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Study on possible

of cm-/mm waves on the human

Part 1: Concept, experimental set-up and results

l.1. Introduction examined via field exposure experiments

by J. Waldmann, F. Landstorfer,

R. Wisniewski, K.P.Hadeler,
J. Miiller, V. Miiller, F. Lang
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In recent years commercial use of
electro-magnetic fields has increasingly
extended to the higher microwave range.
Apart from traditional telecommunication
services such as directional radio, satellite
links or wireless networks (f.e. 60 GHz),
these frequencies also are used in road
traffic. Here, the main emphasis lies on

p applications of radar technologies (for ex-
ample distance radar in intelligent
tempomates at 77 GHz or lateral radar for
side impact protection system at 94 GHz).
With the increased use of these frequen-
cies we have to consider possible effects
of the involved electromagnetic fields on
human organism, particularly of those
which could have health-impairing con-
sequences.

Several studies commissioned by
the Forschungsgemeinschaft Funk e.V.
(FGF; Association for Radio Applications)
examined potential effects of microwaves.
A study of the IMST (1) (2) dealt with the
subject of thermal effects. A second study
(3) focused on potential non-thermal ef-
fects based upon the hypothesis that po-
tential non-thermal effects can be observed
in spite of microwave power flux density
being in the range where thermal effects
do yet not occur. This article is based on

this study.

1.2. Experimental set-up
Potential effects of microwaves on the

human autonomic nervous system were

in healthy subjects. Aimed to obtain rel-
evant experimental results on actually used
systems operating within this frequency
range, a commercially available distance
radar system (figure 1) with a radio fre-
quency of 77 GHz was applied. Power flux
density at the site of the test subject (ex-
posed were breast and stomach areas)
amounted to about 3 iW/cmz2. In a double-
blind experiment (see part II) subjects were
exposed/sham-exposed during different
time intervals. During the test a series of
important physiological parameters con-
trolled by the autonomic nervous system
were continuously observed and later com-
pared applying methods of evaluating sta-
tistics (see part II).

1.3. Medical background

In our study, the identification of po-
tential effects of microwaves on the hu-
man organism is based upon the observa-
tion of the autonomic nervous system. As
this also includes control and functioning
of the circulatory system, i.e. fundamental
functions of the human organism, an ob-
servation of the autonomic nervous sys-
tem may lead to quite reliable insights into
potential nonthermal effects of micro-
waves. For identifying possible effects on
the autonomic nervous system, the fol-
lowing parameters were used: the electro-
cardiogram (ECG) in order to observe heart
activity, blood pressure, respiratory fre-

quency, as well as skin conductivity and



effects

skin temperature among other things giv-
ing evidence of temperature control in the
human organism. Blood pressure and elec-
trocardiogram are the parameters most
strongly influenced by the autonomic nerv-
ous system; nevertheless, the other param-
eters were of importance, too, since meas-
urements are uncomplicated and may pro-
vide additional information for statistical
evaluation. In short, by observing these
parameters possible nonthermal effects of
microwaves on the human autonomic

nervous system may be identified.

1.4. Measurement system and
proceedings

As the observed parameters of the auto-
nomic nervous system very quickly (within
some 10 seconds) respond to stimuli, no
lengthy observation intervals are required.
Therefore, a field exposure interval of 15
minutes was selected. During this period
possible effects of microwaves can be ob-
served quite clearly. However, since the
mentioned parameters may also be influ-
enced by other external stimuli, the ex-
periment began with a 30-minutes resting
period during which no exposure occurred.
For identifying possible effects the total of
50 experiment subjects was randomly di-

vided into two equally numbered groups.

resting field exposure rest
period group 1
table 1

autonomic nervous system

Here, neither the test subject nor the test-
ing scientist knew to which group the in-
dividual subject belonged. Table 1 shows
the measurement schedule. During the 60-
minutes measurement period following to
the resting period the experiment subjects
of the first group were exposed for the
first 15 minutes, the second group for the
third 15 minutes. To each field exposure
period followed a rest aimed to put possi-
ble effects to rest and to prevent carry-
over effects in the next field exposure pe-
riod. The recording of oberservation data
as well as the control of field exposure
set-ups was automated to prevent meas-
urements from being influenced by the
activities of the scientists responsible for
the tests. Further, subject data were ad-
ministered by the computer system to guar-
antee the anonymity. Figure 2 shows the
measurement site with an experiment sub-
ject. In the foreground one sees the an-
tenna of the applied radar system. The
measurement site is located in a shielded
absorber measurement chamber to mini-

mize the impact of external fields.

