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Electromagnetic pollution of the environment has become a significant environmental factor. The intensity
of technogenic electromagnetic fields far exceeds the background indicators to which organisms have adapted
in the course of evolution, in particular by their biorhythms. Much data on the biological effects of low intensity (non-thermal) extremely high-frequency electromagnetic fields (EHF-EMF) at different levels of
the organization has been accumulated. There are many possible explanations for these impacts, but the mechanism of action is not established.
The purpose of this work is to analyze the negative effects of the use of non-thermal coherent electromagnetic radiation of extremely high frequencies. In particular, the use of microwave therapy is considered.
A review of reports on the harmful effects of non-ionizing electromagnetic and magnetic fields among the
population and professional groups has been made; the presence of the problem of hypersensitivity to such
fields was shown. Information on the development of the direction of study of the resonant biological influence of EHF-EMF by Ukrainian specialists was provided.
Particular attention is paid to the use of non-thermal microwaves for physiotherapy procedures, pain relief,
correction of psycho-emotional disorders, ulcer healing, in particular stomach and duodenum, etc. It is
noted that the so-called "therapeutic" frequencies of EHF-EMF, even if controlled, can cause negative effects, although they are not perceived as damaging. Changes in objective vital signs in the case of targeted
exposure by low-intensity millimeter-wave radiation, namely, hemodynamics, temperature increase in the
exposure zone, muscle activity, and the speed of the passage of a nerve impulse, an encephalogram were established. Precautionary recommendations based on the scientific and practical experience of using microwave acupuncture methods in the conditions of medical institutions are formulated.
The synergistic effect of various influences, in particular electromagnetic fields, may not be a direct trigger of
the disease, but a factor of not compensated stress. Therefore, clinical studies conducted many years ago
cannot simply be dismissed on the grounds that the millimeter radiation penetrates only the outer layer of
the skin. Skin cells can also secrete mediators that cause changes in ionic calcium channels and the level of
calcium in the cells. The interest in these works is justified by the fact that currently the sources of monochromatic millimeter radiation will be spread with new communication systems. The risks of their biological action should be taken into account when emitters are installed.
Keywords: technogenic electromagnetic radiation; biological effects; microwave therapy; biological risks.

Introduction
The problem of electromagnetic pollution of
the environment has medical, economic, legal,
technical, ecological, and cultural components. For
many people, the danger of electromagnetic fields
(EMF) being unregulated seems bizarre compared
to the benefits of new technology. Unlike other
scientific reviews, "old research" on this topic is relevant, as EMFs associated with new technologies
do not replace previous influences but are constantly added to them. Therefore, it is necessary to
take into account all available primary data to form
the most complete picture of the action of nonionizing EMFs.

The purpose of our review was to analyze important, in our opinion, data relating to studies of
the biological impact of EMF, including the experience of Ukrainian researchers, which is not represented in electronic digital databases and may,
therefore, be lost, in view of the increasing proliferation of non-thermal non-ionizing EMFs.
Characteristics of electromagnetic fields
The electromagnetic radiation (EMR) spectrum includes waves from extremely low frequencies (with very long wavelengths) to very high ones
(respectively, short wavelengths). Ionizing radiation
starts from hard ultraviolet (wavelengths less than
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100 nm) and reaches X-rays and gamma rays [1].
The biological risk of high levels of ionizing radiation, which is capable of directly destroying tissues
causing mutations and cancer, is already well known.
The part of the non-ionizing radiation spectrum from 3 kHz to 3000 GHz is defined as the
radio frequency range. Visible light, infrared radiation, and soft ultraviolet are essential to the existence of life. A variety of photochemical reactions
in living organisms provide the assimilation of solar
energy and obtaining information about the environment. There are receptors for the perception of
thermal radiation and electromagnetic waves of the
visible spectrum, even in the simplest organisms.
The presence of thermoreceptors is an important
evolutionarily ancient mechanism for the adaptation of living things, in particular to the thermal
component of electromagnetic radiation, which is
a significant factor in natural biochemical processes
but can potentially cause harm.
According to the Planck formula at +37 C,
the surface of the body emits approximately 10 mW
of 1 cm2 throughout the spectral range. Therefore,
a power density of 10 mW/cm2 is assumed to characterize the effect of electromagnetic radiation on
biological objects as a thermal threshold. Nonionizing radiation with lower power density is considered to be non-thermal (weak). Non-thermal
EMFs are also rated to be those that do not cause
ambient heating above 0.1 C, which falls within
thermal noise. If the energy of the quantum of radiation hν < kT ("kT problem") is mainly for lowfrequency radiation at ordinary temperatures (T
about 300 K), then this effect is weak in terms of
energy but not null. Then there is the problem of
detecting this effect among thermal fluctuations [2].
Natural EMF is considered by modern science to be one of the most important environmental factors, in particular chronoastrobiology. The
Earth, the ionosphere, and the lower atmosphere
form the global electrical circuit in which we live.
It is well known that biological rhythms of humans, birds, insects are formed under the influence
of the planet's natural electromagnetic environment, and the normal life of all organisms depends
on the stability of the environment, including its
electromagnetic properties. Natural origin EMFs
are required for a normal life, in particular the
formation of the circadian system, and their artificial increase or deficiency leads to a number of
negative disorders [3–5].
Therefore, it is advisable to compare the
technogenic EMF with the magnitude of the oscillations of natural (background) EMF to which
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living organisms are evolutionarily accustomed and
by which biorhythms and relationships are formed
at all levels of biological systems functioning: from
macromolecules to populations and biocenoses.
