows results for Warrior
crew averaged ocross 3, 4 and é kHz. and expressed in this case os g histogram. The use of
a histogram is more revealing than use of mean values since deterioration in hearing of o smolt
propoertion of men con be seen mare clearly. The resulfs show no apparent chonge in the right
ear. but a slight movement in the direction of worse hearing in the left ear. Comporison in
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terms of "H* degrees shows that roughly as many men appear to have Improved os have
deteriorgted. It appears that some detericration at high frequencies in the left ear may have
octually occured, but that it is quite small; since the left ear is most affected this may well
have been a consequence of smallarms noise where The left ear is closest to the muzzle.
‘Effects from vehicie noise are mare likely to have been bilgteral. Some of the 1ass could have
been due 1o routine training (or Indeed have been unrelated to miltary noise exposure).

These results are in contrast 1o those from the Falklonds campaign (12) where substartiol
deterioration In some men was found following exposure 1o gunfire noise.

©n the whole these more recant results give some grounds for optimism, in that the Incidence
of hearing loss s not great. On the other hand. any hearing loss at all represents an  injury
which (in peacetime of least) could have been avoided. It Is also rather unsctisfoctory that
obtaining accurate data on hearing status requites o survey: an improved standard of routing
audiormetry, and centralised recording of results, are urgently required so thot problerms can
be identifieqd. These motters are being addressed.

it may be of interest to nole that a survey of hearing impairment among adults in Great Britain
(Davis (13)) showed, when the results were interpreted in terms of “H* degrees, hearing
somewhat worse than thal nomnally found in Regular Ay samples. The reqson for this is not
clear, since the number of potential recruits refused entry 1o the Ay on hearing grounds is
not great and the number of soldiers prematurely discharged for poor hearing is relatively
small, Possibly some element of seff-selection is operating. Most of the hearing impalmment
reported by Davis is probobly not noise-induced, and there will be an obvious difficulty, when
hearing levels are meosured for hegring consarvation purposes., of distinguishing whether losses
are or are not due to noise exposure.

5. THE WAY AHEAD

The preferred way of reducing noise-induced hearing loss is 10 reduce noise exposure; at first
sight. waapons and ormoured vehicles would not appear to offer much scope for this.
However, in a few coses, new equipment hos been less noisy than its predecessor, 50 some
progress is being made. The uwse of hearing protection can also be improved: not just by
improving aftenuation {athough this has been done. in the context of vehicle headsets. by
the use of active nolse reduction), but by maoking it more compatible with other equipment
(seen a5 especially important, with the possibility of an integrated approach) and more
cormfortable during prolonged use. Providing hearing protection ogainst gunfire of intermittent
noise, while retaining nommal hearing for speech, is another possibility 1o be explored for more
widespread use.

(C) British Crown Copyright 1994 / MOD.
Published with the permission of the Cantralier of Her Britannic Majesty's Stationery Office.
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Figure 1. Hearing degrees in o Challenger tank regiment (10}
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Figure 2. Hearing levels in Challenger tank crew, pre and post Gulf conflict (113
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Figute 3. Hegring thresholds in Wartior crew, pre ond post Gutf conflict
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