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Abstract: This study is a collection of findings of published articles from
the Department of Medical Biophysics and Department of Pub-
lic Health at the Jessenius Faculty of Medicine in Martin,
Comenius University Bratislava (JEM CU) with the topic on
epidemiology of electromagnetic fields. During 14 years, 13
principal publications were created, of which 11 studies deal
with radio frequency signals from mobile phones (mainly
GSM900 and GSM1800 standard); one study describes the
construction of a new exposure system and the other deals with
the effects of low frequency electromagnetic fields. The results
showed that the electromagnetic fields can affect heart rate
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variability both in humans and animals; increasing the activity
of the parasympathetic or sympathetic nerve systems depend-
ing on place of body exposure (head or thorax, respectively);
may cause disorders of heart rhythm; loss of concentration;
headaches; and/or burning sensations in the ear area. Parame-
ters of exposition were compared with the values issued by the
International Commission on Non-Ionizing Radiation Protec-
tion (ICNIRP). They had not exceeded the permitted limits.
However, compared to data of the Bio Initiative Report, in
some cases, our measured values exceeded their limits.

Introduction

The human body is constantly exposed to the
electromagnetic field (EMF) from the environ-
ment. Solar activity, thunderstorms and the
Earth's magnetic field are the natural sources of
exposition. All technical man-made devices that
produce electro smog are artificial sources. The
massive development of science and technology
in recent decades has caused a progressive in-
crease in artificial sources, which significantly ex-
ceed natural sources in quantity and intensity and
can be classified as the high and low - frequency
EMFs [1]. Both the fields (pulsed or modulated)
are bioactive, which means that they could have
health impacts under both an acute and chronic
exposure even at very low exposure levels.

High frequency (HF) EMFs (100 kHz- 300
GHz). Two decades ago has seen a dramatic in-
crease of all means of mobile communications,
which includes space signals, smartphones, and
smart meters etc. radiating the HF EMFs. The
number of mobile phones today is almost 8 bil-
lion users. The entire world population is ex-
posed mainly to various radio frequency (RF)
electromagnetic signals which are a part of the
HF electromagnetic spectrum. The problem here
is that the population has no knowledge on the
exposure or the parameters of the received EMF.
The scientific community should be interested in
the impact on the public health of citizens. There
are some data that confirm the harmfulness of ex-
posure to EMFs and, conversely, those that com-
pletely deny these effects. The issue is even more
serious and desirable to solve due to the devel-
opment of new 5G networks and technologies
that requirement to build more Base Stations,
which is associated with higher exposure of res-
idents to EMFs [2].

The most frequently discussed topics are
mainly mobile phones and Wi-Fi routers, which

are part of the RF EMFs with a frequency range
from 100 kHz to 300 GHz in the electromagnetic
spectrum. Detrimental biological effect of RF
EMFs on living systems has been confirmed by
world organizations. In 2011, WHO/International
Agency for Research on Cancer (IARC) classi-
fied RF EMFs as possibly carcinogenic to hu-
mans (Group 2B), based on an increased risk for
glioma, a malignant type of brain cancer associ-
ated with wireless phone use [3.4].

Under acute exposition the human body re-
sponds to EMF with symptoms resembling the
flu, such as loss of concentration, headache, mus-
cle pain, general fatigue or insomnia, which are
based on the thermal and/or non-thermal effects
of EMFs. The first one is currently well known
and acknowledged, however the effects of non-
thermal radiation are underestimated.

Under chronic exposure of a body to HF
EMF (even sub-limited i.e. non-thermal) taking
longer time (weeks, months, years) the subjective
symptoms may change in objective ones result-
ing in the electromagnetic hypersensitivity syn-
drome (EHS) and/or in a decrease in number of
human sperm, fertility and immune responsive-
ness [2]. It is of interest that in experimental an-
imals exposed to 1800 MHz used for GSM
(Global System for Mobile Communications)
signal had created iron deposits in brain tissue of
rabbits accumulating just below a place of expo-
sure [5]. Likewise, as reported by Hardel et al.
[6, 39] frequent use of a mobile phone in every-
day life can be a risk factor for malignant lym-
phoma in the central nervous system. Also the
study by Crabtree et al. [7] considers that RF
EMF from a mobile phone (power 1.563mW and
0.783mW) can disrupt the microbiota of human
skin. However, RF EM signal was also used to
solve health problems e.g. in cancer patients,
where certain frequencies were found to block
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the growth of cancer cells [8]. According to clin-
ical studies RF EMFs can serve even as a safe
and effective method for achieving soft tissue
tightening in anesthetic medicine [9].

