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Sources of low-intensity microwave signals formation, which affect the 
metabolism processes when they interact with human body, are considered 
in the article. It’s noticed that increasing intensity level of the technogenic 
signals in environment significantly exceeds natural electromagnetic fields 
and radiation (EMR). The peculiarities of the registration and measurement 
of low-intensity signals parameters of the microwave range are considered. 
The processes of the interaction of the microwave signals and human 
organism are analyzed. Formation mechanisms of the positive and 
negative microwave flows of the electromagnetic radiation are revealed. 
Particularly, possible formation mechanism of the microwave EMR fluxes 
of implants in the human body. The results of the experimental study of 
the EMR signals levels of the objects contacting with human body, partly 
materials for bone defects replacement and soft tissues regeneration so as 
materials for physiotherapy, are given. The use of the term “electromagnetic 
compatibility” for materials which contacting the human body, is proposed. 
The expediency of its use is proven. Microwave properties of materials for 
clothes, minerals and building materials, which can affect the human body 
and environment, have been also studied.
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1. Introduction

1.1 Natural and Technogenic Sources of Microwave 
Radiation

There is a wide range of the electromagnetic signals 
of the Sun and space at all which irradiate the Earth. This 
spectrum covers the range from ultraviolet radiation (UV) 
with a wavelength of 180…400 nm to long-wave signals 
in the radio frequency range. Most of the signals in the 
UV range are absorbed by the Earth's atmosphere, and 

signals with longer wavelengths pass freely through the 
Earth's atmosphere. 

UV signals are characterized by significant quantum 
energy (3.1…6.2 eV) and can have both a positive effect 
(bactericidal effect, increase immunity response, stim-
ulation of photochemical synthesis of vitamin D, other 
therapeutic effects) and negative (burns, stimulation of 
processes that cause gene mutation and skin cancer, etc.) 
[1,2].

The visible part of the spectrum covers optical elec-
tromagnetic radiation in the range of 400-750 nm, and 
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infrared (thermal) with a wavelength greater than 750 nm. 
The energy of the quanta of this radiation is less (2.95-1.24 
eV), but the depth of penetration into the human body 
increases, which are widely used in various spheres of hu-
man life, in particular for the diagnosis and treatment [3,4].

If the protective reaction of the human body from UV 
radiation is manifested in the form of tanning on the skin 
surface, the optical signals of the visible and infrared 
ranges are better absorbed and more affect the deep layers 
of skin and inner organs, which is typical for the micro-
wave range, too.

Particular attention should be paid to electromagnetic 
radiation of cosmic origin in the millimeter range (fre-
quency 30…300 GHz), which includes microwave relict 
radiation with a maximum intensity at a frequency of 160 
GHz [5].

The energy of the quantum signals of the mm range is 
much less than the signals of the optical range (10-5… 10-4 
eV), so their effect on the human body at equivalent pow-
er will be softer. The Earth's atmosphere selectively re-
sponds to frequencies in the microwave range, attenuating 
most of them, and at some frequencies, in the so-called 
"transparency windows", some microwave signals are 
transmitting without changes. The main reasons for the 
mm signals weakening passing through the atmosphere 
are their absorption, including resonant, by molecules of 
water, steam and oxygen. Microwave signals of cosmic 
origin can be characterized as primary. Solar radiation in 
the infrared range, passing through the atmosphere, gets 
to various objects on the earth's surface - water, soil, sand, 
stones, forest and grass cover and heats them. 

It is known that any physical body emits electromag-
netic waves in a wide range of frequencies when heated. 
Such thermal radiation is a noise-like, and the distribution 
of its energy density by frequency is described by Planck's 
law.

The maximum temperature of the earth's surface ob-
jects when heating can reach ≈ 50 oС. This leads to the 
formation of low-intensity microwave signals, which can 
be characterized as secondary.

Man-made (technogenic) sources of electromagnetic 
microwave radiation (EMR) should include generating 
structures for mobile communications, special military 
radio systems, generators for microwave therapy, etc. 

Such sources create a significant electromagnetic back-
ground in the environment. The power level of signals 
from such sources ranges from tens of mW to 10-6 W [6,7]. 
At the same time, for microwave therapeutic generators, 
this level can be less than 10-6 W [8,9]. Electromagnetic 
saturation (pollution) of the ether of the environment is 
carried out mainly by permanent man-made means of 

communication and will increase in the future, due to the 
launch of new mobile communication systems 4G and 5G 
[10].

1.2 Features of Registration and Measurement of 
Low-intensity Microwave EMR 

Primary and secondary microwave radiation are weak 
natural electromagnetic signals that constantly irradiate 
living organisms in their area of influence. 

The power of such signals can be determined by Ray-
leigh-Jeans law.

( )
2

022 , o
fP f T kT S f
c

πβ= ∆ , (1)

where 231,38 10k −= ⋅  J/К - Boltzmann constant;T - 
thermodynamic temperature of the object; f - radiation 
frequency; ( ),f Tβ - the coefficient of emissivity of the 
object (for grey bodies β ˂ 1); f∆ - the bandwidth of a 
measuring device, such as a highly sensitive radiometric 
system, 0S - the area of the analysis surface, which is lim-
ited by the aperture of the receiving antenna.

The integral power P for the microwave range is also 
described by the Nyquist formula:

P kT f= ∆  (2)

where ( , )G f T  - spectral density of the noise signal.
The average power of the noise signal can be measured 

at a fixed frequency using a high-sensitivity radiometer 
with bandwidth analysis f∆ , which is able to record the 
EMR of a heated body with emissivity β:

( , )P G f T f kT fβ= ∆ = ∆  (3)

where ( , )G f T  - spectral density of the noise signal.
The human body, at its temperature of 36.6 °C, is also a 

source of weak microwave signals. The integrated power 
of the microwave signal of the human body or its areas is 
in the range of 10-13…10-14 W, depending on the state of 
the organism. Studies have shown that the average value 
of the radiation level of the palm of the majority of re-
spondents was within (3…6)·10-13 Вт [11]. The possibility 
to measure signals of this level is provided by the use of 
highly sensitive radiometric systems (RS).