For example, the Earth's magnetic field at various
points ranges from 20 to 65 µT, the magnetic field
inside modern living space is 0.1 mT, and the field
of permanent magnets is 0.1–1 T [6].
In modern cities, the spectral composition of
electromagnetic noise almost overlaps the spectra
of all known natural signals, and the intensity of
technogenic EMFs sometimes exceeds the background of natural fields by orders of magnitude.
This is exactly the connection in the microwave
range that is developing most rapidly.
Microwaves are electromagnetic vibrations with
a frequency from 300 MHz to 300 GHz (wavelength from several meters to a millimeter). The
first microwave sources were constructed during
the Second World War (the use of radars was
based on the ability of microwaves to reflect off the
metal shells of aircraft). Later, it was discovered
that microwave radiation can accelerate various
chemical reactions tens and hundreds of times;
cause rapid volumetric heating of liquid and solid
samples; effectively (quickly and completely) remove moisture from solid, including porous, materials; modify the properties of various sorbents. Especially significant absorption of microwave radiation (MR) is observed in water and aqueous solutions [7]. Thus, living cells fall into the highest risk
zone when interacting with MR. For the human
body, all the power of MR will be absorbed in the
skin, eyes, cornea, blood vessels, and organs the
most saturated with water. In this case, millimeterthick clothing can even enhance the absorption of
incident microwaves, like an "anti-reflective coating" in optical devices. In this case, the thickness
of the order of millimeters slightly reduces the
power, and clothing that fits tightly to the skin
even increases the power transmission [8].
The energy of the quantum of radiation hν in
the millimeter range is less than the energy of
thermal motion kT. Even for the wavelength λ =
= 1 mm hν = 1,17103 eV, while at room temperature kT = 2,53102 eV. The quantum energy is
substantially lower not only for electron transition
energy (1–20 eV) or activation energy (0.2 eV) but
also for the vibrational energy of molecules (102–
10 1 eV) and energy hydrogen bonds (2102 –
101 eV). Below this energy quantum, there are, for
example, the energy of rotation of molecules
around bonds (104–106 eV), the energy of Cooper
pairs at superconductivity (104–106 eV), and the
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magnetic energy ordering (104–108 eV). From the
above energy estimation of different processes, it
follows that the EMF of the microwave can appreciably affect the viability only in multi-quantum
processes that are characteristic of coherent oscillations [9, 10].
Usually, the impact of fields of different ranges
is combined because providers operate at different
frequencies, but in densely populated areas they set
up their radio objects next to each other [11]. Also,
the 50 Hz industrial frequency inverter is not always
installed in home devices, such as in an electric
kettle. Insufficient shielding (or unlocked doors) of
a working 2.45 GHz microwave oven also contributes to the overall "electromagnetic smog" of
urban areas.
Epidemiological studies. Diseases associated with
long-term exposure of working and living conditions
Statistics of health complaints related to occurrence and spread of EMF sources have attracted the attention of hygienists and epidemiologists since the mid-twentieth century. Since that
time that high-frequency EMFs of artificial origin
have become a part of working conditions in industries using induction heating of materials, in
communication enterprises, in physiotherapy rooms,
in laboratories of research institutes. Special attention was paid to the risks of radio frequency exposure with the spread of cellular communications,
radars, and other measuring instruments [12–14].
In addition to diseases in humans, especially
children [14–16], near antenna-emitters, the adverse effect extends to forests [17], plants, including
agricultural (corn, rosé, peas, fenugreek, duckweed,
tomato, onion, and mango plants) [18], ants [19–
23], bees [22–23], Drosophila [24], birds [25–27],
animals [28–31]. Thus, electromagnetic pollution
disrupts ecological equilibrium, causes extinction of
insects, tree diseases, mutations of microorganisms
and viruses, and adversely affects the health of the
population.
It has been found that working under the influence of EMF of all frequency ranges can cause
functional disorders of the nervous and cardiovascular systems, asthenic symptom complex. With
increasing work experience, even under conditions
of low-intensity EMF, clinical manifestations become more pronounced, there is accumulation of
effects. Common symptoms are as follows: attention deficit disorder, headache, weakness, disability,
chronic fatigue, dizziness, poor sleep, decreased

potency, changes in electroencephalograms, limb
tremor, instability of the pulse, instability of blood
pressure, allergic reactions [32–34]. Prolonged exposure by maximum permissible radiation doses on
the brain and receptors of the vestibular and visual
analyzers when using a cellular telephone leads to
changes in the electroencephalogram (alpha, beta 1,
2 and delta waves), in synaptic structures and signal transduction, energy metabolism, in particular
metabolism ATP, in the synthesis of proteins in
brain structures, reduction in the number and density of dendritic spines, etc. If the antenna is inside
the car, the train, the plane, then the metal body
becomes a resonator and there is a multiple amplification of the EMF due to reflection. The magnitude of cellular EMF is commensurate with those
arising from the operation of radar stations, ultrahigh frequency (microwave) heating devices [35,
36]. An increase in perinatal mortality and preeclampsia of offspring conceived by servicemen after an acute period of radiation exposure was also
reported compared with service in other vessels [37].
According to various data, from 1.5 to 13% of
people have an increased sensitivity to EMF [38].
