THE PROBLEM OF NOISE IN THE ROYAL
NAVY AND ROYAL MARINES

By SURGEON LIEUTENANT-COMMANDER R. R. A. COLES, R.N.
(Alverstoke)*
and J. J. KNIGHT (London)t

THE Navy is in much the same position as the other armed services
and industry in a tendency for its operations to become increasingly
noisy. This trend has led to widespread research in the field of noise-
induced hearing loss, and to increasing activity in the fields of noise
reduction and hearing conservation.

As none of the major noise problems are fundamentally different
from those in industry and civil life, an account of how they are being
tackled in the Royal Navy and Royal Marines and of the research that
has been carried out is likely to be a matter of considerable interest to
many civilian otologists and industrial health officers.

By way of introduction, some of the more important Service noise
sources are illustrated in Fig. 1. As depicted, the main problems are with
jet engines, diesel engines, guns and small-arms. These and other noise-
hazardous situations have been studied during the period 1957 to 1964
in a series of audiometric surveys carried out by the authors for the
R.N. Personnel Research Committee of the Medical Research Council.

The surveys have employed manual methods of pure-tone audiometry,
using a single Amplivox Model 61 audiometer of accurately-known
calibration (Knight and Coles, 1960) and constant output. After clinical
examination and detailed interrogation, the men were given hearing
tests in the R.N. Mobile Audiometric Unit (Coles, Heron and Knight,
1963). This Unit, under most conditions of external ambient noise,
gives a sufficiently quiet environment for valid measurements of air-
conduction thresholds in the frequency range 250 to 8oo c/s down to
10 decibels more sensitive than British Standard normal threshold

(B.S. 2497: 1954).

* This paper is based on an Institute of Laryngology and Otology guest lecture,
entitled “E.N.T. Problems in Naval Medicine”’, given by Surg. Lieut.-Cdr. Coles at the
Royal College of Surgeons, London, on March 5th, 1964.

t Part of the work described was submitted by Dr. Knight in January, 1962, to the
University of London in a thesis entitled “Effects on Hearing of Auditory Hazards”,
which was approved for the award of the Ph.D. degree.
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(b) Diesel engines (official Navy photograph).ﬁ

Fic. 1.
Some sources of hazardous noise.
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(d) Small-arms.
FiG. 1.
Some sources of hazardous noise.
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Noise of Turbo-Jet Engines

The flight deck of an aircraft carrier, with its close concentration of
many powerful jet aircraft, the intensive flying operations and the tech-
nique of bringing the aircraft to full power before catapulting, is one of
the worst jet noise situations in existence. It has therefore been closely
studied.

Contrary to what might be expected, because of the 1nterm1ttency
of the noise as compared with the usual 8-hour exposures in lndustry
permanent hearing loss attributable to jet noise is rare. Indeed, coinci-
dental gunfire noise exposure was assessed in the U.S. Navy (Ward, 1957),
as the major flight-deck noise hazard. British studies, however (Coles,
and Knight, 1959; Knight, 1963), based on two surveys—the first,
retrospective, and the second, prospective—revealed an additional low-
frequency type of hearing loss resulting from jet-noise exposure in sound
fields which approached 150 decibels S.P.L. This loss is illustrated in
Fig. 2. Clearly, in these men, increasing amounts of jet noise exposure
(from Grade I to Grade III) resulted in greater low-frequency loss. A
fourth group of men, who had also experienced intense levels of gunfire
noise, showed the classical high-frequency loss as well as the effect on
hearing of low tones.
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Fic. 2.
Hearing level of groups of men with jet aircraft noise exposure.
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Consideration has been given to the possible causes of these low-
frequency hearing losses and two factors are believed to have been
responsible. First, jet noise is somewhat different from most other engine
and industrial noises in that it has a wide distribution across the frequency
spectrum with intense components in the lower frequency bands and also
that it is not of impulsive character. As with pure tones, the average
effect on hearing may therefore be expected to occur maximally at
frequencies about half an octave above the chief components of the
stimulating noise.

