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In the last few decades, we have seen the development 
of technologies that enable wireless communications, Wi-Fi and 
cellular networks in particular. The first mobile phones and first-
generation base stations were introduced in the 1970s; they 
were available to few, but as the number of users increased, 
new generations of wireless communication networks (2G, 3G, 
4G) were deployed, each making data transmission faster and 
relying on new technology. Each subsequent generation uses 
higher frequency electromagnetic waves to transmit ever larger 
amounts of data at higher speeds to more places. Currently, 
the next generation of mobile communication networks is being 
actively introduced all over the world. 

5G is the fifth-generation wireless communication 
technology. It is the next evolutionary development that 
replaces 3G and 4G networks and offers improved mobile data 
transmission capabilities. 5G relies on waves of much higher 
frequencies (from 3 to 300 GHz). Deployment of 5G networks 
expectedly entails development of self-driving vehicles, virtual 
reality and the Internet of Things technologies.

The high frequency waves carrying data within 5G networks 
commonly fail to penetrate walls of buildings, vegetation, and 
bounce off steel structures. Therefore, good 5G signal reception 
in buildings requires amplifiers, and the network antennas must 
be placed every 100-300 meters, which is much closer than 
for the previous generation networks. These many sources 
of electromagnetic radiation can endanger health of the 
population [3]. 

This is especially important for preserving health of the young 
people, since children are sensitive to environmental factors, 
including those of physical nature. In the second decade of the 
21st century, both stationary and mobile electronic devices have 
become ubiquitous in the educational and leisure activities 
of children, adolescents and youth, which means they are 
already constantly exposed to electromagnetic radiation 
emitted by base stations, Wi-Fi spots, smartphones, electronic 
learning tools. Expanding this list with 5G antennas only 
translates into greater irradiation. 

We have reviewed scientific papers dedicated to the 
influence of electromagnetic fields of 5G networks on human 
beings. The papers were searched for in the eLibrary, PubMed, 
Google Scholar, Cyberleninka databases.

The commonization of electronic devices used for work, training, 
and leisure directly increases the intensity and time of exposure 
of people to electromagnetic fields (EMFs). Used in educational 
settings, electronic devices have a number of unique advantages: 
they expand capabilities and ensure equal access to education, 
enable learning personalization, instant feedback and evaluation 
of the results thereof, make the learning process independent 
of time and place, raise the effectiveness of classroom time, 
foster formation of new student communities, drive development 
of continued education, support self-training, facilitate assistance 
to students with disabilities. However, uncontrolled use 
of electronic devices increases the time of exposure to the radio 
frequency electromagnetic fields (RF EMFs) [4, 5].
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The influence of this factor has already been shown both at 
the molecular and body level, as reflected in the fundamental 
works by the leading Russian scientists. The currently used 
wireless communication technology standards are 3G, 4G and 
5G, and their combination translates into a complex effect 
of EMFs of various frequencies [6, 7]. 

To date, there have been published thousands of articles 
describing the biological effects of exposure to EMFs. There 
are strict restrictions on exposure to higher-level EMFs that can 
harm health of a human being; these restrictions are formulated 
in national and international rulebooks. However, researchers 
have not yet come to a consensus regarding the effects of low-
level fields and their ability to trigger biological reactions in the 
body and affect how people feel [8].

At the same time, scientific community is growing 
increasingly concerned about the potential adverse biological 
consequences of practical application of RF EMFs and their 
impact on health. Most of the reports experts have written about 
the effects of exposure to EMFs do not contain information 
about potential harm to human beings [9–13].

At the same time, there have been published works in 
which scientists expressed their concern about the lightning-
fast introduction of the modern data transmission systems, 5G 
networks in particular. Compared to the like systems common 
just a few decades ago, the respective new developments have 
unprecedented potential to create more intense levels of RF 
EMFs (e.g., with greater energy flux densities) a human being 
may be exposed to. At the same time, the currently available 
accumulated data on the safety of 5G networks are insufficient. 
The number of much longer term studies that suggest 
harmfulness of RF EMFs is growing [14–19].

In his work [20], J.W. Frank identifies four main problems 
associated with the use of 5G networks. The first is the lack 
of a clear understanding of what 5G is, because there is still 
no approved definition therefore, the meaning of this concept 
differs country to country.

The second problem is the rapidly growing number 
of laboratory studies demonstrating the destructive effects 
of high-frequency EMFs in vitro and in vivo [21]. The third problem 
is the insufficient quantity of high-quality epidemiological 
studies dedicated to the adverse effects exposure to 5G EMFs 
has on human health, but this one is offset by the emerging 
epidemiological data on the harmful impact of high-frequency 
EMFs emitted in the networks of the previous generations. 
In particular, we refer to the study [22] that presents convincing 
evidence of cancer affecting the brain, auditory nerve and the 
breast, the genesis of which is associated with exposure to strong 
RF EMFs peculiar to the networks of the previous generation. 

