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Scientific basis for the field study in China
Damaging noise basically comes in two forms. One is continous noise,
lasting for many hours, months, or even decades, and the other are
powerful impulses, usually lasting for only a small fraction of a second.
Many experts have tried to find the importance of both forms for the
development of noise-induced auditory damage, resulting in conflicting
opinions and great confusion. In industrialized countries, that are also
densely populated, it is just not possible to clearly separate both forms of
noise, because you are never sure what people did earlier in life, and what
they are doing in their spare time. In order to get a hold on this problem,
it was decided to go to people who are not exposed to any continuous
noise, because they simply do not have the means. Loud continuous noise
can only be made by machines, and it often obscures to view on other
isolated acoustic events. Hence, we wanted to go behind the veil of
continuous noise, so learn how people are hearing that are not exposed to
industrial noise.
To conduct the joint field study in the Peoples Republic of China and
the study on pilots were large efforts, and many persons helped and
supported us. At this point I Want to express my Special gratitude to:
Dip1.-Ing. Reinhard Müller, Dip1.-Ing. Guido Heppelmann and the
physician Thomas Bache, all of Auditory Research. Dip1.-Ing. Wolfgang
Köpke and audiometer expert Matthias Wilhelm, both of Maico Co., in
Berlin. Dr. Lutz Bergau, Prof. Dr. Uwe Stüben and Dip1.-Ing. Knut Hoffmann of Lufthansa, in Frankfurt and Hamburg. Prof. Dr. Zhang Yingzhi,
President of Xijing Hospital, Prof. Dr. Wang Jin-Ling, ENT, Prof. Dr. Huang
Weiguo, Chief of ENT, Dr. Qiu Jian Huai, Vice Chief of ENT, Dr. Wang
Feng, ENT, Dr. Zhang X., ENT, all of FMM-University in Xi'an. Dr. Gao Xia,
now chief of ENT at Drumtower Hospital, Univ. of Nanjing. Dr. Wang Ding
Ren, Chief of Civil Aviation Hospital, Dr. Wang X., Chief of ENT, Civil
Aviation Hospital, in Xi'an. Mr. Wang Bao Hua and Mrs. Gao Ya, both of
Government of Zhen An, Shaanxi Province. Mr. Cai Ran Duo Jie,
Government of Dao Tang He, Qing Hai Province. First Secretary Cui
Chenggen, now Government of China, Beijing.
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The intelligent ear
Introduction
Everyone knows how extremely sensitive our ear is. If it is quiet we can
hear bees, flying from flower to flower, we can hear one sheet of paper
sliding over another, and in unpopulated, empty areas, without any wind,
we can hear people talking who are miles away, although we do not
understand what they are saying. Many specialists have offered more or
less impressive examples, demonstrating this enormous sensitivity of the
ear, and thus it may be unavoidable to present another one here, Fig. 1.
Consider a man who is simply hitting on a wood plank with a hammer,
resulting in a well-known acoustic impulse. Now, let us assume that this
impulse happens in an atmosphere that is very large and uniform, so that
the density of the air, and the velocity of sound, would be constant in all
directions, forward, backward, upward and downward. Waves of this
impulse will spread in all directions, expanding with the velocity of sound,
and the acoustic energy of the impulse will be spread over the surface of a
rapidly expanding sphere. After expanding for 5 hours and 18 minutes this
sphere would be as large as the earth, and if our ear would just listen at

Sensitivity
of the ear

This impulse would still be audible if its energy is spread over an area as large
as the surface of the earth.

Fig. 1
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that point in time, we could still hear this impulse. Of this huge sphere,
our ear would just use the energy associated with about 1 cm2 (a little bit
less than one sixth of a Square inch) to stimulate the ear drum enough to
cause the sensation of hearing!
While this is certainly impressive, it is obvious that such a sensitive
system has to be able to protect itself, in order to remain intact in the face
of the many dangers throughout live. In other words, how does such a
sensitive system manage to remain intact, usually? Some acoustic events
may be more dangerous to the integrity of the ear than others, but what
is especially dangerous and what is harmless?

Noise at the workplace
In industrialized countries, auditory damage caused by noisy conditions on
the job, usually is the leading occupational disease. Therefore a lot of
research has been done, in many countries, to find the relation between
exposure to sound and the resulting noise-induced damage to the sense of
hearing. Most problematic is the enormous variety of the acoustic
conditions. People are exposed to the noise of huge diesel engines in
ships, to the whining of those beloved drills at the dentist's office, to the
grinding noise of chain saws, to hammering, to the thunder of punching
machines, to shooting of many different rifles and civil devices, and
occasionally even to explosions, as well as to the a myriad of other
events. After decades of measuring and arguing worldwide, an agreement
gradually evolved: Responsible for auditory damage is the acoustic energy
that affects the ear. So the average level of acoustic energy - Leq - was
introduced, and since it was already clear that low frequencies are not as
dangerous to the ear, as higher ones, the A-weighting curve became part
of the standard of evaluation. While the limit for the unprotected ear was
previously set at Leq(8h) = 90 dB(A), it was reduced to 85 dB(A), because
people still developed auditory damage, and for the Same reason efforts
are underway to reduce this limit to 80 dB(A). A vast amount of rules and
regulations has been established, world-wide, based on the Leq-principle.
Basically noise comes in two categories, the more or less continuous
sound, lasting for hours, and impulses, that normally last only a small
fraction of a second. To measure impulses specialized dummies are of
great value, because they do not only measure the sound field, but these
measurements also include the effects of the human head and the basic
behaviour of our middle ear. Such a dummy is shown in Fig. 2, along with
the time history of the impulse caused by crashing of the cymbals. As far
as impulses go, this is one of the longest, ringing for more than three
seconds. The famous hunchback of Notre Dame certainly had to endure
similar impulses.
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Crashing of the cymbals : a very long impulse

sound pressure in Pa

400

L max = 148 dB(lin)

200
0
-200
-400
3.5 sec

impulse dummy
Fig. 2

The impulse dummy, a valuable tool
Shots are especially dangerous to hearing, and at least 150 years ago,
while the field of medicine specializing on the ear was slowly developing,
physicians became aware of the fact that soldiers who worked with heavy
guns could hear only rudimentarily. During many wars since then, it
became apparent that the impulse noise of weapons is generally very
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harmful for the ear. Hence, the question came up, how to measure these
powerful acoustic impulses? Of Course, the peak level of overpressure is
important, but also the time history of the sound pressure, but all this
depends upon the location of the microphone, relative to the origin of the
impulse. At our Div. of Auditory Research, we devote a lot of effort to get
a hold on impulses and their effect on the ear, and we measure impulses
with the specialized impulse-dummy shown, that has microphones
specific for high sound levels at the place of the ear drum. This dummy
includes an ear Simulator, and overall it modifies the incoming sound
somewhat, but in a way similar to the situation of the human head, as
well as outer and middle ear. It gives the opportunity to measure impulses
that are so powerful that nobody should be exposed to them. We use the
impulse-dummy to re-enact acoustic situations that caused auditory damage. Somebody wanted to pick up a fire-cracker from the ground, and
when he just touched it, the cracker exploded. If the victim recalls the
type of fire-cracker, the situation can be re-enacted with the dummy so
that we know the details of the impulse that caused the damage observed.