The status of electromagnetic hypersensitivity in
humans (so-called electrosensitivity) may occur after prolonged work with electromagnetic fields, for
example, for electronic equipment testers. Sometimes hypersensitivity occurs after medical examinations using X-rays or magnetic fields. Scientific
studies of this phenomenon (known as idiopathic
environmental intolerance attributed to electromagnetic fields (IEI-EMF)) have demonstrated, above
all, patients' bias in their symptoms, which were not
confirmed in double-blind experiments. However,
some isolated cases of people's hypersensitivity to
EMF have been reported, and researchers in their
findings emphasize the need for more thorough
studies, except for facts that could lead to distortions of results [37, 38–40]. It should be noted that
some physiological reactions and behavior changes
under the influence of EMF are also found in animals [41], where self-suggestion is not a question.
Technogenic fields also affect various receptors of the body: skin, visual, auditory, olfactory,
vestibular, mucous membranes. The brain perceived such signals as dryness, burning, itching,
dizziness, nausea, noise, and ringing in the ears.
Smell and vision are disturbed. This is not a disease, because after the removal of the EMF everything came back to normal. But with prolonged
exposure, irreversible changes occur [42].
Depressive states of the psyche are widespread
among workers in the industrial frequency zone
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and among the population living near high-voltage
power lines. A correlation was found between the
statistically significant increase in the number of
suicides among people undergoing chronic MF
with a frequency of 50 Hz and an intensity greater
than 0.15 µT. There is evidence of high risk for gastrointestinal dysfunction (2.5 times), liver (2.3 times),
and endocrine pathology for contingent of people
living in the area of power lines [43].
The effects of EMF include the follows: increased glucose metabolism in volunteers' brain as
a marker of brain activity [44], hearing loss and
tinnitus [45], changes in stem cell development [46],
cardiovascular disease and cancer [47], cognitive disorders [48], changes in brain cell morphology [49],
abnormalities in DNA [50], memory and learning
disorders [51], reproductive disorders [52], changes
of embryonic development [53], neurological disorders [54, 55], obesity and diabetes [56], effects
on children, including autism [57, 58], syndrome
of hyperactivity and attention deficit [59] and
asthma [60].
Confirmation of pathogenic impact of nonionizing electromagnetic and magnetic fields by
means of statistical analysis in professional groups,
model animal studies, and experience of electromagnetic therapy was provided in the monograph [41].
In 2011, the WHO/International Agency for
Research on Cancer concluded that EMF in the
range of 30 kHz to 300 GHz could have carcinogenic effects on humans (Group 2B) [61].
Some laboratory (model) researches on cell
cultures, plants and animals
Experimental studies of the influence of coherent electromagnetic oscillations of extremely high
and hyper-high frequencies (millimeter and submillimeter ranges) on the biological systems have
begun at the Institute of Radio Electronics of the
USSR Academy of Sciences (Moscow), the Institute of Radiophysics and Electronics of the Ukrainian Academy of Sciences in the 1960's [62]. The
first official scientific reports on the biological
effects of millimeter-range EMR on biological objects of various levels of organization: viruses, microorganisms, insects, chicken embryos, rats and
mice were presented by Zalyubovskaya and Devyatkov in 1973 at the Scientific Session of the
Department of General Physics and Astronomy
almost simultaneously [63].
Paying tribute to the enthusiasm of the pioneers – the scientific team led by academician Devyatkov, which became the methodological center

of a new scientific direction, it is necessary to note
the great contribution of Ukrainian science to the
process of origin and formation of the problem of
scientific substantiation of interactions of EMF
with biological systems. Works of Zalyubovskaya,
by its originality and depth of scientific decisions, were, at that time, ahead of the experimental substantiation of the researches of Devyatkov's group. And such works as the influence
of EMR on the state of bioenergetic processes in
animal organisms, the impact of EMR on the infectious activity of viral nucleic acids, principles,
and criteria for evaluating the effects of millimeterrange EMF on biological objects today, by right,
must be considered pioneer [64–67].
In the paper [68], it is shown the dependence
of the ability of E. coli bacteria to synthesize colicin on the frequency and power level of EMF.
It was found that irradiation at a wavelength of
6.5 mm for 2 h at a power flux density of about
5 μW/cm2 can change the proportion of microorganisms 2 to 3 times, that produce protein colicin.
Later, the similar frequency dependence of yeast
growth rate was confirmed in Germany by Grundler and Keilmann [69], and in Ukraine by the Andreyev's group [70]. It was shown that biological
response depends, in addition to EMF parameters,
on the method of preparation and the state of cell
culture. The danger is that antibiotic resistance of
the cultures of L. monocytogenes and E. coli is detected after exposure to 900 MHz of GSM mobile
radiation and 2.4 GHz of radiofrequency radiation
used by conventional Wi-Fi routers [71].
After the first scientific publications on the use
of extremely high-frequency EMF (EHF-EMF) in
biomedical research, which became the beginning
of a new scientific direction, many original works
were performed [72–77]. The presence of narrow
frequency bands, which are close to the natural
frequencies of individual organs or systems of the
body (brain, heart, and circulatory system) both in
the low-frequency (from 0 to 100 Hz) and in the
microwave ranges (for objects such as DNA, cell
membranes, blood ions) was experimentally shown
[78–80]. These results suggest the "resonant nature"
of the low-intensity EMF influence. Therefore, the
coincidence of the frequency of the external field
and the natural frequencies of the object plays an
important role.
