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Abstract

, ,
Objective: The purpose of ~his study was to establish an association between ill
health and the electromagnetic field of the Shortwave radio transmitter of Schwarzen-. --,
burg (Canton of Berne, Switzerland)., .
Methods: Results from a cross-sectional health interview survey, two longitudimil
studi,es, partly under modified transmission modes and with determination of urine
6- Hydroxy":melatoninsulfate, and further study elements were associated with mea
surements of electromagnetic field strength at over 50 loc~tions.

Results:

1.) No, substantial increase of any chronic disease could be. found in the exposed
population. The number of exposed persons is, however, too small to exclude
a potential increase of lifethreatening disease. Various health complaints such as
nervosity, restlessness, insomnia, general weakness and tiredness, and limb pains are'
more frequent in the vicinity to the transmitter. Thee.xposed population does not
show a substantial difference in personality compared to the control population.
2.) Among these cOIr~plaints, sleep interruptions are directly associated with the
electromagnetic field strength of the transmitter. This relationship is confirmed ~
several substudies, whereas the other complaints related to the transmitter seem to
be secondary to the sleep interruptions. Sleep quality improved after interruption
of transmission activities.
3.) 6-hydroxy-Melatonin-sulfate, as measured in early morning urine of 66 men and
women, was not related to the electromagnetic field strength of the transmitter or
to sleep disorder, and melatonin levels in saliva from cows were also not associated'
with variations of the electromagnetic field. Conclusions from the latter part of the

, study are, however, limited due to small numbers and other technical reasons.
4.) The number of schoolchildren at the highly exposed school is too small for
conclusive studies of a poosible effect of electromagnetic fields. The accumulated
promotion rate from primary to secondary school since the- nineteen fifties, is lower
in the exposed thari in a control school. An effect ?f the transmitter is a possible
e..xplanation, but other infl.uences including socia-economic differences cannot be
excluded either.
5.) The exposure to electromagnetic fielcl.s does not exceed IRPA limits at any of
the over 50 measurement sites:
Conclusion: Our results indicate a higher frequency of disorders of a neurovege'
tative nature among residents up to about 1000 meters from the transmitter, and
are highly suggestive of a, direct effect. of the radio shortwave transmitter on ~leep

quality. The other complaints appear to be mediated by the sleep disorder. There
was no evidence relating melatonin metabolism to electromagnetic field strength
or to sleep disorder, and little indication for major health problems caused by the'
transmitter.
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.Chapter 1

Overview

1.1 Introduction and questions

1.1.1 History

The Short Wave Transmitter Schwarzenburg was put into operation in 1939.
Its star-shaped main antenna was added in 1954. As a rule, a maximum of
three 6.1 - 21.8 MHz antennas are active simultaneously, each with a power
of 150 kW. Generally, the broadcasting direction changes every two hours.
In 1971, an additional 250-kW LOG PER antenna started operating at the
southern end of the Transmitter which is, however, used only 9ccasionally
as a substitute for another transmitter in Sottens. Figure 4.1 in Chapter 4
shows the usual broadcasting directions and times.

Ever since the Seventies, h.ealth complaints had been reported by the
popuh~.tion in the surroundings of the Transmitter, and associated with its
activity. On the 2nd of March, 1990, a petition was handed over by a group
of inhabitants to the Swiss Federal Department of Traffic and Energy, the
authority in charge of licensing the Transmitter, which asked for a scientific
evaluation of the health damage allegedly caused by the Transmitter.

1.1.2 Questions

In October 1990, the Head of the Federal Department of Transport and
Energy charged the Federal Office of Energy with setting up a study group
chaired by Dr. J. Cattin (Head ofthe Section Energy Management), starting
work in April 1991. The following questions served as base of the present
study:

1. Are health complaints and disturbances in the near surroundings of
the Transmitter more frequent than in more remote areas?

2. If so, are these in a biophysical relation with the electromagnetic fields
of the Transmitter, and is there a plausible mechanism for this?

