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Abstract: Electromagnetic fields are a constant companion of modern civilisation. It is undeniable that modern life is unthinkable without its ubiquitous
presence. However, it is the responsibility of science to implement these technical achievements in such a way as to minimise adverse effects to humans
and the environment. Concerning potential biological and health effects of high-frequency electromagnetic fields there exists a scientific controversy
lasting for almost 50 years. There is agreement that immediate, acute reactions from increased temperatures due to absorption of electromagnetic energy
exist and that adverse outcomes or even death may occur as a consequence of these thermal effects. However, there is disagreement about the
existence of non-thermal or athermal effects and the role for human health of low-level exposures that do not result in a relevant temperature increase.

Epidemiological studies (especially about brain tumours and leukaemia) point to a moderately increased risk in subjects exposed to diverse types of high-
frequency electromagnetic fields. Particularly prolonged exposure to mobile telephones seems to be associated with an elevated risk to develop brain

tumours and maybe other malignancies localised in the head.

Animal experiments provide at most limited support to the assumption of a carcinogenic potential of high-frequency electromagnetic fields. However, most
studies have severe methodological limitations and cannot contribute to risk assessment.

BioloSke in zdravstvene posledice zaradi izpostavitve
visokofrekvencnim elektromagnetnim poljem

Kjuéne besede: visokofrekvenéna elektromagnetna polja, vpliv EMF na zdravje, zaséita pred EMF, atermi¢ni vplivi EMF

lzvle¢ek: Elektromagnetna polja so stalen spremlijevalec moderne civilizacije. Ne moremo zanikati, da si modernega zZivljenja ne znamo veé predstavijati
brez njihove prisotnosti. Odgovornost znanosti je, da vpelje tehnoloske dosezke na ta nadin, da zmanj$a njihove skodljive vplive na ljudi in okolie. Glede
moznega vpliva visokofrekvenénih elektromagnetnih polj na bioloske sisteme in zdravje v znanstvenih krogih v zadnjih petdesetih letih viadajo nasprotujo¢a
st mnenja. Obstaja strinjanje, da je mozna takoj$nja, akutna reakcija na povecanje temperature zaradi absorpcije elektromagnetne energije, ki lahko
povzrodi $kodljive posledice ali celo smrt. Obstaja pa dvom, da nizkoenergijska sevanja, ki ne povzrocajo povisanja temperature prizadenejo ¢lovekovo
zdravje, 0z. da taka sevanja sploh lahko imajo atermi¢ne efekte.

Epidemioloske $tudije (Se posebej o mozganskih tumorjih in levkemiji } kazejo na nekoliko povecan rizik pri osebah, ki so bile izpostavijene razli¢nim
visokofrekvencénim elektromagnetnim poliem. Se posebej daljsa izpostavijenost mobilnim telefonom kaze na poveéan rizik razvoja mozganskin tumorjevin
mogoce Se kaksnih drugih malignih tvorb v glavi.

Tudi poskusi na Zivalih nam podajajo omejene dokaze, ki bi podprli predpostavko o potencialni karcinogenosti visokofrekvenénih elektromagnetnih polj.
Vecdini studij lahko ocitamo resne metodologke omejitve in le redke bistveno prispevajo k oceni rizika.

plications of radio frequency (RF) fields during world war

1. Introduction
Il. Miniaturisation of electric circuits made necessary by

Nothing is more central to modern technologies than elec-
tromagnetic fields (EMF). Since the middle of the 19th cen-
tury electricity gradually replaced the steam engine and
already a few years after Heinrich Hertz's experiments in
the 1880ies demonstrating that EMF have exactly the prop-
erties predicted by Maxwell’s equations (that unified the
theories of electricity, magnetism and optics) radio broad-
casting stations started to transmit regular programs all over
the world. Military purposes accelerated the development
of powerful and efficient radar technologies as well as ap-
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space flights led to the digital revolution we do experience
in our days. Introduction of computer technology into tele-
communication began to fundamentally change our habits
in the 1990ies due to the introduction of digital cellular
telephones. This process turned a whole branch of indus-
try upside down, and rapidly changed a system (the ana-
logue wired telephony) that remained almost unchanged
for about 100 years.
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All these new applications supplied us not only with a lot of
new tools but changed alsc our environment. While the
steam and smoke of the early days of industrialisation could
be seen and smelt, and in some areas like the German
Ruhrgebiet or the Manchester area hid the sun like a big
cloud, emissions from these new facilities, like broadcast-
ing towers, radar stations and high-voltage lines, can nei-
ther be seen nor smelt and therefore were more or less
neglected. Only few critical comments concerning poten-
tial adverse health effects of EMFs can be found before
the early 1950ies.