Since the RS has its own temperature characteristic, 
the output signal power is determined by the temperature 
difference between the object of study and the measuring 
system, which is described by the formula

( ) ( ) ( )
2

1 22 , ,o R o
fP K f f T k T T S f
c

π β∆ = − ∆  (4)

where ( )1K f - the conversion coefficient of the receiving 
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antenna, which also takes into account the influence of the 
radiation source; RT - temperature of the radiometric sys-
tem.

Thus, for the registration of low-intensity microwave 
electromagnetic fields and radiation, as well as the study 
of their interaction with the human body, the required sen-
sitivity of radiometric systems must be an order of magni-
tude higher than the level of measuring signals.

Measurement of low-intensity signals is a rather com-
plex technical problem, which is considered and try to be 
solved by specialists from different countries [7,12].

The authors of this article (review) have developed 
such systems in the frequency range 37…53 GHz and 
53…78 GHz. These systems have a sensitivity of 3*10-14 
W, which is confirmed by metrological certification by the 
State Standard of Ukraine. All studies conducted and de-
scribed by the authors in the article were performed using 
the developed by their radiometric systems.

1.3 Processes of Interaction of Microwave Signals 
with Objects of Living Nature and the Human 
Body

In addition to natural sources of microwave radiation, 
in the environment there are signals generated by mm-
range generators, relay lines, mobile communication 
systems, and so on. The level of man-made radiation 
power can significantly exceed the natural microwave 
background and, accordingly, have a significant impact 
on highly sensitive biological life forms, such as insects. 
Some authors note in their studies the harmful effects of 
a constant man-made electromagnetic background in the 
environment on the biosphere and living beings [13,14]. 

At the same time, low-intensity millimeter-wave micro-
wave signals with short-term effects on living beings and 
the human body can have a therapeutic and stimulating ef-
fect, on which microwave therapy is based [15,16]. As noted, 
millimeter-wave signals are actively absorbed by water 
and oxygen molecules, which are also present in living 
organisms. The effect of resonant absorption of millimeter 
range signals is the basis of millimeter resonance therapy 
[15].

Millimeter therapy show its efficacy in treatment of 
gastroenterology problems (peptic ulcer), orthopedic 
(musculoskeletal disorders), neurologic (neuritis, pain 
syndromes) and other diseases [17]. The power level of 
therapeutic signals can be within 10-6…10-9 W, and in 
some cases decrease to 10-12 W [18]. Positive changes in 
human body indexes during the treatment process at the 
specified power level of signals are fixed laboratory. The 
extremely low level of signals, which have positive ef-
fects on the human body, gave the authors [15] a reason to 

call this area "quantum medicine". Targets of irradiating 
microwave signals are biological structures at the cellular 
level. 

Considering the process of interaction of microwave 
signals of the object of radiation with the human body, it 
should be noted that, as follows from formulas (1,2), it is 
determined by the temperature gradient between the hu-
man body and the heated object. If the temperature of the 
object is higher than the temperature of the human body 
area, oT ˃ HT , thus a positive irradiating flow of microwave 
EMR is formed, and if oT ˂ HT - flow should be negative. 
These flows affect human body in different ways [19]. The 
impact can be spatial (non-contact) or contact.

Positive EMR flows increase the energy of the irradia-
tion area, and negative ones reduce it. The absorption of 
the energy of the electromagnetic field by the cells of a 
living organism in the case of a positive flow stimulates 
biochemical processes and causes a reaction to the radi-
ation in the different levels - cellular, tissue, organ and 
whole organism. Negative fluxes, on the contrary, due to 
energy extraction, reduce the excitation of the irradiation 
area and inhibit biochemical processes in it. It was prov-
en with laboratory tests performed at the Kyiv Oncology 
Institute of the Ministry of Health of Ukraine on mice ir-
radiated with C37 sarcoma tumor [20]. Positive EMR flows 
accelerated tumor growth during irradiation by 13.5%, 
and negative flows during the same time inhibited tumor 
by 27.4%.

2. Investigation of the Interaction of Low-
intensity Microwave Signals of Objects in 
Contact with the Human Body

The authors studied the emissivity of a number of di-
electric objects that come into contact with the human 
body, including

- materials for medical use (dental materials, implants, 
physiotherapeutic materials);

- materials for clothing;
- materials for jewelry;
- building materials.
In the course of the research, the emissivity of the 

material was determined, its power level at the heating 
temperature of 36.60 was compared with the power of the 
human body. By the difference between radiation levels of 
the human body and material the possible impact on the 
human body was supposed and evaluated.

2.1. Research of EMR of dental filling materials 

Different filling materials are used in dentistry for 
crown restorations and root canals sealing [21]. Since the 

DOI: https://doi.org/10.30564/jhp.v3i2.4160



43

Journal of Human Physiology | Volume 03 | Issue 02 | December 2021

Distributed under creative commons license 4.0

creation of EMR flows of opposite directions is possible, 
as mentioned above, it is advisable that the materials and 
tissues of the tooth were compatible. 

The electromagnetic parameters of these materials 
(emissivity, grayness coefficient) must coincide (or differ 
slightly) with the corresponding parameters of the restored 
tooth tissues. 

10 samples of materials were prepared for research 
[22], among them №№1-7 filling materials: 1- «Foredent» 
(SPOFA, Slovenia), 2- Endion (VOCO, Germany), 3- En-
domethazone» (Septodont, France), 4-АН Plus (Dentsply, 
USA), 5-«Speсtrum» (shadow А3,5) (Dentsply, USA), 
6- «Compolux» (Septodont, France), 7- «Cavitan - plus» 
(SPOFA, Slovenia); samples №№8 - 10 - natural struc-
tures: 8 - enamel and 9 - dentin of the extracted for medi-
cal indications tooth, and 10 - spongy bone tissue received 
in surgical interention for medical indications. Samples 1 
- 4 are used for root canals sealing, samples 5 - 7 intended 
for crown restorations. Emissivity of samples 1 - 4 were 
compared with emissivity of the sample 9, which them 
contact in. Electromagnetic radiation of the samples 5 - 7 
was compared with sample 8 emissivity.