The time pressure history of two impulses
in an identical coordinate system
- both measurements with the impulse dummy -

10

bursting of a balloon directly at the ear

sound pressure in kPa

8
6

hammer blow at a steel girder

4
2
0

20

time

-2
-4

peak levels ( dummy ) :

-6

balloon 174 dB(lin)
hammer 168 dB(lin)

-8
-10

160 milli-seconds
Fig. 3
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Powerful impulses are by no means uniform, and they are not only caused
by weapons, but also by some working tools, by some toys, by fireworks
and fire crackers, etc. Peak levels range - according to our experience from 120 dB to 190 dB. At this point we have to keep in mind that 194 dB
is one atmosphere of overpressure! Peak levels of 180 dB or more are
really tough and extremely harmful. The duration of strong impulses
varies enormously. Shots of toy pistols usually last only about one millisecond, shots of automatic rifles last about 6 to 10 milli-seconds, but
those of tanks or artillery are very long, characterized by a duration of
more than 100 milli-seconds. If a ringing object is envolved, such as a
plate of steel, or the cymbals, the impulses fade away continuously, but if
several objects together cause the noise, such as in automatic rifles, the
time history of the impulses is irregular. It is also feasible to determine
the energy content in a shot and to compare the result with typical
occupational noise: Hitting a steel plate with a heavy hammer, once, can
easily deliver the Same amount of acoustic energy to the ear as four days
of work at 85 dB(A). Problem is that such an impuls can damage the ear,
while four days work at 85 dB(A) are harmless. Two characteristic
impulses are shown in Fig. 3, using identical coordinates.

Discotheque, the permanent trouble spot
Discotheques are synonymous with very loud sound, and thus it is no
surprise that in all major countries there are people leading real crusades
against this sort of entertainment of young people. Usually these people
with the missionary zeal are decades older than the folks they want to
save from deafness, and they mostly prefer music that is centuries old,
and dominated by undulating melodies rather than hard rhythms. If
youngsters show impairment of hearing, it is more or less automatically
attributed to the repeated attendance of discotheques. Applying this
simplifying and uncritical philosophy, someone may conclude that reading
books causes damage to the ear, because a high percentage of the
members of book clubs show auditory impairment.
Of Course, there are facts that form the basis for the demonisation of
the discotheques. First of all, there is the sound level. Within discotheques the Leq is about 103 dB(A) on average, which is much more
than is permitted at the workplace. People working in discos are required
to wear auditory protection. There have been studies showing that young
people hear good before they enter the disco and bad after they leave the
disco in order to go home. In other words, discotheques cause temporary
threshold shifts (TTS), Fig. 4. Practically all the textbooks repeat the
mantra that these TTS are steps towards permanent auditory damage,
despite the fact that this has not been proven. It simply appears to be so
evident that proof does not seem to be necessary. There have been
studies comparing the auditory performance of young people, who
regularly go to discotheques, with those (few) who never go to discothe-

- 11 -

ques, and it turned out that both groups y damage. Obviously reality is
more complex than the theory.

The message of the temporary threshold shift
Sensitivity and exposure to loud noise

before exposure

after exposure
temporary
threshold
shift ( TTS )

sensitivity
normal
sensitivity
reduced

usual

alternative

opinion

opinion

The ear with high T TS
is on its way
to permanent
auditory damage.

High T TS reduces
the sensitivity.
This helps to avoid
permanent damage.

TTS is bad

TTS is good
Fig. 4

It has to be emphasized here that this does not mean that discos are
totally harmless. Again and again, some reckless or simple-minded people
(normally men), stand directly in front of the loudspeakers and they do
suffer permanent auditory impairment. To avoid damages like that, the
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author demanded for more than a quarter of a century, to attach the
loudspeakers in discos to the ceiling, high above the audience, so that
nobody can stand in front of them, however stupid he may be. Auditory
damage can also happen to those people whose ear is exposed to
excessive noise at other occasions, so that the sound in the discotheque is
just the straw that breaks the camel's back.
There is still another situation that may cause auditory impairment. A
youngster has been begging his grandmother for some time, to come
along with him and visit his favourite disco, so that she might understand
what really makes modern youths tick. When the grandmother finally
gives in, and comes along, the grandson places her close to the
loudspeakers so that she really gets the disco-feeling. On the following
Monday the ENT-specialist is confirmed in his conviction that discos are
harmful, but it was the grandmother seeking help after her very first visit
to a disco, and not the young man, who goes there every weekend.
Obviously, the grandmother was not used to the condition in discos.
Going back to Fig. 4, an alternative interpretation of these well-known
findings is possible. Our auditory system is full of impressive computer
power that is the basis for our auditory orientation and, of course, the
development and use of language. Would it really be unrealistic to assume
that these impressively powerful systems within the brain are recognizing
that the incoming acoustic Signals are too loud, and those they,
consequently, reduce the sensitivity of the ear? The result would be a
temporary threshold shift (TTS). But in this case, the TTS would be good,
because it is based on reduced sensitivity that helps the ear to avoid
auditory damage. In other words, ears with high TTS after massive
exposure to sound are the ones not at risk for permanent impairment.
Keeping the discos in mind, it can be concluded that many young
people experience a long time Leq(8h) of over 90 dB(A), even if they work
at a bank or in a quiet position in an administration. Officially, these
young people are not exposed to any noise, of course.
To summarize, we can say that there is continuous noise that may
cause chronic auditory impairment, after years of exposure. And there are
impulses that can lead to acute acoustic trauma, usually within a fraction
of a second. The great problem is, that at the workplace, as well as at the
myriad of situations related to hobbies, entertainment, sports and other
activities, both main causes - continuous noise and impulses – are
inseparably intertwined so that it is very hard to distinguish between them
and study their effects undisturbed. Nevertheless, we wanted to get a
clearer picture, even if it involved great efforts.

Where are people living without noise ?
Europe is industrialized and rather densely populated, so that there is not
much of a chance to find a larger number of people who are not subjected
to noise. Because we wanted to examine persons living without noise we
had to look elsewhere. There have been field studies in the Sudan, in
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Greenland and in the tropical jungles of South America. If such a study
has to be effective, ageing of the ear is an important aspect, and that
means the exact age of the persons involved has to be known. In many
native tribes tradition and language are not accurate enough to get a hold
of the exact age, especially in older persons, and written records don't
exist. Organizing a big field study is extremely time consuming and
expensive, and before assembling all the necessary equipment and
carrying it to remote areas, it must be assured that the relevant data can
really be collected.

