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THE RISKS OF EXTERNAL MODULATION OF ION SIGNALING, MEDIATED
BY ELECTROMAGNETIC RADIATION FROM WIRELESS 5§G COMMUNICATION
TECHNOLOGY IN TRANSMITTING INFORMATION ABOUT BIOLOGICAL
PROCESSES IN LIVING ORNANISMS

The widespread urbanization of the human environment has created numerous artificial sources of electromagnetic
fields with which living organisms on our planet have to interact. Electromagnetic fields can cause both thermal and non-
thermal effects on living organisms, with the non-thermal impact being primarily discussed in this review. Non-thermal
effects include the potential influence on the exchange of secondary messengers (Ca2+, K+, Na+, and others) in the cells
of living organisms, which may lead to unpredictable effects on biological processes involving these secondary messengers.

1t is worth noting that 5G mobile technology, which utilizes millimeter waves and higher frequency bands ranging
from 6 GHz to 100 GHz for communication, may exert a certain explicit influence on human health, associated with
the information encoding processes transmitted in cellular processes. Research on high-speed THz communication
systems is rapidly advancing using various frequency windows, such as 140 GHz and 240 GHz, due to low losses during
propagation in the atmosphere. Being widely prevalent in the human environment, the radiation of such frequencies can
and, obviously, will penetrate deep into the human body. This carries the risks of possible influence on ion exchange,
particularly on calcium (Ca2+) oscillations, which play a part in numerous biological processes of the human body as
a secondary messenger, ranging from cellular regeneration to synaptic neuronal activity and memory formation at both
cellular and overall brain levels.

Additionally, there are not entirely groundless, but not fully proven, notions that motor neurons may be stimulated
by non-ionizing radiation frequencies (which may result from the operation of cellular communication towers and
redistributed by mobile phones) to the extent that they can engage brain frequencies capable of motivating cellular or
neuronal actions. All of this is possible because a single calcium oscillation can carry an integrated signal, in which
encoded information is directed simultaneously to several different processes, and certain resonance effects may exist that
influence these oscillations and may disrupt them.
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HamionanpHuH TeXHIYHAN YHIBEpCUTET YKpaiHu
«KniBchkuii moniTexHIYHUH 1HCTUTYT iMeHi Iropst Cikopchkoro»

PU3UKHN 30BHIIHBOI MOAYJIAIII IOHHOI CUTHAJII3AIIII,
OIIOCEPEJKOBAHOI EJEKTPOMATHITHUM BUITPOMIHIOBAHHSIM
TEXHOJIOI'TI BE3IPOTOBOTI'O 3B'SI3KY 5G IIJI YAC TEPEJIAYI ITH®OPMAIIII
PO BIOJIOTTYHI MPOLIECH B ’KUBUX OPTAHI3MAX

Hosanvra ypbaHizayis HABKOTUWHBO20 NPOCIOPY THOOUHOI0 CIMBOPULA Oe3Niy WMYUHUX Odcepell eleKmpomas-
HIMHUX NONI8, I3 AKUMU 00800UMBCA B3AEMOOIAMU HCUBUM OP2AHIZMAM HAwlol nianemu. Enekmpomaenimue none modice
CPUYUHAMU MEePMIYHULL | HeMEePMIYHULL GNIIUE HA JCUBULL OPSAHI3M, | came 30eDiIbul020 HemepMiuHUuLL 61116 0620600~
e€mbcsi y ybomy 02n0i. Hemepmiunuil 6niue kuouae y cebe MojiCauuil 6naus Ha 0OMiH mopunHux meccenicepie(Cal+,
K+, Na+ ma in.) y Kiimunax s#cusux opeauizmis, ujo modice npuszsecmu 00 Henepeddauysano2o eniugy Ha 0ION02iuHi
npoyecu, y AKUX 3a0isAHI Yi BMOPUHHI MecCeHdcepuU.

