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IMPACT OF ENVIRONMENTAL NOISE ON THE HEALTH
OF YOUNG PEOPLE

Arcangeli Giulio, Mucci Nicola and Cupelli Vincenzo

Chair of Occupational Health, Section Health Research Services, Department of Experi-
mental and Clinical Medicine, University of Florence, Italy

e-mail: giulio.arcangeli@unifi.it

Living in big cities exposes the population to upper noise levels than just a few years ago.
The study of the tonal hearing threshold — both subjective and objective (through evoked po-
tentials) — is considered a basic requirement for the evaluation of hearing function. Regarding
the occupational exposure to noise, we underline that TLVs couldn’t protect all workers from
the harmful effects of noise because of individual susceptibility; so TLVs cannot be consid-
ered as an absolute cut-off between safety and danger levels. This issue is even more com-
plex in apprentices and youngest workers; in addition, there are no reference values for these
kinds of population in Italy. There is also the need to find methods capable both to predict the
earlier noise damage and to allow a sort of detection of most susceptible people. We remem-
ber, in this regard, the availability of new methods such as the registration of otoacoustic
emissions (OAEs). The aims of our research are: evaluation in a large population of young
apprentices the incidence of early changes in the hearing function, preliminary evaluation of
the usefulness of OAEs as a screening test in young persons who have just started working.
In this study were included 288 patients, of which 180 males and 108 females. A smaller
group of young people was investigated by evaluation of OAEs. The analysis of audiometric
examinations allows us to highlight the influence of some factors (gender, age, and educa-
tion) on the hearing function. In detail, we observed a higher threshold among males, young-
er and less educated; this result may seem at least paradoxical but we cannot forget some fac-
tors (concerning cognition and attention) which may justify it. Our preliminary data regard-
ing OAEs confirm the interest of the methodology.

1. Introduction

Living in big cities exposes the population to upper noise levels than just a few years ago; this
may be due to several factors including, in particular, the increase of urban traffic and the habit —
especially for young people — of visiting places with high sound pressure levels, such as discos.*

The study of the tonal hearing threshold — both subjective and objective (through evoked po-
tentials) — is considered a basic requirement for the evaluation of hearing function. Experimental
studies showed that cochlear structures may be damaged even without any modification of the tonal
hearing threshold.>™ Probably, when the audiometric examination shows a deficit limited to high
frequencies, there is already an advanced cochlear deterioration, which also covers the anatomic
sites corresponding to mid and/or low frequencies. So the anatomical damage is quantitatively
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greater than it may appear at the audiometric examination: the presence of abnormalities (even if
limited) is, therefore, always suggestive of a cochlear injury.

It was also proved that a destruction of hair cells in a restricted cochlear area produces func-
tional abnormalities in the surrounding areas also, where the reactions to sound stimuli become ab-
normal. In this regard, we note that in subjects with noise-related hearing loss, the verbal perception
threshold is not only altered by the loss of some high-pitched sounds present in the human voice,
but also because some high-pitched background sounds present in the environment greatly interfere
on the right understanding of words. In fact, there is no correlation between the verbal perception
threshold in the silence and with the presence of noise; this confirms that the noise-related hearing
loss is mainly evident in the presence of background noise. This is also confirmed by investigations
carried out by psychosocial questionnaires, administered to subjects with normal hearing and with
noise-related hearing loss. Social life takes rarely place in silent environments, so the determination
of the threshold for 2 kHz is of utmost importance to estimate the ability to understand the voice in
the actual, prevailing, living conditions.

In general, to define in a quantitative way a noise-related hearing loss is essential to assess
whether the values observed exceed the expected values of a reference population professionally
not exposed to noise.

In fact, although the function of perceiving the formulation of a certain vocabulary — in opti-
mal conditions of expression and reception (which are artificially created in all the audiometric
tests, whether subjective or objective) — constitutes the activity for which the hearing is mainly ded-
icated, it doesn’t exhaust their sensory capacities, which are also ordinarily used for the uptake of
any sound, noise, or any extra vocal signal otherwise modulated.

As concerns the potential ototoxicity of ordinary life and social activities (except of particular
places as discos, motor sports, hunting, shooting, etc.), a clear agreement in considering the ob-
tained values as significantly ototoxic doesn’t exist.