Some problems have arisen in respect to the
health of a small, but very important fraction of
the human population: children. This is even
more important because mobile devices and cell
phones may be seen in the hands of children as
young as 1-3 years in age [2]. Children have a
unique vulnerability to external adverse factors
of the environment including the high and low
frequency EMFs [1, 2]. Potential hazard of mo-
bile communication seems to be related more to
the non-thermal effects of RF EMFs.

A cellular phone delivers a power density of
RF radiation that is 2 billion times greater than
occurs naturally in the environment. The ab-
sorbed energy potentially could cause dangerous
and damaging biological effects within the
human brain [2]. It is known that the human head
is a complex structure of many different tissue
types. Each of the tissues - skin, bone, cere-
brospinal fluid, fat, brain, dura, etc., absorbs and
reflects RF energy in its own way. In addition,
the human head is far from having a uniform
shape, volume or structure. Therefore, the RF
EMF interacts with the human head in a non-uni-
form way depending on the specific location of
the brain areas/volumes. Humans and animals are
now subjected to a variety of HF electromagnetic
signals. Worse is that this situation is conducted
without monitoring, and the possibility to pro-
duce any protections. In contrast the mobile com-
munication industry creates newer tools in order
to increase the speed of communications. Hun-
dreds of Base Stations are constructed around the
countries without the possibility for citizens to
reduce their fast growth. Thus, billions of people
are not informed about the fact that their homes
and they themselves are subjected to the new and
advanced technological developments, which
under some occasions can be harmful for them
[10].

ii) Low-frequency (ELF) EMFs (1 Hz to 100
kHz).

It is generally accepted that extremely ELF
EMFs e.g. 50 and 60 Hz, can cause electrical cur-
rent flows that may shock and even damage or
destroy tissues. The sources are: railway or tram
lines; indoor and outdoor electrical wiring; high

voltage power lines heaters [1]; but also some
medical electrical devices and even a pocket
phone itself. Likewise as in high-frequency
EMFs, biological effects of ELF EMFs divide the
scientific community into those who believe in
their harmful effect on living systems, and thus
also consider them as public health problem, and
those who do not it.

First evidence published in 1979 had deter-
mined the relation between the ELF EMFs and
leukemia in children [11]. The number of studies
on this topic increased when the IARC classified
the ELF EMFs in Group 2B, as a possible car-
cinogen to humans. This classification remains
up to now [4, 12]. Two decades of the study con-
firmed the association between ELF EMFs and
childhood cancers, especially leukemia (13).
However, lately published studies did not show
consistent results to support the association be-
tween ELF EMFs and some types of “non-blood”
cancers, e.g. gliomas [14]. It was also found that
ELF EMFs were able to change the growth of
yeast in a frequency dependent manner [15, 16].
Data obtained on humans reported, stress, anxi-
ety, depression, sleep, heartbeat, and brain disor-
ders as a result of long-term occupational expo-
sure to ELF EMFs [17, 18].

Comparable to RF EMFs, also ELF EMFs
were used for medical purposes. Some studies
highlight the positive effects of low frequency
magnetic field therapy, mostly in the rehabilita-
tion of post-stroke patients, and a cancer treat-
ment, mainly in combination with an anticancer
drug [19]. In clinical practice magneto-therapeu-
tic devices with frequency up to several hundred
Hz, are commonly used for the treatment of mus-
culoskeletal disorders, pain, post-traumatic con-
ditions or damaged tissue [20, 21]. Thus, health
risk factors and mentioned above findings are a
source of concern for potential risks to public
health during exposure to high and low frequency
EMFs. The aim of our survey study is to bring
and evaluate our principal research findings deal-
ing with possible detrimental effects of EMFs on
public health.