During world war Il some physicians noted health relevant
reactions in radar personnel and therefore safety limits were
introduced in some countries for military (and also in some
occupational) areas. In 1953 a report of MclLaughin /1/
about a cluster of leukaemia cases accusing radar expo-
sure as a potential cause was answered with disbelief by
the scientific community. Also research from Boysen /2/
in rabbits demonstrating haemorrhage and tissue necro-
sis in almost all organs from exposure to a 300 MHz RF
field was answered with scepticism by the scientific com-
munity, although the microwave oven was already invent-
ed and tissue heating from high frequency exposures
should have been expected.

In 1957 a case of death from an unknown amount of mi-
crowave energy had a great media coverage and led, in
the Western World, to the onset of serious research and
raising of research funds. In a sense this sad event can be
said to be the starting point of the EMF controversy as well
as of co-ordinated research. Barron and Baraff /3/, physi-
cians at Lockheed Aircraft Corporation, published a study
initiated by these startling findings in the influential Journal
of the American Medical Association in 1958 comparing
radar personnel with unexposed controls concemning dif-
ferential blood count and other parameters. Authors con-
cluded that there is no reason for concern as long as the
precautionary measures (defining an area that exceeds a
power density of 131 W/m _ that should not be accessed)
are observed. However, taking a closer look at their dataa
significant difference in monocytes and eosinophils be-
tween workers exposed for four years or longer and con-
trols can be detected. This effect was obscured by com-
bining the data from the whole workforce, the majority of
which was employed for one or two years only. Already
this first human study revealed a rather superficial consid-
eration of facts in some parts of the scientific literature.

2. Effects of high frequency EMF

During the 1960s and 1970s the pioneering work of sev-
eral groups of researchers clarified some of the basic prob-
lems of the interaction between high-frequency EMF and
biological tissues. The strong frequency dependency of
the interaction reflected by different relaxation modes was
one of the key findings, although the microscopic reasons
for the macroscopic differences in dielectric constants or

conductivity spanning several orders of magnitude for the
frequency range between several hundred Hz and several
GHz are less well understood. Schwan /4/ concluded in
1978: “Among the established effects in biological sys-
tems the most important is heat development but direct
field interaction with membranes, biopolymers, and bio-
logical fluids are all possible”, Despite these various possi-
bilities the focus was on the most simple and prominent
effect; elevated temperatures from absorption of electro-
magnetic energy. Subsequently the concept of specific
energy absorption formed the basis for exposure stand-
ards in most western countries. A different approach was
followed in the former Soviet Union, China, and many oth-
er eastern countries: they started from observations in
humans and studied biological reaction in animals and iso-
lated tissues without basing their research on a thermal
effects concept but were interested in health relevant ef-
fects in a broader sense. Furthermore, completely differ-
ent models of the interaction of EMFs with biological mol-
ecules and tissues were developed that were recognised
only recently by western scientists (e.g. resonance phe-
nomena in the presence of the earth magnetic field and
weak alternating magnetic fields).

Only for power-frequency fields there was some public
awareness, especially concerning high-voltage lines. High-
frequency fields were almost completely neglected by the
media until the advent of modemn telecommunication that
was accompanied by the installation of thousands of mo-
bile-phone base-stations in the midst of densely populat-
ed areas. The controversy about potential adverse health
effects from exposure to high-frequency EMF, that was
more or less confined to the scientific community, extend-
ed to the political and economical sphere which made the
task to come to a balanced conclusion not easier. Further-
more, preventive concepts that were developed in the past
50 years and guided decisions about exposure standards
for environmental and occupational pollutants were not or
not fully adopted for EMFs.