The study of experimental samples was performed 
using high-sensitivity RS at frequency 52 GHz. The ob-
tained results of radiation intensity measurements of the 
studied dental materials are concentrated in the range (1,8-
3,1)·10-13 W/cм2 .

The biocompatibility of tooth materials and tissues was 
determined by comparing their emissivity coefficients, 
which was calculated by the formula:

M M cbbÐ Pβ =  (5)

where PМ- radiation power of the material; Рcbb - the 
radiation power of an absolutely black body, which is cal-
culated by the formula

( )2
 cbbÐ f c kTβ=  (6)

where f - signal frequency; с- light speed. 
The calculated values of the coefficients of emissivity 

of materials are given in Table 1:

Table 1. The coefficient β of the material relative to the 
level of radiation of an absolutely black body

№ 1 2 3 4 5 6 7 8 9 10
β 0,71 0,6 0,46 0,41 0,46 0,51 0,48 0,46 0,67 0.58

Comparison of the coefficients of emissivity of filling 
materials and natural tooth tissues recorded the largest de-
viation in the pair 4 and 9-38%, then - 10,8% in the pair 6 
and 8; the next - 7,8% in the pair 1 and 9 and perfect coin-
cidence in pair 5 and 8. When using, preference should be 
given to materials with a greater coincidence of emissiv-

ity, because the positive and negative flows of the micro-
wave EMR are minimal. Such a verification technique of 
dental materials compatibility is promising and deserves 
to be used in the development of new dental materials.

2.2. Microwave Properties of Materials for 
Incorporation in the Human Body

Modern surgical medical practice widely uses implants 
to replace separate elements of the bones, vessels, eye and 
even some entire organs. For these purposes materials of 
both natural and synthetic origin are used. These can be 
metals, synthetic polymers, bioceramics, various pow-
dered fillers for bone defects and materials for soft tissue 
regeneration in some injuries. Widely used biotissues of 
animal origin, hybrid and composite materials, such as 
metal, as a base, coated with a dielectric, the characteris-
tics of which are close to human biotissue [22]. Recently, 
research has been conducted using promising nanomateri-
als [23].

The use of biomaterials is associated with long-term 
research and testing for compatibility with human biot-
issues. The main indicators to which attention is paid are 
biological tolerance, resistance to biocorrosion, chemical 
stability, antimicrobial activity. This fully applies to all 
types of implant materials (Figure 1).

Figure 1. Classification of biomaterials and criteria for 
their compatibility

When implants made of foreign materials are intro-
duced into the body, a biophysical interaction occurs 
between them and the biotissue, including through elec-
tromagnetic radiation. The electromagnetic properties of 
biomaterials have not yet been studied, although they can 
significantly affect the processes of their interaction with 
living organisms. The study of dielectric and combined 
materials for low-intensity fields and EMR has revealed 
another important criterion to pay attention to: the electro-
magnetic compatibility of the biomaterial with the biotis-
sues of the human body. 

The flows of electromagnetic energy generated by the 
implants with respect to the biotissue can be neutral, pos-
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itive or negative. It’s especially important for biotissues 
cells, which are able to respond to EMR of the low inten-
sity. Irradiating (electromagnetic) parameters of implants 
can significantly differ from the same characteristics of 
the alive tissues. When the flows of the implant and the 
biotissue are equal, full electromagnetic compatibility 
occurs. Significant deviation from it, in one direction or 
another, for a long time can lead to a violation of the elec-
tromagnetic state (homeostasis) of adjacent cells and the 
appearance of complications in the area of implant place-
ment.

Figure 2 shows the scheme of formation and interaction 
of electromagnetic flows of positive (Figure 2a) and nega-
tive (Figure 2b) directioncreatedby installed bone implant 
3 with in contact nearby biotissues of the human body - 
bone 1 and soft tissues 2. Symbols in the figure: 1 2,  P P - - 
radiation power per unit area of bone and soft tissue, 3P - 
radiation power per unit of implant surface.

a b
Figure 2. Schemes of Formation: a) positive flow when 

3 1 2P P P> ≈  and b) negative flow when 3 1 2P P P> ≈

EMR power of bone 1P  and neighboring soft tissues 2P  
physiologically consistent with each other in natural way, 
and the radiation level of the implant 3P  in the variant 
of Figure 2a is increased, so the surrounding biotissues 
receive constant additional irradiation. In the variant of 
Figure 2b, in contrast, the implant absorbs EMR of the 
surrounding tissue because its radiation level is lower.

The specified energy transfer in the form of a micro-
wave EMR from an object with higher emissivity β1 to an 
object with a lower level of parameter β2, at certain values 
and with prolonged action can both improve and worsen 
the conditions and course of reparative processes in the 
body. This process thus determines the clinical effective-
ness of the study materials. The increase in microwave 
radiation is equivalent to the appearance of an inflamma-
tory process, due to excess energy at the site of implant 
placement. If they should know researched electromagnet-

ic interaction of material and biotissue, choice of implant 
become more effective. 

The authors [24] conducted research of the EMR of 
some biomaterials used to replace bone defects in dental 
implantation. Value of the EMR of these materials was 
measured and compared to the radiation level of the hu-
man body. Studied materials were heated to the temper-
ature 36,6 °C (equivalent human body temperature) and 
measurements of the EMR at the frequency 52 GHz were 
conducted.