Work methodology and research methods
The study consists of scientific and full-text
published articles created at Department of Med-
ical Biophysics JEM CU over the last 14 years.
All the articles were standardly revised and then
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published in scientific journals with higher im-
pact factors, mostly the Scopus and Web of Sci-
ences. Our electromagnetic laboratory deals
mainly with possible harmful effects of HF
EMFs in students, experimental animals and
model of brain phantom. Heart rate variability
(HRV), temperature changes, changes in Fe**
content in the brain as well as possible cancer
changes in tissues were investigated. Recently,
the laboratory has expanded its research also to
ELF EMFs employing the human head phantom,
similarly as in the case of high-frequency model.
The model of phantom enables to measure an in-
tensity, frequency and penetration of electromag-
netic signals (high or low) into the brain and per-
form the particular computer simulations. In the
phase of data collection and processing, emphasis
was given on parameters such as frequency and

intensity of electric stimulation, an exposure
time, also distance from the source of EMFs. The
studies seen in Results are listed in reverse
chronological order —i.e. from the newest to the
oldest.

Results

A total of 13 studies focusing on EMFs were
carried out at JFM CU. The study was performed
at the Department of Medical Biophysics under co-
operation with Department of Public Health of the
JFM CU between years 2009 and 2022 (Table 1).

Table 1 contains the name of author, year,
measured parameters under specific conditions
and principal findings of all studies involved in
this study. 11 studies are related to RF EMFs,
most of them analyze the effects of the GSM
standard, where the frequencies 900 MHz and

Table 1 Studies dealing with EMFs or the biological effects of EMFs

Authors, years /
Parameters and conditions

Principal findings

Misek et al. (2022) E-field mea-
surement in the frequency range
880 - 960 MHz, the distance of
EMF source from the village was
500 meters [22].

The authors focused on the distribution of hot-spots and
EMF power near base transceiver stations. The measured
values were below the ICNIRP limits, but according to the
Biolnitiative Report, they were above the safe limits.

Hamza Sladicekova et al. (2022)
GSM and UMTS standards (825
MHz, 1760 MHz, 2109 MHz) on the
human head phantom [23].

The study evaluated the effectiveness of protective acces-
sories of head against RF EMF exposure. The textile pro-
tective accessory containing silver provided the best
shielding (6-16 dB) compared to conventional caps (below
1dB)

Hamza Sladicekova et al. (2021)
ELF EMF (frequency 900 Hz), mag-
netic flux density 2.3 mT, electric
current 2 A, exposure time 0- 8 h
[24].

The results of study indicated that low-frequency EMF has
inhibitory effects on the reproduction and growth of the
yeast cells. After 8 hours, a significant decrease in the
number of yeast cells was observed. The exposed sample
had 1/3 less cells than the control sample.

Misek et al. (2020) 21 rabbits, the
first group exposed to device gen-
erated RF EMF source (frequency
1788 MHz), the second exposed to
the real RF signal from the base
stations (frequency 1805 — 1870
MHz), intensity 160 V/m, exposure
time 150 min. [25].

Two groups of rabbits were exposed to the signal gener-
ated by a device and real RF EMF signal, to evaluate the
effects of RF EMF on HRV in rabbits. The result was an in-
crease in HRV parameters associated with a lower heart
rate, which is related to increased cardiac vagal control
during exposure toRF EMF.
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Authors, years /
Parameters and conditions

Principal findings

Kohan et al. (2020)Measurement in
a building covered by 3G, 4G & WiFi
signals, two mobile phones were
used for data transfer, distance be-
tween the mobile phone and the
meter was 0.2 cm [26].

The authors focused on E-field intensities during data
transmission based on GSM and WiFi. They concluded that
the highest E-field values were found for the 4G network,
but the limits were not exceeded.

Misek et al. (2018a) 46 healthy stu-
dents, frequency 1788 MHz with in-
tensity 54 + 1.6 V/m, exposure time
18 min. [27].

