


OCCUPATIONAL DEAFNESS

TABLE 4
RECOVERY OF HEARING AFTER ABSENCE FROM WORK

Average Loss (db) at 2896, 4098, Average Loss (db) at 512, 1024, and
Duration of and 5792 c.p.s. 2048 c.p.s. Duration of

Case No. Exposure in ,Rls.tYears On First Re-test after Gain On First Re-test after Gain Rest
Test Rest Test Rest

1 1 28 27 + 1 16 12 -r4 62 hours
2 32 83 83 0 40 40 0 62
3 12 45 45 0 19 15 +4 62
4 14 68 62 +6 33 19 14 12 days
5 1 1 36 36 0 2 5 3 12,
6 8 36 32 +4 20 20 0 12
7 35 71 74 -3 18 19 -1 2,.
8 33 40 -7 8 14 -6 12,.
9 2 35 27 +8 14 9 + 5 12
10 l~ 42 39 -3 13 1 3 0 12
11 ~~~~~~2629 -3 1 3 1 1 ±2 12

12 27 55 35 +20 17 8 + 9 12,,

in the majority of the second set of audiograms
would appear to confirm this experimental finding
and indicate that little restoration of hearing
could be expected if the worker were to change to a
quiet occupation.

Adaptation of Hearing to Noise
It is a common experience for visitors conducted

round a noisy factory to have difficulty in
hearing speech. The high level of ambient noise
effectively masks the speaker's voice. Yet it is
well known among factory managers (who conduct
such visitors) that those who spend their working
hours in noise can readily hear each other without
shouting. It is probable that an ability to lip read
plays a part. Thirty-seven per cent. (71 out of
191) of the subjects exaimined in this investigation
were conscious of lip reading during working hours.
It was noticeable that in well lit factories where the
workers can see each other over the machines, as in
the screw factory, 56° (45 out of 79) of the
operatives admitted to lip reading at work. Where
the standard of illumination was low and the
workers could not, by the nature of the work and
the machinery, see each other's faces, as among
chippers, platers, and stampers, only 200% (26 out
of 127) admitted to lip reading. There must be,
however, another mechanism whereby the subject
can hear speech through the noise. Proof of this
was obtained during a visit to a cotton weaving
shed containing approximately 1,000 looms in
motion. While the ambient noise was not as
intense as, say, the heading section of a screw mill,
the visitor experienced some difficulty in hearing
speech, which was only intelligible when spoken in
a raised voice close to the ear. A musical enter-
tainment programme was being relayed during the
visit and amplified through loud speakers in the
shed. The visitor, by standing close to a loud
speaker, was just able to hear the bass accompani-

ment of the musical composition. Ihe air played
by the treble instruments was effectively masked by
the noise of the looms. Yet a middle aged female
weaver could easily recognize the composition and
stated she could hear the words of a song when
sung by a soprano voice.

This adaptation of hearing to speech in noise is
to some extent lost during periods of rest. Ihirty-
six per cent. (69 out of 191) of the subjects slated
that after two days at the weekend or after the
annual 12 days' holiday, they found difficulty in
hearing speech for the first half to four hours after
beginning work again.
Most of the workmen who had been severely

deafened by occupational noise experienced the
phenomenon of paracusis willisiana* in the factory
but not in other noisy surroundings, such as trains
or omnibuses. While it is probable that they
could hear speech better in the factory because of a
rise in the intensity of the speaker's voice, the
ability to hear speech through the noise of their
work (also shown by less deafened but seasoned
workmen) may well have some effect. It is, there-
fore, suggested that the phenomenon of adaptation
of hearing to speech in noise is of central rather
than cochlear origin.

Other Subjective Effects of Noise
Tinnitus.-This was a common complaint. While

most workers were free from it at the time of
examination, 40%' of all subjects (78 out of 191)
could remember suffering from it during the early
years of their work in a noisy trade. High pitched
and ringing, it was always slight in intensity, never
caused loss of sleep, and was rarely loud enough
to be heard while at work.

Vertigo.-Vertigo induced by noise was com-
plained of by only two subjects, both platers, with

*The ability of a deaf person to hear speech easily in noisy, but not
in quiet, surroundings.
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normal ears. It occurred when they were inside a
small boiler which was being hammered on the
outside by heavy sledge hammers by four men.
Nausea did not result and the vertigo passed off
within a few minutes of emerging from the boiler.
Considerable pain was experienced in the ears from
the noise, a rare complaint amongst workers in
noisy occupations.

Poor Concentration, Headache, or Irritability.-
None of these ascribed to occupational noise was
often complained of and was more usually due to
dissatisfaction with the nature of the work or other
extraneous factors. It was well recognized among
the foremen that if a workman objected to the noise
of the work, he would soon change to a quieter
job. A high proportion of new hands left such
noisy work from this cause, but if the worker could
persist at the work for a week or two, acclimatization
usually took place. The subject was then able to
ignore the noise and found it neither irritating nor
unpleasant. In fact many stampers found the
noise of their trade soothing.