Designation of research objects (Table 2): 1- the av-
erage value of human EMR (H - human): before each 
study of materials, measurements of the respondents' 
own radiation (study participants) were performed under 
the same conditions for comparison; 2 - Osteoplast К; 3 
- Bone powder - (ground tubular bone of animal origin); 
4 - Osteoplast Т; 5 - Polihemostat - powder; 6 - Calcium 
salt of orthophosphoric acid Ca3(PO4)2 ; 7 - Calcium salt 
of orthophosphoric acid with the addition of silver ions 
Ca3(PO4)2 + Ag ; 8,9 - Bioactive glass (500-1000 microns), 
Bioactive glass (500-1000 microns) ; 10 - Biomin GT 
-700; 11 - Biomin GT-500.

According to the determined levels of EMR materials, 
the relative coefficient of emissivity have been calculated 
by the formula

1 M HK P P= , (7)

where MP - EMR power of the studied material, and HP - 
the average level of human radiation power. The results of 
the experiment for indicated parameters are presented in 
Table 2.
Table 2. The coefficient K1 of the material relative to the 

level of human radiation

№ 1 2 3 4 5 6 7 8,9 10 11

1K 1,0 0,98 0,95 0,92 0,90 0,14 0,13 0,13 ˂0,01 ˂0,01

In the process of radiometric studies of these biomate-
rials revealed a number of features related to the human 
body and the properties of some materials. A number of 
materials have a emissivity of approximately the same 
(difference within 10%) with the human body. This prob-
ably causes a very small transfer of energy in the form of 
microwave radiation from a body with a higher level to 
a body with a lower level power of the EMR. Thus, ma-
terials that have a relative emissivity slightly lower than 
the level of human emissivity (Osteoplast K, Osteoplast 
M, Osteoplast T, Polyhemostat) are likely to interact more 
physiologically with the tissues of the human body. Us-
ing of such materials in dental implantation create almost 
identical positive flows of EMR from implants to body 
tissues, and this can lead to increased treatment efficiency. 
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Other materials (calcium salt of orthophosphoric acid 
with the addition of silver in various quantities, Biomin 
GT - 500, Biomin GT - 700, bioactive glass) - on the 
contrary, have a low relative coefficient of emissivity (the 
difference from the human body by one or two orders of 
magnitude), may cause the formation of a negative micro-
wave flow. The presence of a negative microwave flow 
from alive tissues to the implanted material can, in turn, 
lead to chronic inflammation, pain, and so on.

Thus, to improve the prognosis of engraftment and 
long-term successful use of implants, increase the effec-
tiveness of treatment in general, it is necessary to take into 
account the level of microwave EMR flows of materials 
and the possible impact on the patient's body.

2.3 Electromagnetic Microwave Properties of 
Materials for Physiotherapy 

Heat treatment is one of the most common procedures 
in physiotherapy, which uses a variety of dielectric mate-
rials, including minerals, peat, sand, mud and some ma-
terials of oil fields - naphthalene, ozokerite and paraffin. 
Among these materials, ozokerite and paraffin should be 
singled out. Each of them, alone or in a mixture, are most 
often used in physiotherapy treatment technologies. High 
(highest among physiotherapy materials) heat capacity, 
heat retention capacity and low (lowest among physio-
therapy materials) thermal conductivity of ozokerite de-
termine its high efficiency. According to medical special 
literature, there are three impact factors that affected the 
area of treatment: thermal, mechanical and chemical [25-

27]. The therapeutic effects that occur, above all, include 
anti-inflammatory and vasodilating effects, as well as 
acetylcholine -like, estrogen - like and chemical effects of 
ozokerite. 

Heat treatment technologies provide the preheating of 
the material (applicator), its application to the surface of 
the patient's skin and exposure time during the material is 
cooling to the patient's body temperature. The temperature 
of the applicator does not exceed 50 °C usually. At the 
same time, as follows from formulas (1,2), the increase 
in temperature of the material leads to the occurence of 
heat-related low-intensity microwave radiation, which, 
among other factors, has an impact on the human body 
and needs to be studied.

The authors of [28] conducted a study of EMR of the 
ozokerite applicator, the process of its formation and 
changes in the microwave field during the physiotherapy 
procedure. 

From the point of view of physics, the process of heat 
treatment should be considered as a violation of ther-
modynamic equilibrium in a system consisting of the 

surface of human skin and the applied applicator. Energy 
exchange in any system, parts of which have different 
temperatures can be carried out through the processes of 
thermal conductivity, convection and radiation. In our 
case, convection can be ignored, and the exchange of 
energy between the surfaces of the applicator and the pa-
tient's skin is carried out mainly due to the phenomena of 
thermal conductivity and electromagnetic radiation.

In Figure 3 (a, b, c) shows two arbitrary objects (O1 and 
O2, with temperatures T1, T2), the applicator (A) and the 
patient’s body (H), which are in thermal contact. In a state 
when the thermodynamic equilibrium is violated (T1≠T2) 
and the energy flows P1, P2 are not balanced, the direction 
of energy transfer depends on their temperature ratio.

    

а b c

Figure 3. Distribution of energy flows between an arbi-
trary tangent objects: (а) – applicator and patient’s body; b) 

negative energy flow; с) positive energy flow;

Н - patient’s body; А - applicator; РН - patient’s energy flow; РА 
- applicator energy flow

For example, if the patient's temperature is higher than 
the applicator temperature (cooling applicator), the flow 
of heat energy will be directed from the patient's skin and 
can be considered negative in relation to the person (Figure 
3b).