Heob6xiono 3asnauumu, wjo mobdinena mexuonoeisa 5G, aka uKOpuUcmogye 0Jis 36 A3KY MILIMemposi Xeui ma euuyuti
dianason yacmom 6i0 6 I'Ty oo 100 I'Ty ma inwi cucmemu HAOWBUOKICHO20 06e30pOmOoB020 38 3Ky, MOdice 30ilCHIO-
6amu NesHull A6HULL 6NIUE HA 300P06 51 OOUHU, NOG S3AHUL I3 Npoyecamu KOOY8aHHs IHoOpmMayii, wo nepeoacmocs
V Kaimunnux npoyecax. Jlocaiodcents 6ucokomsuoKicnux cucmem 36 a3ky T1Yy weuoko npocyeaomvcs 3 GUKOPUCAH-
HAM pI3HUX Yacmomuux 6ikoH, makux ax 140 I'Ty i 240 [Ty, 3a60aKku HU3bKUM 8mpamam nio 4ac po3no8CroONCeHH s
6 ammocgepi. Byoyuu wupoko po3nogcrooxiceHum y cepedosunyi iCHy8aHHs THOOUHU, UNPOMIHIOBAHHA MAKUX YACMOM
Modice i, ouesuoHo, byoe npoHukamu 621ud 1oodcbkoco mina. Lle Hece pusuxu moxciuoco éniugy Ha IOHHUL OOMIH,
30Kpema Ha xonusannsa xaavyito (Cal+), axuii Oepe yyacmov y 6e3niyi OI0N02IUHUX NPOYeECi8 AI0OCbKO20 Mild K 8MO-
PUHHULL MeceHOdcep, — 8I0 KIIMUHHOI peceHepayii 00 CUHANMUYHOT HeUPOHHOT AKMUGHOCMI | (POPMY6aHHs nam'smi K
KIIMUHHUX Npoyecis, Max i 3a2aiom A0Ccbkoeo Mo3KYy. Taxodc icHyoms He 00 KiHys 0e3nioCmaeghi, anie He NOGHICIIO
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006e0eHi OYMKU, W0 MOMOPHI HEUPOHU MOJICYMb CIMUMYIIO8AMUC YACHOMAMY HEIOHI3YIHU020 GUNPOMIHIOBAHHS (SKi
MOHCYMb OYMU pe3yIbmamom pooomu exc CmiIbHUKOB020 38 513Ky Ma Nepepo3nooLiAiomscs MOOIIbHUMY menedhoHamiL)
HACMINbLKU, WO MONCYMb 3ATYYaAmiU MO3KOGI Yacmomu, AKi MO*CYMb MOMUBY8amu KiimuHu abo neupouui Oii. Yce ye
MONCTUBO TOMY, WO O0HE KONUBAHHA KANbYII0 MOJCe HeCmu THMeSposanull CUsHAL, y AKOMY 3aKo00eana iHghopmayis,
CHpAMOBaHa 00pasy Ha OeKLIbKA PIHUX NPOYeCis, [ MONCYMb ICHY8AMU NEGHI PE3OHAHCHI ehekmit, W0 GNIUBAIOMb HA Yi
KONUBAHHSL | MOJICYMb IX NOPYULYBATNU.

Kniouosi cnosa: bioenekmpuka, émopunni meccengicepu, be3opomosa nepedaya cuznanis i emepeii, 5G.

Introduction

Evolution of life on Earth has occurred in the presence of natural electromagnetic (EM) fields,
primarily represented by geomagnetic and atmospheric influences. It is suggested that various
behavioral aspects in biology, such as bird navigation during long-distance migrations, are synchronized
with Earth's natural electromagnetic fields. Some scientists, for instance Abraham R. Liboff, even
propose considering the geomagnetic field as an integral part of human life, introducing terms such
as electrohormones and the magnetocrine system [1].

Over the past century, this natural electromagnetic environment has been disrupted due
to the extensive influence of various artificial electromagnetic fields and radiation, which have
acquired a wide and growing spectrum. Many new technologies, including induction cooktops or
wireless transmission of energy and signals, generate electric fields (EF), magnetic fields (MF), or
electromagnetic fields (EMF) within the intermediate frequency (IF) range.