Further studies intended to explain the mechanism of EHF-EMF action (at the power density of 18.6 kW/m2) at the cellular level compared to
thermal influences. For this purpose, a culture of
murine neuronal cells derived from stem embryonic
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cells was used. The increase in Са2+ fluctuations
due to changes in N-type calcium channels with
the participation of the phospholipase enzyme and
the actin cytoskeleton (the latter also responsible
for cellular biomechanics) was shown. Also, the
production of nitric oxide was not reproduced only
by thermal heating up to 42 C, although under the
influence of 94 GHz the heating in the chamber
was only about 8 C [81].
A possible course of microwave irradiation action at the organism level was investigated. The
simulated effect of the 30 mW EMF 94 GHz on a
3D culture of two major skin components, keratinocytes and neuronal cells separated by 200 μm,
showed a 5-fold secretion of neurotransmitters
such as ATP molecules by keratinocytes and increased calcium spiking in neurons. It was shown
that blocking ATP channels of keratinocytes in the
case of increasing the power to 60 mW impeded
the penetration of calcium into neurons, but was
restored by the addition of ATP from the outside.
This may explain the mechanism of activation of
the central nervous system and the effect on the
whole organism by the action of EHF-EMF on the
epidermis mediated by ATP [82]. We consider this
study important because the main objection to the
potential biological risks of using EHF-EMF is its
low permeability through the skin and, therefore,
its inability to seriously affect human health.
In the case of frequency resonance, the EMF
energy is effectively perceived by the object and
may lead to restructuring of its structure and properties. It was described both theoretical and experimental determination of resonant frequencies
(from molecules to the whole organism), which is
the basis for establishing the primary receptors of
biological action of weak EMFs [83–86].
A study of the effects of irradiation from mobile phones of different designs on the development of chicken embryos showed disturbance even
at low doses (20 min per day), which, however,
subsequently leveled off. Increased mortality by
14%, limb deformity, skin disorders, weight loss
and size reduction, fatty liver infiltration, increase
in mitochondria, deformation and disappearance of
cristae, increase in the level of heat shock protein
Hsp 70 were observed at higher doses [87]. There
was also a 2-3-fold increase in the duration of the
incubation period due to the effect of EHF-EMF
(especially when using a 6.5 mm wavelength) on
the 7-day-old chicken embryo, although no deaths
of the embryos were recorded. The weight of the
obtained chickens from irradiated embryos did not
differ from the controls until 7 days of life, but

from 10–12 days to the end of the experiment
(50 days) the weight gain was reduced [63].
In experiments on white rats of the Wistar
line after 14 and 18 months of daily irradiation at a
frequency of 970 MHz for 2 h, there was a statistical increase of the number of leukocytes and neutrophils by about 15 and 25%, respectively, and a
decrease of the number of lymphocytes by 15%
compared with the group, which was fictitious. The
increase in mortality after 21 months of irradiation
at the age of 25 and especially 28 months was also
convincing. The authors paid attention to the young
age of the rats at which the study began (4 months)
and supposed that young individuals are more vulnerable to such effects because their molecular mechanisms of compensation have been not generated
enough [88].
It should be noted that, along with numerous
reports of adverse effects of low-level radiation in
the microwave range, there is considerable opposition to the recognition of hazards associated with
the development of technology and facilities that
accompany them. Substantial research is presented
that denies any danger of radiation to biological
objects and products [89–91] and the absence of
reproduction of the declared effects. At the same
time, these and other discussion problems of possible mechanisms of influence of EMF of megahertz, gigahertz, and terahertz bands are discussed
in detail, for example, in the review [92].
Attempts of medical using magnetic fields and
extremely high-frequency electromagnetic fields
An analysis of the available scientific publications makes it possible to identify two stages in
the history of research into the effects of EMR on
living organisms. This is the preclinical period
(1966–1978) when the first experiments with microorganisms and animals were carried out, and the
clinical period, when the obtained results became
the basis for the limited clinical application of
microwave EMF in medical practice [72, 93].
The first works on the effect of weak millimeter radiation on the human body were extremely
difficult to publish. Neither official medicine nor
official physics wanted to take responsibility and
present results that "cannot be in existence". Also,
the microwave range remained associated with the
defense industry, and could be considered closed at
any time. Therefore, to assume the primacy of
articles in reputable scientific publications, or by
names of academicians in co-authors, is not entirely correct: the administrators of further studies
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provided many publications and created their own
thematic journals, securing the names of "Academician Devyatkov's group", "Professor Sitko's school".
The first studies were conducted when the
background in the millimeter range was very low,
many people really had not encountered microwave fields in their entire lives, the effect of this
factor could be studied in its pure form and to
observe the consequences. By now the situation is
changing dramatically, now the millimeter narrowband radiation is being touted as a wonderful new
type of communication that will soon cover the
entire Earth. But the biological action is not mentioned. And no one, as a physician, will carefully
select and control the therapeutic dose or determine the area of exposure of the microwave to the
patient. It will become generalized. And the protection of health and safety will largely be determined by the level of human consciousness. This
review provides information that may be a caveat
when interacting with microwave radiation.
Interestingly, many of the first results were
destructive: under the influence of the resonant
frequency of EMF microwave bacteria of E. coli
synthesized colicin, which killed them [68]; effects
on chicken embryos and pregnant female rats caused developmental delays and birth defects [63];
decrease fertility [65]; "Rudenko's phenomenon" –
blocking the action of EMR by means of a magnetic field [94,95] – led to an increase in the ulcer
defect in the patient. As a rule, health professionals
tried to approach the patient carefully, remembering the main commandment – "do no harm",
and physicists largely perceived the influence of
EMF microwave as an experiment and considered
as a valuable result even a negative strong effect on
living organisms.