0A HP P P∆ = − <  (8)

If, on the contrary, the applicator is heating, as in the 
case of heat treatment, the flow will be directed to the pa-
tient, and it can be considered positive (Figure 3c)

0A HP P P∆ = − >  (9)

EMR power measurements were performed at a fre-
quency of 52±0,1 GHz with an analysis band of 100 MHz. 
For comparison, the average level of radiation power of 
the human palm surface (limited antenna aperture plane 
2 cm2) was determined for three respondents, which was 

( ) 134,5 0,5 10HP −= ± ⋅  W. Given the area of the aperture of 
the measuring antenna, this corresponds to the EMR flow 
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density 2,25⋅10-13 W/см2.
The absolute values of the EMR power level were de-

termined using a certified reference noise generator, which 
is part of the radiometric system. According to the results 
of measurements at the maximum therapeutic temperature 
of 50 °C (Figure 4) it is seen that the level of radiation of 
pure ozokerite is slightly higher than in the human palm. 
The power level of EMR of pure paraffin at the same 
temperature does not exceed 20% relatively to the level of 
radiation of human skin. This can cause the formation of a 
negative EMR flow, the intensity of which increases with 
increasing the percentage of paraffin in the mixture with 
ozokerite.

Figure 4. Dependence of relative power on temperature 
and distribution of electromagnetic energy flow for ozok-

erite applicator during cooling

From the graph of the temperature dependence of the 
power of its own radiation of pure ozokerite during its 
cooling, presented in Figure 4, it is seen that a change in 
temperature can lead to a change in the redistribution of 
electromagnetic energy between the applicator and the 
skin. Thus, on the graph, in the temperature range from 50 
to 46 °C, a positive flow of EMR is formed 

( 0P∆ > ), and in the temperature range from 45 °C to 
36 °C - negative flow of microwave radiation ( 0P∆ < ), 
the intensity of which increases with further cooling. 

Experimental studies have shown that ozokerite, paraf-
fin and mixtures thereof form a low-intensity EMR in the 
millimeter range. This factor, together with the thermal 
effect, affects the patient's body, creating and enhancing 
the therapeutic effect. 

The addition to ozokerite the paraffin, which has a low 

emissivity, increases the intensity of the negative flow. 
The total power of the ozokerite applicator, for example, 
with the size of 100 cm2 may be approximately 3*1011 W, 
which is for high convergence with low-intensity levels 
used in millimeter therapy [8,9]. Experimental studies of 
EMR of materials for ozokerite-paraffin therapy have 
shown the complexity of electromagnetic microwave 
processes that affect and interact with the electromagnetic 
field of the human body, which need to be taken into ac-
count during physiotherapy.

Quite often in the treatment the wormwood cigarettes 
(moxa) for irradiation and cauterization of biologically ac-
tive points (BAP) are used. Our experimental studies have 
shown that moxa is a generator of low-intensity natural 
microwave radiation, the level of which exceeds human 
EMR by 15…20 dB [11]. In general, it should be noted that 
the combustion of organic matter, in addition to infrared 
radiation, is also accompanied by a fairly high microwave 
energy flow.

2.4 Investigation of Microwave Fields and EMR 
of the Materials for Clothing

Radiothermal (radiometric) quality control of clothing 
materials (fabrics, leather, films, composites, etc.) is based 
on comparing the level of EMR of human skin with the 
level of EMR of the test material heated to the average hu-
man body temperature (310 K) [29]. The closer the level of 
EMR of material to the level of EMR of human skin, the 
better the electromagnetic compatibility of the clothing 
material with the human body, and the feeling of comfort 
of the dressed person is fuller [30].

Figure 5 presents a model of physical processes that 
occur at the interface of material and the human body.

To estimate the level of EMR of the material heated 
to the average temperature of the human body (310 K), 
the spectral power density of thermal EMR ( )1 ,G f T  at the 
average frequency of the millimeter wavelength range (52 
GHz) was taken. The spectral power density of the EMR 
was determined by the power measured by the modulating 
RS divided by the bandwidth of the intermediate frequen-
cy amplifier ( f∆ = 100 MHz).

( ) 2, ( )MRS
M

P WG f T
f Hz cm

=
∆ 

 (10)

In the process of experimental research were used 14 
types of textile materials made of natural, chemical and 
mixed fibers [30]. Designation of research objects: 1 - aver-
age value of human EMR (H - human); 2- wool (100%); 
3 -linen (100%); 4 - wool (70%) + silk (30%); 5 - wool 
(45%) + silk (55%); 6 - cotton (100%); 7 - silk (100%); 
8 - viscose (100%); 9 - cotton (65%) + polyester (35%); 
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10 - cotton (60%) + polyester (40%); 11 - cotton (55%) + 
polyester (45%); 12 - cotton (47%) + polyester (53%); 13 
- viscose (55%) + polyester (45%); 14 - polyester (100%); 
15 - polyamide (100%).

Figure 5. Model of interaction of electromagnetic currents 
at the material-human boundary

Designation on the Figure 5 А - EMR from external sources; 
В - input ЕМR to the material; С - reflected from the material 
ЕМR; D - radiothermal ЕМR of material; Е - scattering flows; F 
- ЕМR, that passed through the material; G - EMR absorbed by 
the human body; Н, І - radiothermal and biological radiation of 
the human body; J, К - repeated reflected from the material and 
skin radio thermal and biological EMR; L, М - radiothermal and 
biological EMR of a person passing through the material.

The spectral density of noise microwave radiation pow-
er of the studied materials is given in Table 3. Analysis 
of the obtained values allows us to conclude that fabrics 
made of natural fibers (wool, linen, cotton and silk) have a 
level of EMR close to the level of EMR of human skin.

Table 3. Spectral power density of radiation of textile 
materials.

№ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
MG

21
210 W

Hz cm
−



5.2 4.3 4,1 4,0 3,9 3,8 3,6 2.8 2.4 2.2 2,1 1.9 1,7 1,5 1,3

Therefore, these materials are most compatible with 
the human body. In addition, they do not interfere with the 
electromagnetic exchange of man with the environment, 
because they absorb and emit electromagnetic energy as 
well as human skin. At the same time, the increase in the 
percentage of chemical fibers in the material significantly 
reduces the level of EMR at the same temperature and 
negatively affects the electromagnetic exchange, which 
reduces the feeling of comfort of clothes made of these 
materials.