Field study on auditory performance ( 2001 )
- in cooperation with FMM University in Xi´an -

Qing-Hai area

Xi´an

Qin-Ling area

Beijing

Shanghai

Hongkong

Auditory
Research

Fig. 5
Science is not being performed in a vacuum, so that the general conditions in the areas under discussion have to be considered. In parts of
the world there is traditional or civil war, in other parts people suffer from
malnutrition and drought, making studies on hearing impossible or
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inappropriate. Diseases are rampant in many tropical areas, and last but
not least, religious intolerance can also be an effective obstacle. Hence,
not many parts of the world remain to safely address problems related to
the effects of noise.
After lengthy discussions it was decided to ask the Peoples Republic of
China for permission. At first glance this may sound surprising, because
the country is very densely populated and undergoing an impressive boom
in industrialization. However, a closer look shows the great advantages.
Most of the population is concentrated along the coastal areas, and the
parts useful for agriculture, primarily along its extended river systems. But
about half of this huge country is sparsely populated, and there are still
areas that are so remote that they have not been occupied by the
technical civilization, although great efforts are under way to reduce these
underdeveloped parts. China is safe and it has a bureaucratically tradition
that goes back about three thousand years, which means that birth
certificates exist, so that the exact age of the people is known, even in far
out parts of the country. Furthermore, China is famous for its very long
scientific tradition, and therefore we hoped there would be an
understanding for such a project, and we were not disappointed.

Our field study in remote parts of China
About two years of negotiations, preparations and testing were necessary
before we could start towards Xi'an, in May 2001, carrying roughly 370 kg
of technical equipment with us. Besides the author, the team from
Giessen included an engineer for measuring technique, R. Mueller, a
physician, T. Bache, and an expert for audiometric equipment and
calibration, M. Wilhelm, employed by Maico. Head of the Chinese team
was X. Gao, an ENT-specialist, as well as his colleagues F. Wang, X.
Zhang, and Z. Yan, all from FMM-University in Xi'an. Language of the
team was English, and in Qing-Hai Province there was Mr. Cai Ran Duo
Jie, who helped with language and customs of Tibetian people.
During the field study, Fig. 5, three areas were of interest. One was at
the southern side of the Qin-Ling Mountains, the second was in the
eastern part of Qing-Hai Province, and - finally - a number of people in
Xi'an were examined, as a control group from a metropolitan area. Main
purpose of the field study was to determine the auditory performance in
people not exposed to industrial noise, and that is why these remote areas
were chosen. People live without cars, without electricity, without
machinery and, of course, without discotheques and ,,walkmen” or
electrical tools.
Xi'an was the capital of China for more than thousand years, and it
became world-famous for the Terracotta Army that was discovered, by
chance, near by about thirty years ago. This archaeological treasure is
part of the huge necropolis of Qin Shi Huang Di, the first emperor who
militarily united China, about 2200 years ago. For the field study Xi'an was
sort of our base camp, from where we ventured south to the Qin-Ling
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Mountains and west to the Qing-Hai area. The old city had a high and
impressive wall all around it, that still exists today. About 800 years ago,
two towers were constructed, right in the centre of the city, as part of the
inner fortification, one was equipped with a large bronze bell and the other
with a huge drum, the diameter of which is three meters, Fig. 6. Using
the wide audible range of low-frequency signals, the bell and the drum
were being used to inform the inhabitants in ancient times. In the morning
the drum signalled the opening of the heavy gates of the city, while in the
evening the bell indicated that gates are being locked.

Acoustics from the history of Xi ' an

bell of the bell-tower

drum of the drum-tower

Fig. 6
Qin-Ling Mountains are quite scenic, its southern slope is relatively warm,
the last of the panda bears live there, but the valleys are populated and
accessible by modern traffic. But there are some narrow valleys higher up
that cannot be reached by car. Thus, for the last miles all the equipment
had to be carried on many shoulders, Fig. 7. People in these valleys live
as farmers, planting corn, beans, peas, sweet potatoes, a variety of
vegetables, walnuts, and chestnut. They have small ponds for fish and
frogs, and all the families appear to have one or two Vietnamese potbellied pigs, as well as some chickens or a few ducks. Occasionally a dog
and even a cat can be seen, and in this part of the country they appear to
be pets and not food. Houses are built from timber and sun-dried loam;
the roofs covered with clay plates or thin stone plates.

- 16 -

The team in front of the house of the village chief

A village in the Qin-Ling-Mountains

On the way up to the village

Fig. 7
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Besides the more or less isolated farm-houses there are no other
buildings, no stores, no marketplace. The only public building is the
school, where the pupils have to go for the first four years of training. If
the education shall be extended they must go to school down in the large
valley, where they have to stay throughout the week, coming home only
on weekends. For people living there, “discotheque” is a word most of
them may not even know. The next discotheque is about two hundred km
away and thus totally out of reach for these poor people who are occupied
with their daily life throughout the year. After all, “holidays” is another
term they do not know. This gave us the certainty to know that they are
not exposed to the sound conditions of discos, or walkmen.