1.5. Statistical evaluation
The applied statistical methods, as well
as the evaluation of measurement results

by means of statistics and the statistical

rest

field exposure

group 2

Measured parameters:
electrocardiogram (ECG)
respiratory frequency
blood pressure

skin temperature

skin conductivity

fig. 1: Applied radar system
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fig. 2: Measurement site
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fig. 3: Measurement data of subject 4.0
(blood pressure)
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verification of the drawn conclusions are

presented in part II of this article.

1.6. Results

The experimental design was based on
the assumption that the observed param-
eters initially would decrease considerably
(resting), but for the rest of the time would
remain constant. Thus, a possible impact
of microwaves would be clearly identifi-
able. However, a pretest showed that this
was not the case. The decrease of param-
eters is not limited to an initial phase, but
continues for the whole 90 minutes (see
fig. 3). During evaluation of the experi-
mental data of all 50 test subjects this
result could be confirmed as highly sig-
nificant (see part IT). The evaluation of the
parameters’ time series in view of a possi-
ble impact of microwaves on the auto-
nomic nervous system no significant ef-
fect could be proven. The study did not
find evidence for any effect whatsoever

on the autonomic nervous system.

1.7. Conclusion

During the study 50 test subjects were
exposed to a 77 GHz microwave signal of
low intensity (3 pW/cm2); simultaneously,
relevant autonomic parameters were ob-
served. The subject was exposed for 15

minutes in a double-blind experiment with

a total duration of 90 minutes. The field
exposure randomly occurred within two
possible time intervals. Subsequently, these
two intervals were compared during sta-
tistical evaluation. The total of experiment
subjects was divided into two groups be-
ing differentiated by the order of intervals
with and without field exposure. Though
evaluation showed that the activity of the
autonomic parameters during the second in-
terval (min 60 through 75) generally was
lower than during the first interval (min 30
through 45), no difference between exposed
and non-exposed intervals could be identi-
fied. Thus, the investigation did not observe
any impact of microwave radiation at 77

GHz on the autonomic nervous system.
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Part ll: Statistical Evaluation

2.1. Introduction

The first part of this article presented
the aims of our study on possible effects
of cm/mm waves on the human autonomic
nervous system, as well as the medical
background, measurement methods and the
evaluation of results from a medical point
of view. As is always the case in such
studies, tests were performed in a small
sample in proportion to the total popula-
tion meaning that results have to be con-
firmed by statistics. It is to be expected
that industrially applied signals at most
can cause slight effects; on the other side,
the autonomic nervous system which for
example responds to emotional stimuli may
be expected to show considerabke varia-
tions in different subjects in due time. In-
sofar, the aim of the study was to detect
very small effects at possibly great varia-
tions or to exclude such effects. Therefore,
it was necessary to minimize variations
between test subjects and observation in-
tervals as far as possible to already by
means of the test design.

Statistics operate as follows: In view of
the relation between effects, disturbances
and observations a model is assumed.
Based on the data it is tested whether the
conditions for applying the model are ful-
filled. Subsequently, on the basis of such
a model for example parameters can be
assessed, confidence intervals can be cal-
culated, hypotheses can be examined or
options can be found. In the end, results
have a certain probability factor.

It is not sufficient to transfer data into
formula or to computer programs and then
to gather mentioned probability factor from
tables or from the desktop. Model devel-

opment and testing are very important el-

ements of experiments; but as important
are the interpretation and evluation of the
results, i.e. drawing the connection between
statistical model and practical application,
a step that should be taken with great care.

In the following, the test design will be
described; after that we will point to the
problem of fatigue effects. Next, the sta-
tistical model will be introduced comple-
mented by a description of the conditions
required for its use. The ensuing chapter once
more presents the characteristics of statisti-
cal analysis illustrated by an example. We
will show how respective conditions were
tested. Finally, we will deal with the test

performance itself and validation of results.

2.2. Test design

The study participants were subjected
to a resting period, followed by two obser-
vation intervals separated by a rest. Dur-
ing one interval they were exposed, dur-
ing the other one there was no exposure.
Here, neither the testing scientist nor the
test subject knew during which interval
exposure occurred (double-blind experi-
ment). Such set-ups reduce variation com-
pared to a theoretical set-up that exposes
one half of the test subjects leaving out
the other half. This is called ‘crossover de-
sign’. The sample size of 50 subjects was
set in cooperation with the physiologists
according to their experience concerning
magnitude and variation of physiological

quantities.

2.3. Fatigue effects

Pretests showed that in spite of resting
in due course of observations resting or
fatigue effects could overlie possible field

exposure effects. Since fatigue effect and

possible field exposure effect could not be
separated during experiment, they had to
be statistically analysed together. Ulti-
mately, the occurrence of fatigue effects
proved advantageous for the test, as they
allowed assessments as to which magni-
tude effects can be detected by the statis-

tical model.

