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Abstract — Various responses to non-thermal microwaves 

(MW) from mobile communication including adverse health 
effects related to electrohypersensitivity, cancer risks, 
neurological effects, and reproductive impacts have been 
reported while some studies reported no such effects. This 
presentation provides an overview of the complex dependence of 
the MW effects on various physical and biological variables, 
which account for, at least partially, an apparent inconsistence in 
the published data. Among other variables, dependencies on 
carrier frequency, polarization, modulation, intermittence, 
electromagnetic stray fields, genotype, physiological traits, and 
cell density during exposure were reported. Nowadays, biological 
and health effects of 5G communication, which will use 
microwaves of extremely high frequencies (millimeter waves 
MMW, wavelength 1- 10 mm), are of significant public concern. 
It follows from available studies that MMW, under specific 
conditions of exposure at very low intensities below the ICNIRP 
guidelines, can affect biological systems and human health. Both 
positive and negative effects were observed in dependence on 
exposure parameters. In particular, MMW inhibited repair of 
DNA damage induced by ionizing radiation at specific 
frequencies and polarizations. To what extend the 5G technology 
and the Internet of Things will affect the biota and human health 
is definitely not known. However, based on possible fundamental 
role of MMW in regulation of homeostasis and almost complete 
absence of MMW in atmosphere due to effective absorption, 
which suggests the lack of adaptation to this type of radiation, 
the health effects of chronic MMW exposures may be more 
significant than for any other frequency range.  
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I. THERMAL VERSUS NON-THERMAL MICROWAVE EFFECTS, 
THEIR MAIN REGULARITIES 

Exposures to microwaves (MW, 300 MHz-300 GHz) vary 
in many parameters: incident power density (PD), specific 
absorption rate (SAR), frequency/wavelength, polarization 
(linear, ellipsoidal, circular, unpolarized), continuous wave 
(CW) and pulsed fields, modulation (amplitude, frequency, 
phase, complex), far field/near field, static magnetic field 
(SMF) and stray electromagnetic fields (EMF) of extremely 
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low frequency (ELF, 3-300 Hz) at the location of exposure, 
overall duration and intermittence of exposure (interrupted, 
continuous), short-term acute and prolonged chronic 
exposures.  With increased SAR, so-called thermal effects of 
MW are usually observed that result in significant MW-
induced heating.  SAR is a main determinate of thermal MW 
effects. The SAR based safety limits, which intend to protect 
from the thermal MW effects, were developed based on 
computer simulation of the MW energy absorption in 
standardized male phantoms. Thus, they do not take into 
account individual variability in voxel SAR distribution, 
which may be observed in dependence on polarization, 
frequency, age, sex, and pregnancy status [1-8]. In addition, 
the mobile phone SAR values are usually obtained when the 
phone is positioned about 2 cm from the standard male 
phantom head, a condition, which is not usually maintained 
during mobile phone calls. Other aforementioned physical 
variables of MW exposure have been linked to occurrence of 
so-called non-thermal (NT) biological effects, which are 
induced by MW at intensities well below measurable heating 
[9-21] [22]. The classification of MW effects into thermal and 
non-thermal is not based on physics of interaction between 
MW and biological tissues but rather reflects experimental 
observation of heating induced by MW exposure, which at 
SAR levels higher than 2 W/kg may result in thermal injury.  
Of note, slight temperature increase is also observed in the 
head tissues during exposure to mobile handset radiation, but 
this increase is too weak to produce thermal injury [23] and 
even to be sensed by the exposed subjects [24] while some 
mobile phone users reported sensation of warmth around the 
ear [25]. 