7
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I(the population in the surroundings of the Transmitter is too small t~
allow answering certain questions, are there reasons to justify further
research 1 and of what size would a suitable study population have to
be?

Do the electromagnetic exposures in the surroundings of the Trans
mitter exceed acceptable exposure levels?

1.1.3 Procedural considerations

Based on the information of the petitioners as well as on the scientific liter
ature which is, however, rather scarce in the area ofthe health consequences
of electromagnetic fields in the radio frequency range, a list of diseases and
complaints was made, the frequency of which was to be established in differ
entially exposed populations in the vicinity of the Transmitter. It included
sYmptoms such as sleep disturbances, headache, tiredness, irritability, lower
back pain and limb pain (commonly often referred to as psychovegetative
complaints) on the one hand, and serious1 but rare diseases such as cancer
and diabetes, which had been emphasized by the petitioners, on the other.
From the beginnIng on an obvious problem was that many of the open ques
tions were not just related to the population in the surroundings of the
Transmitter, but reflected a generally insufficient scientific knowledge about
the health effects of electromagnetic fields within the radio wave range.

The objective of the first phase of the study was to find out whether any
complaints or diseases were more frequent in persons who were exposed to
stronger electromagnetic'fields, and to establish the health problems which
they represented. In order to answer these questions, the population was
divided into differently exposed sub-populations according to the distance
of their residences from the Transmitter, as well as based on direct exposure
measurements. While this was done, however, it became dear that the
population living in the near surroundings of the Transmitter was too small
to allow for proper examination of realistic risk differences for rare diseases.

In the summer of 1992, an extensive health interview survey was con
ducted among this population. In order to differentiate between direct (bi
ological) and indirect effects (caused or intensified by fear), the interview

. included questions on social bac,kground, personal history and personality
of the interviewed persons.

A few weeks after the health interview survey, a health diary survey was
conducted, which was connected with experimental changes in broadcasting
directions. In this study, randomly selected persons of different exposure
status kept an exact record on their complaints and health status during 3
times 10 days. The purpos~ of this survey was on the one hand to verify
the answers of the health interview survey by using another method, and,
on the other hand, to find out if the relationship of sleep disturbances with

'8
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measured exposure was maintained, when the_Transmitter was no longer
directed towards the housing of the concerned persons. The statistical data
analysis of the experimental part of the health diary survey turned out to
be very time-consuming and could not be made since a part of the mea
surements of the effective electromagnetic field in v"aiious living areas was
then missing. However, the data are now available and are included in the
present report. . .

After the health interview survey and the health diary survey had shown
a relationship between various psychovegetative disturbances and complaints,
first 'ofall sleep disturbances, and the Transmitter, further means of distin
guishing between biological and psychological mechanisms in causing sleep
disturbances were looked for., For that purpose, another health diary sur
vey was conducted, connected with an experimental3-day interruption of all
transmitting activities. Questions to be answered were: if and with what de- .
lay sleep disturbanceq decreased after the Transmitter had been switched off;
and if the sleep disturbances could be explained by a relationship between
the neurohormone melatonin and the Transmitter's operation. According
to the scientific literature, a mutual effect of this type could be expected.
The melatonin study was completed by a substudy in which dependence of
melatonin levels on the intensity of electromagnetic fields was examined in
dairy cows.

Finally, a study of schoolchildren tried to answer question raised by the
petitioners, concerning the influence of the Transmitter on psychological
performance capacity of children; this study was, however, limited due to
small numbers of schoolchildren.

The investigations were completed by intensive measurements of the elec
tromagnetic fields in the residency zones of the examined persons and an
imals. The measurements were performed by Telecom Switzerland under
supervision of the competent departments of the Federal Institute of Tech
nology. Their statistical analysis as well as the analysis of the health data
was carried out at the Institute of Social and Preventive Medicine of the
University of Bern.