Some of the necessary details
Problematic was the power supply for audiometers, computers, printers,
and other electronic devices. Originally we wanted to use solar panels but
it turned out that this would have been so outrageously expensive, that
we had to omit it. Instead we used a quiet generator, and another as
backup. It was put about 50 m or so away, behind a building so that it did
not disturb in any way, and, fortunately, there was no failure. Of course,
we brought some spare parts for the electronic equipment with us, and in
some cases this was necessary because transportation was sometimes
rough, for people and equipment, despite our best efforts to avoid that.
We were the first non-Chinese (long nosed people) who got there, so
that it was an attraction, and everybody was very friendly and eager to
participate. There was no selection among volunteers, hence, whoever
came was included in the study. Our tests were done in several stages.
First everyone participating was questioned by a Chinese doctor as to
personal data and health in general. We noted name, birthday, gender,
education, occupation, ethnic background (mostly Han and Tibetian),
hobbies, military service, experience with fire-cracker, with shots and
explosions. Smoking, tinnitus and sudden hearing loss were also included.
Questionnaires were strictly bi-lingual (English and Chinese).
At the second stage, also performed by a Chinese ENT-specialist, there
was an inspection of the ear, and – if necessary – the removal of cerumen
and other objects obstructing the outer ear canal. After that, at stage
three, a tympanogram was taken, and the result recorded on paper. Stage
four was a preliminary audiometry, performed by a German-Chinese
team. This was a training session to assure that the volunteers knew how
audiometry is functioning, and that they understood we wanted to know
their auditory threshold. In order to find out, there was testing and
retesting the volunteers at various frequencies, systematic and at random.
Only people who passed this session could proceed to the “real”
audiometry. Of course, the results of this preliminary audiometry were
also recorded within our local computer network. A few of the older people
had to be rejected at this point, because of their mental insufficiencies. In
order to save time, this pre-audiometry was only performed on the left
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ear. However, if it was known, or apparent, that the left ear was seriously
damaged or deaf, the right ear was used instead.
Stage number five was represented by three members of the German
team, each one performing audiometry on both ears, and saving the
results on our local computer network. Locations for these tests were
rooms as quiet as possible. We used Maico-audiometers, specially
modified for this research purpose, using pulsed sounds, at pure-tone
frequencies from 125 Hz up to 16 kHz. Volunteers had to hold down a
hand-held button, as long as they heard the pulsed test tone. If they did
not hear it, they were instructed to just release the button. The results
were displayed on a computer screen that was not visible to the
volunteers. They were seated so that they turned their back to the testing
person, and were asked to close their eyes. In remote areas some of them
were distracted by our unfamiliar activities, and it was necessary to seat
them in a way that they could only look into an empty corner. We used
the ADH-200 headsets of Sennheisser. All audiograms were recorded on
the local network and printed out on paper as a backup, and every day
the audio equipment was calibrated.
After the completion of the audiometry, two audiograms (bi-lingual)
were printed out on paper, one for the volunteer and the other as backup
for us. Then one of the Chinese ENT-specialists explained the results to
the person just tested, and gave the audiogram to him or her. In order to
achieve a quick overview of an audiogram, our computers were
programmed to show in every audiogram, as a line, the auditory
performance that is normal in German males at that age. This line is
based on our work, and extends all the way up to 16 kHz. It is included as
a smooth green line in all of the audiograms within this article.

Some of the results, gathered in remote areas
Already, on the very first day of audiometric testing, a pattern was
apparent that basically did not change later. A higher percentage of the
persons tested had chronic infection of the middle ear, and were not
examined further. There were others who had severe auditory impairment
that does not seem to be related to noise at all. Birth defects, or childhood
diseases, may have been the cause. And in earlier times, in these remote
areas, malnutrition was a big problem. All this may have contributed to
the serious damages we have seen there in older people.
Of course, we asked all the persons about their acoustic background,
and it turned out that very many had experience with fire-crackers, many
with shots of various kinds, and a few with explosions. Hence, there are
many people with acute acoustic trauma, characterized by the telltale
notches in the pure-tone audiogram. In these remote valleys the
environment is really quiet, but powerful impulses occur, and cause
damage to hearing. This is especially apparent in children, and we could
only understand it, after people explained us the local customs. At the
turn of the year, or at some other festivity, children and adults hope for
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Auditory effect of traditional fire crackers
- Audiogram of a 9 year old boy in Qin-Ling Mountains frequency (kHz)
o.5

1

2

4

8

frequency (kHz)
11 16

dB

o.5

1

2

4

8

11 16

0
-20
-40
-60
-80
-100
right ear

- 14064 -

Fig. 8
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Chinese band of traditional fire-crackers
- Free-field measurement. Distance : 1m -
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Fig. 9
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good luck by using traditional fire-crackers. Especially men and boys like
to hold these band like crackers in their hands, while they explode, Fig. 8.
The green line in the audiogram shows what is normal in Germany at this
age, and the brown line marks the limit of the audiometer. (In China, as
well as in Germany, youngsters hear better at high frequencies, than the
official threshold. Therefore the green line is bending upwards at very high
frequencies). The boy in the illustration is not the one with this
audiogram, he just demonstrated how it is being done properly. Even in
small and remote villages it takes only a few minutes to get such crackers,
if needed.
Basically the people are convinced that impulses bring good luck for the
future, and many of the men go further, assuming that powerful impulses
bring more luck. That is why many people - practically always men - make
special home-made crackers for really good luck, and we found out who
did this, using the audiometer. In Fig. 8 it can be seen that inside the
band-like cracker there is a string of many small and thin exploding
elements The audiogram - one of a large number - confirms our previous
findings that needle-like impulses like these cause damages primarily
between 10 kHz and 16 kHz, if they originate close to the ear. From this
aspect it is particularly troublesome if young boys hold these crackers in
their hands, because their short arms necessarily lead to a short distance
to the ear, and that is especially damaging.
Such crackers are considered explosives, and therefore it is not
permitted to send them by mail, or to carry them in the luggage during air
transport. To get a grasp on their acoustic signature, we carried
equipment for free-field microphones with us, but we did not bring our
system with the impulse dummy to China. Therefore we could take
measurements only under free-field conditions.
Such a small band of crackers, Fig. 9, is composed of about 150
elements that each produces a needle like impulse with a peak pressure –
at 1 m – of about 1 kPa, and a duration of less than 1 ms. The Leq(8h) for
an entire band of crackers is about 90 dB at 1 m, and more for a child
because of the smaller distance to the ear. Similar damages are
widespread, and especially depressing if seen in children. It is abvious
that auditory damages due to such impulses are very common even in
remote areas that do not have industrial noise. Acute acoustic trauma,
caused by strong impulses, is much more wide spread than normally
assumed.
To give an impression about this particular danger, Fig. 10 combines
some relevant images, all from Zhen An, a town in the southern side of
the Qin-Ling Mountains. In the lower part of the illustration a sales table
from a small store for fire-crackers is shown. The short bands shown in
the previous illustration are not for sale, but much bigger and longer
elements. Some of them come in long, folded bands, many meters long.
Others, more powerful ones, are packaged in the form of big rolls. In
order to demonstrate the size of these elements, three of the photos
include a thick white ballpoint pen. A combination of several big explosive
elements is shown on the right side, in the middle of the illustration.
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The arsenal in support of good luck

