ORIGINAL RESEARCH ARTICLE Travel and Tourism Studies in Transport Development G1

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0), which permits
use, distribution, and reproduction in any medium, provided the original publication is properly cited. No use, distribution or reproduction is permitted
which does not comply with these terms.

ELECTROMAGNETIC FIELD EXPOSURE IN THE PUBLIC SPACE
OF THE SLOVAKIAN CITY

Michal Trnka'*, Patrik Galik?, Eva Kralova', Rastislav Vazan®

Institute of Medical Physics, Biophysics, Informatics and Telemedicine, Faculty of Medicine, Comenius University
in Bratislava, Bratislava, Slovakia

Department of Psychiatry, Faculty of Medicine, Comenius University in Bratislava, Bratislava, Slovakia
Institute of Physiology, Faculty of Medicine, Comenius University in Bratislava, Bratislava, Slovakia

*E-mail of corresponding author: michal.trnka@fmed.uniba.sk

Michal Trnka = 0000-0003-4599-1971, Eva Kralova 2 0000-0002-7256-9648

Article info

Received 26 July 2022
Accepted 4 December 2022
Online 21 December 2022

Resume

The main objective of our research was to map the exposure to electromagnetic
smog in the frequented space of shopping centres in the city of Bratislava
and to compare our results to the actual hygienic limits. The measurements
of the low- and high-frequency electromagnetic fields were performed at
different places in shopping centres. Our results did not exceed the Slovak
current limits in any of the measurements. However, almost all of them
markedly exceed new permitted limits according to EUROPAEM. Based
on our results, stricter limits in many European countries and increasing
evidence on possible harmfulness of long-term exposures to artificial
electromagnetic fields, preventive carefulness can be recommended - to
support the research in this field, to prepare professional public education
and possibly to prepare the stricter Slovak exposure limits.
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1 Introduction (SCENIHR), established by the FEuropean

Exposure of humans to electromagnetic fields
(EMF), low-frequency (LF) within the frequency
range from 1 Hz to 100 kHz, high-frequency (HF)
within the frequency range from 100 kHz to 300
GHz is not a new phenomenon. However, during
the twentieth century, environmental exposure to
man-made electromagnetic fields has been steadily
increasing. Technical technological innovations
constantly provide new sources, especially high-
frequency electromagnetic fields, even directly in
homes and public spaces (transport, Wi-Fi network,
wireless energy meters, wireless games etc.). In
connection with this, there are also growing concerns
today about the possible negative effects of such
high and continuous long-term exposure to artificial
electromagnetic fields [1].

In an effort to protect the public health, many
countries have tightened their health and safety
limits in this area and the Scientific Committee
on Emerging and Newly Identified Health Risks

Commission, has also addressed the issue of protection
strategies [2]. Research in this area has brought
new safety warnings and indications concerning, in
particular, the nonthermal effects of electromagnetic
smog.

It is also worth noting, for example, that the
International Agency for Research on Cancer (IARC),
a part of the World Health Organization (WHO),
has included electromagnetic fields in Group 2B
among possible human carcinogens [3] and the
WHO has organized in 2004 an international
workshop on Electrical Hypersensitivity, where
this has been defined and recognized as a real
problem [4-5].

There are many different guidelines and
recommendations in the world that also set health and
safety limits for human exposure to electromagnetic
radiation, namely, the electromagnetic fields.
However, many of them are now outdated and expired
(dated back to the beginnings of research in this area).
In many European countries, including Slovakia, the
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recommendations developed by the International
Commission for Nonionizing Radiation Protection,
abbreviated ICNIRP [6], are currently valid. In
Slovakia, these recommendations were applied in
practice in 2007 [7]. However, new recommendations,
with significantly lower exposure limits, should
also be mentioned, e.g. those published by the
European Academy of Environmental Medicine -
EUROPAEM [8] or Biolnitiative [9]. These new
recommendations are based on several researches
in recent years and correspond to the effort for the
so-called “Preventive measure”, as the effects of long-
term exposure to electromagnetic radiation from
artificial sources are now difficult to estimate more
accurately and several studies point to its potential
harmfulness.

The purpose of our research was to map the
exposure to various types of artificial electromagnetic
fields in the public areas of the major shopping
centers in Bratislava and to compare the values to the
current health and safety limits according to ICNIRP
and EUROPAEM.