Study of materials dyed with natural dyes, also was 
carried out. Dyes were obtained from the medicinal 

herbs. An increase in the level of EMR was recorded, it 
approached the level of the human skin's own radiation. 
Materials comfort increased too, by 8-10%. It was deter-
mined by the formula:

( ) ( )
( )

1 100%H M

cbb

G f G f
G f

 −
Θ = − ⋅  

 
 (11)

where ( )HG f  - EMR level of the human skin; ( )MG f  
- EMR level of materials, рівень ЕМВ матеріалів, im-
pregnated with natural dyes from medicinal herbs; ( )cbbG f  
- EMR level of the absolutely black body for temperature 
Т=310 К.

Thus, the measurement of low-intensity EMR of textile 
materials not only contributes to a more objective analysis 
of the processes of interaction that occur at the boundary 
between the material and human skin, but also opens the 
possibility of instrumental choice of ways to improve the 
quality and comfort of these materials.

2.5 Features of Radiative Ability of Minerals and 
Semiprecious Stones

Minerals are used in such a highly specialized technol-
ogy of heat treatment as lithotherapy. In addition, precious 
minerals are used as jewelry, which are placed on the 
surface of the body. Heating of minerals leads to the for-
mation of low-intensity microwave EMR. The authors [11] 
conducted a study of the emissivity of a number of miner-
als. Experimental conditions: EMR levels were measured 
at a frequency of 60 GHz at a temperature of objects 310 
K, which corresponds to the upper limit of normal human 
body temperature. Figure 6 shows the distribution of ra-
diation intensity of different minerals in comparison with 
the level of radiation of the human body and water.

According to their emissivity, the minerals can be 
divided into two groups, as shown by the dotted line in 
Figure 6: minerals that at a temperature of 310 K have a 
higher level of radiation than the human body, and lower. 
Minerals with higher radiation include jade, onyx, agate, 
amethyst, amber and jasper. These minerals in thermal 
contact with the human body generate a microwave signal 
that is excessive for human skin and this creates a positive 
flow of EMR. Thus, these minerals provide energy to the 
body in the case of lithotherapy or constant wearing on 
the human body. The second group of minerals includes 
sulfur, fluorite, flint, amazonite, rock crystal, calcite, 
topaz, morion. When these minerals are heated to body 
temperature, their radiation levels are lower than the own 
human radiation and they form a negative flow of energy. 
Water has the same quality. Some minerals, such as chalk 
and quartz single crystal, have almost the same level of 
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radiation as humans and are electromagnetically balanced 
relatively to the human body.

Figure 6. Distribution of emissivity of minerals and other 
objects

Minerals and objects of research are assigned the corresponding 
digital indexing: jade stone - 1, onyx - 2, agate - 3, shell rock - 4, 
tubula bone of animal origin - 5, amethyst - 6, amber - 7, jasper 
- 8, pyrite - 9, fibula bone of animal origin - 10, quartz (single 
crystal) - 11, chalk - 12, sulfur - 13, fluorite - 14, Moscow flint - 
15, amazonite - 16, rock crystal - 17, calcite (feldspar)- 18, topaz 
- 19, morion (quartz)- 20; number 21 - EMR level of the human 
palm, number 22 - EMR of the water.

As can be seen from Figure 6, jade has a significant-
ly higher level of radiation (13.5 dB) than human skin 
(7 dB). EMR of the quartz (morion) is at the level of 
the EMR of water. Human bones, shell rock and jade 
stone include Calcium salts (for example, calcium phos-
phate in the human bones). Perhaps, this is the cause of 
the increased level of the EMR of these objects. At the 
same time, it is known that Ca atoms actively respond 
to thermal effects. Thus, the root mean square displace-
ment of Ca atoms during thermal oscillations is equal to 
0.114 angstroms [32]. In response to thermal stimulation, 
Ca ranks among such active elements as Li, Na, K, Rb 
and Cs, some of which (K, Na, Ca) are actively used by 
biological objects in the process of their life support. 
Obviously, the increase in the level of radiation of the 
considered objects (bone, shell rock and jade) is con-
nected with the increase of their "grayness" coefficient. 
Human bones play a peculiar role of generators and 
waveguides of microwave oscillations and provide the 
formation and transmission of electromagnetic oscil-
lations within a biological object, in contrast to human 
skin, which actively absorbs low-intensity signals in the  
mm range.

2.6 Microwave Radiation of Building Materials

The authors [11] also studied some building materials - 

brick, sand, plaster, granite, shell rock, wood - which are 
most common in living and working spaces, on the street, 
in places of human recreation, etc. Studies have been con-
ducted to assess possible levels of secondary radiation, 
which occurs under the influence of heating by sources of 
heat of physical bodies and the environment in contrast to 
the background radiation generated by objects at ambient 
temperature. 

Research technology: materials were heated to a tem-
perature corresponding to the maximum allowable tem-
perature gradient, 50…60 °C which can be obtained, for 
example, as a result of direct exposure to solar radiation 
on the material in summer, or heating from steam heating 
pipes in winter. Evaluation of the emissivity was per-
formed by RS at a frequency of 60 GHz. The results of 
experimental studies are shown in Figure 7.

Figure 7. Dependence of radiation level of building mate-
rials on temperature

Designation on Figure 7: shell rock- 1, pine board - 2, granite - 3, 
gypsum - 4, red brick - 5, white marble - 6, sand - 7, water - 8.

Figure 7 shows that building materials have differ-
ent emissivity. The maximum intensity of radiation is 
provided by shell rock (>1⋅10-20 W/Hz), which is much 
higher than human own radiation (~0,5×10-21 W/Hz). The 
dependence of the change in the radiation intensity of 
materials during heating is linear and is: shell rock ~0,52 
dB/°С, granite and pine board ~0, 5 dB/°С, brick and gyp-
sum ~0,4 dB/°С, marble ~0,35 dB/°С, sand ~0,3 dB/°С, 
water ~ 0,23 dB/°С.