2.1 Dosimetry

The guidelines /5/ of the Intemational Commission on Non-
lonizing Radiation Protection (ICNIRP) date back to the
deliberations of the subcommittee of the Institute of Elec-
trical and Electronics Engineers (IEEE) that prepared the
exposure standard for the American National Standards
Institute and is known as the IEEE standard C95.1 /6/.
Although ICNIRP deviated in several points from the I[EEE
standard, the basic concept of issuing a single basic re-
striction that is formulated in terms of the specific energy
absorption rate (SAR) for the total range of high-frequen-
cies up to about 10 GHz and deriving at reference levels
by using the relationship between frequency of the inci-
dent field and SAR, has been adopted.

SAR is defined as the time derivative of specific energy
absorption (SA). SA is defined as the quotient of the incre-
mental energy absorbed by, or dissipated in, an incremen-
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tal mass. SAR is proportional to the square of the internal
electrical field strengths and also proportional to the temper-
ature increase in the exposed organism or tissue. The SAR
concept is characterised by the view that SAR is the funda-
mental dosimetric parameter in the frequency range from 10
MHz to about 10 GHz from which exposure limits can be de-
rived, as expressed by ICNIRP /5/: “...these guidelines are
based on shortterm, immediate health effects such as ...
elevated temperatures resulting from absorption of energy
during exposure to EMF.” (p.4986). The great strength of this
concept is its independence from characteristics of the inci-
dent field. However, it is a macroscopic concept and intro-
duces a gross simplification, maybe an oversimplification, even
if only energy deposition is concerned.

Due to the complex structure of biological tissues with
grossly different dielectric properties an exact computa-
tion of SAR or SA is impossible. Therefore, for computa-
tional purposes as well as for the operationalisation of
measurements simplifications are necessary. Usually meas-
urements are conducted using phantoms filled with an elec-
trolyte gel or liquid with defined dielectric properties. This
procedure will result, at least for electrolytes which are
deliberately chosen to give conservative estimates, in an
upper limit for the SAR. However, this statement holds only
for a big enough volume element and for exposures that
are within one frequency range only {that is, not consisting
of simultaneous exposure to several EMFs with strongly
different frequencies). The muiti-layer structure and spe-
cific form of tissues result in a considerable heterogeneity
of absorption, which could not be completely accounted
for by these measurements. It has to be borne in mind that
as the field travels through tissues its wavelength and di-
rection changes and the more so the higher the absorp-
tion. The depth of penetration into tissues is inversely re-
lated to the rate of absorption, thus tissues embedded into
fat or bony structures will be exposed to higher internal
field strengths as tissues that are surrounded by liguids.
However, the measurement of the dielectric properties of
tissues is very complicated and if done outside the living
organism the rapid loss of extra- and intracellular fluid will
result in a hardly quantifiable bias. The best currently avail-
able data concerning these properties can be found in
Gabriel et al. /7,8/. However, recent measurements
/9,10/ indicate that the values used so far may not be cor-
rect.

On the other hand computational methods like FDTD (fi-
nite difference time domain) could in principle be used to
assess the distribution of energy absorption within the body.
But also such methods have their limitations. Even if data
from computerised tomography are utilised, the necessary
simplifications that have to be applied in order to keep com-
putational efforts within reasonable limits are apparent.
Besides the mentioned fundamental limitations the meas-
urement (and computational) errors have to be considered.
At present it seems that even the best equipment results in
a net coefficient of variation of not much less than 30%, a
figure that seems untenable for regulatory purposes.
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The main criticism however is related to the focus on the
energetic aspect. The interaction of the electromagnetic
field with the organism is restricted to the ensemble effect
of the resulting increase of the kinetic and rotational ener-
gy of charged and polarized particles, which is reflected
by a temperature increase. In the WHO Environmental
Health Criteria from 1981 it is said about SAR that “it may
not be the only factor, e.g. frequency and/or modulation
of the radiation field may strongly affect biological effects.
Consequently, the nature of the radiation fields should al-
ways be considered in addition to the SAR” (UNEP/WHO/
IRPA /11/, p.45).