Subsequently, microwave therapy and its modifications (microwave resonance therapy, information wave therapy, microwave acupuncture) received technical support and distribution as a variant
of wellness physiotherapy with not quite clear
mechanisms of action, but relatively harmless
compared to medical treatment. Attempts to build
a theory, or at least a model of the resonant action
of weak microwaves, on the basis of experimental
data, have shown the enormous complexity of
the interaction of a living organism with external
electromagnetic radiation. This is still an open
question too.
The Ukrainian direction of microwave therapy
was developed in cooperation with specialists of reflexology (acupuncture). It has been shown that
the needle introduced into the acupuncture point
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acts as an antenna, taking electromagnetic oscillations from the surrounding space and transmitting them to the corresponding "meridian" [96].
Thus, the millimeter radiation was similar to the
needle, and the points of exposure were selected
according to the rules of oriental acupuncture. The
narrow resonant frequency band provided a powerful response of the organism at low radiation intensity. For various reasons, including some of the
negative effects of such an impact, microwave reflexology is little used in Ukraine at this time. In
Russia, from the very beginning, more attention
has been paid to the hardware side – modulation,
multi-frequency exposure, choice of modes, combinations with laser radiation. According to numerous works presented in the review [97], various
microwave techniques are still used in medicine.
Theoretical and experimental studies have led
to the emergence of a new method of electromagnetic therapy for the treatment of peptic ulcer
of the stomach and duodenum, necrosis of the
femoral head, manic-depressive psychosis, drug
addiction (including smoking and alcoholism, for
correction of vegetative nervous system functions),
vegetative-vascular dystonias, complex rehabilitation of disabled persons suffering from limb defects, therapy of infantile cerebral palsy, wound
processes, diabetes, early forms of cerebral vascular
pathology, cerebral atherosclerosis, bronchial asthma,
diseases of the lower extremities, diseases varicose
veins for improving the efficiency of standard therapies used in oncology to restore the ability of
cervical cancer patients to produce interferon after
chemical therapy and others [98].
Western experts are skeptical about the possible effects of weak microwave fields on living organisms. The ambiguity of the mechanisms of influence, sometimes the opposite results from different researchers, the lack of a single test protocol, have led to respectable journals dismissing
microwave action works as "unscientific". This has
led to the fact that many of the original works of
30–40 years ago are unknown and not available
throughout the Western world. Given that access
to non-digitalized sources is now being lost and
few professionals with unique years of experience
remain, we are at risk of losing important information about the specificity of the effects of
EHF-EMF on the human body, which was acquired under experimental clinical conditions, including by the authors.
The first reports on the therapeutic use of
low-intensity microwaves were published in the
early 1980s. From 1984 to 1994, practically all
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works related to the microwave effect on the human body were performed at the clinical hospital
No. 3 in Kyiv. Medical results cited by Andreev,
Bilyy and Sitko, Devyatkov and Golant, generally
use the results of Klychniyazova and Piasetskyi
with an attempt to justify the optimal modes of
physical characteristics of external EMR and the
localization of the area of influence in the treatment of a particular disease of man.
One of the first descriptions of the technique
of the resonant effect of weak millimeter EMR on
humans was published in the article [73]. 188 people, both healthy and ill by medical diagnostics,
were tested. It has been found that in most cases
healthy people do not respond to radiation in the
range of 27–78 GHz with a power density of up to
10 mW/cm2. The same situation was typical for patients. However, local irradiation of certain areas
of the body corresponding to acupuncture points
(acupuncture) at fixed frequencies in the range of
45–65 GHz caused a sensory response in patients
with functional disorders. Sensory reactions caused
by EMF were accompanied by significant changes
in the physiological condition of the person: heart
rate varied by 10–20 beats per minute, blood pressure – by 10–15 mm Hg, effective renal plasma
flow – by 10–20%. Significant changes in the
number of free radicals in saliva, fluctuations in
acidity in the stomach, redness of the body, tremors of certain muscle groups, and hypnotic sleep
were noted. Under influence of the frequencies,
which correspond to the comfortable sensations of
patients (reduction of pain, sensation of warmth,
muscle relaxation, drowsiness), restores the functioning of diseased organs. The constancy of the
frequency of many resonances over time in the
case of chronic diseases, the individuality of the
values of these frequencies for different organs, the
small width of the resonance responses gave reason
to call these frequencies their own characteristic
frequencies of the human body.
The restructuring of the functional state of
organs and systems spatially distant from the area
of influence was accompanied by the occurrence
of sensory reactions of local (paresthesia, coldness,
heat, pain in the projection of the location of the
"sick" organ) and generalized nature (excitation or
suppression of psycho-emotional state, rhythmic
contraction of the muscle group).
The rhythmic contraction of the group of
muscles of the right and left thigh ("Rudenko's
phenomenon") was registered during the treatment
of peptic ulcer of the duodenum of the patient "R"
by the method of microwave reflexology as a result

of exposure by certain frequencies of EMF, which
were aimed at biologically acupuncture points. Sharp
dependence on frequency of EMF and degree of
manifestation of muscle contraction made it possible to clearly visualize the resonant effect on the
living organism. It was revealed that a magnetic
field directed to certain areas of the skin surface
blocks the information channel, which causes an
appropriate response of the organism (rhythmic
muscle contraction) to the influence of EMF. This
phenomenon has been used by the authors [99] to
detect the projection of these channels on the
human body surface. The topography of the information channels found on the surface of the
body practically coincides with the projection of
the traditional meridians of acupuncture points
used empirically in reflexology. Therapeutic methods of microwave therapy have been developed
taking into account the notion that the areas of the
surface of the body, which are most sensitive to
EMF, coincide with the zones of acupuncture,
zones of Zakharin–Ged [73, 74, 100].