In comparison with the ambient temperature, the emis-
sivity of materials, when heated to indicated temperatures, 
increases, in the range from 10 dB (water) to 20 dB (shell 
rock), which must be taken into account when using them. 
Thus, the considered building materials have different 
radiation capacity in the mm range of waves, the level of 
which may be higher than the actual human radiation. It 
must be taken into account when using them and when 
human is in their environment with active temperature 
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gradients.

3. Conclusions

1) The environment is filled with low-intensity micro-
wave fields and natural radiation (primary and secondary), 
to which the human body has adapted well.

2) Recently, the filling of the air space with microwave 
signals of man-made nature, the intensity of which signif-
icantly exceeds the natural background and has the pros-
pect of further growth. Studies by many authors reveal the 
negative impact of increasing microwave field intensity 
on sensitive biological objects (butterflies, bees and other 
insects). It fully applies to the human body, too. 

3) The interaction of microwave fields and radiation 
with biological objects can manifest itself in the form of 
positive or negative energy flows. Such a manifestation is 
especially important for the cells of the human body when 
they come into contact with sources of EMR external or 
internal location.

4) Studies of the interaction of low-intensity microwave 
signals from objects in contact with the human body have 
confirmed the presence of positive and negative EMR 
flows in many medical technologies associated with the 
use of reconstructive biomaterials, which can have both 
positive and negative effects on surrounding biotissues. It 
is proposed to evaluate the electromagnetic compatibility 
of biomaterials with the human body by the level of their 
EMR, the criteria for the evaluation of new types of bio 
and nanomaterials is identified. 

5) The method is offered and experimental researches 
of EMR of objects in contact with a human body (materials 
for clothes, precious and semiprecious minerals) are car-
ried out. EMR evaluation reveals the correlations between 
indicated studied materials and allows to identify objects 
for their more comfortable contact use. 

6) The study of materials and objects of the environ-
ment, which are sources of increased levels of EMR, al-
lows us to realize the importance of microwave fields for 
the natural impact on the surrounding biological objects 
and the human body.

References

[1]  Markevich, P.S., Alekhnovich, A.V., Kislenko, A.M., 
Yesipov, A.A., 2019. Primeneniye ul'trafioletovogo 
izlucheniya v sovremennoy meditsine (Obzor liter-
atury)/ Vestnik Rossiyskoy voyenno-meditsinskoy 
akademii. Tom 21,№3, 30-36.

 DOI: https://doi.org/10.17816/brmma20669.
[2]  Rastogi, R.P., Kumar, A., Tyagi, M.B., Sinha, R.P., 

2010. Molecular mechanisms of ultraviolet radia-

tion-induced DNA damage and repair. J. Nucleic Ac-
ids. [PMC free article] [PubMed] [Google Scholar].

 DOI: https://doi.org/0.4061/2010/592980.
[3]  Moskvin, S.V., Osnovy lazernoy terapii, S.V., 

Moskvin, A.A., Achilov, M., 2008. Meditsina. 255.
[4]  Rojas, J.C., 2011. Low-level light therapy of the eye 

and brain / J. C. Rojas, F. Gonzalez-Lima // Eye and 
Brain. 3, 49-67.

[5]  Nasel'skiy, P.D., Novikov, D.I., Novikov, I.D., 2003. 
Reliktovoye izlucheniye Vselennoy. Nauka. 390.

[6]  Bandara, P., Carpenter, D.O., 2018. Planetary Elec-
tromagnetic Pollution: it is Time to assess its Impact. 
The Lancet Planetary Health. 2, e512-e514.

 DOI: https://doi.org/10.1016/S2542-5196(18)30221-3.
[7]  Gajšek, P., Ravazzani, P., Wiart, J., Grellier, J., Sa-

maras, T., Thuróczy, G., 2015. Electromagnetic Field 
Exposure Assessment in Europe Radiofrequency 
fields (10 MHz-6 GHz). Journal of Exposure Science 
& Environmental Epidemiology. 25, 37-44.

 DOI: https: //doi.org/10.1038/jes.2013.40.
[8]  Sitko, S.P., 1999. Apparaturnoe obespechenie sovre-

mennukh tekhnologiy kvanovyu medytsyny / S.P. 
Sitko, Skrypnyk Y.A., Yanenko A.F; pod obsch. red. 
S.P. Sitko- K. FADA LTD. 199.

[9]  Yanenko, O., 15.11.2019. Low-intensive microwave 
ave signals in biology and medicine. Journal of Hu-
man Physiology. 1(1), 29-41.

[10]  Rassel, K.L., 2018. 5G Rasshireniye besprovodnoy 
svyazi: posledstviya dlya zdorov'ya naseleniya i 
okruzhayushchey sredy. Ekologicheskiye issledo-
vaniya. 165, 484-495.

 DOI: https: //doi.org/10.1016/j.envres.2018.01.016.
[11]  YU, A. Skripnik, A.F., Yanenko, V.F., 2003. Manoy-

lov i dr./ Mikrovolnovaya radiometriya fizicheskikh i 
biologicheskikh ob"yektov. Zhitomir. 408.

[12]  Bhatt, C.R., Redmayne, M., Abramson, M.J., Benke, 
G., 2016. Instruments to Assess and Measure Per-
sonal and Environmental Radiofrequency-Electro-
magnetic Field Exposures. Australasian Physical & 
Engineering Sciences in Medicine. 39, 29-42. 

 DOI: https://doi.org/10.1007/s13246-015-0412-z.
[13]  Vanbergen, A.J., Potts, S.G., Vian, A., Malkemper, 

E.P., Young, J., Tscheulin, T., 2019. Risk to Pollina-
tors from Anthropogenic Electro-Magnetic Radiation 
(EMR): Evidence and Knowledge Gaps. The Science 
of the Total Environment. 695, 133833. 