Impact of external EF, MF and EMF on living organisms

Despite humanity's long-term use of electrical energy and reports of cancer cases in people living
near power lines or working with them, which have been discussed for decades, the impact of magnetic,
electric, and electromagnetic fields remains poorly understood. This lack of understanding has led to
inconsistent or undefined classifications regarding the beneficial or harmful effects that fields or their
combinations may exert [2].

While the impact of the field may be small in the short term, it can have a cumulative effect in
the long term. Tracking such effects and specifically linking them to the influence EF, MF, and EMF is
not straightforward. According to some studies, EF, MF, and EMF of moderate parameters themselves
donotaffectliving organisms and their viability. However, they can lead to deregulation of cell signaling
pathways dependent on specific ions, which in combination with cytotoxins can significantly impair
cell viability more than without field influence, as demonstrated in a study by [3], where a combination
of static and alternating MF with puromycin was applied to the U937 cell line, resulting in increased
cell death probability. Moreover, the ionic response to the action of the alternating field is expected
when the ratio of the applied signal frequency to the static magnetic field equals a certain ratio of ion
charge to mass according to the hypothesis of ion-cyclotron resonance. Observations suggest that ion-
cyclotron resonance effects can be induced by both EF and MF of much lower parameters compared
to natural cellular conditions.

A broad impact of homogeneous static external EF is documented in many reports. A static
EF can influence cell topology, elongating them to sense minimal gradients. Permanent molecular
dipoles oriented in the external EF due to the arrangement of charges can create new fields [4]. In
regions associated with active cell division during growth or healing processes, there are voltage
gradients, the disruption of which leads to the disruption of the process itself.

Under the influence of strong external EF (0.1-0.15 MV/m for erythrocytes, protoplasts,
and spheroplasts), the transmembrane potential of a cell can reach a certain critical value (1 V)
and induce a conformational change in phospholipid molecules, resulting in the formation of numerous
hydrophilic pores through the cell membrane, leading to its disruption and release of cellular contents
[5]. This ability of EF to disrupt cells is applied in electroporation and is considered a convenient
method for studying cancer cells. One of the most powerful sources of EF encountered by the average
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person is high-voltage power lines, and studies dedicated to identifying the harm they can cause reveal
that their fields have a significantly lower magnitude (kV/m) [6] than that required for electroporation,
remaining within the maximum restriction (5 kV/m) set by ICNIRP standards. However, as previously
mentioned, numerous cases of cancer among individuals in close proximity to them have been
reported, which is not surprising, as high-intensity EMF can induce significant voltages and currents
in nearby conducting elements and, most likely, through as yet undetermined physical mechanisms,
may affect ion exchange processes in the cell (possibly because the external EF affects the charge
distribution, causing ions to move in the transcellular space, thus leading to ion-cyclotron resonance
at certain frequencies, altering ion biological activity) and subsequent biological cascades in humans
near high-voltage power lines.

It is worth noting that the electrical properties of cancer cells have also been investigated. It is
known that cancer cells have altered ion composition, specifically: higher concentrations of sodium
and chlorine and lower concentrations of potassium, calcium, zinc, and magnesium (as well as
a greater amount of water) compared to healthy cells, which correlates with increased electronegativity
of the extracellular surface, leading to a decrease in membrane potential [8].

The direct effect of MF on the human body is particularly probable, considering the existence
of biogenic magnetic nanoparticles (BMNs) found in living organisms that can be controlled by
externally applied MF [9].

Wireless 5G communication technology

As the means of high-speed wireless communication 5G involves electromagnetic waves
of certain frequencies that propagate freely in the human environment, its potential impact on human
health (and possibly on the further evolution of the human body) cannot be ignored. Electromagnetic
radiation, including in the visible range, is actively researched for medical purposes, such as
accelerating wound healing and regeneration. Importantly, the interaction of electromagnetic radiation
occurs not only with the superficial layers of the body's skin but also at depths reachable for specific
frequencies. This principle underlies non-invasive blood diagnostics methods and laser-stimulated
reduction of hemoglobin complexes. Since the wavelength of 5G is greater than that of the visible
range, it will penetrate deeper into the human body.