With regard to occupational exposure to noise, all defined TLVs are referred to sound pres-
sure levels and to exposure times that represent conditions under which it can be assumed that near-
ly all workers may be continuously exposed without adverse effects on their hearing function and
may understand a normal conversation. Nevertheless, the application of the TLVs themselves
couldn’t protect all workers from the harmful effects of noise because of individual susceptibility;
so TLVs cannot be considered as an absolute cut-off between safety and danger levels.

The evaluation of hearing function and the of impact of noise in apprentices and youngest
workers is even more complex. In fact, this issue presents many peculiarities regarding the special
care needed for the younger workforces. To date, in the Italian legislation, there aren’t any reference
values regarding noise for the youngest working population®®.

There is also the need to find methods capable both to predict the earlier noise damage and to
allow a sort of detection of most susceptible people. We remember, in this regard, the availability of
new methods such as the registration of simultaneous evoked otoacoustic emissions (OAES), gener-
ated within the cochlea.’

Probably, the most promising application of OAEs lies in the "subclinical” cochlear lesions;
these are characterized by subjective complaints such as tinnitus, full ear feeling and/or distortion,
without any significant change of the threshold tone. In fact, in cases of tinnitus with a still normal
tonal threshold, the transient-evoked otoacoustic emissions often lack.

OAEs are now considered an important audiological test and are embedded in the clinical
practice along with all other audiometric tests; in fact, these represent a powerful and valuable tool
of investigation for the dynamic of the cochlea.
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2. Objectives

The aims of our research were the identification of reference levels for hearing function in the
youth ages and the evaluation of the usefulness of screening tests for hearing function in young per-
sons who have just started working. To pursue these objectives, we have investigated the hearing
function, through an audiometric examination, in a large population of young apprentices. In addi-
tion, we performed, in a smaller population, a preliminary evaluation of the usefulness of OAEs.

3. Methods

In this study we enrolled 288 young apprentices, of which 180 males and 108 females, en-
gaged in work activities involving exposure to noise. We excluded from the study, a priori, subjects
older than 24 years and those with the finding of an occlusive plug of earwax at the otoscopic exam-
ination. We also excluded, a posteriori (during data analysis), subjects with a history of significant
occupational exposures to noise and people with otological diseases or with major abnormalities
found at the audiometric examination.

All subjects underwent the same study protocol, including audiometric examination and a
medical history questionnaire, administered by expert interviewers.

4. Study of the OAEs

To obtain the evoked OAEs is necessary to send a series of impulsive stimuli (clicks) through
a special probe, placed in the external auditory meatus; the evoked OAEs are picked up by a micro-
phone, placed inside of the probe, and sent to a computerized apparatus which separates the OAES
from the artefact of the stimulus and from the resonance of the auditory meatus. Both of these last
phenomena have characteristics of linearity and are completely deleted; so, the only non-linear
components — namely the OAEs and noise — remain.

We have applied the international protocols of the University of Utah which classify the re-
sults as are described below:

e PASS = presence of OAEs;
e PARZIALITY PASS = dubious presence of OAEs
e FAIL = absence of OAEs.

For this specific study, we examined 7 subjects (14 ears), of which 5 males and 2 females, in-
cluding 2 females and 5 males, with an age range between 17 and 23 years (mean age 20.46 years).
For all subjects, we performed the following investigations:

e ENT history, to verify the absence of any hereditary disorders;

e ENT examination, to verify the absence of earwax in the external auditory meatus and the
integrity of the tympanic membrane;

e Audiometric examination, to assess the hearing threshold;

e Impedance analysis, to investigate any problems in the middle ear (especially dysfunctions
of the Eustachian tube and of the ossicles) and any problems in the inner ear, through the
study of the stapedial reflex.