1.2 Study design, methodology and the course of
work

1.2.1 Division into population groups with different levels of
exposure

The population in the surroundings of the Transmitter was divided, with
regard to their electromagnetic exposure, in two ways. At first, three pop
ulations, A, B, and C with a high, medium and low exposure, were defined
according to the distance from the Transmitter, and then compared with

9
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one another with regard to .the frequency of diseases and complaints.' Figure
3.1 in Chapter 3 depicts the division into Zones A, B, and C.

Exposure measurements of the magnetic field strength for each br~ad

casting status at 56 (j'utdoor measuring sites in the immediate 'neighbourhood '
of the residencies (utilizable: 55 measuring sites wit~ 2621 measured values)
confirm. this division and allow differentiated analyses i~cl~ding multivari
ate time series analysis. These measurements were completed by automatic

. measurements of electric and magnetic field strengths in 44 bedrooms of the
examined persons. A total of i578 measurements were performed every 15
minutes between 6 p.m. and 6 a.m. Technical details are given in Chapter
4.

1.2.2 Health interview and personality tests

Inhabitants of Zones A and B who were ready to participate, and a randomly
selected group of inhabitants of the more remote Zone C were interviewed
about their health. The interview included questions about diseases (in
fectious diseases, cancer, diabetes etc.), complaints, shortcomings and past
illnesses; personal characteristics (education, occupation, place where spare
time is spent etc.); characteristics of the housing status (influence of elec
tromagnetic fields of the Transmitter on electrical appliances in the house
hold); and daily activities. Refusal of individual question was possible. A
part of the participants underwent a voluntary personality test (a standard
ized personality test known as Freiburg personality inventory) which made
it possible to examine differences in personality characteristics between the
Zones.

One hundred and nine persons were interviewed in Zone A, 120 in Zone
Band 170 -in Zone C; out of these interviews 107, 119 and 178 could be
utilized. The response rates were 73.3%, 55% and 56.3%. Personality tests
were made in the three Zones by 62, 63, and 66 persons.

Health diary survey I

Within a period of 3 times 10 days, the participants kept record of all occur
, ring symptoms and complaints in I-hour intervals by means of a symptom
checklist (" diary"); it inquired about acute complaints such as sleep distur
bances, headache, vertigo etc.

During the time of this inquiry the broadcasting directions of various
programs were changed in a random sequence so as to make the electromag
netic exposure of the pop~lation differ from its usual pattern. A statistical
analysis was to examine if the changes in the, broadcasting modus were
followed by changes in the frequency of symptoms and complaints. This
analysis could'not yet be conducted. But it was possible to use this health
diary survey as a base for examining the relationship between electromag-

10
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netic exposure and sl~eping disorders, after taking into account the ~odified

emissions from the Transmitter

1.2.3 Health diary survey

.In the s~mer of 1993, another health" diary survey WM conducted with
the purpose ofverifying the findings of the first survey by means of an ex
perimental 3-day interruption of all broadcasting activities. Simultaneously,
urine (morning urine) samples were collected from all participantsfor analy
sis of melatonin excretion. The study lasted 10 days; after the second night,
the Transmitter was switched off for 3 days. "

1.2.4 Melatonin study

The urine samples were tested with focus on 6-hydroxy melatonin sulfate
" "

a derivative of the neurohormone melatonin; this was done by means of a
serological test (ELISA-test) partly in the central laboratory of the Uni
versity Hospital of the University of Bern (Insel), partly by the Company
Repromed in Hamburg. The first hypothesis (" chronic effect") examined
whether the melatonin level is lower in m~re strongly exposed persons than
in those with a weaker exposure (Zone A> Zone B > Zone C). According to
the second hypothesis (" acute effect"), it was expected that after switching
off the Transmitter, the melatonin level in usually more strongly exposed
persons will increase again. Since it is known that melatonin improves sleep
quality, it was moreover expected that persons with a decreased melatonin
level would show a deteriorated sleep quality, which would improve upon
switching off the Transmitter.

