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ABSTRACT

High-frequency electromagnetic field monitoring is extremely important for the environment. Recording and con-
tinuous observation of the levels of harmful factors and their evaluation should be examined by means of sys-
tematic and reliable measurements. The purpose of the present research stems from the need for verification and
analysis whether modern phones are safe for users during telephone conversations. The analysis was carried out
with the use of two ESM 120 and ESM 140 meters measuring the same devices simultaneously. The SAR (Specific
Absorption Rate) describes the energy processes in the biological tissues exposed to electromagnetic fields (EMF).

The maximum values recorded by the ESM 140 dosimeter are SAR = 0.5 mW/kg.
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INTRODUCTION

The research into the impact of the electro-
magnetic field on living organisms is underway
in various research centers around the world. In
today’s era of wireless communication, it is im-
portant to monitor the electromagnetic field and
assess its hazards.

The electromagnetic radiation has different
effects, depending on the frequency on the field
strength and frequency spectrum. The direct bio-
logical effects of EMF on the human body include
[Mika and Michatowska, 2016]:

e Thermal effects
e Extra-thermal effects

Measuring techniques and computer simula-
tions, as well as the analysis of technical parame-
ters of technical objects emitting electromagnetic
fields are used to identify, test and evaluate the
parameters of exposure to electromagnetic fields.

Nowadays, the mobile telephony is the most
popular communication system. In the last two
decades, the mobile telephony has become the
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most popular radio communication system, en-
abling communication all over the world. Every
device (every installation) in which current flows
is a source of radiation, e.g. power grids, includ-
ing high-voltage lines, radio and television sta-
tions, base stations and mobile phones, radios,
CB-radios, radio-navigation devices or electrical
appliances used at home. People are still afraid of
the negative effects of the electromagnetic field
on their health. The introduction of the new 5G
technology (3.4-3.8 GHz) operating in a higher
frequency band than those currently in use is
also a cause for the public concern [Bienkowski
et al., 2019, Gas and Miaskowski 2019, Jozwik
etal., 2018].

Among scientists in the country and around
the world, the SAR plays a very important role.
It is an averaged whole-body or local measure of
thermal action due to the body’s thermal load due
to EMF action at frequencies between 100 kHz
and 6 GHz (RMS value averaged over any 6-min-
ute period of exposure). It is determined by
the performance characteristics of the human
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thermoregulatory system. The definition of SAR
was given in the paper [Michatowska and Jozwik
2019, Michatowska et al., 2018].

Despite numerous studies and extensive
analyses of the impact pertainin g to the elec-
tromagnetic field on the environment, its nega-
tive impact has not been clearly identified. The
analyses of EMF and SAR distribution are the
basis for estimating the electromagnetic exposure
[Michatowska et al., 2019].

LEGAL RECOMMENDATIONS

National environmental monitoring analyzes
and evaluates electromagnetic fields. The Chief
Inspector of Environmental Protection testing of
electromagnetic field levels in accordance with
the Act. The measurements of electromagnetic
fields within the framework of the Environmen-
tal Protection Agency are carried out in a uni-
form manner for the whole country since 2008
[www.gios.gov.pl].

On the territory of each province, there is a
network of 135 measurement points in which
measurements are conducted in a three-year cy-
cle of 45 points per year. The points are evenly
distributed in the province, 15 points each, over
three types of areas accessible to the population.
e central districts or city districts with a popula-

tion exceeding 50,000;

e other cities;
e rural areas

The scope and manner of periodical research
of electromagnetic field levels in the environment
is specified in the Regulation of the Minister of
the Environment of 12 November 2007. (Journal
of Laws No. 221, item 1645) [Kurgan and Gas,
2010, Mazurek et al., 2018, Mazurek et al., 2016].

The Directive 2013/35 /EU defines the cur-
rent ranges of electromagnetic fields in the EU
member states.

EXPERIMENTAL STUDIES AND THEIR
RESULTS

The study was conducted at the Centre of En-
gineering Studies of the State School of Higher
Education (Pol. PWSZ) in Chetm within the proj-
ect “Laboratory of Environmental Studies CSI
PWSZ in Chelm,” co-financed by the European
Fund of Regional Development (part of the Oper-
ational Programme Eastern Poland) 2007-2013.

The Specific Absorption Rate measurements
were carried out with the Maschek ESM 120 me-
ter and the Maschek ESM 140 dosimeter in an en-
vironmental laboratory. The Specific Absorption
Rate was measured during 6-minute calls made
using mobile phones of various manufacturers.
The results for the following selected models of
mobile phones were presented: 1. Xiaomi Redmi
7, 2. iPhone 8, 3. Samsung Galaxy ACE III, 4.
iPhone X, 5. LG Q60. The results were recorded
at the same time with two different measuring de-
vices in order to check whether the obtained val-
ues comply with the European Directive and the
obtained values are of the same order.

The ESM 120 is an innovative SAR measure-
ment device for GSM 900 and 1800 MHz fre-
quencies. The parameters of the meter were de-
scribed in [Michatowska et al., 2018].

The ESM 140 measures the electric field
strength for high frequencies such as 900MHz,
GSM1800, DECT, UMTS, WLAN and its char-
acteristics were presented in [Michatowska
etal., 2018].