Secondly, all ear muffs and earplugs produce a greater attenuation
of high-frequency sounds than of the lower frequencies. The result is
that, when ear protection is worn, the noise that reaches the ear, though
reduced in level at all frequencies, becomes relatively richer in the lower
frequencies as compared with the higher frequencies. If the protection
used is of inefficient type, as was the case at the time of the authors’
surveys, the attenuation of the low-frequency components of the noise
will be particularly feeble.

The threshold shifts attributed to jet noise were measured some 4 to
6 weeks after the last noise exposure. The rest period therefore greatly
exceeded the criterion of 40 hours used by Davis, Hoople and Parrack
(1958) to distinguish between categories of threshold shift which they
described as “‘temporary” and “persistent”’. Concerning this distinction,
they wrote that “some slight further improvem:nt in hearing may occur
after 40 hours, but seldom is it very much”. These authors, with others,
in the report on the “Relations of Hearing Loss to Noise Exposure”
(A.S.A., 1954), showed a group with less than 15 decibels hearing loss
at any frequency, when measured 48 hours after exposure. They recovered
on average about 2 decibels at 4,000 c/s and more than 10 decibels at
6,000 c/s between 48 hours and 6 weeks after cessation of a particular
noise exposure. Their data indicated that the greater the existing loss,
the less the temporary effect. Opportunities for measurement of the
recovery process such as this, which involved lengthy repairs to a noisy
plant, are rare; normally investigations of this sort are confined to measure-
ments after a holiday or, more commonly, after a week-end. For example,
Atherley (1964) has obtained thresholds of a group of workers with a mean
hearing loss of 30 decibels at 4,000 c/s, measured on a Monday morning
after a week-end’s rest, and found thresholds 7 decibels better on a second
occasion after 16 days away from noise. As far as assessment of any
disability in industrial workers is concerned, it can be argued that it is
the mid-week audiogram containing a temporary component which gives
the more accurate representation of the general hearing level during the
working life rather than the somewhat artificial end-of-holiday level.
When more results are available on the temporary component of hearing
loss measured at stages during the working week, it will be possible to
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apply the data to reduce all measurements to an equivalent Monday
morning value for purposes of comparison.

In the aircraft carrier situation, many of the subjects of the prospective
survey have now been re-tested after an average interval of approxi-
mately 2 years. The latest hearing tests have shown that, with a few
partial exceptions, individual threshold shifts of 15 and 20 decibels at
500 and 1,000 ¢/s, which persisted 4 to 6 weeks after exposure, have
recovered during an interval of 2 years. This finding leads to the question
of whether the eventual long-term recovery from the effects of jet-
aircraft noise is exceptional or whether the same principle applies to the
more usual high-frequency notches which occur from exposure to other
noises. There is a scarcity of accurate measurements of the stages of
recovery from persistent threshold shift, and, until more results are
produced, there are grounds for doubting that threshold shifts obtained
after 48 hours, or even several weeks, away from noise truly represent
the extent of a permanent disability, except perhaps in the case of severe
and longstanding effects.

On the other hand, the losses would probably have been permanent
or more severe had the previous level of noise reaching the ear continued.
It is significant and most satisfactory that recovery of hearing was found
to have taken place in spite of continuing employment of the men on
aircraft carrier flight decks since 1960. This finding demonstrates the
efficiency of the fluid-seal ear muffs (designed in Canada by Shaw and
Thiessen, 1954, 1958)* which have been available to these men for the
last 3 years, and of the measures employed to ensure their proper use.

_To summarize, in the current situation where jet noise exposure
reaches levels of 150 decibels there need be little risk of permanent
auditory damage if the best type of ear defender is used. Up to now the
efficiency of ear defenders appears to have kept ahead of rising noise
levels, but warning must be given that the limit of possible attenuation
of any ear defender has almost been reached by the Shaw and Thiessen
type of muff (the limitation being imposed by entry of noise by bone
conduction through the rest of the head). If jet noise levels continue to
rise, then further surveys or audiometric monitoring programmes will
be needed for the detection of possible effects on hearing anywhere in the
range 250 to 8,000 c/s.

