Journal Pre-proof
ADVERSE HEALTH EFFECTS OF 5G MOBILE NETWORKING
TECHNOLOGY UNDER REAL-LIFE CONDITIONS
Ronald N. Kostoff, Paul Heroux, Michael Aschner, Aristides
Tsatsakis

PII:

S0378-4274(20)30028-X

DOI:

https://doi.org/10.1016/j.toxlet.2020.01.020

Reference:

TOXLET 10689

To appear in:

Toxicology Letters

Received Date:

12 December 2019

Revised Date:

16 January 2020

Accepted Date:

23 January 2020

Please cite this article as: Kostoff RN, Heroux P, Aschner M, Tsatsakis A, ADVERSE HEALTH
EFFECTS OF 5G MOBILE NETWORKING TECHNOLOGY UNDER REAL-LIFE
CONDITIONS, Toxicology Letters (2020), doi: https://doi.org/10.1016/j.toxlet.2020.01.020

This is a PDF ﬁle of an article that has undergone enhancements after acceptance, such as
the addition of a cover page and metadata, and formatting for readability, but it is not yet the
deﬁnitive version of record. This version will undergo additional copyediting, typesetting and
review before it is published in its ﬁnal form, but we are providing this version to give early
visibility of the article. Please note that, during the production process, errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal
pertain.
© 2019 Published by Elsevier.

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

ADVERSE HEALTH EFFECTS OF 5G MOBILE NETWORKING TECHNOLOGY UNDER REAL-LIFE
CONDITIONS
by
Ronald N. Kostoff1
Paul Heroux2
Michael Aschner3
Aristides Tsatsakis4

-p

ro

of

1. Research Affiliate, School of Public Policy, Georgia Institute of Technology
2. Professor of Toxicology and Health Effects of Electromagnetism, McGill University
3. Professor of Molecular Pharmacology, Director, Einstein Center of Toxicology, Albert
Einstein College of Medicine
4. Director of Laboratory of Toxicology, Medical School, University of Crete

Jo

ur
na

lP

re

Graphical abstract

1

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

HIGHLIGHTS

Identifies wide-spectrum of adverse health effects of non-ionizing non-visible radiation
Most laboratory experiments were not designed to identify the more severe adverse effects
reflective of real-life conditions
o Many experiments do not include the real-life pulsing and modulation of the carrier
signal
o Vast majority of experiments do not account for synergistic adverse effects of other
toxic stimuli with wireless radiation



5G mobile networking technology will affect not only the skin and eyes, but will have adverse
systemic effects as well
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ABSTRACT
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This article identifies adverse effects of non-ionizing non-visible radiation (hereafter
called wireless radiation) reported in the premier biomedical literature. It emphasizes that
most of the laboratory experiments conducted to date are not designed to identify the more
severe adverse effects reflective of the real-life operating environment in which wireless
radiation systems operate. Many experiments do not include pulsing and modulation of the
carrier signal. The vast majority do not account for synergistic adverse effects of other toxic
stimuli (such as chemical and biological) acting in concert with the wireless radiation. This
article also presents evidence that the nascent 5G mobile networking technology will affect not
only the skin and eyes, as commonly believed, but will have adverse systemic effects as well.

KEYWORDS

Electromagnetic Fields; Wireless Radiation; Non-Ionizing Radiation; Mobile Networking
Technology; 5G; Adverse Health Effects; Toxicology; Toxic Stimuli Combinations; Synergistic
Effects; Combined Effects; Systemic Effects; Real-Life Simulation
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INTRODUCTION
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Wireless communications have been expanding globally at an exponential rate. The
latest imbedded version of mobile networking technology is called 4G (fourth generation), and
the next version (called 5G - fifth generation) is in the early implementation stage. Neither 4G
nor 5G have been tested for safety in credible real-life scenarios. Alarmingly, many of the
studies conducted in more benign environments show harmful effects from this radiation. The
present article overviews the medical and biological studies that have been performed to date
relative to effects from wireless radiation, and shows why these studies are deficient relative to
safety. However, even in the absence of the missing real-life components such as toxic
chemicals and biotoxins (which tend to exacerbate the adverse effects of the wireless
radiation), the literature shows there is much valid reason for concern about potential adverse
health effects from both 4G and 5G technology. The studies on wireless radiation health effects
reported in the literature should be viewed as extremely conservative, substantially
underestimating the adverse impacts of this new technology.
WIRELESS RADIATION/ELECTROMAGNETIC SPECTRUM