The measurements started with placing the
mobile phone in the tripod of the ESM 120. Then

Fig. 1. Measurement of SAR a mobile phone: a) ESM 120 meter, b) ESM 140 dosimeter
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Figures 2, 3, 4, 5 show the results of select-
ed SAR measurements with the ESM 120. The
measurements were made for the GSM 900 fre-
quency band, which received the largest signal in
the environmental research laboratory of the State

a telephone call was made. The results of the on-
going telephone call for 6 minutes were analysed.
At the same time, measurements were performed
with the ESM 140 dosimeter, which was placed
near the ESM 120 meter.
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Fig. 2. Results of a mobile phone specific absorption rate SAR measurement performer with the
EMS 120 measuring device: a) telephone No. 3, b) telephone No. 1, ¢) telephone No. 4
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School of Higher Education of Chetm. The results
of the analysis were presented for the RMS values
(the mean values displayed) as well as for Peak
(the maximum values displayed).

Highest values SAR, . =0.2 W/kg and
SAR, ,=0.35 W/kg. Figures 3, 4 and 5 show the
results of measurements of the Absorption coef-
ficient with the ESM 140 dosimeter. The mea-
surements were performed in the GSM 900 up
(880-915 MHz) and GSM down (925-960 MHz)
frequency bands.

The measurement values shown in Figures 3,
4 and 5 are presented separately for RMS and Peak
values due to the impossibility to generate them
from the memory of the 140 dosimeter in such a
way as to place them on one graph. The character-
istics obtained by the measurement show that the
highest maximum values of SAR = 1.24 mW/kg.

a)
measurement from 22.08.2019
(Peak) Identcode: 301712208191317
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STATISTICAL ANALYSIS OF THE SPECIFIC
ABSORPTION RATE

The SAR values obtained from the measure-
ments with the ESM 120 and ESM 140 meter
were implemented in the Statistica 13.3 software
for statistical analysis. The study involves the
analysis of 420 measurements for each variable.
The values of the analysed variables are described
by mean, media, standard deviation and range of
variability. The researchers assumed error of in-
ference that equaled 5% and level of significance
of p<0.05.

The chart of data with the range of variabil-
ity showing the median and the lower and upper
quartiles for a selected group of telephones ob-
tained from ESM 140 measurements is shown
in Figure 6.
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Fig. 3. Measurements of specific absorption rate of mobile phone number three performed with the EMS 140
measuring device: a) RMS value, b) Peak value
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Fig. 4. Measurements of specific absorption rate of mobile phone number one performed with the EMS 140
measuring device: a) RMS value, b) Peak value
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a)
measurement from 22.08.2019 (Peak)
Identcode: 301712208191317

SAR pWikg

13:45:00 13:46:00 13:47:00 13:48: OO 13:49:00 13:50:00 13:51:00 13:52:00

— GSM900_Up
— GSM900_Down

measurement from 22.08.2019 (RMS)
Identcode: 301712208191317

SAR pWikg

4 L Pk bk

13:45:00 13:46:00 13:47:00 13:48:00 13:49:00 13:50:00 13:51:00 13:52:00

— GSM900_Up
— GSM900_| Down

Fig. 5. Measurements of specific absorption rate of mobile phone number four performed with the EMS 140
measuring device: a) RMS value, b) Peak value

The mean value of the specific absorption rate
for the analysed phones ranges from 0.06 mW/kg
to 0.33 mW/kg. Variation of the study character-
istic ranges from 0 mW/kg to 1.23 mW/kg. In the
Figure 6 we can see that the maximum values
were registered for the telephone number.

In order to verify the results of measurements
with the ESM 120 meter and ESM 140 dosimeter,
a comparative analysis was performed for Peak
values in the GSM 900 frequency band. The SAR
characteristics for selected groups of phones were
shown in Table 1, giving the mean, median, range
of variability and standard deviation.

The data chart with the range of variability
presented the median and the lower and upper
quartiles for a selected group of phones in rela-
tion to the measurement with the ESM 120 meter
is shown in Figure 7.

Figure 7 shows that the maximum values for
ESM 120 and ESM 140 of the same telephones
differ significantly from each other. The highest
values were achieved for phone No. 1.

CONCLUSIONS

The obtained measurement results were re-
ferred to the European Union directive [Direc-
tive 2013/35/UE]. The limit values of SAR =
0.4 W/kg for GSM 900 frequency were not ex-
ceeded in any of the measurements. The tests
showed that the tested equipment meets the
standards included in the European Directive.
The maximum measured values of the Specific
Absorption Rate are SAR = 0.2 W/kg. These
are average values. The measurements of the
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Fig. 6. Raw graph of the range of median variability of selected phones
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Table 1. Characteristics of the specific absorption rate

Variable Mean Min Max SD Median Lower quartile | Upper quartile
1-ESM140 0,170 0,00 1,238 0,167 0,108 0,055 0,248
3-ESM140 0,144 0,00 0,681 0,079 0,129 0,092 0,177
4-ESM140 0,200 0,00 0,540 0,098 0,199 0,148 0,253
3-ESM120 0,002 0,00 0,456 0,031 0,000 0,000 0,000
3-ESM120 0,002 0,00 0,456 0,031 0,000 0,000 0,000
4-ESM120 0,083 0,00 0,185 0,040 0,0820 0,046 0,118
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Fig. 7. Raw graph of the median variation range for the measurement of the specific absorption rate with ESM
120 and ESM 140

same values with the ESM 120 and ESM 140
differ from each other. Monitoring the Specific
Absorption Rate in the context of human health
and electromagnetic disturbances is very impor-
tant. During the measurements, special attention
was paid to the fact that phones are always wire-
lessly connected via the same frequency band
(900 MHz). The analysis shows that the results
for the same devices differ when placed in the
vicinity of one another.
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