In a pilot study of dairy cows, a group of 5 more strongly exposed and
a group of 5 weakly exposed cows were compared during the same 10 days.
The sample collection for melatonin determination took place every 2 hours
With the help of saliva swabs especially adapted for this study. Sleep quality
could not be examined in this case.

1.2.5 Further sub":studies

Chronic diseases:

Within the scope of the health interview survey, the participants were asked
whether they had ever suffered from and been medically treated for certain
diseases such as cancer, increased blood pressure, diabetes etc.

The frequencies of answers between Zones A, B, and C were compared. In
order to increase the number of the examinees, the interview inquired about
those who had lived in the same building before the interviewed persons.
This, however, did not lead to any sufficient additional information.

11



Increased blood pressure:

The results of the health interview survey suggested a certain deviati~n from
the norm of blood pressure of more strongly e..'Cposed persons. This finding
was verified by blood pressure measurements of those who had reported

, \ .
increased blood pressure in the interview, and of a randomly selected group
of persons who had considered their blood pressure as normal.

Schoolchildren:

Finally, an approach was needed to scientifically examine the effect of the
Transmitter on exposed schoolchildren. The current. numbers of ~choalchil

dren in the exposed school (which volunteered to participate) turned out to
be too small to allow far a serious examination by means of tests. It was,
however I possible to compare accumulated promotion rates from primary to
secondary school since the inauguration of the exposed school in the Fifties,
with those of a school in Zone C.

1.3 Results

1.3.1 Health interview survey and personality tests

Based on the analysis of the health interview survey, it became soon ob
vious that with a decreasing distance from the Transmitter and with an
increasing measured magnetic field strength an increasing part of the popu
lation reported various complaints; the difference was felt more strongly by
older study participants (above the age of about 45 years) than by younger
ones. This was most evident and constant in the case of sleep disturbances,
with disturbances of falling asleep and in maintaining sleep were of similar
frequency. FigUTe 1.1 shows the frequency of various disturbances and com
plaints in the 3 Zones A, B, and C, distinguished by age. In addition to the
sleep disturbances, symptoms such as nervousness, general weakness and
tiredness, headache and limb pain showed the same pattern. In medicine,
these are included in the concept of" psychovegetative disorders. There were
no obvious differences between the Zones as far as other symptoms including
lower back pains and palpitations of the heart were concerned.

A thorough examination of these results showed that the findings could
not be explained by differences with regard to age, sex, marital status, edu
cational degree, occupation, experience with disturbances of household ap
pliances in consequence of electromagnetic fields effect or personality char
acteristics. After correction for various interfering factors, sleep interruption
was significantly correlated to the' measured field strengths whereas other
complaints were related with the Transmitter only indirectly, through sleep
interruption.
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Figure 1.1: Frequency of different psychovegetative disorders by Zone A, B
and C. The light barts concern the persons aged over 45 years, the dark once
aged 45 or less.

An interesting additional finding was that the population of the most
strongly exposed Zone A spent their spare time outside their living area
significantiy more frequently than the unexposed population.

Findings concerning chronic diseases and blood pressure will be dealt
with later in this report.

1.3.2 Health diary survey I

The analysis of the health diary survey I with its thousands of information
components, as well as of the corresponding detailed field strength measure
ments under various broadcasting conditions turned out to be especially
time-consuming, and actually surpassed he limits of the available computer
hardware and statistical programs capacities. The diary entries by 2 x 70
(e.g. 70 in each of Zones A and B) arid 47 (Zone C) persons were sufficiently
complete to allow statistical analysis.

The diary entries on sleep disturbances were in consistence with the
statements made in the inter~iew, although, as it is common in similar
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investigations, certain discrepancies could not be avoided.. . \ .