ionizing radiation (gamma rays, x-rays, and the extreme ultraviolet, with
wavelengths below ~10-7 m and frequencies above ~3x1015 Hz);
non-ionizing visible radiation (wavelengths from ~4x10-7 m to ~7x10-7 m and
frequencies between ~4.2x1014 Hz and ~7.7x1014 Hz);
non-ionizing non-visible radiation
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This section overviews the electromagnetic spectrum, and delineates the parts of the
spectrum on which this article will focus. The electromagnetic spectrum encompasses the
entire span of electromagnetic radiation, including:
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short wavelength radio waves and microwaves, with wavelengths between
~10-3 m and ~105 m and frequencies between ~3x1011 to ~3x103 Hz;
long wavelengths, ranging between ~105 m and ~108 m and frequencies
ranging between 3x103 and 3 Hz.

How are these frequencies used in practice?


The low frequencies (3 Hz–300 KHz) are used for electrical power line transmission (60
Hz in the U.S.) as well as maritime and submarine navigation and communications.
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Medium frequencies (300 KHz–900 MHz) are used for AM/FM/TV broadcasts in North
America.
Lower microwave frequencies (900 MHz–5 GHz) are used for telecommunications such
as microwave devices/communications, radio astronomy, mobile/cell phones, and
wireless LANs.
Higher microwave frequencies (5 GHz– 300GHz) are used for radar and proposed for
microwave WiFi, and will be used for high-performance 5G.
Terahertz frequencies (300 GHz–3000 GHz) are used increasingly for imaging to
supplement X-rays in some medical and security scanning applications [Kostoff and Lau,
2017].
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In the present study of wireless radiation health effects, the frequency spectrum ranging
from 3 Hz to 300 GHz is covered, with particular emphasis on the high frequency
communications component ranging from ~1 GHz to ~300 GHz. Why was this part of the
spectrum selected? Previous reviews of wireless radiation health effects found that pulsed
electromagnetic fields (PEMF) applied for relatively short periods of time could sometimes be
used for therapeutic purposes, whereas chronic exposure to electromagnetic fields (EMF) in the
power frequency range (~60 Hz) and microwave frequency range (~1 GHz-tens GHz) tended to
result in detrimental health effects [Kostoff and Lau, 2013, 2017]. Given present concerns
about the rapid expansion of 5G communications systems (which are projected to use mainly
the higher microwave frequencies part of the spectrum in the highest performance (aka highband) mode) in the absence of adequate and rigorous safety testing, more emphasis will be
placed on the communications frequencies in this document.
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MODERN WIRELESS RADIATION EXPOSURES
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In ancient times, sunlight and its lunar reﬂections provided the bulk of the visible
spectrum for human beings (with ﬁre a distant second and lightning a more distant third). Now,
many varieties of artiﬁcial light (incandescent, ﬂuorescent, and light emitting diode) have
replaced the sun as the main supplier of visible radiation during waking hours. Additionally,
EMF radiations from other parts of the non-ionizing non-visible spectrum have become
ubiquitous in daily life, such as from wireless computing and telecommunications. In the last
two or three decades, the explosive growth in the cellular telephone industry has placed many
residences in metropolitan areas within less than a mile of a cell tower. Future implementation
of the next generation of mobile networking technology, 5G, will increase the cell tower
densities by an order of magnitude. Health concerns have been raised about wireless radiation
from (1) mobile communication devices, (2) occupational exposure, (3) residential exposure, (4)
wireless networks in homes, businesses, and schools, (5) automotive radar, and (6) other nonionizing EMF radiation sources, such as ‘smart meters’ and ‘Internet of Things’.
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DEMONSTRATED BIOLOGICAL AND HEALTH EFFECTS FROM PRIOR GENERATIONS OF
WIRELESS NETWORKING TECHNOLOGY
There have been two major types of studies performed to ascertain biological and
health effects of wireless radiation: laboratory and epidemiology. The laboratory tests
performed provided the best scientific understanding of the effects of wireless radiation, but
did not reflect the real-life environment in which wireless radiation systems operate (exposure
to toxic chemicals, biotoxins, other forms of toxic radiation, etc). There are three main reasons
the laboratory tests failed to reflect real-life exposure conditions for human beings.
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First, the laboratory tests have been performed mainly on animals, especially rats and
mice. Because of physiological differences between small animals and human beings, there
have been continual concerns about extrapolating small animal results to human beings.