Diesel Engine Noise

Apart from their frequent use driving electric generators, diesel
engines form the main propulsion machinery of many modern ships, both
naval and mercantile. Frequently for military use, the most powerful
and noisy engines are squeezed into very confined spaces (Fig. 1). The

* These ear muffs are manufactured as ‘“Eargards’’ by Denis Ferranti Meters Ltd.,
Bangor. They are known in the R.N. and R.A.F. as ““Ear Defenders Mark 3.
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result is an undoubtedly noise-hazardous situation, in which the noise
reaches overall levels in the region of 120 decibels. Although continuous
in character the noise has impulsive components, which accounts for the
high-tone type of hearing loss which results from exposure to it.

An investigation into the hearing state of engine-room personnel in
British submariners revealed the more usnal high-tone type of noise-
induced hearing loss. Fig. 3 illustrates the way in which with increasing
duration of exposure to diesel noise the notch in the audiogram grows
both deeper and wider. Similar results were found in submarine engine-
room personnel of the U.S. Navy (Webster and Solomon, 1955), and in
dockyard men working in diesel engine test beds (Coles and Knight,
1960). There can be little doubt but that they also occur in merchant
ships and in many industrial situations. :
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FiG. 3.
Hearing level of submariners grouped according to length of engine-room service.

Hearing conservation measures should always be considered for men
working close to a powerful diesel engine. In the Royal Navy, “Eargard”
muffs are used to prevent hearing loss from this cause. As shown in
Fig. 1, telephones (fed from a transistorized magnetic induction loop
receiver) may be included within the muffs. By this means a great
improvement in communication has also been achieved, both in this
and in the aircraft noise environment,

Gunfire Noise

This has been recognized as a cause of deafness for several centuries
and no further elaboration is necessary here except, perhaps, to comment
on the way in which the hazard is still all too frequently disregarded.
An attitude of bravado or “it can’t happen to me” seems often to prevail.
Unfortunately, a degree of hardness of hearing tends to be accepted
almost as the “trademark” of gunners. Alternatively, the gunners who
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are relatively noise-resistant and seemingly unaffected are sometimes
quoted as examples justifying non-use of ear protection. By education,
example and disciplinary measures the position in the Royal Navy is
now gradually improving.

Guided Missile Noise

Missile systems are gradually taking over from the gun and, with their
novelty, a more healthy but perhaps less necessary respect for their
noise-making potentialities is evident. The noise is similar to that of
a jet engine in its physical characteristics and, though exposure is for
much shorter and infrequent periods, men may be sufficiently near the
noise source for its intensity to be at a dangerously high level.

However, there are hazards other than noise which limit the proximity
of exposure. The result is that exposure levels much in excess of 150
decibels, which would cause non-auditory effects such as vertigo and
pain in the face, chest or abdomen, do not occur, and an efficient means of
ear protection is all that is needed to safeguard hearing.

Small-arms Noise

The introduction of the self-loading rifle (5.L.R., a British modifica-
tion of the Belgian F.N. rifle) has further emphasized the fact that
auditory damage occurs from exposure to the noise of small-arms.

Certainly the S.L.R. is noisier than its predecessor, the Number 4
(Lee-Enfield, -303-inch) rifle. Peak positive pressures at the ears of
marksmen firing these weapons have been measured and found to be
168 and 162 decibels respectively (Elliott and Thurlow, 1962). The effects
of S.L.R. noise on hearing have also been measured (reported by Coles,
1963). One-third of a squad of Royal Marine recruits, who failed to make
use of the ear plugs issued to them, developed persistent* hearing losses
in the 3,000 to 8,000 c¢/s frequency range during their training. As a result,
disciplinary enforcement of ear protection has been instituted.

Whilst our interest has been focussed on the S.L.R. and action has
been taken to prevent auditory damage resulting from its noise, the
acoustic hazard from the -303-inch rifle and the 12-bore shotgun con-
tinues to be somewhat overlooked. No surveys with the naval personnel
exposed to the noise of the -303 have been carried out, but there is
ample evidence, from the experience of those performing routine and other
audiometric tests on new-entry personnel, that it is a frequent cause of
hearing loss. After defective vision, the next commonest cause of medical
rejection of civilian candidates for the Fleet Air Arm is high-tone hearing
loss. In the majority of these young men the cause of their hearing loss

* Measured at least 3 weeks after their last noise exposure.
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(as judged by history of exposure and of subsequent pronounced tinnitus)
has either been use of 12-bore shotguns or the firing of -303-inch rifles
in Cadet Force training, competitions, etc.