As a principal result, sleep disturbances were significantly more frequent ..
with increasing strength ~f the electromagnetic field in time and space, even
when the experimental reduction of the eXposure (change in broadcasting
direction) was taken into ~ccount . The odds ratio per 10 mAIm wa.sL13,
(95% confidence interval 1.04 - 1.23).

1.3.3 Health diary survey II

. Equal numbers of persons with and without sleep disorders were i~vited from
Zones A, B, and C to the second health diary survey, conducted between the
5th and 15th of September, 1993. Out of a total of 102 invited persons, i2
persons from each Zone withou,t sleep disturbances and 12 (Zone A), 9 (Zone
B) and 8 (Zone C) persons with sleep disturbances agreed to participate.
The number of 60 participants, calculated as necessary, waS thus surpassed.
From the 7th to the 10th of September the broadcasting operation was
interrupted.

It turned out tha~ the shut-down of the Transmitter was folloyred with
1-day delay by a statistically significant improvement of sleep quality as
recorded in the diaries. Apart from this, the differences between more and
less strongly exposed persons, obserVed in the preceding sub-studies, were
confirmed. .

1.3.4 Melatonin study

Study of humans:

During the 10-day experimental period, morning urine was collected from
the 65 participants of the health diary survey II. They were deep-frozen and
transported to the laboratory. The melatonin laboratory analysis, which
is not a standard offer of medical laboratories, turned out to be rather
difficult. To securE! measurement reliability, tests were done both at the Bern
University Hospital, and Repromed Company in Hamburg which supplied
the reagents.

It became obvious that melatonin levels were independent of the mag
netic field strength of the Transmitter. The interruption of the broadcast
ing operation was not associated with a change in meaSured melatonin
levels. The hypothesis of an effect of electromagnetic ijelds on melatonin
metabolism and, as a consequence, on sleep quality, as it had been derived
from the scientific literature, could thus not be confirmed for the frequencies
and field strengths existi~g in the vicinity of the Transmitter.
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Study of cows:

As in the human stu~y, the analysis of saliva samples collected every 2 hours
from 10 cows in differently exposed stables, could not find evidence for an

,association between melatonin levels and magnetic field strength. Neither
the 'geographical comparison (chrol?-ic effect), nor the longitudinal observa
tion after the shut-down of the Transmitter brought statistically significant
results. The diagram showing 24-hour cycles of melatonin levels sqggested
an effect, as the shutdown of Transmitter was followed by increased nightly
maximum values of melatonin in saliva. But these differences, observed vi-

, sually in the diagram, were not statistically significant; as a result, ~t cannot
be said whether they were real or purely accidental. The figures of this
pilot study were, however, small, and further study of the problem ,would
be of interest. This. study confirmed again the reliability of the labora
tory examinations as ~he expected day-night melatonin rhythm was clearly
demonstrated.

1.3.5 'Further sub-studies

Chronic illnesses:

The health interview survey questions concerning chronic diseases brought
no remarkable results. Diabetes was found 5 times each in Zones A, B and
C, cancer 4 times in Zone A, twice in Zone Band 3 times in Zone C. These
figures are clearly too small for serious statistical analyses. The question
about former inhabitants of the same buildings did not result in a significant
increase of the figures. There is surely no alarming increase in incidence of
cancer or other chronic diseases in the surroundings of the Transmitter;
combined studies in the vicinity of several shortwave transmitters would be
necessary to examine possible smaller risk increases.

Increased blood pressure:

A verification by means of blood pressure measurements confirmed, with
few exceptions, the statements of the interview; it; however, did not allow
to confirm the finding that blood pressure depended on electromagnetic
exposure or on the distance from the Transmitter.

Schoolchildren:

In the light of the participants' allegations a detailed study with focus on per
formance and psychological health of children living and attending school in
the exposed zone would, on the whole, be desirable. Such a study, however,
turned out to be of insufficient value due to the small n)1mber of children at
tending at present the exposed school. The comparison of the accumulated
promotion rates from primary to secondary schools revealed a statistically
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significant disadvantage of the pupils from the school situated in the vicin
ity of the Transmitter. The interpretation of this difference must, however,
remain open l as promotion is not based on a standardized procedure. The
low promotion rate could also be explained by the structure of the e.'Cposed
population (more adults without complementary education). As in the case
of other questions, an examination of the problem within larger population
groups would be desirable; this would, however, be possible only in combined
international studies.