Fig. 10
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During festivities, like weddings, openings of stores, or the beginning of
work on big industrial or governmental projects, bands of fire-crackers are
layed out on the ground and ignited. Under modest circumstances these
bands are only may be ten meters long, but at more prominent events
many hundred meters of such bands are used and exploded. In these
cases the bands are arranged in an irregular wavy way, and the
explosions are being started at several different points at the same time.
All told, the multitude of explosions during these big events can last for
several minutes.
In the upper right comer of Fig. 10, a store that sells clothes, opened
for business and celebrated with many crackers, right on the street.
Remnants of these red crackers are seen on the ground, and now children
come and collect some of those elements that somehow did not explode.
Three of the boys hold a few of them in their hands. We have to assume
that at least some of those crackers will be exploded by the children, and
we know from our field study that practically nobody is aware of the
danger to the ear, not even the ENT-specialists. Hence, it is no surprise
that there are so many children suffering from acute acoustic trauma. – In
some of the metropolitan areas in China use of such fire crackers is illegal,
to prevent fires, but these dangerous objects should at least carry a
warning regarding the safety of the ear. Most dangerous, however, are
the home-made bombs, as we have found in a number of cases.
Such exploding elements are very popular throughout the country, and
not only the Han Chinese enjoy it, but the Tibetian people follow the same
old fashion, if they have enough money. Girls and women are much more
circumspect. They usually do not hold these bands in their hands, but they
hang them over the branch of a tree or over a post, some meters away,
and that is one of the reasons why they do not show that many auditory
damages. Girls and women are more health-concious, in China as well as
in Europe.
We are currently analyzing the vast amount of data from the field
study, and we can say that acute acoustic trauma in remote areas is
rampant. Instead of many tables with numbers, two individual cases shall
be representative, Fig. 11. As ususal, the green line shows what is normal
in German males at that age, and the brown lines show the limit of the
audiometer for air conduction. On top is the audiogram of another boy,
8 years old, who held a band of fire crackers in each hand, while its elements exploded, a little over a year ago. It was not possible for us to
determine exactly what sort of cracker it was, but we estimate that he
was exposed to excessive noise for about 20 seconds, and that the peaks
of the single impulses had levels at the ear of may be 2 to 4 Wa. Here, as
in similar cases, there is only a little bit of auditory damage up to 3 kHz,
and then there is a steep slope, down into a wide trough extending all the
way up to 16 kHz. He does not suffer from tinnitus, indicating that this
massive event killed a lot of auditory cells in the inner ear, but left only a
few that survived as cripples. The tympanic membrane was intact and the
tympanogram normal. He and his family can only afford fire-crackers once
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from areas without industrial noise
Boy, 8 years old;
once he held a band of fire-crackers in each hand
- Qin-Ling Mountains; May 2001 -
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Tibetian nomad; 37 years old;
once a powerful fire-cracker exploded near his right ear
- Qing-Hai Province; June 2001 -
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Tibetian monastery

Qing-Hai Province ( 2001 )

nomadic people; audiometry in a tent

Fig. 12
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a year, what is normal over there. Before discussing the lower part of
Fig. 11, a few words of explanation is necessary.
During the field study we also moved to the area east of the Qing-Hai
Lake, at an altitude of about 3500 m above sea level, Fig. 12. Not too
many people live there, and the inhabited area is flat or a gently rolling
landscape. There are practically no trees any more, except in the few
places with artificial irrigation, because the climate is very dry. Grass is
growing, but it is normally very short, and the sandy ground can be seen
between the plants. At the lower part of Fig. 12 nomads are seen with
their sheep and a few yaks. These people usually are Tibetians, and they
too were excited that Europeans visited them. While most people were
tested in a house of the local government, we also went out to visit and
test some nomads at home, in their tent. For the occasion of audiometry,
women put on their festive garb. Equipment and procedures were identical
to that described earlier, except that only batteries were used as power
supply.
At the lower half of Fig. 11 the audiogram of a nomad is being shown
who was exposed to a powerful impulse near his right ear, a few years
ago. Presumably this was one of many home-made crackers that were
being used, and, understandably, people do not want to divulge the
details of such dangerous products and how they were manufactured.
Here, too, there is a deep trough, beginning at about 2 kHz and extending
to the upper upper frequency range of the ear. However, there is also
another trough, at low frequencies. From experience we gained, in Europe
and in China, we know that such low-frequency troughs are associated
with massive events, that contain powerful low frequencies. Handweapons, or needle-like impulses, do not cause such low-frequency
troughs. This nomad does not suffer from tinnitus, the tympanic
membrane remained intact and the tympanogram was normal. He lived
with his sheep, living in a tent and moving to those places where his
animals could find enough grass. For people like him, life is extremely
boring so that it may be welcome if there is at least some acoustic
impulse once a year.
In both, the Qin-Ling Mountains and the Qing-Hai Area, some men still
use muzzle-loader rifles, which is especially important in Qing-Hai to fend
off the wolves during the winter. This is the job of old and experienced
men (cover photo). By testing a number of them, we could see that they
cause a special type of auditory damage. In right handed persons, using
modern rifles, the impuls primarily comes from the front end of the barrel,
causing damag primarily to the left ear. In muzzle-loader rifles, the impuls
comes from the ignition of the gun powder, causing damage to the right
ear, at frequencies lower than in the case of modern rifles.
Monks living secluded in a monastery, not far from the Qing-Hai Lake,
were also of interest, and it was possible to get there and determine their
auditory performance. At the upper part of Fig. 12 the area surrounding
the monastery is shown, along with the main entrance. There were 72
monks, all of them Tibetians, the youngest ones were 11 years old, and
the oldest ones we could examine had an age of 73 years. Economically
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they depend on their animals: sheep, goats, yaks, and a few horses.
Monks, too, celebrate the beginning of a new year with fire-crackers, so
there were many with acute acoustic trauma. It is needless to point out
that these monks do not go to discotheques, even if about 200 km away
there are some, in Xining, a bustling city of about one million inhabitants.
Of course, as with other people in China, no one is forced to use these
crackers, and therefore there are monks who stay away from it, and do
not suffer from such auditory damage. Such persons are valuable for us,
because they demonstrate what happens to the ear if it is neither exposed
to impulses nor to continuous noise. The old monk in Fig. 13 is a good
example. While he was young, he and his family were so poor that they
could not even afford fire-crackers. When he became a monk, in his
thirties, he disliked the noisy ceremonies at the beginning of a new year
and kept his distance. His audiogram shows that he, indeed, is hearing
excellent at his age, much better than what is normal in Germany.
Looking at his audiogram it is evident that he is particularly good at the
high frequencies. But despite of this, he does not hear frequencies above
10 to 11 kHz. Although the audiograms of both ears are not identical, they
can reasonably be called similar. And there are also no notches. This old
monk is an example of the current textbook opinion that people, who were
not exposed to noise, do hear well up to high age. We also found a
number of other people in these remote areas, who stayed away from the
powerful impulses, and showed a hearing capability that is good to
excellent. Normally these persons are women, or girls, which is not much
of a surprise, since in China and Europe girls and women normally hear
better than men, because they avoid powerful noise of all sorts.
To summarize, we can say that in these areas without industrial noise
acute acoustic trauma is rampant, and the rate of auditory damage is very
high. Because there was nearly no medical service for these people,
chronic diseases of the middle ear were widespread, details are in
preparation. Over all we have to say, that the people living in these quiet
areas hear much worse than in industrialized countries with a high level of
environmental noise. These findings clearly demonstrate that acoustic
impulses, that occur only seldom - once a year, or once in a few years are enough to seriously damage the sense of hearing, even in the absence
of any continuous industrial noise. We have to answer the question
whether industrial noise - in many cases - is only the veil that prevents us
from seeing the real culprits, the rare, but powerful acoustic impulses.
How does this compare to the results of earlier studies? About forty
years ago the Mabaan have been studied, a small remote tribe in southeastern Sudan, see Rosen et al. (1962) and Plester (1962). They were
reported to hear exceptionally well, with remarkably little effect of ageing.
However, the age of these people had to be estimated, because no
records existed. In the field study in China technical equipment could be
used that was more advanced, and may account for some of the
difference. However, it is also possible that members of this tribe did - or
still do - hear better that our volunteers in remote areas. Since the
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Mabaan did use neither firearms nor fire-crackers or the like, it is no
surprise that there was not much auditory damage.