SAR is a rate. Hence the question arises about the role of
duration of exposure. Using SAR as a basis for exposure
limitations, implies that exposure duration plays no deci-
sive role. While this is questionable for low intensities, it is
surely wrong for high exposures. If the exposure exceeds
the capacity of the organism to dissipate the heat induced
by the absorption of electromagnetic energy, tissue dam-
age and even death may occur. Thermal death could re-
sult from severe hemorrhage and tissue damage or from
cardiac failure. Results from earlier studies /12-17/ onther-
mal death are summarized in fig 1. Data from four species
indicate that time to thermal death is roughly inversely re-
lated to SAR. Hence thermal death occurs (over a wide
frequency range) at a constant SA value. This value is ap-
proximately 95 kJ kg!. However, the data are compatible
with an SAR asymptote of 2 to 5 W kg™ (indicating that
SAR values below this range would not result in thermal
death even at indefinite exposure duration). This is in line
with the observation that exposure at about 4 W kg™ leads
after a steep temperature increase to a steady state. How-
ever, it is not known how long this steady state can be
maintained and whether the regulatory efforts of the or-
ganism results in any long term adverse effects.

Another point which is also of importance (and which led
Italy not to adopt the SAR concept in its regulations) is the
fact that while it is intrinsically an effect meter (that is a bio-
physiological response variable) it is practically impossible
to demonstrate the compliance with any standard ex-
pressed in its terms in the exposed individual. In occupa-
tional medicine there are similar measures (biological tol-
erance limits), however, in these cases it could be shown
for every exposed subject whether or not the limit has been
exceeded.

It has been argued that SAR is important due to the possi-
bility to compare exposures between species and frequen-
cies. However, as has been stated in UNEP/WHO/IRPA /
11/: *...8AR alone cannot be used for the extrapolation of
effects from one biological system to ancther, or for the
extrapolation of biological effects from one frequency to
another.” (p.45). The problem here could be readily dem-
onstrated by reference to the discussion concerning the
applicability of results from animal experiments to human
exposuies. Should exposures be scaled to parallel rela-
tive absorption (for every pair of species Aand B, e.g. mice
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and humans, there is a unique function S of frequency that
results in  equal relative absorption rates:
SARr Af)=SARr,B(S(f)) in W kg-1 (W m-2)-1 for all frequen-
cies f within a certain interval)? Using the same frequency
for both species will generally result in completely differ-
ent patterns of absorption within the organisms, using the
scaled frequency will make the pattern more similar, how-
ever, the frequency ‘seen’ by the cells will be different. This
issue cannot be resolved without a sound theory of the
mechanisms underlying the effect in question. If only SAR
counts then it is completely irrelevant which frequency is
chosen for the experiments as long as the SAR is held
constant within reasonable limits. If frequency counts then
the SAR concept is invalid because SAR is a function of
frequency. It should be noted that these arguments are,
ceteris paribus, also applicable to local absorption rates.
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Figure 1:

The strongest argument against the SAR concept might
be formulated as follows: if there is a unique relationship
between the incident electromagnetic field and SAR then
SAR is superfluous and could readily be replaced by the
far more precise measurement of external field strength. If
there is no unique relationship then the properties of the
relationship between body and field responsible for the
lack of uniqueness will reduce the credibility of SAR esti-
mates based on crude models as those generally applied.
Hence the SAR concept is either easily dispensed of or
inapplicable due to practical limitations.