Subsequently, OAEs were detected in both ears.
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5. Results

5.1 Study population

In this study were included 288 young apprentices, of which 180 males and 108 females, with
a mean age of 19.1 years + 2.5 years, a mode of 20 years and a median of 19 years. Seven subjects
(0.024% of the study population) hadn’t completed the Italian compulsory school. More than 50%
of young people referred the use of a scooter to get to the workplace; this may be considered as one
of the main non-occupational risk factors — perhaps the most important — for hearing loss in young
people. As regards the frequentation of discos, 33% of the subjects reported that they had never go
to discos, 34% only occasionally, the remaining 33% reported the habit to go to discos with a fre-
quency of at least once per week. Fifty-six percent of the subjects reported that they regularly used
headphones for listening to music. Nine percent of the subjects reported that they played musical
instruments (7 guitar, 5 piano, 4 battery and 9 other instruments). So, the music — both listening in
the discos and in the headphones — represents a major non-occupational risk factor for hearing loss
in young people. Only a young man (0.0006% of the male population) reported to was an hunter;
this fact confirms that hunting was almost abandoned in young people and, consequently, it is no
longer a risk factor for hearing loss.

Nineteen percent of the subjects reported childhood ear disease (such as otitis media) and 3%
reported acute ear traumas (in 70% of cases by bursting of firecrackers). No subject reported a pre-
vious malaria or anti-tubercular drugs assumption. Four percent of subjects said they had at least a
relative with a congenital deafness and 8% with an acquired deafness. Two hundred eighty-one sub-
jects (98%) reported a subjective feeling of a good hearing function, 4 a reduced hearing function
on the right, 2 a reduced hearing function on the left, and one bilaterally; six percent reported tinni-
tus.

5.2 Analysis of audiometric examinations

The audiometric examinations of the 288 subjects enrolled in this study were analyzed, as
well as a total population, according to the influences of the following variables: gender, age, edu-
cation. For illustrative purposes, we have shown in the Figs. 1, 2 and 3 the data relating to the right
ear. Similar tracks can be made for the left ear.

\
N o
N

250 500 1000 2000 3000 4000 6000 8000 Iz

Figure 1. Influence of gender on audiometric threshold (right ear, average values).
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Figure 2. Influence of age on audiometric threshold (right ear, average values).
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Figure 3. Influence of education on audiometric threshold (right ear, average values).

The average value of hearing thresholds appears bilaterally lower in females (Fig. 1). This is
particularly evident for the 2000-4000 Hz frequencies and for the left ear. An certain explanation of
this phenomenon cannot be found, but we could propose some assumptions:

e The young girls were more focused in performing the test and, therefore, carried out it in a
more right way;

e Some males had a low occupational exposure, though often not reported:

e Among the males there was a greater prevalence in moving on a scooter and in frequenting
discos.
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Regarding the age, we observed that the average value of the audiometric threshold was bilat-
erally lowest in the group of less young subjects (Fig. 2). We observed this phenomenon for all test-
ed frequencies and it was particularly evident for the left ear. Once again, the explanation of this
phenomenon is difficult. We could assume that the older (and more psychologically mature) sub-
jects have better carried out the test. Regarding the education, the average value of the audiometric
threshold appears bilaterally lowest in the group of subjects who had a higher education. In particu-
lar, the difference is clear for subjects with an education less than 9 years. We could assume that
this low level of education is related to cognitive difficulties, with a significant influence on both
comprehensive and collaborative skills of the young people.

5.3 Preliminary analysis of OAEs evaluations

Considering the small number of cases that could be collected, our evaluations are very pre-
liminary. Moreover, the method of OAEs is currently considered to be in progress for a possible use
as a screening test. We noticed that the only subject showing a reduction of the response — at the
frequency of 4000 Hz — presented also a moderate audiometric deep at the same frequency. Our
data — although very preliminary — are an incentive to implement the number of the dedicated study
population, with the aim to evaluate the usefulness of the method (with a more accurate data pro-
cessing) as a screening test for young people who have just started working.

6. Conclusions

The analysis of audiometric examinations of 288 young apprentices, almost equally divided
between the two sexes (180 males and 108 females), allows us to highlight the influence of some
factors (gender, age, and education) on the hearing function. In detail, we observed a higher thresh-
old among males, younger and less educated,; this result may seem, at least, paradoxical but we can-
not forget some factors (concerning cognition and attention) which may justify it.

We believe that will be necessary to carefully consider these aspects in future audiometric in-
vestigations performed (mainly with epidemiological purposes) on groups of young subjects.

Our preliminary data regarding OAEs confirm the validity of the methodology and the interest
in the evaluation of their usefulness as a screening test for young people who have just started
working.
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