2.4. Statistical Model

The basis was a linear model, i.e. the
assumption that fatigue effect and possi-
ble field exposure effect additively over-
lie: For each measurement the observed
value is an addition of the average value,
the fatigue effect, the field (sham) expo-
sure effect, as well as random disturbance.
The latter is assumed as normally distrib-
uted with an expected value equalling zero.
Linearity is adequate for relatively small
effects. Deviations from the average value
equalling zero are seen as effects. An
approximatly normal distribution is to be
expected when disturbances are caused by
a great number of independent influences.
The conditions for the application of the
linear model have to be reviewed (see chap-
ter 6).

In our case, the zero hypothesis means
that no field exposure effect is identifi-
able. In regard to the model it means that
for each observed variation the difference
between the values of field exposure/sham
exposure equals zero and that all devia-
tions from zero must be seen as random
disturbances.

Based on the zero hypothesis via meth-
ods of linear algebra a test variation with
known distribution is developed (2). That
enables us to describe in detail the prob-

ability of observed effects being caused

NEWS letter 4-00 5



Research

Studies

by random variation. In other words, we
can identify the probability of erroneous
rejection of the zero hypothesis (based on

the assumed model).

2.5. Graphic interpretation
What does this proposition mean in prac-
tice? An illustrative example may be the
situation of a producer and a consumer
who have to judge a product’s quality.
Both are interested in symmetrical quality
and wish that no ‘effects’ occur. The zero
hypothesis claims that there are no ef-
fects; certain differences may be explained
by the usual variations. Both opponents
wish the hypothesis to prove correct. At a
practically conducted sample deviations
may occur. If p is the probability that ac-
cording to the zero hypothesis an effect
observed in experiment is due to random
deviations and not to a true physical ef-
fect. Thus, p is the probability of an erro-
neous rejection of the zero hypothesis ‘no
effect’. The producer prefers the selection
of a small p to prevent unnecessary reser-
vations; the consumer rather tends to a
big p, since he expects that it would di-
minish the probability of an existing physi-
cal effect remaining undetected. In many
concrete situations a big p will indicate a
slight probability of an erroneous rejec-
tion of the zero hypothesis. But this ‘mis-
take of second degree’ is not quantifiable

within this model.

2.6. Control of conditions

After completing measurements the data
were made available to statistical evalua-
tion as ASCII files. Data were examined
for bad mistakes and inconsistencies. As a
matter of fact, it showed that measure-
ments of a subject’s skin temperature con-
tained mistakes, presumably because the

measurement probe had been misplaced.
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This demonstrates clearly that such an ex-
periment can not be fully automated. All
data of this subject were excluded from
the study.

In the following, applying methods of
mathematical statistics we examined
whether the conditions for use of a linear
model were fulfilled. The condition of
approximatily normal distribution was tested
by two methods. For one thing, a Mahalanobis
test on statistical strays was applied (3). Dur-
ing this procedure the linear model is adapted
to the data, variation is assessed, a confidence
ellipsoid (for the multi-dimensional normal
distribution) is determined and, finally, indi-
vidual data outside the ellipsoid are classified
(3). There was one subject requiring classifi-
cation as a stray.

On the other hand, a Shapiro/Wilk test
was performed to determine whether each
variable was approximately normally dis-
tributed (3). The result was that from the
measured variables only skin temperature
showed a significant deviation. This di-
vergence could be put down to a single
subject. The influence of this subject was
traced back during computation.

Further, homogeneity of covariance
matrices was to be examined (1). Consid-
ering all remaining subjects, there was a
satisfying homogeneity; without the men-
tioned stray covariances even were defi-
nitely homogeneous.

The reader may find these details quite
unimportant; a thorough investigation,
however, requires an examination of test
conditions, an analysis of each deviation
and particularly, tracing back devation ef-

fects on the final result.

2.7. Test conduction
After all this preliminary work the ac-
tual test could be carried out. The test vari-

able corresponds to a field distribution with

known free gradients (naturally depend-
ing on the size of the actual sample (49)
and on the number of observed measure-
ment variables (9)) (1, 2). Considering all
49 test subjects p was = 0.71; leaving out
the stray the result was p = 0.80 (calcu-
lated by means of the statistics package
(3)). This means that the existence of physi-
cal field exposure effects can be excluded
even allowing that in about 70% of all
experiments the proposition ‘There is no
field exposure effect’ is erroneously re-
jected. Thus, the hypothesis ‘There are no
field exposure effects’ (in regard to the
measured parameters, at the selected fre-
quency and intensity) statistically verified.
It is of interest to do also a statistical
evaluation of the (from a medical point of
view quite small) fatigue effect. Here, the
result is a p-value of around 0.0001 to
0.0005 (depending on the consideration of
strays). That means that the hypothesis
‘There is no fatigue effect’ is rejected with
extremely good significance. We may con-
clude that the selected test set-up princi-
pally is able to detect very small effects.
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