2.2 Epidemiological Studies

Because most epidemiological studies relevant to public
health are retrospective, exposure assessment is usually
a weak point. Often exposure is categorised in classes
(e.g. high, medium, low exposure) or is only dichotomised
(exposed vs. non-exposed). The problem in the study of
high-frequency EMFs, however, is additionally complicat-
ed by the fact, that it is not known which exposure param-
eters are associated with -a possible outcome. Quantita-
tive assessment of exposure is useless without this knowl-
edge. It has frequently been stated (e.g. /18/) that epide-

miclogical studies should give sufficiently comprehensive
information about exposure to allow the determination of
the relevant dosimetric parameters (that is of SAR in the
case of high-frequency EMF). While a more detailed pres-
entation of exposure characteristics should definitely be
supported, it should be borne in mind that SAR cannot be
considered an established dosimetric parameter for long-
term and complex exposure conditions. In real life expo-
sure conditions, the incident EMF, changes all the time in
many aspects; in its intensity, direction, spectrum, wave
form etc. There is no evidence that equal SAR from differ-
ent combinations of exposure parameters results in equal
long-term effects. Hence it is too early to condense expo-
sure conditions into such a guantity. On several occasions
ICNIRP pointed to the problem of exposure assessment
without specifically justifying why results from studies that
“...suffer from very poor assessment of exposure...”
(p.504), that “...generally lack quantitative exposure as-
sessment” (p.504) should be doubted. In fact, the same
deficiencies are apparent in many studies on asbestos
exposure, on formaldehyde, on passive smoking to name
but a few with similar public awareness. All that is needed
in epidemiological studies is a gradient of exposures. The
steeper the gradient the higher the probability to detect an
elevated risk if actually there is one. Furthermore, it should
be stressed that in most cases exposure misclassification
leads to a bias towards the null hypothesis of no associa-
tion. Poor exposure assessment could therefore be an ar-
gument against studies reporting no effect. The evidence
from studies reporting a significant risk, provided the study
meets basic principles of scientific conduct, can only be
dismissed by other evidence supporting the assumption
that the deviation occurred by chance or by demonstrat-
ing empirically that the risk enhancement is due to the ac-
tion of confounding factors. Only postulating such hypo-
thetical factors does not conform to scientific reasoning.

Table 1 gives an overview of the results of epidemiological
studies that investigated brain tumours as a major endpoint.
Before 2000 studies were either dedicated to the analysis
of occupational radio-frequency (RF) or microwave (MW)
exposure or to exposures from emissions of radio or televi-
sion towers. In the years thereafter studies focused on a
potential brain tumour risk from exposures to mobile phones.

The major problem in these latter studies is the compara-
tively short period of time such devices are used on a great-
er scale. Brain tumours, like most other malignancies, need
long times to develop, and decades of exposure may be
necessary to consistently detect an increased risk. In the
majority of investigations mobile phone use was short (less
than two to three years) in most subjects included in the
studies. It is of significance that in those few studies that
approached meaningful latencies in a considerable pro-
portion of study participants an increased risk was ob-
served.

It has been argued that it is unlikely that microwave expo-
sure from mobile telephone use induces brain tumours,
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rather a promotional effect may occur. Therefore, it was
stated, also short and recent exposures may have an ef-
fect that could be detected in epidemiological studies.
While it is in line with experimental research that micro-
waves at low intensities do not induce genetic alterations,
a contribution of MW exposure during initiation phase is
still possible. Furthermore, it is neglecting basic features
of the process of carcinogenesis if it is assumed that re-
cent exposures play a role in promotional processes. One
has to differentiate between promotion of a precancerous
cell clone and growth of an already established tumour. It
is possible that factors that affect promotion do also have
an impact on tumour growth, however, brain tumours of
high malignancy have such a fast growth rate that it is im-
possible to detect an influence of any factor in an epidemi-
ological investigation. Hence an influence on growth rate
can only be detected for low grade slowly growing tumours.
Therefore, the predominance of high-grade tumours in
some of the investigations will reduce the determined risk.

If the predominant effect of exposure to MW is on growth
rate the expected effect on estimates of incidence ratios
will be small due to the short exposure duration. The shift
in age-incidence function can only be a fraction of the ex-
posure duration and hence is a function of the population
gradient of the age-incidence relationship which is small
for brain tumours. However, if an effect on promotion is

assumed (with or without affecting the growth rate of an
established lesion) and the exposure is early and long-term
then the expected effect on incidence is high, higher even
than for factors that induce genetic alterations.