And the last problem is the conflict of interests accompanying 
the work of many researchers that study EMFs. For example, 
a report [23] shows that studies funded by private organizations 
interested in the investigated sources of the EMFs, as a rule, find 
no connections, and studies funded by the state or independent 
organizations present quite the opposite conclusions.  

However, not everyone agrees with such statements. An 
article [24] by the team of researchers compared the concern 
about the development of 5G networks with the panic around 
the spread of electricity in the early 20th century; to support 
such a comparison, they tried to investigate the problem from 
an engineering standpoint and formulated several questions: 
is there really evidence of a link between carcinogenesis and 
exposure to 5G network EMFs?; will the spread of 5G lead 
to an uncontrolled growth of the number of base stations and 
the level of EMFs?; are there no experimental studies covering 
radiation emitted by the 5G base stations? The team failed to 

find irrefutable scientific evidence that would allow answering 
these questions in the affirmative. However, they recognize the 
need to assess any potential health effects of low-level RF EMFs 
generated by all devices, including those in close proximity 
to users (5G smartphones, tablets, laptops, etc.).

Another study [25] also reports that adoption of the 5G 
communication standard will not translate into more intense effect 
of EMFs on human beings. The researchers described measuring 
radio frequencies in a 5G network relying on low-power base 
stations mounted so people could be in their immediate vicinity. 
The measurements were taken near two NR base stations. One 
of them had an advanced antenna system capable of forming 
a beam, and the other a traditional microcell. The sites where the 
EMF's level was measured were located 0.5 to 100 m away from 
the stations; the researchers registered both the strongest and the 
time-averaged field levels at the maximum downstream traffic load. 
In addition, based on these measurements, they assessed the 
impact typical for various cases. A comparison with the maximum 
permissible exposure limits established by the International 
Commission on Non-Ionizing Radiation Protection (ICNIRP) 
yielded the maximum exposure coefficients of 0.15 (professional 
case, at the distance of 0.5 m) and 0.68 (general public case, 
at the distance of 1.3 m). The effect on non-users was potentially 
much lower, depending on the activity of other users served by the 
base station and its beam-forming capabilities: 5 to 30 times lower 
for a base station with an improved antenna and almost 30 times 
lower for a traditional antenna base station.

Another study [26] reported similar results. In the worst-
case scenario, the specific power was 62% of the maximum 
permissible level approved by the ICNIRP. However, the authors 
note that the radiation level increases significantly as the density 
of users grows and, consequently, there appear more emitting 
user devices. The level of exposure may increase even more in 
an environment with a large number of users. 

Researchers from Madrid have demonstrated the adverse 
effects of 5G wireless communication networks [27]. They 
measured RF EMFs in real time on the street and inside houses, 
and surveyed residents; the latter revealed signs of unwellness 
(dizziness, headaches, sleep disorders, etc.).

The effect EMFs from 5G stations have on children 
and adolescents is a particularly interesting subject, since 
throughout their lives they are exposed to EMFs generated 
by stationary or mobile electronic devices [28]. For children, 
foreign scientists have proposed a comprehensive approach 
that allows factoring in the influence of all sources of EMFs 
on the body. For the purpose, they used spot and personal 
(portable) exposure meters that registered RF EMFs affecting 
children at school, at home, on playgrounds [29].

In a study conducted in Sweden [30], the effect 
of artificial EMFs on adolescents was assessed with the help 
of ExpoM-RF dosimeters. The researchers found that at school, 
smartphones generated much (67.2%) of the electromagnetic 
fields the students were exposed to, and the contribution 
of cellular base stations was only 19.8%. According to the dose 
calculations, exposure to the environmental sources (cellular 
network base stations, wireless phone base stations, LAN 
access points and mobile phones in the vicinity) averaged 
6.0% of the brain irradiation dose and 9.0% of the whole body 
irradiation dose. Thus, the authors came to the conclusion 
that RF EMFs affecting the adolescents were mainly generated 
by their own mobile phones. The sources in the environment, 
like such cellular base stations, play a secondary role.

Another study revealed the relationship between the 
occurrence of psychomotor and cognitive function disorders 
in children and the intensity of their exposure to radiation from 
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base stations. Intense RF EMFs were associated with the arrested 
development of fine and gross motor skills, spatial working 
memory and attention in adolescent schoolchildren compared to 
their peers who were not exposed to such EMFs [31, 32]. 

At the same time, researchers have shown [33] that the 
somatic complaints from children cannot always be associated 
with exposure to base stations. Many authors second this 
position. In scientific papers, it is often stated that the intensity 
of EMF in classrooms and at home does not exceed the 
standards established in various countries, and therefore does 
not have a significant impact on health [34–37]. 

Conclusion

The analysis of the scientific literature showed that, despite 
numerous studies and reviews dedicated to the influence 
of RF EMFs created by sources peculiar to the 5G standard 
networks, there is still no consensus in the scientific community 
about the possible negative impact associated therewith. There 
is no doubt that new technologies entail convenience for users 
and economic benefits. However, given the uncertainty, the 
task of assessing the potential risk to health of children and 
adults created by RF EMFs remains an urgent one.
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