The study shows that even short exposure to RF EMF has
an effect on the autonomic nerve system. During the
ortho-clinostatic test in lying position, parasympathetic
nerve activity was significantly increased compared to
sham-exposition.

Misek et al. (2018b) Faraday cage
(the specimen area 150 x 250 mm),
E-field percent deviation < 18 %
[28].

The result of the study was to build an unique exposure
cage with real GSM/DCS/UMTS signal taken from Base
Station. This RF exposure system is used for experiments
on living organisms (in vivo studies) & on cells e.g. bacte-
ria & other microstructures (in vitro).

Misek et al. (2018c) Measurements
in the city center, residential area,
rural area & extra-village area, each
micro-environment measured 20
times [29].

Distribution of RF EMF was investigated in 4 environ-
ments. 1.85 V/m was the highest measured value of inten-
sity of E-field in a residential area. According to the ICNIRP
guidelines, all values were below the limits, but According
to Biolnitiative Report, our measured values exceeded the
limits.

Habinakova et al. (2017) 44 adoles-
cents, frequency 1788.5 MHz &
max. intensity 30 V/m, exposure
time 6 min for each position
around the head [30].

The study monitored radiated RF power levels around the
head of adolescents. The temporal area connecting both
ears had the highest absorption. Tachycardia, headache or
fatigue appeared during exposure in some adolescents.

Spiguthova et al. (2015) / HF EMF
exposure from mobile phone (GSM
standard), measurement in
shielded places of the grammar
school [31]

The results showed that the radiation from the mobile
phone increased significantly during phone calls in the
shielded area of the grammar school. The shielded space
had a higher power flux density of EMF than the un-
shielded space.

Spiguthova et al. (2014) HF EMF ex-
posure, dosimetry, measurement
performed at different places at
high school [32]

The intensity values of electric & magnetic field increased
in the classrooms of the school during the increased HF
EMF exposure.

Jakusova et al. (2010) / GSM stan-
dard (900 MHz, 1800 MHz), mobile
call longer than 6 min/day [1, 33]

The study confirmed the connection between the duration
of a mobile call & a burning sensation around the ear, loss
of concentration & sleeplessness.

Jakusova et al. (2009) / GSM stan-
dard (900 MHz, 1800 MHz) [1, 34]

Based on the questionnaire, 99.4% of students use a mo-
bile phone & 44.5% call for more than 10 min/day. Univer-
sity students have sufficient theoretical information about
EMF, but not about the safe use of mobile phones.

Abbreviations: E-field — electric field, DCS — Digital Cellular System, UMTS — Universal Mobile Telecommunications System.
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1800 MHz belong to its frequency bands. One
study deals with the effects of ELF EMFs and
one study describes the construction of unique
exposure system serving for experimental pur-
poses (Table 1).

Discussion

The aim of our study was to show a progress
made in research work on the biological effects
of the HF and ELF EMFs and their health im-
pacts on living systems. Our goal was to point
out the diversity of workplace research that fo-
cuses on both types of EMFs. Most of our above-
mentioned studies (see Results) employ a com-
mon exposure parameter, mainly the frequency
of 1800 MHz or its close value, which belongs
to the frequency band for GSM 1800 standard of
mobile communication. All published articles
were properly discussed in

the journals. Here we will restrict just to the
most important findings. We found that HF (RF)
EMF affects variability of heart rate in rabbits; in-
creasing the activity of the parasympathetic nerve
activity under exposure of the head [25]; and
sympathetic nerve activity after exposure of chest
[26]; similarly as we proved in humans [27].