Awareness of Risk of Occupational Deafness.-
With few exceptions, workers in the boiler-making
and stamping trades were aware of the high incidence
of occupational deafness, but were not apparently
perturbed by the prospect. The insidious onset of
deafness which resulted in a man being unaware of
the degree of his hearing loss and the relatively high
proportion of. old hands with serviceable hearing
engenders a spirit of laissez faire. The wearing of
protective devices in the ear was observed only in
the boiler-making trade. Even here in the noisiest
section (the chippers) only four out of 14 men
habitually wore wool plugs for the express purpose
of protection from noise. In the same group no
less than three men merely inserted the plugs to
prevent the ingress of dust. Out of the remaining
50 boiler-makers who were examined, only six
habitually wore wool plugs.

Prevention of Occupational Deafness
The ideal remedy for the prevention of occupa-

tional deafness would be to eliminate injurious
noise at its source. Improved designs of machines
and their mountings have already done much to
help. Technical advances in the method of manu-
facture may diminish noise but the reverse is often
the case. For example, the electrical welding of
steel plates, which is to a limited extent supplanting
the lapped riveted joint, necessitates the extremely
noisy process of chipping. The reduction of noise
at the source has thus only limited possibilities.

The reduction of reflection and reverberation of
noise by sound proofing surfaces and erecting
baffle walls have in certain instances been effective,
but again scope is limited.
There remains a third alternative, the acoustic

insulation of the worker's ear by wearing a
protective device. Two main types have been
described, the meatal plug and the ear " muff ".
The former may consist of dry cotton wool (com-
monly used but of little value), cotton wool impreg-
nated with vaseline or " plasticine ", or rubber.
Vaseline impregnated cotton wool is stated by
Fowler (1940) to produce a relatively constant
attenuation of 20 db for frequencies below 1,000
c.p.s. and 30 db for frequencies above 1,000 c.p.s.
Of the numerous types of rubber ear plugs, the
V-51R ear warden provides an acoustic insulation
of 25 to 30 db or more at the high end of the audio-
metric frequency spectrum (Taylor, 1947). An
example of the second type of ear protector is the
Riuedi defender (Riuedi and Furrer, 1946). Designed
primarily for use by gun crews, it consists of a
metal box with a rubber flange on the edge fitting
closely to the head and covering the whole of the
external ear. The outer wall of the box is perforated
by several fine holes. The size of the holes and the
capacity of the box are calculated to the desired
resonance, frequency, and damping. The damping
reduces the steepness of the front of the sound
pressure wave and also the maximum pressure
amplitude operating on the ear drum. The hearing
loss obtained when the defender is worn is insigni-
ficant at the middle and lower frequencies but above
2,000 c.p.s. amounts to 25 to 30 db. An experi-
mental test of the Riledi defender on several subjects
with normal hearing under the noise conditions of a
boiler shop showed that considerable aural fatigue
from noise occurred when the defender was worn.
Both types of protective device have their dis-

advantages. The meatal plug, while giving a high
degree of protection, is unsuitable in cases of otitis
media or otitis externa. It may irritate the meatal
skin, particularly in hot and dusty trades. Repeated
insertion will drive plugs of wax further into the
meatus. It may allow noise to reach the ear unless
correctly adapted to the shape of the meatus,
particularly where the meatal canal is oval in cross-
section. It is liable to cause discomfort when worn
regularly for long periods. Owing to its small
size a rubber plug is easily lost and must be regularly
cleansed to avoid the risk of infection. The Ruedi
defender has none of these disadvantages except
that in very hot occupations excessive moisture will
accumulate inside the box and may exacerbate a
pre-existing dermatitis. In the boiler-making and
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ship-building trades, where the wearer often has to
work in a confined space, some modification of the
head band would be necessary to allow for the
wearing of a protective cap.
The Riuedi ear defender was designed to allow

the hearing of speech. Although necessary for a
gunner, a workman in a noisy factory only occasion-
ally needs to hear spoken instructions. When the
fine holes of the defender are occluded by a layer of
" plasticine " a considerable improvement in the
sound occlusion results and little aural fatigue is
caused on exposure to loud noise. In view of the
previously mentioned advantage of the box type of
defender over the meatal plug it would seem
desirable that further experiments should be carried
out with ear " muffs " of various materials.

Conclusions
Minimum Values for Harmful Noise.-Table 1

shows that a larger proportion (26 out of 49) of the
men employed in chipping, riveting, stamping,
plating, and heading became deafened to speech
at more than 3 feet after 20 years' exposure, whereas
of those engaged in worming and turning, only one
out of 13 of the former and none out of 24 of the
latter are deafened to a like degree. In the
heading section four out of 14 men were so deafened.
Although the size of the samples in each of these

groups is small it would appear that the risk of
damage to hearing is considerably greater in the
heading section than in the worming section. The
noise level measurements in the heading, worming,
and turning sections vary from 100 to 112 phons.
It would appear therefore that noises of an intensity
of 100 to 112 phons represent the border line
between that which is harmless to hearing and that
which is harmful to an appreciable proportion of
subjects.