The technique of sensory indication of frequency changes of external EMR of the millimeter
range was applied in order to substantiate the
possible "therapeutic" efficacy of one or another
frequency of EMR [94]. The analysis of 300 patients with peptic ulcer of the stomach and duodenum, which were treated by the method of local
influence on the reflexogenic areas of EMF of the
microwave range, was in the surgical department of
the clinical hospital No. 3 in Kyiv in the period
1984–1988 [101]. Treatment was carried out in
a hospital setting, without the use of medication.
Ulcerative history of 60% of patients was more
than 5 years. The vast majority of patients are
patients with peptic ulcer of the duodenum. The
diameter of the ulcer defect of the gastric mucosa
and duodenum was from 5 to 30 mm. After treatment of the uncomplicated form of a peptic ulcer
in the conditions of a hospital and appointment of
the appropriate diet the subjective signs of the
disease quickly disappeared, and patients, as a rule,
were discharged with considerable improvement. In
view of this, the effectiveness of treatment was
evaluated by the healing of peptic ulcer (according
to the results of gastroscopy), which, on the one
hand, eliminated the element of subjectivism in
the evaluation of results, on the other hand, made
it possible to judge the effectiveness of microwave
therapy.
The individual therapeutic frequency of external microwave EMF for patients with peptic ulcer
disease was determined by the onset of sensory
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responses (pain relief, feeling of heat in the epigastric region, comfortable state). The studies were
conducted in a chamber protected from environmental EMFs in terms of social and daily comfort.
Generators operating on the Gunn diode, an avalanche diode, a backward wave tube, klystron
generators in the frequency range of an EMF of
30–80 GHz were used as sources of EMR.
According to the distribution of the total number of patients, depending on their individual therapeutic frequencies of the external EMR, a chart
was obtained indicating the presence of a narrow
(about ±3.5%) of the frequency band in which the
effect on physiological processes was most likely.
The "healing" frequency of 61.5 ± 2.5 GHz, thus
found, is the basis for the development of "EHF
Electronics" devices with the subsequent permission of the Ministry of Health of the USSR for
mass production [100, 101].
An important condition for the use of microwaves in medicine is feedback to correct radiation
parameters and duration of its action for a particular person. This is the only way to reduce the
harmful effects. In addition to interviewing patients
about their well-being, in the late 1980's – early
1990's the Saturn Research Institute together with
the clinical site of the A. Shalimov Kyiv National
Institute of Surgery and Transplantology methodologically developed and created an installation that
allowed to record in real time physiological reactions in patients during microwave exposure directly in the impact zone (acupuncture points or
reflex zones), physiological changes at the regional
level, CNS response and directly state of the target
organ (stomach, 12 duodenum). The temperature
range (ΔT) compared to the non-irradiated area, the
level of microhemodynamics (by laser Doppler),
the rate of oxygen utilization by cells (transcutaneous polarography), and the absorption rate of EMR
(calculated by the coefficient of standing wave factor) were evaluated in the area of influence.
Hemodynamics (by ultrasound Doppler ultrasound and plethysmography), the degree of muscle
activity and the rate of passage of nerve impulse
along the motor and sensory nerves (by myography)
were investigated at the regional level, the state of
CNS functioning in separate frequency ranges of
the electroencephalogram in Fourier analysis and
12 duodenal ulcers were evaluated by electrogastrography and pH-metry at the central level [102].
Each individual result obtained from years of
research conducted by one of the authors of this
review deserves a separate publication, with further
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detailed analysis and discussion. As a summary of
everything done, we can draw the following conclusions.
1) The duration of one microwave exposure
procedure should not exceed 15–30 minutes. Already by 10–15 minutes of microwave exposure
with individually selected frequency recorded the
maximum absorption of EMR. Levels of increased
microcirculation and rate of metabolic processes
caused by microwave exposure were maintained for
one hour after the onset of direct exposure to EMF.
2) Normalization of indicators of a physiological state of a stomach and a 12 duodenal ulcer
was observed at the main number of subjects to
5 sessions of microwave therapy and to 10 sessions
in patients with a positive result of treatment
(complete scarring of gastric ulcer or 12 duodenal
ulcer).
3) The number of courses of microwave
therapy should not exceed 2-3 during the year;
otherwise, patients had the so-called subjectively
unjustified microwave dependence.
Auricular (located on the ear) points for the
effect of EMR on the human body were also used
in the 1980's, before the proliferation of mobile
phones, and physicians were careful because the
ears have had a high density of reflex zones. At
this time, the risks of such impact are hardly mentioned.
Therefore, microwave therapy, which can be
a tool for regulating the functions of the human
body, requires a highly qualified and experienced
physician. Trying to influence the symptoms of
a particular disease can cause imbalances in other
systems. Even comfortable sensations during the
action of the microwave field can cause addiction,
such as narcotics, which is not positive.
The researches related to the possibility of
microwave influence to change the emotional state
of patients and the presence of frequencies of EMF
capable of introducing of subjects to the trance
state have acquired the status of certain alertness.