2 Materials and methods
2.1 Study design

Exposure measurements to electromagnetic fields
were made in three selected large shopping centres
located in three different districts of Bratislava. We
marked them in the text with e letters A, B and
C, to maintain anonymity. The measurements in
the shopping centers were made at a height of 1.5
meters in the middle of the shopping route. The
measurement locations in the shopping centers (SC)
were distributed symmetrically on each floor along
the shopping routes. Total number of measurement
locations n = 90 (SC-A: n =40, SC-B:n =30, SC-C:n =
20). The different numbers of measurement locations
are related to different lengths of shopping routes
of individual SCs. The average values were then
calculated for each SC.

2.2 Procedure

All the measurements were performed during
the working days in the afternoon between 2:00-
5:00 PM. Exposure to the both low-frequency (LF)
within the frequency range from 20 Hz to 50 kHz
and the high-frequency (HF) within the frequency
range from 50 MHz to 3,500 MHz electromagnetic
fields was measured in all shopping centres
locations.

However, in the case of well-shielded electric
circuits, the electric component of low-permeability
is almost zero and there exists practically only

a magnetic component. The three orthogonal strength
components (X, Y and Z) of the magnetic field were
measured at each location, from which the final value
of magnetic induction (uT) was subsequently calculated.
The HF electromagnetic fields were characterized by
a power density (W.m?) that best expresses the exposure
to these fields.

2.3 Measurement equipment

Three devices were used for the measurements. An
“EXTECH EMF450” multi-field EMF meter (Extech
Brand, Nashua, NH) was used to measure exposure
to LF and HF electromagnetic fields. The device
measurement range in the mode of measurement of
magnetic induction is 0.02 - 200 uT and in the mode
of measurement the electric field intensity is 50 - 2000
V.m" in the frequency range of 50/60 Hz. The device
measures the power density for frequencies 50 - 3,500
MHz in the range 0.02 ptW.m - 554.6 mW.m™.

A “PF5 Pocket Power Frequency Meter” (EMFields
Solutions, Sutton, United Kingdom) was used to
measure exposure to LF electromagnetic fields. The
device measures in the frequency range 20 Hz - 50 kHz.
It can be used in the magnetic induction measurement
mode in a measuring range of 0.02 - 2 uT or the electric
field measurement intensity mode in a measuring range
of 5-200 V.m.

The “HF-Analyzer Gigahertz, HF35C” (Gigahertz
Solutions, Furth, Germany) was used to measure
exposure to HF electromagnetic fields. The device
measures the power density for frequencies 800 - 2,700
MHz in the measurement range 0.1 - 2,000 pW.m2. To
measure very high exposures, an electronic element
attenuator DG20 is attached that reduces the sensitivity
of the measuring device by a factor of 100 (= 20 dB).
The device then measures in the range of 10 - 200,000
pW.m2. This device measures in two modes. The RMS
(Root Mean Square) mode represents the quadratic
average of all the pulses, often called the effective
value and in the PEAK mode, which senses the peak
(maximum) values of the pulse signal.

All the broadband EMF meters were self-calibrated
before measurement.

2.4 Statistical analyses

We present the data as the mean + SD and (range).
The differences in the categorical variables between the
three groups were analyzed using Kruskal-Wallis Test
with the Post-Hoc Mann Whitney U test. All the tests
were carried out at a significance level of a = 0.05. (In
Kruskal-Wallis Test p-value of < 0.05 was considered
statistically significant). The IBM SPSS Statistics
25 statistical program was used for the statistical
processing of measured data.
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Table 1 Exposure to electromagnetic fields in shopping centres. LF = low frequency; HF = high frequency.

Place of

LF electromagnetic field
measurement

magnetic induction [puT]

HF electromagnetic field
power density [uW.m2] RMS

HF electromagnetic field
power density [uW.m?] PEAK

(number of mode mode
measurements) mean max min mean max min mean max min
Sh"pp“(lfo‘;entre A 009 025 001 79 450 10 3051 7501 70
Sh"pplr(lgoc)entre B 018t 043 005 265" 7251 20 1 9041 10 950 20
Sh"pp“(lgoc)entre C 011 020 002 1807 1 100 7 1115 3 5001 70
Limit ICNIRP 100 10 000 000} i
Limit EUROPAEM 0.1 100 100

¥ The resulting value means exceeded limits of EUROPAEM.