It is therefore suggested that it is only when the
overall noise level exceeds the region of 105 to 108
phons that serious damage to hearing is likely to
occur in an appreciable proportion of the population
exposed. Noise less intense than 105 phons will
probably cause damage only to the hearing of the
most susceptible subjects.

Prevention of Occupational Deafness.-Mention
has already been made of the limited possibilities
of the reduction of noise at its source or by reflection
or reverberation. Where reduction to harmless
levels cannot be effected by these means, the ears of
the individual worker must be protected. Further-
more, the degree of protection must be related to the
intensity of the noise level in which he works and
the susceptibility of the particular individual.

When the intensity of the noise is more than 105
to 108 phons, protective devices should be worn by
all workers. As pointed out by Perlman (1945) a
device which gives an insulation of 30 db when
worn in an ambient noise of 120 db wili probably
reduce the noise reaching the cochlea by 30 db,
e.g. to 90 db. An additional protection of, say,
15 db will be required for safety. Hence a protec-
tive device with an insulation value of 30 db will
be adequate for the worker in a noise of 110 db but
will fail to give adequate protection at a higher
noise level of 130 db.
The average workman is notoriously careless in

the use of safety devices, particularly where these
are provided to prevent uncommon accidents or
disease of delayed onset. Thus MacLaren and
Chaney (1947) found that of a group of workmen
provided with ear defenders, only one third used
them regularly, one third used them occasionally,
and one third discarded them soon after issue.
Education of the workman on the risks involved
and official recognition by legislation would
doubtless effect improvement.
Any form of ear defender worn by the worker

whose hearing is very susceptible may be inadequate
to prevent loss of hearing if he works in very
intense noise. Furthermore, such a susceptible
individual working in a source of noise of less than
105 phons (but probably of more than 90 phons)
will, if he is to. continue in such work, require
protection. To discover such susceptible indivi-
duals in any occupational group at risk before
permanent loss of hearing results, it will be necessary
to devise a reliable pre-emplovment test for sus-
ceptibility. Failing this, such individuals should
be weeded out in the earliest stages of their deafness
before permanent loss of hearing results. Theil-
gaard (1949) suggests that previously described
tests are likely to be unreliable, so, for the present,
reliance must be placed on the latter method.
Grove (1949) presents the views of the Sub-

Committee on Industrial Noise of the Committee
on Conservation of Hearing set up by the American
Academy of Ophthalmology and Otolaryngology.
He recommends that every workman engaged in a
job where the noise level exceeds 90 db should have
a pre-employment audiometric examination and be
re-tested after one week and subsequently at stated
intervals. Any workman who complains of tinnitus
after working in a noisy environment should have
his hearing re-tested. If on any of these re-tests it
is found that an average loss of 10 db at 3,000 to
6,000 c.p.s. has occurred, he should be forced to
wear a protective device or be transferred to a less
noisy job.
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Summary
A report is presented on an investigation into the

hearing of 219 men and women employed in several
noisy engineering trades. Twenty-eight workers
were found to be suffering from bilateral ear disease
or deafness not due to noise. Of the remaining
191, all except one man were found to have hearing
losses due to noise which could be demonstrated
either by speech or pure tone audiometric tests.
The tests were carried out at the factories during
working hours.

After 20 or more years' exposure to the noise
of their work, nine out of 12 chippers and riveters,
seven out of 11 stampers (drop forgers), six out of
12 boiler plate fitters, and four out of 14 heading
machine operators who were examined were

unable to hear speech at more than 3 feet distance
in either ear.

Reference is made to noise level measurements
observed by the Physics Department of the National
Physical Laboratory in the factories where the
hearing tests were carried out. Figures from their
report suggest that only when the overall noise
level exceeds 105 to 108 phons is serious damage
likely to be caused to the hearing of an appreciable
proportion of the workmen. Noise less intense
than 105 phons will probably cause damage to the

hearing of only a small group of individuals most
susceptible to injury.

Observations are also made on the recovery of
hearing after a period of rest from work, the
phenomen of adaptation of hearing for speech in
ambient noise, and other subjective effects of noise.

I am indebted to Mr. Terence Cawthorne for his
advice throughout the investigation; to Dr. Donald
Stewart for advice and for arranging the field trials;
to Dr. W. Jeaffreson Lloyd of Guest Keen and Nettlefolds
Ltd; and to the Directors and Staff of Messrs. Edwin
Danks Ltd, John Garrington and Sons Ltd, and Guest
Keen and Nettlefolds Ltd.
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