More attention should be paid to the hazardous noise exposure of
the small-arms noise to which many schoolboys are exposed. Otologists
could do much to help by means of their expert advice as and when
cases come to their notice. For gunfire noise of any type, the American
V51R-type* plugs are probably the best form of ear protection, though

_glass-downt has advantages in being disposable. Cotton-wool soaked in
petroleum jelly or in liquid paraffin is a cheaper but somewhat incon-
venient alternative. Dry cotton-wool should never be used as it pro-
vides very little attenuation and leads to a false sense of security.
Ranges should be designed so as to avoid reverberation, which can greatly
increase the noise hazard. Any form of enclosure, roofing or a nearby
wall at the firing point should be viewed with disfavour in this connection.
Finally, marksmen should not be placed within about 8 ft. of one another
because, if they are closer than this, a man will be exposed to a higher
noise level from his neighbour’s weapon than from his own.

Fig. 4 gives some examples of the auditory effects of the noise of the
S.L.R. and other infantry weapons, and also of the wide range of variation
in noise susceptibility of individuals. There is at present no reliable
test of noise sensitivity (Summerfield, Glorig and Wheeler, 1958).

On the other hand, it has been shown by the authors, and others
(e.g. Gravendeel, Bouman and Plomp, 1957; Solomon and Fletcher, 1958;
Harbold and Greene, 1961) that some indication of noise sensitivity and
hazardous noise exposure can be gained from occurrence of temporary
symptoms of tinnitus or dullness of hearing, especially if they persist
longer than, say, 5 minutes after exposure. Unfortunately, absence of
such symptoms does not mean lack of sensitivity or of hazardous exposure.

The Protective Action of the Intra-tympanic Muscles

These muscles probably play an important part in determining noise
sensitivity. They contract involuntarily in response to exposure to sounds
of sensation level of about go decibels (range, 70 to more than 110 decibels).
This action, by reducing the conduction of sound across the middle ear,
is protective and is known as the acoustic reflex. Its efficacy against
temporary threshold shifts (T.T.S.) induced by non-impulse noise has
been demonstrated by Fletcher and Riopelle (1960).

In 2 per cent. of the general population (Reger, 1960), or in a larger
proportion after suitable noise training (Fleer, 1963), the muscles may be

* Earplugs of this type are manufactured under the trade name of ‘“Sonex” by
Amplivox Ltd.,, Wembley.

t Glass-down is marketed as ‘‘Anti-Noise’’ by Ardente Industrial Services Ltd.,
London.
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Fi1G. 4.
Audiograms illustrating the effects on hearing of small-arms noise and the wide
range of individual variation in noise sensitivity.

contracted voluntarily. Such voluntary contraction has been shown by
the latter to give a useful degree of protection against impulse noise-
induced T.T.S.

A state of increased tone of the muscles (Mendelson, 1963) or of their
anticipatory contraction (Reid, 1946) may arise as result of experience
of the noise. Further evidence for such an alteration of intra-tympanic
muscle activity is provided by two series of observations made by the
authors.

The acoustic reflex threshold at 1,000 c¢/s and 4,000 c¢/s, defined as
the minimum intensity level of these pure-tone stimuli needed to evoke
the reflex, was measured in a group of 40 Royal Marines who had just
completed their training without having used ear plugs during weapon
firings. A Madsen acoustic impedance meter, an instrument described
by Terkildsen and Scott Nielsen (1960), was employed for this purpose.
The men were sub-grouped according to the state of their high-tone
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hearing, and the average acoustic reflex threshold was then calculated
for each sub-group (Fig. 5). The reflex thresholds were not believed
to have been affected by the hearing losses themselves for a variety of
reasons, some of which have been described in more detail elsewhere
(Coles, 1963). There appeared therefore to be a connection between
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Relationship between acoustic reflex threshold and noise-induced hearing loss.

a relatively high acoustic reflex threshold and the acquisition of persistent
high-tone hearing losses. Further, as small-arms noise was the sole noise
exposure of the majority and the main noise exposure of most of the
remainder, the state of a man’s high-tone hearing can be taken as an
indication of the degree of his susceptibility to gunfire noise-induced
hearing loss. Thus a relationship between acoustic reflex function and
noise susceptibility may be inferred.