Hearing after a long life without noise
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Tibetian monk,
73 years old.
He always
avoided the
traditional
New-Year
celebrations
with the
fire-crackers.

Qing-Hai
province,
June 2001.

Fig. 13
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48 American Indians of the Suriname rainforest have been examined,
Counter (1986). Although there were not too many details, it is apparent
that these people go hunting with shotguns, and therefore their sense of
hearing is not that good. Counter and Klareskov (1990) report on a study
of hearing in 118 Eskimos of northern Greenland. It turns out that male
Eskimos regularly go hunting with rifles, and therefore they do not hear
well, especially men. Chronic infection of the middle ear appears to be
more or less widespread among Eskimos.

How hear Chinese people in the metropolitan areas?
All told we examined over 1 150 people, and that resulted in a complete
set of data from 1076 people. 637 of these lived in remote areas, and 439
lived and worked in Xi’an, serving as a control within China. By lucky
coincidence, in Xi’an we could do all our examinations at the Civil Aviation
Administration Hospital, using the amenities of a modern clinic.
Newspapers and local television reported about the research project,
urging readers and viewers to participate, and here, too, there was no
selection among the volunteers. When we were really exhausted in the
evening, some people unfortunately had to return home, untested. It was
a real cross section of the population that came to be examined: cooks,
cab drivers, banking clerks, workers of all kinds, specialists for computers
and television, an opera composer, a prosecutor, a few artists, house
wives, policemen, physicians, nurses, advertising people, salesmen,
librarians, city officials, school children and some retired folk. Because of
the location some pilots came, as well as people working in and with
aircraft, and that was of special interest for us, because we had previously
done an extensive study on auditory performance of airline pilots in
Germany.
Big cities in China are loud, if only because of the heavy traffic of all
kinds of vehicles. While in Beijing the road traffic is orderly, it is rather
chaotic in Xi’an, because especially motorists often do not follow traffic
regulations, and they drive very aggressively. Hence, there is a lot of
whining engines and squeaking tires and innumerable vehicles using
sirens, sometimes for twenty minutes at a time. Heavy trucks are not only
strong but also very loud. From the photo in Fig. 14 a confusing situation
with passenger cars can be assessed. However, the cab drivers normally
hear quite well, as can be seen in the audiogram. Of course, in big cities,
such as Xi’an, discotheques are very popular and so are walkmen, but also
technical equipment for home improvement. Yet, despite all the
continuous noise, the overall auditory performance of the people we had
the chance to test in Xi’an is much better than in the remote areas without
noise.
Of course, this does not mean that there are no acute acoustic
traumata, really not. But there are less people with severe noise-induced
damages in the metropolis, and more who hear very well, compared to
those in the remote areas. Somebody may object that the group we
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examined in Xi’an is not compatible to the people we studied before, and
this really is so. But on the other hand, it is very hard to find cab drivers,
industry workers or airline pilots among the nomads in their tents.

Taxi driver for two decades, 44 years old;
- Xi an; May 2001 frequency (kHz)
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in Xi an, capital city of Shaanxi Province
Fig. 14
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Airline stewardess for 20 years; 37 years old
- Xi´an ( May, 2001 ) frequency (kHz)
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She worked on Tupolew-154, Iljuschin-18, and Airbus-310.

Female worker in industry; 55 years old
- Xi´an ( May 2001 ) frequency (kHz)
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She worked for decades at a very loud plant
for production of plastics.

long time work under occupational noise
Fig. 15
Looking back at the many people with noise-induced auditory damage in
the Qin-Ling Mountains, and the Qing-Hai Province, it is clear that
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practically all of these damages were caused by powerful impulses. Such
peaks of high sound pressure come extremely rapid, often within a small
fraction of a milli-second, so that the ear has no chance whatever to react
on time. That is certainly one of the reasons why sudden peaks of high
overpressure are so harmful. In the case of the taxi driver, or the patrons
of discotheques, the ear is subjected to continuous noise of long duration.
No other system of our body is so fascinatingly “computerized” as the
hearing system, and this enables it to respond in a straightforward way. If
the sound level gets too high for an extended period of time: it reduces
the sensitivity, to protect the integrity of the ear. This can be measured in
the form of the TTS, the temporary threshold shift, see Fig. 4. Impulses,
on the other hand, are simply way too fast for the ear, as mentioned. At
this point it has to be emphasized that such protective mechanisms have
their limits, of course. Somebody, stupid enough to place himself directly
in front of the big loudspeakers in a disco, cannot expect that the auditory
system itself compensate for the insuffiency of his brain power.
Two other examples of the effect of long-time exposure to noise (in
Xi’an) is presented in Fig. 15. Below is the audiogram of a woman who
worked for about two decades in a factory hall for the production of
plastics. She described the noise as very loud and permanent, but without
impulses. At lower frequencies she hears somewhat less than what is
common in German males at this age, but at higher frequencies, she
clearly hears better. Real notches are not apparent, except for a 10 dB dip
at 3 kHz in the right ear. As we have found in many other cases, in Europe
as well as in China, continuous long-time noise does not produce notches.
At the upper part of Fig. 15 is the audiogram of a stewardess who
worked for exactly 20 years, mostly on old and loud Russian aircraft. It is
amazing how good she hears, especially in the high-frequency range, and
she is by no means an exception among stewardesses. Looking at these
audiograms reveals that there are no notches, indicating that they were
not exposed to powerful impulses. An overview of the auditory performance reveals that in the big cities there are fewer damages caused by
impulses near by. As mentioned, in metropolitan areas it is illegal to use
fire-crackers to avoid fires, but the restriction per se appears not to be
that relevant, because many people don't care that much about it.
To understand the situation of people in remote areas, we should
imagine we had to live in a place like those shown in Fig. 12. At first
glace this environment looks beautiful, but if we had to live there every
day, sommer and winter, for all of our life, it is easy to understand that
boredom would be an enormous problem. It is understandable that a
young man, living there all his life, wants something to happen, at least
occasionally. If nothing else, he wants at least to create one big bang at
the beginning of a new year. The heavy use of these exploding objects of
all kinds, in remote areas, appears to be rooted in boredom. In big cities,
on the other hand, there is so much activity, and there are so many
events, that there just is not that much of a desire to have big shots near
by.
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Contrasting major findings
From the findings presented here it is apparent that the ear is able to
withstand continuous noise to an impressive extent, even if it has to be
endured for decades. At the workplace, the world over, the Leq is being
used to characterize the risk to the ear caused by noise. This measure –
the Leq – represents the average acoustic energy, and therefore it is of
interest to compare this way of thinking to another important topic, to
automobile accidents. It is certainly true that in general more accidents
will occur, if the average velocity in a country, or in a city, increases, and
thus it is useful to reduce the upper speed limit, and to slow the traffic
down. However, for a certain accident is not relevant what average speed
the driver had, say within the last week, or the last hour. Critically
important is that the car was too fast for a second at a specific place. And,
as a consequence, it started to skid and than slammed into a rock, as in
Fig. 16. Dealing with auditory damages, it is necessary to look not only at
the Leq, but also at dangerous impulses, the peaks that happen only in
once and a while.