Overall, from 18 studies on brain tumour risk and expo-
sure to high-frequency EMFs 13 found elevated risks 6 of
which were statistically significant. This is a clear indica-
tion of a possible association and warrants further study.

Except brain tumours malignancies of the haematopoietic
and lymphatic tissues have been studied in several investi-
gations. The focus on these types of malignancies is due
to the pioneering research of Wertheimer and Leeper
/40/ on a possible association between childhood can-
cer and low-frequency magnetic fields. Lymphatic and hae-
matopoietic malignancies were predominantly studied in
occupationally exposed subjects or people exposures to
radio or TV towers.

Twelve of 16 studies reported increased risks at least for
some subgroups, eight of which were statistically signifi-
cant. For childhood leukaemia the most vulnerable period
seems to be the foetal and perinatal period. Unfortunately
no study has focused on the time point of exposure. Eco-
logical studies are in general not easily assessed because
of a number of potential biases that cannot always be avoid-

Table 1: Synopsis of studies assessing brain tumour risk of exposure to high-frequency EMF

Reference Study No of Exposure Result
type cases

Thomas et al. [19] CcC 435 occupational RF RR 1.6 [1.0-2.4]
Selvin et al. [20] E 35 TV tower RR 1.2[0.7-1.9]
Tynes et al. [21] pC 3 occupational RF SIR 0.6[0.1-1.8]
Armstrong et al. [22] nCC 9 occupational PEMF OR 1.90.5-7.6]
Szmigielski [23] rC ~47 military (pulsed) RE/MW SIR 1.9[1.1-3.5]
Beall et al. [24] nCC 149 VDT development work OR 1.3[0.9-1.9]
Grayson [25] nCC 230 military RE/MW OR 1.4[1.0-1.9]
Hocking et al. [26] E 30 3TV towers IR chitdren 0.7 [0.3-2.1]

600 R dults 0.8 [0.6-1.1]
Dolk et al. [27] E 17 TV/FM radio tower SIR 1.3 [0.8-2.3]
Lagorio et al. [28] C 1 dielectric heat sealers SMR 10 [0.3-55.7]
Finkelstein [29] rC 16 police radar (possible) SMR 0.8 [0.5-1.4]
Morgan et al. [30] rC 51 occupational RF Rhighexp. 1.1 [0.3-2.7]
Hardell et al. [31-33] CC 233 mobile telephones OR 1.0 [0.7-1.4]

139 ipsilateral use 2.6 [1.0-6.7]
Muscat et al. [34] CC 469 mobile telephones OR 0.910.6-1.2]
Inskip et al. [35] CC 782 mobile telephones OR 1.0 [0.6-1.5]
Johansen et al. [36] pC 154 mobile telephones SIRs, 1.2 [0.6-1.6]
Auvinen et al. [37] cc 398 mobile telephones ORanatog 1.6 [1.1-2.3]
Hardell et al. [38-39] CcC 1429 mobile telephones ORGnatog 1.3[1.0-1.6]

939 ipsilateral use 1.8[1.3-2.5]

¥ number of cases of discordant pairs

CC...case-control, E...ecological, pC...population based cohort, nCC...nested case-control, rC...retrospective cohort,
RR...relative risk, SIR,SMR...standardized incidence/mortality ratio, OR...odds ratio, rR...rate ratio
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ed. Nevertheless a moderately elevated risk for develop-
ment of malignancies of the haematopoietic and lymphatic
tissues can be inferred from the evidence compiled so far.

There is only weak support of the assumption of a carcino-
genic potential of high-frequency EMFs from long-term
animal experiments. There are about 25 studies that can
be evaluated. Almost all of them have serious limitations
that make an overall assessment impossible. Especially
insufficient numbers of animals, an unsuitable choice of
induction methods with a too steep decline of survival or
too high rates of incidence may be responsible for the pre-
dominantly negative findings. None of the studies was con-
ducted according to the recommendations of the US Na-
tional Toxicological Program.