" The resulting value of the magnetic induction is in this case calculated according to the formula 5/f (kHz) (that is,
for 50 Hz the resulting value of the magnetic induction is 100 uT).

 The resulting value of the power density is, in this case, calculated according to the formula f (MHz)/200 (i.e. for
example for 2,000 MHz the final value of the power density is 10,000,000 uW.m>2).

#+ ICNIRP does not specify the PEAK limit.

OPEAK
]
Shopping centre C RMS
Shopping centre B -
Shopping centre A '
0 500 1 000 1500 2 000

Power density (nW.m?)

Figure 1 Mean values of exposure to electromagnetic fields in shopping
centres displayed in different modes

3 Results

The results of the statistical processing of the
measured data (mean, maximal and minimal values)
are presented in table 1 and graphically. Table
1 contains data on the exposure to LF and HF
electromagnetic fields in the large shopping centres in
Bratislava and Figure 1 shows differences in measured
LF electromagnetic fields exposures in different modes.

In the shopping center A (40) the magnetic
induction was 0.094 + 0.010 uT, the power density in
the RMS mode 78.75 + 13.41 pyW.m? and the power
density in the PEAK mode 304.78 + 24.07 ntW.m?2.
In shopping centre B (30) the magnetic induction
was 0.184 + 0.019 uT, the power density in the RMS
mode 265.40 + 28.89 uyW.m? and the power density
in the PEAK mode 1904.49 *+ 565.01 pW.m?2. In

Shopping centre C (20) the magnetic induction was
0.111 + 0.018 uT, the power density in the RMS mode
179.75 + 65.92 yW.m*? and the power density in the
PEAK mode 1114.80 + 238.51 pyW.m™?2.

We compared individual parameters in all the
shopping centers and found significant differences
in the measured values between individual shopping
centers. In the measurement of the electromagnetic
field LF - magnetic induction, the Kruskal-Wallis H
test indicated that there is a significant difference in
the dependent variable between the different groups,
¥4(2) = 16.88, p < .001. The Post-Hoc Mann Whitney
U test, using an alpha of 0.05, indicated that the mean
ranks of the following pairs are significantly different
(SC-A vs. SC-B and SC-B vs. SC-C). In measurement
of the power density of the electromagnetic field HF
- RMS mode, the Kruskal-Wallis H test indicated
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that there is a significant difference in the dependent
variable between the different groups, ¥*(2) = 28.23,
p < .001. The Post-Hoc Mann Whitney U test, using
an alpha of 0.05, indicated that the mean ranks of
the following pairs are significantly different (SC-A
vs. SC-B and SC-B vs. SC-C). In measurement of
the power density of the electromagnetic field power
density - PEAK mode, the Kruskal-Wallis H test
indicated that there is a significant difference in the
dependent variable between the different groups,
¥?(2) = 30.45, p < .001. The Post-Hoc Mann Whitney
U test, using an alpha of 0.05, indicated that the
mean ranks of the following pairs are significantly
different (SC-A vs. SC-B and SC-A vs. SC-C). Upon
closer examination of the technical documentation
of individual installations in shopping centers, we
discovered that each shopping center has different
parameters of unified access points (signal strength,
performance etc.).

In all the measurements of LF and HF fields in
shopping centers, older limits according to ICNIRP
and still valid in Slovakia were not exceeded even
once. The new limits, according to EUROPAEM, were
exceeded only slightly in the LF electromagnetic fields.
The average values of exposure to the electromagnetic
fields of LF in shopping centers, in one case only
slightly exceeded and in one case reached the value
of 0.1 uT of the EUROPAEM limit. However, the
average values of exposure to HF electromagnetic
fields exceeded the EUROPAEM limit (100 pW.m?)
in the Peak mode several times, in all three shopping
centres. In two centers, this limit was significantly
exceeded in the normal RMS measurement mode, as
well and the maximum value was even at the level of
1100 pW.m?2.

Values exceeding the stricter EUROPAEM limits
are marked in the tables in bold.