The rise time and duration of rifle shots are much too short to allow
the acoustic reflex to exert any protective effect against the noise of the
particular shot which evokes the reflex contraction. One may conclude
therefore that the less susceptible men, with better intra-tympanic muscle
function—as indicated by reflex threshold measurements, gain their
relative noise resistance either (i) by using these muscles in an anticipatory
manner, or (ii) by the muscles having a prolonged contraction time course
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and thereby maintaining some protective effect against the next shot,
or (iii) by a combination of both mechanisms.

The second study involved measurements, in two subjects, of T.T.S.
resulting from identical weekly exposures to the noise of 20 rounds of
S.L.R. fire at close range. Fig. 6 illustrates the results in the most noise-
sensitive of the four ears exposed.

On the first five occasions there was a regular rate of firing and use of
a warning system before each shot. The T.T.S. steadily diminished.
When the shots were fired at random intervals, without warning but at
the same average rate, occasions 6 and 7, the T.T.S. increased. When
warnings and a regular rate of fire were used once more, occasion §,
minimal T.T.S. occurred again, even though a noise-free interval of
8 months had intervened.

The principal cause of the above is believed to be the attenuation
of sound afforded by contraction of the intra-tympanic muscles in antici-
pation of each shot. Where warnings were used this was most effective,
though some degree of tonic contraction may have occurred also, as
appeared to be the case during the unwarned occasions. This hypothesis
was further supported by the subjective observations of the subjects
themselves; a sensation of tension in the ear before each shot, and to
a lesser extent between each shot, became increasingly noticeable as the
experiment advanced.

Another factor in the diminution of measured T.T.S. appeared to be
an increase in the recovery rate. On occasion 1 there was no recovery
between 7-5 and 70 minutes after noise exposure. On occasion 2, from
a similar degree of T.T.S. at 7-5 minutes, there was partial recovery
over the same period. On occasion 3 there was complete recovery in
70 minutes. An increasing recovery rate could explain the smaller T.T.S,
measurements occurring on subsequent occasions, but this can hardly
account for the recurrence of T.T.S. when no warnings were given.

It therefore seems that the activity of the acoustic reflex is a significant
factor in defining a man’s susceptibility to a noise-induced hearing loss,
even with such intermittent and short duration noises as from small-arms.
It may also provide the physiological basis of the decrease in temporary
noise-induced symptoms and in the unpleasantness of a noise, which is
often remarked on by those regularly exposed to it. It might even be
that use of ear protection during the early stages of repeated noise
exposure would provide the necessary protection whilst physiological
resistance to the noise was being acquired. There was indeed a trend in
this direction in the results of the audiometric survey of Royal Marines
recruits; men who protected their ears in the first occasions of noise
exposure and thereafter failed to use their ear plugs tended to suffer
less damage to their hearing than those who were protected on the later
occasions only. Unfortunately though, there were so many exceptions
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to this trend that no reliance can be put on it as an alternative to regular
use of ear protection.

Hearing Conservation

The first step in dealing with any situation believed to be noise-
hazardous is to measure the sound pressure level in octave bands and
compare the results with a recognized damage risk criterion (D.R.C.).
As an example, Fig. 7 shows the results of noise measurements (Coles,
1964) in a new diesel-engined tug of the Admiralty’s Port Auxiliary
Service, together with the D.R.C. recently proposed by Burns (1965).
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FiG. 7.

Noise level measurement in diesel-engined tug, compared with damage
risk criterion (Burns, 1965).