3. Conclusion

There is a decade long controversy about the existence of
long-term low-level effects of high-frequency EMFs. Ac-
cording to the thermal effects principle no health relevant
effect can occur without substantial increase of body or
tissue temperature from absorption of electromagnetic
energy. Therefore the specific energy absorption rate (SAR)
is considered the basic dosimetric quantity that is also the
focus of exposure guidelines for the protection of human
health.

The critique against this concept can be summarised as
follows:

- SAR is a macroscopic concept while effects may be
due to microscopic interactions at the level of mem-
branes or biomolecules

- SAR cannot account for the complex composition of
tissues and gives at best an upper limit within rather
big volume elements

- The problem of simultaneous exposure to fields of very
different frequencies (e.g. short waves and microwaves)
is unresolved with respect to SAR measurement

- SAR establishes an equivalence that has never been
empirically demonstrated to be valid, to the contrary
for high exposure it is surely invalid, whether it holds
for low levels of exposure is unclear

- For thermal death there exists an inverse relationship
between SAR and time to death, indicating that expo-
sure duration plays a decisive role, hence SAR as a
rate cannot be the basis for calculating exposure lim-
its (if thermal effects are considered SA is definitely
the better option!)

- Compliance with a limit value expressed in terms of SAR
cannot be demonstrated in the exposed individual

- Measurement and calculation methods of SAR are com-
plicated and result in a high coefficient of variation.

Table 2: Synopsis of studies assessing risk of exposure to high-frequency EMF with respect to haematopoietic and

lymphatic neoplasms

Reference Study Noof  Exposure Result
type cases
Robinette et al. [41] rC 49 military radar SMRr 2.0[0.9-4.5]
Milham [42] rC 89 amateur radio SMR 1.2 [1.0-1.5]
Muhm [43] rC 2 electromagnetic pulse SMR 3.3{0.4-12.0]
Selvin et al. [20] E 51 TV tower RR 1.0 [0.7-1.4]
Tynes et al. [21] pC 9 occupational RF SIR 29[1.3-5.4]
Armstrong et al, [22] nCC 807 occupational PEMF OR 1.0 [0.5-1.9]
Szmigielski {23] rC ~155 military (pulsed) RE/MW  SIR 6.3 [3.1-14.3]
Mascarinec et al. [44] E 12 military radio tower SIR 2.1 [1.1-3.7]
Hocking et al. [26] E 59 3 TV towers Rehitdren 2.3[1.4-4.0]
847 TR aults 1.2 [1.0-1.4]
Dolk et al. [27] E 45 TV/FM radio tower SIRp.2km 1.2 [0.9-1.6]
51 SIR | s5km 1.41{1.1-1.9]
935 STR.10km 1.0 [1.0-1.1]
Dolk et al. {45] E 759 20 TV/FM radio towers SIR sk 1.1[1.0-1.2]
Lagorio et al. [28] rC 1 dielectric heat sealers SMR 5.0[0.1-27.9]
Finkelstein {29] tC 20 police radar (possible) SMR 0.7 [0.4-1.0]
Morgan et al. [30] rC 203 occupational RF TR high exp. 0.7 [0.3-1.5]
Johansen et al. [36] pC 84 mobile telephones SIRs2y 1.5{0.5-3.2]
Michelozzi et al. [46] E 40 radio station SMR ,quits 1.80.3-5.5]
8 SIR chitdren 2.2 [1.0-4.1]

E...ecological,

pC...population based cohort, nCC...nested case-control, rC
SIR,SMR...standardized incidence/mortality ratio, SMRr...ratio of SMR, OR...odds ratio,

...retrospective cohort, RR...relative risk,

rR...rate ratio
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M. Kundi: Biological and Health Relevant
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Evidence from epidemiological investigations, most of
which have focused on brain tumours or leukaemia, points
to a moderate risk associated with occupational or envi-
ronmental exposure to high-frequency EMFs. Mobile
phone use, in particular, may be associated with a slight
increase of the risk to develop brain tumours or other ma-
lignancies localised in the head. Support of these epide-
miological findings from animal experiments is weak, which
may be due to the non-existence of a risk or to methodo-
logical limitations apparent in most of these studies.
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