Average velocity and average sound level

Accidents occur if the car is too fast for a second,
and not because the average velocity was too high.
Auditory damages occur - primarily - because impulses
were too powerful, and not because the Leq was too high.

Fig. 16
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Monk ( 73 years ) : long life without any noise
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Fig. 17
As mentioned, a number of Chinese airline pilots have been examined,
and in most cases it is remarkable how good they can hear. In Fig. 17 the
audiogram of an airline pilot is compared to the one of the old monk, that
has already been discussed. The pilot startet to fly professionally at age
17, and for most of the 43 years of active duty he flew the old and very
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noisy Soviet aircraft: Antonov-2, Antonov-24, and Tupolew-154. Since the
last few years he was flying Airbus-300, and, by the way, he is still flying.
For many years he was a flight instructor for other pilots, and once he was
piloting a Tupolew-154 when its middle engine exploded in flight, but he
managed to bring the aircraft and his passengers down safely. He described this explosion as a powerful bang, combined with a sudden force,
pulling the aircraft backwards. Although we have no definitive proof, we
assume from our experience, that the low-frequency trough in the
audiogram of his right ear (500 Hz) might be the trace of this explosion.
In civil airline pilots it was normal that the captain had a headset on his
left ear – in China as elsewhere – leaving the right ear open for cockpitcommunication, while the co-pilot used the headset on the right ear,
leaving the left ear open. However, these headsets did not seal the ear
off, so that there was only a partial protection from ambient sound in the
cockpit. Especially in the old Antonov aircraft there was excessive noise
within the cockpit, with a Leq around 100 dB, and much more during the
start until the aircraft reached its cruising height and speed. Yet Fig. 17
shows that this pilot is hearing excellently, and especially so at the higher
frequencies. Obviously his auditory system adapted to these conditions,
reduced the overall sensitivity but kept its ability to hear minute
differences in the sounds of engines and other components that are very
important for the pilot and its passengers. During audiometry we always
do random retests of various frequencies, and it is impressive to see how
fast and how accurate he - and practically all other pilots - respond. There
is no doubt, these persons do indeed hear very well.
Looking at the monk’s audiogram in Fig. 17, we see that he is also
hearing very well, especially for the high frequencies, but we have to keep
in mind that he was lucky enough to avoid noise altogether, and,
compared to the pilot, he was 13 years older at the time. Certainly, the
audiograms of these two persons are not what is normally expected.
Because there is the old saying “one is none”, it is necessary to look at
this problem on a wider basis. Before going to China for the field study,
we did a similar study on pilots of Lufthansa, the German air carrier, using
the same equipment, and the same methods, combining thorough
audiometry with a detailed questionnaire. (Publication of the results is in
preparation). Therefore we can compare the results of both studies,
although there is no overlap between both groups. Age is 45 years and in
both groups people with diseases of the ear and with acute acoustic
trauma were excluded, so that we are looking at those persons who show
aging of the ear that is normal for their way of living and working,
Fig. 18. For the sake of simplicity both ears are grouped together, but it
has to be emphasized that under these conditions – excluding diseases
and isolated impulses – the difference between both ears is minimal
anyway. Two aspects are immediately apparent: Both groups hear very
well, across their entire frequency range, and pilots hear somewhat
better, also across the entire range of frequencies. Plotting the same data
as median values leads only to minor changes.
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German pilots and Chinese nomads
Averaged audiograms. Age : 45 (
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Fig. 18
This is certainly astonishing, considering the fact that airline pilots are a
profession that is categorized as threatened by noise-induced auditory
damage, and major airlines spend millions to prevent that. Pilots are
generally highly motivated, responding quickly and reliable, and nomads
etc. on the other hand are certainly slower in their reaction, because their
whole life is rather sluggish. But in our tests this did not matter at all,
because everybody got all the time he or she wanted to achieve the tasks.
Even if we were generous to the data from the remote areas and improve
them up to the level of the pilots it would still be amazing, because we
have to remind ourselves that pilots are exposed to much noise while
these other people did not experience technical noise.
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Discussion and concept.
German pilots are not only living in a noisy, industrialized country, but this
group was also exposed to cockpit noise for about a quarter of a century.
Yet, their auditory performance is better than those who live without
noise. How can this be explained?
Here we have to remind ourselves on the well-known functions of the
auditory system. At birth the cochlea is fully developed, functioning
properly, but the central part of the auditory system gradually has to get
a hold of the complex signals and their significance in life. Step by step,
the brain has to learn the minute differences that distinguish acoustic
signals coming from in front, from those coming from the side or from the
back. It is slowly learning the meaning of the sounds that are part of the
language – any language – and it gets a hold on the characteristic sounds
of old people, of young children, of people highly agitated or close to
sleeping, etc. In children with congenital hearing impairment, but supplied
with cochlear implants or hearing aids, plus proper didactical efforts, the
auditory system demonstrates how it can be trained properly and
effectively. The hearing system is always learning, although the rate
declines after childhood. Starting to drive a new car, it takes some time
before we auditorily fully control the machine. The success of the
application of hearing aids depends on the ability of the auditory system
to adapt to the new acoustic conditions., etc., etc.
Keeping all this in mind, it is quite natural that the auditory system is
also learning how to adapt to loud noise, and to reduce the sensitivity if
the need arises. The textbook-theory that our auditory system, this
extremely adaptive and intricately regulated part of our body, is basically
simply collecting energy, and if a certain average value is exceeded,
auditory damage occurs, appears to be overly simplistic and far from
reality. It ignores the impressive adaptability of hearing.
As far as damages are concerned, there are clearly two separate
mechanisms, with separate limits, Fig. 19. An impulse, lasting only one or
two milli-seconds, can mine the sense of hearing, but high-level
continuous noise can be endured for decades without causing damage.
Short, powerful peaks of overpressure very likely lead to rupturing of
auditory cells, killing them instantly. Long-term continuous noise of high
levels appears to grind these cells in the Organ of Corti down, leading to
their progressive deterioration, and finally to their death. - An example
from the field study. A girl, ten years old, observed at close range how a
man in the village exploded a home-made fire-cracker. This impulse lasted
about one or two milli-seconds, and it mined the ear of the girl, instantly.
Now, compare this to the pilot shown in Fig. 17.
These two separate mechanisms demand different evaluations.
Impulses are much more dangerous and damaging to the ear than
continuous noise, and that is why the simple textbook-theory, to compare
the acoustic energy of impulses with the long-term limit of Leq =
85 dB(A), is clearly insufficient. Currently efforts are underway to reduce
the limit at the workplace below an Leq of 85 dB(A), because there are