The figure clearly shows that the noise in the engine-room of Confiance
was in excess of the safe limit for unprotected daily exposures of § hours’
duration. Three other factors reduced the actual hazard to hearing,
however. They were reduction in duration of exposure, use of a sound-
treated control room and provision of ear protection.

Burns makes provision for modification of his D.R.C. where shorter
durations of exposure are to be employed, as follows: For exposures of
8 hours per day, add o decibels to D.R.C. levels. For exposures of 4 hours
per day, add 3 decibels to D.R.C. levels. For exposures of 2 hours per day,
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add 6 decibels to D.R.C. levels. For exposures of 1 hour per day, add
9 decibels to D.R.C. levels. For exposures of 30 minutes per day, add
13 decibels to D.R.C. levels. For exposures of 15 minutes per day, add
19 decibels to D.R.C. levels. For exposures of 7 minutes or less per day,
add 25 decibels to D.R.C. levels. Similar allowances for shorter exposures
are quoted in most other recently-published D.R.C.

The dotted line, situated g decibels above the basic D.R.C. in Fig. 7,
illustrates the modification necessary to allow for the average total
duration of each engineer’s duty in the engine room,.

In this vessel, as in many other modern diesel-engined ships, a sound-
treated control room is provided from which the engine-room staff may
keep watch and at the same time control their engines. The effectiveness
of such a provision is shown by the lowest line in Fig. 7 and, for most
individuals, auditory hazard is non-existent in the control room—even
for prolonged exposures.

Finally, to make the preventive measures complete, ‘“Eargard” muffs
are provided for the engineers when they enter the engine room to make
their periodic inspections and adjustments of the engines. In Fig. 8 are

Cotton Wool

Cotton Wool
with Vaseline

20

30

Ear Defender

40}
0 Mark IIE

Attenuation (dB)

501

60 n n i n
.25 .5 1 2 4 8
Frequency (Kc /s)
FiG. 8.
Attenuation of fluid-seal ear muffs ("‘Eargards” or ‘‘Ear Defenders Mark 3”’)
compared with other devices (after Hinchcliffe, 1955).

shown the attenuation characteristics of these muffs, together with
comparable data referring to V51R ear plugs, to a mixture of cotton-wool
and petroleum jelly (a reasonable alternative to V3iR plugs) and to
dry cotton-wool, which is virtually useless. As can be judged from
the figure, the effect of wearing muffs in the engine room would be to
reduce the level reaching the ear to lower than that in the control room.

The greatest problem with ear protection is that of persuading men
to wear the muffs or plugs provided. The Armed Services sometimes have
an advantage here in that use of ear protection can be made a disciplinary
matter; more often though its use is merely recommended. In these cases,
which are comparable with the usual situation in industry, it is essential
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to give instruction and explanation at all levels—doctor, management
and worker—and to encourage the use of ear protection by example.
Quite apart from present disabilities, which often pass unnoticed,
attention must be drawn to the future. The relationship between
presbyacusis and noise-induced hearing loss is not yet completely eluci-
dated, but a useful approximation is to assume for the present that they
are additive (Glorig and Davis, 1961). This being the case, the men must
be warned that a “‘sub-clinical”’ noise-induced hearing loss acquired in
youth will eventually lead to a more noticeable disability than would
have been the case with presbyacusis alone.

Acknowledgments

The authors are very glad of this opportunity of expressing their
gratitude to the Medical Director-General of the Navy and the Directors
of other Admiralty departments for sponsoring the series of audiometric
surveys and associated projects, the results of which have formed the
basis of this paper.

They are also indebted to Dr. T. S. Littler, Director of the M.R.C.
Wernher Research Unit on Deafness, for accepting them as part of the
Unit’s research programme, and to Professor W. Burns, Chairman of the
Hearing Sub-Committee of the R.N. Personnel Research Committee, and
Mr. F. E. Smith, Secretary of the Hearing Sub-Committee, for their ad-
ministrative guidance throughout.

We are grateful to Messrs R. Camrass Ltd. for the loan of the Madsen
Acoustic Impedance Meter employed in some of the experiments.