,1.4 Discussion'

In our investigation of the relationship between the electromagnetic field of
the Radio Transmitter of Schwarzenburg and the health of the population
living in it~ surroundings, we had to overcome the same difficulties which
have frequently posed problems in studies on environment and health: The
problem of small population numbers which can make conclusive studies im
posSible. In the present study, this was the case for the questions on chronic
diseases, and for the investigation of schoolchildren. Another problem of this
type was to differentiate between biophysically caused disturbances· of well
being and complaints caused or enhanced by anxiety related to the influence
of an unknown radiation factor.

Taking into a~count existing constraints, we practically exhausted the
possibilities provided for such a study. The objective of answering the ques
tions formulated at the outset was largely reached, and the following pre
sentation and discussion of conclusions should take the results into account.

Question 1:

.Are health complaints and disturbances in the surroundings of
the Shortwave Transmitter Schwarzenburg more frequent than in
more remote areas?

A concentration of health disturbances in the sense of actual physical
disease such as cancer could not be shown in this study. An increased risk,
for example of cancer, of an extent which would call for protective measures
can be excluded. Our observations are i~ agr~ement with the fact that no ex
cess of cancer has ever been observed worldwide within the frequency range
of transmitters' electromagnetic fields. Neither in the case of humans nor of
cows did the present study establish a relationship between'melatonin levels.
and transmitter-produced magnetic fields; this can be considered as a reas
suring fact, since, according to the current state of knowledge, a reduction
of body-produced melatonin could playa part in causing cancer.

The population living in the strongly exposed surroundings of the Trans
mitter is, however, too small to allow demonstration of slightly increased
risks; this forces us to leave this question open.
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A statistically highly significant excess was established in the more strongly
exposed population in case of sleep disturbances and with regard to a num
ber of health complaints such as nerv:osity, inner restlessness, limb and joint
pains and general weakness and tirednessj. these cannot be explained by
characteristics of the examined groups with regard to such factors as age,
sex, social and economical 'situation.

Finally, the question of possible consequences of the Transmitter's ac
tivity on psychological performance of schoolchildren was examined; this
examination,too, was strongly limited due to small numbers. An analysis
of promotion rates from primary to secondary schools (accumulated for the
period since the exposed school had been opened) showed slightly lower
rates for the exposed than fO,r an unexposed schooL Although too much
significance should not be attributed to this finding, it yet justifies further
studies, including larger numbers of pupils,than would be possible in the
surroundings of the Shortwave Transmitter of Schwarzenburg.

Question 2:

In case that health complaints and disturbances are more fre
quent in the near surroundings of the Shortwave Transmitter of
Schwarzenburg than in remoter areas, are these in a biophysical
relation to the Transmitter-produced electromagnetic fields, and
is there a plausible mechanism for this?

The question whether the observed sleep disturbances can be related to
a biophysical or to a psychological mechanism was examined intensively. It
was possible to show under experimental conditions in which broadcasting
activities had been stopped without previous notification of the examined
persons; that a reduction of the electromagnetic exposure was followed by
an improvement of sleep quality as registered in the diary. This leads to the
conclusion that the Transmitter has a direct (e.g. not only psychological)
effect on sleep quality. However, no plausible biochemical mechanism for this

"relationship could be found. The hypothesis that this relationship can be
I '

explained by the often postulated melatonin mechanism was not confirmed.
Based on our results the Shortwave Transmitter of Schwarzenburg produces
electromagnetic fields in a frequency range and of such intensity which do
not change melatonin levels.
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Question 3:

If the population in the surroundings of the Sh9rtwave Transmit
, ter of Schwarzenburg is too small, are there any essential factors
which would justify further examinations, and of what size would
a suitable study population have to be ti

Based on the smal~population size in the surroundings of the Shortwave
Transmitter of Schwarzenburg, some observations make more profound stud
ies of radio transmitters' effeCt app~ar' desirable in at least in three areas:

• It was already mentioned that there was no indication of a substan
tially increased risk of cancer, and that larger population groups would
be necessary for examining of the presence of a slight increase. To
be able to demonstrate a 50%- increase of cancer risk and assum
ing 2.6%positive answers in the general population in a study design
similar to ours, at least 2500 persons in the exposed and 5000 in the
unexposed group would be needed. In order to recruit such large num
bers of exposed persons, a major international study including several
radio transmitters would be needed.

• Due to small numbers of schoolchildren, a study by means of psycho
logical and pedagogical tests could not be conducted. The necessary
number of schoolchildren can be calculated only when the type of tests
and the specific hypotheses to be examined are defined.

• The examination of melatonin levels in cows, considered as a pilot
study, -did not result in a significant association with the Transmit
ter's operation. The graphical presentation of the results, however,

. gives the impression that the nightly peak values of melatonin in~

creased slightly after the Transmitter had been turned off. To further
examine this question, which is mainly of scientific interest the study
of larger livestocks would be necessary. But again, it would be prema
ture to calculate exact numbers before precise study questions have
been formulated.

Further progress could also be reached in studies conducted under con
trolled laboratory conditions. In such studies, volunteers could make avail
able their blood or saliva specimen for determination of melatonin several
times per night, which would come closer to the study of cows presented
here. Such a study, however, would go beyond responding to the petition
ers' demands.
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Question 4:

Do electromagnetic exposures in the surroundings of the Trans
mitter exceed the acceptable exposure levels?

,The guide lines for acceptable exposure levels of magnetic field strength
were not ~xceeded at any of the numerous measuring sites at any point in
time. This is reassuring and in agreement with the fact that no significant
increase of the frequency of physical disease could be found. But in view of

, the observation of a relationship between the Transmitter and sleep quality
by this study, the question arises as to whether the present. guide lines for

.acceptable magnetic field strengths should not be adapted. In this case, the
inhabitants bf Zone A as defined in this study would have to be re-classified
as excessively exposed. '

1.5 Conclusions

It does not belong to the objective of this study to make suggestions for
practical consequences which might result from the presented investigations.
Few considerations, however, appear appropriate to us:

• There is no immediate danger to the population living in the surround
ings of the Transmitter, and there is no reason for urgent protection
measures.

• On the other hand, it was clearly demonstrated that the Transmitter is
associated with a marked deterioration of the sleep quality of the most
exposed group of persons, which amounts to a considerable affection
of well-being. It will be up to the responsible bodies to review current
guidelines for acceptable exposure levels in the light of this observation.

• As in the context of other immissions (air pollutants, noise), all techni
cally and operationally possible and economically feasible steps should
be taken to reduce exposure. This principle of environmental protec
tion has to be given increased significance in the current situation,
both in the context of continued operation of the existing and of the
potential planning of new transmitting facilities.

• It could be that in individual cases persons in the nearest surroundings
of the Transmitter affected by sleep disturbances might make claims
related to the Transmitter. Current knowledge will, however, hardly

. allow to prove such a relationship in an individual case with sufficient
certainty .The question must be left open whether the shown statisti
cal 'relationship is sufficient for decisions with material consequences,
similarly as is the case with certain occupational diseases.
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• Further studies concerning the health cons;quences of electromagnetic
fields within the range of shortwave radio transmitters are necessary,
but are considered as belonging to basic science. \ As far as further
epidemiologic studies are to be concerned, "in view of necessary pop
ulation' sizes, they will hilve to be international multicenter studies.
The present study may be of use in this context and should therefore
be published in the international scientific literature.
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