Later, in the work of the Saturn Interdepartmental
Laboratory, data were obtained indicating the effect
of certain EMR frequencies on the low-frequency
region of electroencephalograms of patients. These
frequencies range from 150 to 300 GHz. In the
future, the number of studies in this area was
sharply limited for objective and subjective reasons.
Similar recommendations were given in [41]:
microwave therapy should be used with extreme
caution about children and persons of reproductive
age; self-medication is strictly forbidden. Optimal
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and safe is the influence of microwave radiation
not more than 2–5 minutes. In general, various
methods of electro- and magnetotherapy have been
described, for example [103–105]. The question of
what will happen to those subjects who have been
under the influence of sub-threshold (allowed) doses
of the millimeter-wide EMR for a long time remains open. However, if there is stimulation of the
reparative processes of the target organs of the
microwave influence, changes in emotional states
(drowsiness, analgesic effects), then these physiological reactions can in the future have negative
consequences. There is a negative personal experience of people who have been closely involved
in the development and implementation of millimeter-range EMF generating equipment, and of
researchers who have experimented with these
fields. Unfortunately, many lives ended with cancer and mental disorders, which, of course, was
not advertised.
The most dangerous EMR frequencies for
humans are in the range of 150 to 300 GHz. At
present, there are no devices in such electromagnetic environment that generate such frequencies,
but the experts know the phenomena of "harmonization of frequencies" of EMR, and this is extremely dangerous for the population, especially in
the case of the introduction into a new practice of
new communication systems.
Therefore, patient and medical safety issues
related to Magnetic Resonance Imaging and Transcranial Magnetic Stimulation diagnosis are discussed in the light of the recommendations of the
International Commission on Non-Ionizing Radiation Protection (ICNIRP) and the European Union EMF Directive (Directive 2013/35/EU) [106].
The synergism of various impacts is also discussed, in particular, EMF is considered not as a
direct trigger of morbidity, but a stress factor [107],
and this is extremely dangerous for the population,
especially in the case of the introduction of new
communication systems into wide practice.
A recent publication [108] emphasizes about
the unconscious risks of using 5G technologies,
warns that experiments conducted in the USSR
cannot be simply discarded, and 5G technologies
cannot be considered safe simply because the highfrequency EMF energy is weak and cannot penetrate deeper than the outer layer of skin. It is noted
that the ICNIRP non-governmental private group
is fulfilling the EU's radiation guidelines, rejecting
any reservations about the potential biological risks
of large-scale use of EHF-EMF.

Conclusions
In the course of evolution, living organisms
have adapted to the natural levels and variations of
non-ionizing EMFs. Purposeful studies of the biological effects of EMF with control of frequency,
power, and other field characteristics have become
possible, with the development of artificial sources
of radiation in the microwave range. The results of
studies conducted 50 years ago do not contradict
current data on the biological effects of non-ionizing EMR. The advantages of the first experiments
include a much lower level of background EMR
than it is now, i.e. a greater "purity of control".
In many years of research into the biological
effects of EHF-EMF, statistically, the most likely
narrow frequency bands have been found for a
therapeutic and regulatory effect on the body of
patients with a particular disease, as confirmed by
many clinical analyzes. A particularly significant
reaction was observed with the effect of EMF on
biologically active (reflexogenic) areas of the body
surface. Microwave therapy equipment and techniques have been developed, based on these "healing"
frequencies. However, it is reported that even exceeding "healing" frequency can cause negative
consequences for the irradiated organism and its
progeny. With the development of technology,
studies have shown a large range of changes that
occur when exposed to EMF in living cells and in
the body as a whole. Therefore, persons working
with microwave equipment or undergoing chronic
exposure to even permitted doses of radiation should
pay attention to these warnings, and the introduction of new technical means requires more careful
research and means to reduce the biological risks
of non-thermal non-ionizing EMF.
Biological risks of non-thermal EMF in humans can be conditionally structured as follows:
1) dramatic changes in indicators of life, behavior,
deterioration of health directly during or within a
few hours after the effect of EMF. They are observed in the case of exposure in the narrow frequency range to the vulnerable system of the body,
to the biologically active zones; the most sensitive
are people with health problems; 2) changes in
metabolism, dependence on irradiation with therapeutic frequencies of EMF, weakening of immunity, impaired self-regulation, and disorders in nervous activity during prolonged chronic exposure to
non-thermal EMF. These risks can be minimized
by controlling your own duration of location in the
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radiation area; 3) increased risk of genetic alterations in offspring after parental irradiation. Therefore, persons working with microwave equipment
or undergoing chronic exposure to even permitted
doses of radiation should pay attention to these

warnings, and the introduction of new technical
means requires more careful research and means to
reduce the biological risks of using non-thermal
non-ionizing electromagnetic fields.
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О.І. Ніжельська, Л.В. Maринченко, В.І. Пясецький
БІОЛОГІЧНІ РИЗИКИ ЗАСТОСУВАННЯ НЕТЕПЛОВИХ НЕІОНІЗУЮЧИХ ЕЛЕКТРОМАГНІТНИХ ПОЛІВ
Електромагнітне забруднення навколишнього простору стало вагомим екологічним чинником. Інтенсивність техногенних
електромагнітних полів значно перевищує фонові показники, до яких організми пристосувались у процесі еволюції, зокрема
своїми біоритмами. Накопичено багато даних щодо біологічного впливу низькоінтенсивних (нетеплових) електромагнітних
надвисокочастотних полів (ЕМП НВЧ) на різних рівнях організації. Існує багато можливих пояснень таких впливів, але механізм
дії не встановлений.