Vilenskaya and co-authors [26] and Devyatkov [27] have 
reported  pioneering data on the NT effects of millimeter 
waves (MMW, 30-300 GHz, wavelength 1-10 mm in vacuum, 
to be used in 5G mobile communication) upon exposure of 
various biological objects. Webb was the first to establish the 
highly resonant effects of ultra-weak MMW on the induction 
of λ-phage in lysogenic bacterial E. coli cells [28]. These 
findings were subsequently corroborated by independent 
research groups [29, 30].  In these and subsequent studies the 
observed spectra of MMW action were found to have the 
following regularities: (1) strong dependence on frequency 
(frequency windows of resonance type), (2) there was a 
specific PD threshold below which no effect was observed, 
and above which the effects of exposure depended only 
weakly on power over several orders of magnitude (so-called 
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sigmoid or S-shaped dependence), (3) the occurrence of 
MMW effects depended on the duration of exposure, a certain 
minimum duration of exposure was necessary for an effect to 
manifest itself.  These important regularities of NT MMW 
effects have previously been confirmed by independent 
laboratories and reviewed [9, 14-16, 22, 31-34]. 
Since that time, multiple studies performed by diverse 
research groups over the World have provided strong 
evidence for the NT MW effects and have also indicated that 
there are several consistent regularities in occurrence of these 
effects: (i) dependence on frequency of “resonance-type” 
within multiple, while relatively narrow frequency windows; 
(ii) narrowing of these frequency windows with decreasing 
intensity of exposure; (iii) dependence on modulation, pulse 
modulated MW being usually more effective as CW MW; (iv) 
dependence on polarization, right- or left-circular polarization 
being more defective then opposite circular and linear 
polarization specifically for each resonance; (v) power 
windows and sigmoid dependence on PD within specific 
intensity windows including super-low PD comparable to 
intensities from base stations; (vi) thresholds on duration of 
exposure (coherence time); (vii) dependence on post-exposure 
time, intermittence and duration of exposure resulting in 
interplay between accumulated effect and adaptation to 
exposure; (viii) dependence on cell density suggesting 
electromagnetic cell-to-cell interaction during exposure; (ix) 
dependence on several physiological conditions during 
exposure, such as concentration of divalent ions, oxygen and 
radical scavengers, stage of cell growth; (x) dependence on 
genotype.  Cell type, sex, age, individual differences, and 
SMF and stray ELF EMF during exposure can be of 
importance for the NT MW effects [20, 35]. The data showing 
dependence of MW effects on extremely low frequency and 
static magnetic fields at the location of exposure suggested a 
strategy for reducing health effects from MW of mobile 
communication. 

II. REPRODUCIBILITY ISSUES 

Eventual non-reproducibility of the NT MW effects in 
replication studies is a subject of continues debate. As a 
matter of fact, dependence of the NT MW effects on several 
biological variables and physical parameters represents an 
important issue for considering in replication studies. 
Contrary to some statements, no one from positive studies 
(reporting NT MW effects) has been dismissed in a valid 
replication. One of the first studies on MMW effects was 
published by Webb [36]. The regulation of gene expression 
for the induction of prophage λ in lysogenic Escherichia coli 
has been extensively studied at the molecular level. The chain 
of events leading to induction by DNA-damaging factors, and 
the involvement of the RecA bacterial protein are well known. 
Webb has demonstrated, however, that the switching of the 
prophage genes from lysogenic to lytic development can be 
accomplished by exposure to MMW at the resonance 
frequency of 70.4 GHz. We followed the requirements 
described by Webb [37] as essential for MMW induction of 
prophage λ and replicated his data [37]. 

 Of note, no one negative study (showing no effects) has 
been independently replicated. The most representative so far 

international panel of 30 scientists has stated in the 
monograph of the International Agency for Research on 
Cancer (IARC) on carcinogenesis of radiofrequency (RF, 30 
kHz - 300 GHz) radiations, pages 101-102: "The 
reproducibility of reported effects may be influenced by 
exposure characteristics (including SAR or power density, 
duration of exposure, carrier frequency, type of modulation, 
polarization, continuous versus intermittent exposures, 
pulsed-field variables, and background electromagnetic 
environment), biological parameters (including cell type, 
growth phase, cell density, sex, and age) and environmental 
conditions (including culture medium, aeration, and 
antioxidant levels)" [35].  The IARC international panel 
admitted also that some of the inconsistencies  between RF 
studies could be due to differences in species, page 416 [35], 
and other biological factors, page 104: "Biological systems 
are complex and factors such as metabolic activity, growth 
phase, cell density, and antioxidant level might alter the 
potential effects of RF radiation".  Multiple physical variables 
that may affect study results were considered in the IARC 
monograph on pages 385-387 [35].  