 DOI: https://doi.org/10.1016/j.scitotenv.2019. 
133833.

[14]  Hallmann, C.A., Sorg, M., Jongejans, E., Siepel, H., 
Hofland, N., Schwan, H., Stenmans, W., Muller, A., 
Sumser, H., Horren, T., Goulson, D., de Kroon, H., 

DOI: https://doi.org/10.30564/jhp.v3i2.4160



50

Journal of Human Physiology | Volume 03 | Issue 02 | December 2021

Distributed under creative commons license 4.0

2017. More than 75 percent decline over 27 years in 
total flying insect biomass in protected areas. PloS 
one. 12, e0185809.

 DOI: https://doi.org/10.1371/journal.pone.0185809.
[15]  Sitko, S.P., 1994. Vvedenie v kvanovyu medytsyny/

S.P. Sitko , L.N/ Mkrtcnyan - K. : Pattern. 148.
[16]  Devyatkov, N.D., Golant, M.B., Betskiy, O.V., 

1991. Millimetrovyye volny i ikh rol' v protsessakh 
zhiznedeyatel'nosti, Radio i svyaz', Moskva. 168.

[17]  Yanenko, O.P., 2014. Apparatura ta tekhnolohiyi 
nyzʹkointensyvnoyi milimetrovoyi terapiyi / O.P. 
Yanenko, S.M.Perehudov, I.V.Fyedotova, O.D.Ho-
lovchansʹka // Visnyk NTUU «KPI». Seriya - Ra-
diotekhnika. Radioaparatobuduvannya. 59, 103-110.

[18]  Sitko, S.P., 1999. Apparaturnoe obespechenie sovre-
mennukh tekhnologiy kvanovyu medytsyny / S.P. 
Sitko, Skrypnyk Y.A., Yanenko A.F; pod obsch. red. 
S.P. Sitko- K. FADA LTD. 199.

[19]  Ponezha, G.V., Sitko, S.P., Skripnik, Yu.A., Yanenko, 
A.F., 1998. Regula and Reverse Fluxes of Microwave 
Radiation from Physical and Biologica lObjects, 
Physics of the Alive. Vol.6, No. 1, 11-14.

[20]  Bundyuk, L.S., Kuzʹmenko, O.P., Sitʹko, S.P., 
Skrypnyk, YU.O., Yanenko, O.P., 2003. Sposib 
mikrokhvylʹovoyi terapiyi. Ukrayinsʹkyy patent. 
№59399.

[21]  Khench, L., 2007. Biomaterialy, iskustvennyye orga-
ny i inzhenering tkaney/ L. Khench, D. Dzhons; per. 
s angl. Tekhnosfera. 304.

[22]  Yanenko, O.P., Perehudov, S.M., Holovchansʹka, 
O.D., 11.08.2008. Sposib vymiryuvannya potuzh-
nosti elektromahnitnykh syhnaliv ta identyfikatsiyi 
stomatolohichnykh materialiv/ Patent Ukrayiny na 
korysnu model. №344199. Byul. № 15.

[23]  Chekman, I.S., Malanchuk, V.O., Rybachuk, A.V., 
2011. Osnovy nanomedytsyny-K.: Lohos. 250.

[24]  Oleksiy, Y., Kostiantyn, S., Vladyslav, M., Оleksan-
dra, G., 2019. Microwave Evaluation of Electromag-

netic Compatibility of Dielectric Remedial and Ther-
apeutic Materialswith Human Body. International 
Journal of Materials Besearch. 7(1), 37-43.

[25]  Ponomarenko, G.N., 2009. Fizioterapija: Nacion-
al'noe rukovodstvo, GEOTAR Media, Moskva. 864.

[26]  Ulashchik, V.S., 2008. Fizioterapiya. Universal'naya 
meditsinskaya entsiklopediya Minsk.: Knizhnyy 
Dom. 640.

[27]  Oxford American Handbook of Physical Medicine 
and Rehabilitation, 2010. Edited by Lyn D. Weiss, 
Jay M. Weiss, Thomas Pobre. - Oxford University 
Press. 450.

[28]  Yanenko, О.P., Peregudov, S.М., Shevchenko, 
К.L.,Golovchanska, О.D., 2021. Features of low-in-
tensity energy balance in the process of physiother-
apeutic application of mixtures of natural materials// 
Вісник КПІ Радіотехніка. Радіоапаратобудування. 
Вип. 85, 41-47.

[29]  Skrypnyk, YU.O., Suprun, N.P., Yanenko, O.P., Vah-
anov, O.A., Peretudov, S.M., 2008. Radiometrychnyy 
metod otsinky komfortnosti tekstylʹnykh materialiv 
dlya odyahu //Visnyk KNUTD. 5, 9-14.

[30]  Skrypnyk YU., O., Yanenko, O.P., Shevchenko, K.L., 
2005. ta inshi. Mikrokhvylʹova otsinka radioprozo-
rosti ta hihiyenichnykh vlastyvostey materialiv dlya 
odyahu. Ukrayinsʹkyy zhurnal medychnoyi tekhniky 
i tekhnolohiy. 1-2, 12-15.

[31]  Kutsenko, V.P., 2012. Radiometrychnyy NVCH-kon-
trolʹ vlastyvostey materialiv / V. P. Kutsenko, YU. O. 
Skrypnyk, M. F. Trehubov, K. L. Shevchenko, O. P. 
Yanenko — Donetsʹk: IPSHI Nauka i osvita. 348.

[32]  Samsonova, G.V., 1965. Fiziko-khimicheskiye 
svoystva elementov. Spravochnik pod red.- K.: Nau-
kova dumka. 809.

[33]  Zotz, G., 2016. Plants on plants: the biology of vas-
cular epiphytes, 1st ed.; Springer International Pub-
lishing: Switzerland. pp. 1-282.

DOI: https://doi.org/10.30564/jhp.v3i2.4160