Метою роботи є аналіз негативних наслідків застосування нетеплового когерентного електромагнітного випромінювання
надвисоких частот. Зокрема, розглянуто використання НВЧ-терапії.
Зроблено огляд повідомлень про згубні наслідки неіонізуючих електромагнітних і магнітних полів серед населення та
професійних груп, показано наявність проблеми гіперчутливості до таких полів. Надано інформацію про розвиток напряму
вивчення резонансного біологічного впливу НВЧ-випромінювання українськими фахівцями.
Особливу увагу приділено застосуванню ЕМП НВЧ нетеплової інтенсивності для фізіотерапевтичних процедур, зняття
больового синдрому, корекції психоемоційних порушень, загоєння виразок, зокрема шлунка та дванадцятипалої кишки тощо.
Зазначено, що так звані “лікувальні” частоти у разі навіть контрольованого впливу можуть спричиняти негативні наслідки, хоча
вони й не сприймаються як пошкоджувальні. Було відзначено зміни в разі цілеспрямованого впливу низькоінтенсивного
випромінювання міліметрового діапазону об’єктивних показників життєдіяльності, а саме: гемодинаміки, підвищення температури у зоні впливу, м’язової активності та швидкості проходження нервового імпульсу, енцефалограми. Сформульовано
застережливі рекомендації на основі науково-практичного досвіду застосування методів НВЧ-акупунктури в умовах лікувальних
закладів.
Синергічна дія різних впливів, зокрема електромагнітних полів, може бути не безпосереднім тригером захворювання, а
фактором нескомпенсованого стресу. Тому клінічні дослідження, проведені багато років тому, не можна просто відкинути на
підставі того, що випромінювання міліметрового діапазону проникає лише у зовнішній шар шкіри. Клітини шкіри також можуть
виділяти медіатори, що спричиняють зміни в іонних кальцієвих каналах та коливання рівня кальцію в клітинах.
Інтерес до цих робіт виправданий тим, що наразі джерела монохроматичного міліметрового випромінювання будуть
поширюватися разом із новими системами зв’язку. Ризики їх біологічної дії мають бути враховані у разі встановлення
випромінювачів.
Kлючові слова: техногенне електромагнітне випромінювання; біологічний вплив; надвисокочастотна терапія; біологічні ризики.

109

Innov Biosyst Bioeng, 2020, vol. 4, no. 2

109

А.И. Нижельская, Л.В. Maринченко, В.И. Пясецкий
БИОЛОГИЧЕСКИЕ РИСКИ ИСПОЛЬЗОВАНИЯ НЕТЕПЛОВЫХ НЕИОНИЗИРУЮЩИХ ЭЛЕКТРОМАГНИТНЫХ ПОЛЕЙ
Электромагнитное загрязнение пространства стало весомым экологическим фактором. Интенсивность техногенных электромагнитных полей значительно превышает фоновые показатели, к которым организмы приспособились в процессе эволюции, в
частности своими биоритмами. Накоплено много данных по биологическому воздействию низкоинтенсивных (нетепловых)
электромагнитных полей крайне высоких частот (ЭМП КВЧ) на различных уровнях организации. Есть много возможных объяснений такому влиянию, но механизм действия не установлен.
Целью работы является анализ негативных последствий применения нетеплового когерентного электромагнитного миллиметрового излучения. В частности, рассмотрено использование КВЧ-терапии.
Сделан обзор сообщений о пагубных последствиях неионизирующих электромагнитных и магнитных полей среди населения и
профессиональных групп, показано существование проблемы гиперчувствительности к таким полям. Приведена информация о
развитии направления изучения резонансного биологического воздействия КВЧ-излучения украинскими специалистами.
Особое внимание уделено применению ЭМП КВЧ нетепловой интенсивности для физиотерапевтических процедур, снятия
болевого синдрома, коррекции психоэмоциональных нарушений, заживления язв, в частности желудка и двенадцатиперстной
кишки и др. Отмечено, что так называемые “лечебные” частоты в случае даже контролируемого воздействия могут вызвать
негативные последствия, хотя они и не воспринимаются как повреждающие. Установлены изменения в случае целенаправленного воздействия низкоинтенсивного излучения миллиметрового диапазона объективных показателей жизнедеятельности, а именно: гемодинамики, повышения температуры в зоне воздействия, мышечной активности и скорости
прохождения нервного импульса, энцефалограммы. Сформулированы предупреждающие рекомендации на основе научнопрактического опыта применения методов КВЧ-акупунктуры в условиях лечебных учреждений.
Синергическое действие различных воздействий, в частности электромагнитных полей, может быть не непосредственным триггером заболевания, а фактором нескомпенсированного стресса. Поэтому клинические исследования, проведенные много лет
назад, нельзя просто отбросить на основании того, что излучение миллиметрового диапазона проникает только во внешние
слои кожи. Клетки кожи также могут выделять медиаторы, которые вызывают изменения в ионных кальциевых каналах и колебания уровня кальция в клетках.
Интерес к этим работам оправдан тем, что сейчас источники монохроматического миллиметрового излучения будут рас пространяться вместе с новыми системами связи. Риски их биологического действия должны быть учтены п ри установке излучателей.
Ключевые слова: техногенное электромагнитное излучение; биологическое воздействие; крайне высокочастотная терапия;
биологические риски.