As for electric field intensity, value 1.85 V/m
was measured in a residential area [22] and sig-
nificant increases of the power flux density were
regularly measured in the shielded areas [31, 32].
Our findings clearly demonstrate a possible detri-
mental effect of microwave radiation spreading
from cell phones operating in shielded areas. In
comparison e.g. with an electromagnetic radia-
tion from helicopter during landing had a higher
value of electric intensity of EMF reaching 7.68
V/m [35]. Pall [36] summarized the neurological
symptoms that are most often reported after ex-
posure to RF EMF: sleep disturbances; insomnia;
headache; fatigue; loss of concentration. It is not
surprising that the probands included in our stud-
ies after exposure to GSM 1800 also had the sim-
ilar health symptoms [30 ,33, 34] due to the bio-
logical effects of microwave radiation from cell
phones. The integration between the mobile de-
vices, base stations emerging advances in mobile
phone technology, including recent 5G modali-
ties opened the discussions on the potential risk
for the biosphere.

Unfortunately, the scientific, medical, and
public health communities, after more than a

quarter of century of discussions, still do not have
a common opinion on the issue of if, and to what
extent, the EMF from mobile communications
represents a hazard for Public health.

‘What is even worse, the new 5G mobile tech-
nology is being widely employed into a society
even before the development of appropriate in-
dustrial standards [2]. It can be mentioned that
all of the indicated studies in our survey, where
intensities of electric field were measured, did
not exceed the allowed ICNIRP limits. However,
according to limits given by the Biolnitiative Re-
port they were exceeded in some of our studies
[22, 29]. According to the limits set by the
Biolnitiative Report [38], intensities of electric
field above 0.1 - 0.15 V/m for the frequency
range 400 - 2000 MHz are considered as a risky
value, whereas for ICNIRP it was 58.354 V/m
(limits of ICNIRP are valid for Slovakia, too).

It is obvious that safe limits of exposure given
by ICNIRP in 1998 (and updated in 2009) are too
high, however still valid, not reflecting the latest
scientific data. Even after update no changes in
the safe limits for the specific frequency range
were employed. ICNIRP limits consider only
thermal effects, despite the fact that many scien-
tific groups, including ours, proved an existence
of non-thermal effects, as well. As to low fre-
quency EMFs, we proved an inhibitory effect on
yeast growth [24]. The same effect was confirmed
by another study [37], where yeast of the same
species after exposure to ELF EMF had a reduced
number of cells and their growth was slower. It is
interesting that in addition to RF EMF exposure
during cell phone call, the human body is also ex-
posed to extremely low-frequency EMF from cell
phones and practically of all electronic equipment
[10,39]. This seems to be another goal for our in-
terest, looking for extremely ELF of electric and
magnetic fields during phone calls.

It is generally accepted that humans and ani-
mals are exposed at a same time to high and low
frequency EMFs with their electric and magnetic
components. It seems that different frequency of
EMF exposure, even at lower intensities but with
longer term of their duration; pulse wave form of
radiation from Base Transceiver Stations; polar-
ization; direction; modulation of signal; number
of “hot spots” in signal trajectory; distance from
the source of radiation; spreading of signal in
shielded or not shielded objects; and another
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physical entities; seems to be crucial for biolog-
ical effects of EMF exposure (stimulatory or in-
hibitory) [10]. In order to properly elucidate the
biological effects of ELF and HF EMFs on living
subjects at various frequencies and intensities
further experiments are needed. From the view
of Public Health the group of people which needs
higher protection against EMF radiation includes
babies, elderly people, school children, teenagers
and professionals. Thus, the problem of electro-
magnetic exposure is complex and has common
health and social-economy impacts.

Conclusion

Principal studies of this survey study from the
Department of Medical Biophysics under coop-
eration with Department of Public Health of the
JFM CU in Martin showed possible detrimental
effects of HF and ELF EMFs on humans and an-
imals. Either the studies dealt directly with the
subjective feelings of the probands after EMF ex-
posure (questionnaire form), or take into account
the measured values of frequency and electric in-
tensity of EMF, which were compared with the
permitted limits. Probands after exposure de-
scribed: feelings of ear burning; loss of concen-
tration; stress; anxiety; depression; heartbeat dis-
order; and sleeplessness. Exposure to HF EMFs
in shielded areas (resembling the effect of Fara-
day cage) can significantly increase the flux den-
sity of electric intensity of EMF, and are harmful
to health. Serious research in this area requires a
complex study of physical, biological and social
phenomena, and their relationship for effective
control and support of Public Health.
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