- 38 -

still new auditory damages. But as we have seen in remote parts of China,
the Leq can go down to nearly nothing and there are still auditory
damages. In order to reduce auditory damages effectively, it is necessary
to fight and control impulses.

acute effects
( milli-seconds )

chronic effects
( years )

Noise-induced auditory damages :
two different mechanisms

continuous noise

powerful impulses

Fig. 19
When it comes to our locomotor system, – muscles, joints, ligaments,
tendons, vertebrae and other bones – everyone knows that walking,
jogging, hiking, callisthenics, climbing, swimming, etc. are good for our
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health. The body needs training to remain in good shape, and to be
healthy, even at old age. Too much training – especially in professional
sports – can, of course, have negative effects, grinding joints down.
Apparently the auditory system functions in a similar way. It needs
training and exercise to remain in good shape. If there is not much
auditory training, as with the nomads sitting on the ground, alone and
silently, and watching their sheep, this may just not be good for the
auditory system, particularly if later a multitude of highly differing sounds
have to be handled. Nomads and the like were always very slow in their
reactions, even if they hear these isolated tones well. Obviously their
hearing system is not trained to handle tasks fast, and much less to
handle many similar objectives simultaneously. Imagine, a musician of a
big orchestra would behave like that, responding to isolated tones only
after a considerable period of time.
Hence, if a violinist in a classical orchestra is making music, listening to
the full and manifold sound of the entire orchestra, and blending into the
whole performance, this is good not only for the ear, but for the state of
the entire auditory system. We know from our own studies that violinists
in general hear excellent, as do most other musicians. Of course, there
are auditory damages among some musicians, because their exposure is
obviously higher than a trained ear can handle. Somebody sitting in front
of the trumpets undoubtedly endangers his ears. But there are also many
events other than music that can damage the musician's ears.
We are also examining the auditory performance of other groups with
extended exposure to loud sound, that hear very well, but here we shall
not discuss these further.
When it comes to protection of the ear, many will automatically assume
that this is the task of the middle ear muscles, since textbooks like to
emphasize such a function. However, this may not be the case at all. For
impulses these tiny muscles are too late, because of their latency. If there
is long-time noise of high level, on the other hand, middle ear muscles are
also pretty much useless, because they tire rapidly, usually within
seconds. Then, what is the function of the middle ear muscles? Contraction of these muscles stiffens the ossicular chain, and this leads to a
reduced sensitivity for lower frequencies, but an improved sensitivity for
high frequencies. In a cat e.g. the ear in its normal state – without
contracted middle ear muscles – is sensitive to lower frequencies, thus
enabling the animal to auditorily control a wider area of its surroundings.
However, if a mouse is squeaking near by, the cat's middle ear muscles
contract, suppressing lower frequencies, and using the increased sensitivity for high frequencies to locate the mouse accurately. In man, the
middle ear muscles have mostly lost their function, as do those muscles
that move the outer ear in cats, although we still have the same muscles
as the cat. Hence, mechanisms within the cochlea and within the central
part of the auditory system will be responsible for the training of the ear.
Talking to specialists in occupational medicine, the concept of the
possibility to train the ear against loud noise appears very strange to
them. However, people working with experimental animals, on problems
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related to auditory damage, are familiar with the effect of sound
conditioning, as shown recently by Niu and Canlon (2002). Basically,
animals that are repeatedly exposed to not quite dangerous noise, develop less auditory damage than animals without this sort of conditioning.
Even the hearing system in mammalian animals is more intelligent than
expected.

Conclusion
The auditory system is much more intelligent, than currently assumed,
Fig. 20. It obviously recognizes the danger from intensive sound, and it
adapts to the situation by reducing its sensitivity. While such a protection
is feasible for more or less continuous noise, it appears to be impossible
for impulses, because they happen so extremely fast that the ear does not
have the time for protective measures. That is one of the reasons why
impulses are so damaging to the ear. Of course, many impulses simple
contain so much energy that every protective system is overwhelmed.
Powerful evidence reveals that there are two different mechanisms leading
to noise-induced auditory damage. Continuous noise is one mechanism,
leading to chronic deterioration of hearing, while the other is represented
by strong impulses, causing instant damage. Both modes of damage have
to be assessed separately. – The current concept, based on the Leq – a
measure of the average acoustical energy – is not sufficient to correctly
measure the auditory risk caused by noise.
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There is strong evidence that the ear can be trained
– within limits – to resist the damging effects
of continuous broadband noise
Fig. 20
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Preventive Environmental Medicine
Concept and action of Auditory Research presented here is aimed at
avoiding noise-induced auditory damage, wherever they may occur. In
order to achieve this goal, it is necessary to know exactly what is
dangerous to ear and hearing. Hence, it is an example of the new field of
Preventive Environmental Medicine. In the long run studies like these may
hopefully not only avoid injury and personal hardship, but they may also
help to reduce medical expenses.

The concept of Auditory Research
Our Div. of Auditory Research was established in October 1993, with a
clear concept, and a strategy that has been followed consistently ever
since. It is our aim to understand the relations between exposure to sound
and the resulting noise-induced auditory damage.
Because diseases of the ear heavily obscure such understanding, we
are not involved in treating patients in any way. Instead, we only want to
deal with healthy people.
Since exposure to noise is very important, we go to great lengths to
measure the relevant acoustical signals with very modern and
sophisticated technique. Our specialized impulse-dummy is just one
example. It is critical to accurately determine the acoustical conditions not
only at the workplace, but also for aspects like hobbies, festivities, toys,
music, etc. As far as persons to be examined are concerned, we do not
wait for somebody to walk in through our door, or to be sent by somebody
else. Instead, we are dealing with specific groups, and we go to these
people, and learn how they are working and living, and, of Course, how
they are hearing. Results of both, acoustic measurements and auditory
performance are then being fed into a data bank and analyzed in various
ways. Groups that have been examined already: school children, college
students, military recruits, soldiers, young people who go to discotheques,
construction workers, bureaucrats, musicians of classical orchestras, civil
airline pilots, dentists.
Currently we are involved in efforts to avoid auditory damage caused
by airbags. - The field study in China was another step on our way, but it
was certainly an important one.
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