REFERENCES

AMERICAN STANDARDS ASSOCIATION (1954) The Relations of Hearing Loss to Noise
Exposure. Report of the Exploratory Sub-Committee Z24-X-2, American
Standards Association, Inc.

ATHERLEY, G. R. C. (1964) Brit. J. industr. Med., 21, 150.

BRITISH STANDARDS INSTITUTION (1954) The Normal Threshold of Hearing for
Pure Tones by Earphone Listening. B.S. 2497.

Burxs, W. (1965) Hearing and Noise. (To be published in the “Agardograph”
series, Pergamon Press Ltd., Oxford.)

CoLks, R. R. A. (1963) J. voy. nav. med. Sevv., 49, 18.

(1964} Noise in Diesel-engined Ships of the Port Auxiliary Service. Joint
R.N. Medical School and R.N. Personnel Research Committee Report. (In
preparation.)

———, HEerox, A. A, and KnNiGHT, . J. (1963) J. roy. nav. med. Sevv., 49, 188.

~———, and KNIGHT, J. J. (1958) Aun. Occup. Hyg., 1, 98.

(1959) Nature (Lond.), 184, 1803.

———, ——— (1960) Ann. Occup. Hyg., 2, 267.

Davis, H., HoorLE, G. D., and ParrAcK, H. O. (1958) Avch. industr. Hith., 17, 1.

Ervrorr, E., and THUrRLOW, S. J. (1962) Preliminary Note on Noise Generated
during Small-arms Firing. Admiralty Research ILaboratory, Teddington.
Mem. 2/89.15/D.

146

https://doi.org/10.1017/50022215100063489 Published online by Cambridge University Press


https://doi.org/10.1017/S0022215100063489

Problem of Noise in the Royal Navy and Royal Marines

FLEER, R. E. (1963) In Fletcher, J. L. (ed.), Middle Ear Function Seminar, U.S.
Army Medical Research Laboratory, Fort Knox, Report No. 576, p. 196.

FLETCHER, ]. L., and RIOPELLE, A. J. (1960) J. acoust. Soc. Amer., 32, 401.

GLoRrIG, A., and Davis, H. (1961) Ann. Ofol. (St. Louis), 70, 556.

GRAVENDEEL, D. W., Bouman, M. A., and Promp, R. (1957) Hearing-loss due to
a First Exposition to Shooting Noise. The Effect of Ear Defenders. Institute
for Perception RVO-TNO, Soesterberg, The Netherlands, Report No. W.W.
1957-5-

HarsoLD, G. J., and GREENE, J. W, (1961) A Field Study of the Effects of Exposure
to Impulse Noise on Hearing Acuity. Research Report, U.S. Naval School
of Aviation Medicine, Pensacola.

HincHCLIFFE, R. (1955) Sound Hazards and their Control. Thesis, University of
Manchester.

KnigHT, J. J. (1963) J. voy. nav. med. Serv., 49, 23.

—————, and Corks, R. R. A. (1960) J. acoust. Soc. Amer., 32, 8oo.

MexpELsON, E. S. (1963) The Lability of the Resting and Reflex Activity of the
Human Middle Ear Muscles. In Fletcher, J. L. (ed.), Middle Ear Function
Seminar, U.S. Army Medical Research Laboratory, Fort Knox, Report
No. 576, p. 107.

REGER, S. N. (1960) Ann. Otol. (St. Louis), 89, 1179.

REID, G. (1946) J. Laryng., 61, 609.

Suaw, E. A. G., and THIESSEN, G. J. (1954) J. acoust. Soc. Amer., 26, 947.

_— (1958) J. acoust. Soc. Amer., 30, 24.

Soromon, L. N., and FLETCHER, J. L. (1958) J. Speech Res., 1, 350.

SUMMERFIELD, A., GLORIG, A., and WHEELER, D. E. (1958) Noise Control,
4, 40 and 54.

TERKILDSEN, K., and NIELSEN, S. ScorT (1960) Avch. Otolaryng., T2, 339.

Royal Naval Medical School,
Alverstoke,

Gosport,

Hants.

147

https://doi.org/10.1017/50022215100063489 Published online by Cambridge University Press


https://doi.org/10.1017/S0022215100063489