The existence of magnetic magnetite nanoparticles in the human brain has been known for some
time, and importantly, their presence is due not only to external exposure but also to internal synthesis,
which is evidenced by differences in the topology of their structures and chemical composition
[10]. These nanoparticles are dispersed throughout the brain and are believed to participate in
the brain's bioelectromagnetic processes overall and in the formation of long-term memory [11]
in particular through the preservation of residual magnetization. In addition to cell membrane
potential, the concentration of calcium ions in the cell is also associated with the formation of cellular
and neuronal memory [12]. This concentration can change through the opening of ion channels under
the influence of shear stress caused by the rotation of magnetic nanoparticles in an external magnetic
field.

Calcium (Ca2+) serves as an almost universal intracellular messenger controlling various
cellular processes, including gene transcription, muscle contraction, and cell proliferation. Frequency
modulation of Ca2+ oscillations provides an effective means of differentiating biological responses
in the cell, both in health and disease. The amplitude of calcium oscillation over time is studied using
spectral analysis methods, including Fourier transform [13]. These oscillation parameters represent
signals targeting different processes simultaneously, each requiring different calcium concentrations
and rates of change over time. It has been shown that cessation of calcium oscillations leads to cell
death, while their initiation triggers certain life processes.

In recent reviews addressing the impact of 5G on living organisms [14], the results of studies
on the effects of microwave radiation on cell proliferation processes, gene expression, and so forth,
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precisely those processes involving calcium oscillations, have been analyzed. It has been reported
that some impact on animals and cells in vitro has been recorded in several cases; however, the lack
of strict methodology may raise doubts about these results. Moreover, results obtained in rigorous
studies have been contradictory. The lack of independent reproducibility of results also points to
a lack of systematic study of the problem.

Nevertheless, it can be assumed that, similar to ion cyclotron resonance created by the action
of'a combination of static and alternating magnetic fields, there may be correlations in the relationships
between the wavelength of electromagnetic radiation and the concentration of ions or their oscillation
parameters determined during calcium signal encoding. Since the opposite has not been proven,
the possibility cannot be ruled out that even minor disruptions in these signals may have noticeable
consequences on cellular processes, especially long-term deviations that would be difficult to capture
in a laboratory, and for which a cumulative effect may be significant.

Since calcium is involved in the processes of human memory formation [15] and synaptic
neuronal activity, we cannot exclude the possibility of non-ionizing 5G radiation affecting
human memory and cognitive function, which in turn may negatively impact human performance
overall.

Conclusions

Mechanisms of survival and spatial orientation have evolved in insects, animals, and humans over
millions of years and are directly or indirectly dependent on EMF of natural origin, as well as those
artificially created by humans to improve their quality of life. Humanity is creating new progressive
energy transmission technologies, such as mobile phone charging from a distance of meters away
from the source (Mi Air Charge Xiaomi) or electric vehicle charging methods with devices placed
directly under road surfaces, which could allow for charging a vehicle while parked or in motion
(Electreon). These technologies operate on the principle of electromagnetic induction and involve
prolonged exposure of humans to alternating MF.

Authors of scientific articles dedicated to the impact of external electromagnetic radiation on
the life and health of living organisms in contact with it emphasize that this topic is under-researched
and requires more systematic laboratory research aimed at studying the consequences of this impact.

5G is a highly beneficial technology, and it is predicted that it and subsequent generations will
be closely woven into people's daily lives, so it is evident that since the risk is not excluded, but rather
proven in several cases, the impact of 5G needs to be investigated more thoroughly, systematically,
and without conflicts of interest.

However, undoubtedly, these studies should not be aimed at suppressing the development
of human technologies due to their potential threat, but rather at considering the risks and improving
technologies for the safe integration into human life and the Earth's biological diversity.
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