III. HEALTH RISKS 

Results of several studies of RF effects on sperm quality 
have recently been reviewed and subjected to meta-analysis 
using random effect models, in order to determine whether 
exposure to RF emitted from mobile phones affects human 
sperm [38]. The sperm quality was measured using 
parameters, which are most frequently used in clinical settings 
to assess fertility by motility, viability and concentration. 
Exposure to mobile phones was associated with reduced 
sperm motility and viability, while the effects on 
concentration were more equivocal. These results, being 
consistent through observational in vivo and experimental in 
vitro studies, suggested that exposure from mobile phones 
negatively affects sperm quality. 

Most epidemiologic studies indicate detrimental effects of 
chronic exposure radiation from mobile phones including 
increased brain cancer risks in heavy mobile phone users, 
while lower quality studies underestimated this risk [39-42] 
[43]. The reported brain cancer risk was dependent on type of 
signal and mutual position of the affected organ and mobile 
phone. 

The majority of studies with chronic exposure to EMF from 
mobile phones showed detrimental effects including those 
related to carcinogenicity and also indicated mechanism of 
these effects, which is based on induction of reactive oxygen 
species (ROS) [44, 45]. In particular, few recent meta-
analyses of available case-control studies have consistently 
shown that long term mobile phone use (usually ≥ 10 years) is 
associated with statistically significant increased risks of brain 
tumors (gliomas and acoustic neuromas) while no such 
association is seen at shorter usage [39-42]. An increased 
incidence of glioma in the brain and malignant schwannoma 
in the heart has recently been found in rats in the National 
Toxicology Program (NTP) study [46]. Acoustic neuroma, 
also called vestibular schwannoma, is a similar type of tumor 
as the malignant schwannoma found in the heart, also benign. 
Thus, the NTP results, which were obtained upon chronic 
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MW exposure of laboratory animals, have supported 
epidemiological human studies, which have found increased 
risk for glioma and acoustic neuroma.  

The NTP findings along with recent replicated animal 
studies from Germany [47], supplemented other studies and 
provided sufficient evidence for carcinogenicity of mobile 
phone exposure in animals. Studies with chronic exposures 
have also provided evidence for possible mechanisms of MW 
effects, which involve production of reactive 
oxygen/nitrogene species. Taking into account the evidence 
from human epidemiological studies, MW exposure from 
mobile phones was suggested to be classified as human 
carcinogen according to the generally accepted Bradford Hill 
criteria [35, 48]. The interadvisory group of 29 scientists from 
18 countries of the International Agency for Research on 
Cancer (IARC), which is a part of the World Health 
Organization, has recently stated that the majority of NTP 
data on carcinogenic bioassay provided evidence for re-
evaluating the RF-induced carcinogenesis [49]. 

Other potential health effects of MW exposure including 
nervous system diseases and hypersensitivity to 
electromagnetic fields have recently been reviewed [50, 51].  

IV. MOBILE BASE STATIONS 

Population’s exposure to microwaves from base stations 
continuously grows.  Recent studies with individual RF 
dosimeters indicated that the mobile phone base stations is a 
major source of whole body exposure to RF [52]. Very few 
studies are available on effects of MW-exposure from mobile 
base stations. Notably, most of them indicate adverse health 
effects, including cancer, fertility and prenatal development 
under chronic exposures of humans [1-9], mammals [10] and 
birds [11]. Accumulated dose during chronic exposure seems 
to be important parameter for assessment of cancer risks from 
base stations. In Taiwan, Li et al.  performed a population-
based case-control study and considered cancer incidence 
cases ≤15 years, which were admitted in 2003-2007 for all 
neoplasm including leukemia and brain tumors [53]. The 
cancer risks were estimated versus annual summarized power 
(ASP, W-year) accumulated during chronic exposures to each 
of the 71,185 base stations in service in 1998-2007. The 
annual power density (APD, W-year/km2) was computed from 
all base stations. RF exposure of each study case was 
indicated by the averaged APD within 5 years prior to the 
neoplasm diagnosis. A was significantly associated with an 
increased cancer risks for all neoplasm. Thus, this study found 
a significantly increased risk of all neoplasm in children with 
higher than median averaged APD (about 168 W-year/km2) 
exposure to base stations. 