(Note: the electric component of LF electromagnetic
fields in the shopping centres was assumed to be almost
zero in all places - therefore we do not list it in Table 1
and we only present the magnetic component of the LF
electromagnetic fields).

4 Discussion

According to the effects, electromagnetic
radiation can be divided into two groups: ionizing
and non-ionizing. Ionizing radiation has enough
energy to ionize, that is, to release an electron from
an atom or molecule, or to break a chemical bond.
The population is not exposed to stronger sources
of ionizing radiation, but today is surrounded by
various sources of artificial nonionizing radiation,
e.g. electromagnetic smog (electric systems, radio and
television transmitters, networks of mobile operators,
WIFTI etc.). The effects of non-ionizing radiation can
be divided into thermal and non-thermal.

Although the thermal effect leading to tissue
overheating has been known for a long time,
currently, thanks to new methodological possibilities,
nonthermal effects and their mechanisms are the
subject of research. One of these mechanisms is,
for example, the ability of the electromagnetic
field to activate voltage-gated calcium channels.
The increased intracellular calcium concentration
activates the calcium signaling pathway, thereby
stimulating nitric oxide synthesis. Nitric oxide then
reacts with superoxide, forming an extremely reactive
peroxynitrite. Its decomposition produces free radicals
responsible for oxidative stress and carcinogenesis
[10-11]. Another possible mechanism is a direct
effect on cellular organelles and microtubules of
the cytoskeleton, which could be damaged by the
mechanism of the so-called resonant absorption [12]
or even by the direct effect on DNA, which behaves as
the so-called fractal antenna [13].

Despite the fact that the nonthermal mechanisms of
electromagnetic radiation have not yet been sufficiently
investigated, there is a growing evidence and indications
that truly long-term and continuous exposure to relatively
weak artificial electromagnetic fields can contribute to
development of various health problems and serious
diseases. The impact of the electromagnetic field is
mentioned in particular in connection with neurological
diseases, such as Alzheimer’s and Parkinson’s disease
[14-16] or brain tumors [17]. A contribution to the
development of certain forms of autism cannot be
excluded. In this context, leukemia is also mentioned in
the literature [18-19].

The IARC (International Agency for Research on
Cancer) has classified HF electromagnetic fields as
possible human carcinogen [20]. Exposure to a high-
frequency electromagnetic field can also cause a variety
of neurobehavioral changes in susceptible individuals,
particularly fatigue, mood swings, headaches, sleep
disorders and concentration [21].

Research in this area is very complicated, since
electromagnetic radiation is a factor, whose consequences
appear to manifest itself in humans only after a very
long time. In addition, other simultaneous factors
(genetics, the presence of other diseases, lifestyle, level
of stress, exposure of the body to toxic substances etc.)
are acting.

The findings obtained in experiments on cells and
animals can suggest a lot, but their direct transfer to
humans is problematic. Therefore, it is likely that the
definitive confirmation or rejection of the negative effects
of electromagnetic smog on humans will not be possible
for a longer period of time. It is currently reasonable
to take the position of the so-called precautionary
measures - to support research in this area, to sensitively
inform the public about possible risks, about levels of
electromagnetic smog exposure at different locations
and about possible measures to reduce the level of
exposure.
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Our research provides information on the levels
of population exposure to electromagnetic smog,
respectively, artificial electromagnetic fields in
frequently visited public spaces of the Bratislava
city. We compared the results of our measurements
to the limits of the most important European
recommendations for exposure to electromagnetic
fields, ICNIRP and EUROPAEM. The European
Union and the Slovak Republic [22] have also taken
over the ICNIRP limits that are still the official limits
in Slovakia. These limits do not take into account
extreme pulse fluctuations (peaks) and are based only
on influence of the contact currents induced in the
body and the thermal effects of HF electromagnetic
fields [6]. Recent EUROPAEM recommendations
already take into account the nonthermal effects of
HF electromagnetic fields and their recommended
limits already take into account the magnitude of the
intensity and power density measured in the Peak
pulse mode. The Peak measurement mode, unlike the
conventional RMS mode, also records extreme pulse
fluctuations, thus providing a more accurate picture
of the “activity” of the electromagnetic field.

5 Conclusions
Although the values of HF and LF electromagnetic

fields measured in the shopping centers in Bratislava
city did not exceed the limits currently valid in the
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