V. PHYSICAL MECHANISMS 

There is an emerging notion that physics of non-
equilibrium and nonlinear systems should underlie the 
physical mechanisms of the NT MW effects [54-63]. 
According to theoretical analysis of available experimental 
data on the MW effects at super-weak PD these effects should 
be considered in frame of quantum-mechanical approach [56, 
64]. A fundamental quantum-mechanical mechanism has been 
suggested by Fröhlich who postulated that biological systems 

exhibit coherent longitudinal vibrations of electrically polar 
structures such as biological membranes [57]. According to 
the Fröhlich’s mechanism, when the metabolically driven 
energy supply exceeds a critical level, the polar structure 
enters a condition in which a steady state of non-linear 
oscillation is reached. The Fröhlich’s mechanism has also 
predicted the existence of a resonant interaction of MMW 
with biosystems [65, 66]. Possible biophysical mechanisms 
for the NT MW effects have been reviewed elsewhere [67].  

VI. 5G VERSUS GSM/UMTS 

We tested some signals from GSM (Global System for 
Mobile Communication, 2G) and UMTS (Universal Mobile 
Telecommunications System, 3G) mobile phones [68, 69]. 
Contrary to GSM phones, mobile phones of the 3rd generation 
irradiate wide-band signal. UMTS MWs may result in higher 
biological effects due to presence of selective resonance 
frequency windows.  

Most current discussion regarding MW health effects is 
focused on the 5G mobile communication, which is promptly 
enrolled in different countries and uses frequency ranges 
similar to 2G/3G/4G plus MMW. It follows from available 
studies that MW, under specific conditions of exposure at 
ultra-weak intensities below the ICNIRP guidelines, can affect 
biological systems and human health. Both positive and 
negative effects were observed in dependence on exposure 
parameters. In particular, MMW inhibited repair of DNA 
damage induced by ionizing radiation at specific frequencies, 
modulations and polarizations [21].  

While MMW are almost completely absorbed within 1-2 
mm in biologically equivalent tissues, it may penetrate much 
deeper in live human body. Biological objects including 
human being are not in thermodynamical equilibrium. Thus, 
except for considering penetration of 5G/MMW into 
biologically equivalent tissues being in thermodynamical 
equilibrium, the response of live human body should also be 
considered. Alive body represents a complicated system with 
fundamental frequencies; many of them lie in the MMW 
range. In particular, the acupuncture system (meridians of 
organs) has been considered as a waveguide system for these 
MMW fundamental modes in the Soviet/Russian literature. 
From this point of view, MW penetrates human body far 
deeply as compared to "dead" model phantoms. 
Electromagnetic origin of Chinese meridians has been studied 
in several Soviet research teams. For example, Sit'ko et al. 
described the frequency of 56.46 GHz, which was found 
during an ordinary search for therapeutic frequencies based on 
sensorial reactions of a patient with duodenal ulcer [70]. 
Negative sensation (defined as spastic contraction of 
musculus quadricepts femoris) was repeatedly observed under 
applying MMW at this frequency. This sensory reaction 
allowed tracking the Chinese stomach meridian by using a 
static magnet at 4 mT. Exposure at the frequency of 56.46 
GHz has worsened health condition of the patient. Thus, this 
exposure was aborted and the patient received treatment at the 
resonance therapeutic frequency found by typical positive 
sensations.  After successful healing the duodenal ulcer at the 
MMW resonance therapeutic frequency, the negative response 
of the patient to the frequency of 56.46 GHz disappeared.  
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When a very fast RF pulse enters a human body, it 
generates a burst of energy (a Brillouin precursor) that can 
travel much deeper than predicted by the conventional models 
[71]. Brillouin precursors can be formed by high-speed data 
signals as used in 5G. 

VII. CONCLUSIONS  

To what extend the 5G technology and the Internet of 
Things will affect the human health is definitely not known. 
However,  based on possible fundamental role of MMW in 
regulation of homeostasis [72] and almost complete absence 
of MMW in atmosphere due to effective absorption, which 
suggests the lack of adaptation to this type of radiation, the 
health effects of chronic MMW exposures may be more 
significant than for any other frequency range. From the 
health perspectives, implementation of the 5G technology is 
premature. Extended research with chronic exposure of 
human cells, animals and man is needed to exclude potentially 
harmful 5G signals.  
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