Additionally, while inhaled or ingested substances can be scaled from laboratory experiments
on small animals to human beings relatively straight-forwardly, radiation may be more
problematic. For non-ionizing radiation, penetration depth is a function of frequency, tissue,
and other parameters. Radiation could penetrate much deeper into a small animal’s interior
than similar wavelength radiation in humans, because of the much smaller animal size.
Different organs and tissues would be affected, with different levels of power density.
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Second, the typical incoming EMF signal for many/most laboratory tests performed in
the past consisted of single carrier wave frequency; the lower frequency superimposed signal
containing the information was not always included. This omission may be important. As
Panagopoulos states: “It is important to note that except for the RF/microwave carrier
frequency, Extremely Low Frequencies - ELFs (0–3000Hz) are always present in all
telecommunication EMFs in the form of pulsing and modulation. There is significant evidence
indicating that the effects of telecommunication EMFs on living organisms are mainly due to
the included ELFs…. While ∼50% of the studies employing simulated exposures do not find any
effects, studies employing real-life exposures from commercially available devices display an
almost 100% consistency in showing adverse effects” [Panogopoulos, 2019]. These effects may
be exacerbated further with 5G: “with every new generation of telecommunication
devices…..the amount of information transmitted each moment…..is increased, resulting in
higher variability and complexity of the signals with the living cells/ organisms even more
unable to adapt” [Panogopoulos, 2019].
Third, these laboratory experiments typically involved one stressor (toxic stimulus) and
were performed under pristine conditions. This contradicts real-life exposures, where humans
are exposed to multiple toxic stimuli, in parallel or over time [Tsatsakis et al., 2016; Tsatsakis et
al., 2017; Docea et al, 2019a]. In perhaps five percent of the cases reported in the wireless
radiation literature, a second stressor (mainly a biological or chemical toxic stimulus) was added
5
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to the wireless radiation stressor, to ascertain whether additive, synergistic, potentiative, or
antagonistic effects were generated by the combination [Kostoff and Lau, 2013, 2017;
Juutilainin et al, 2008; Juutilainin et al, 2006].
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Combination experiments are extremely important because, when other toxic stimuli
are considered in combination either with each other or with wireless radiation, the synergies
tend to enhance the adverse effects of each stimulus in isolation. This was shown in several
studies that evaluated the cumulative effects of chronic exposure to low doses of xenobiotics in
combination [Kostoff et al., 2018; Docea et al., 2018; Tsatsakis et al., 2019a; Docea et al.,
2019b; Tsatsakis et al., 2019b; Tsatsakis, 2019c; Fountoucidou et al, 2019]. For those
combinations that include wireless radiation, combined exposure to toxic stimuli and wireless
radiation translates into much lower levels of tolerance for each toxic stimulus in the
combination relative to its exposure levels that produce adverse effects in isolation.
Accordingly, the exposure limits for wireless radiation when examined in combination with
other potentially toxic stimuli would be far lower for safety purposes than those derived from
wireless radiation exposures in isolation.

ur
na

lP

re

Thus, almost all of the wireless radiation laboratory experiments that have been
performed to date are flawed/limited with respect to showing the full adverse impact of the
wireless radiation that would be expected under real-life conditions. Either 1) non-inclusion of
signal information or 2) using single stressors only tends to underestimate the seriousness of
the adverse effects from wireless radiation. Excluding both of these phenomena from
experiments, as was done in the vast majority of the reported wireless radiation health effects
studies, tends to amplify this underestimation substantially. Thus, the results reported in the
biomedical literature should be viewed as 1) extremely conservative and 2) the very low ‘floor’
of the seriousness of the adverse effects from wireless radiation, not the ‘ceiling’.

Jo

In contrast to the controlled pristine environments that characterize the wireless
radiation animal laboratory experiments, the wireless radiation epidemiology studies carried
out to date typically involved human beings who had been subjected to myriad known and
unknown stressors prior to (and during) the study. The real-life human exposure levels from
cell tower studies (reported by Kostoff and Lau [2017]) that showed increased cancer incidence
were orders of magnitude lower than those exposure levels generated in the recent highlyfunded National Toxicology Program animal laboratory studies [Melnick, 2019]. We believe the
inclusion of real-world effects in the cell tower studies accounted for the orders of magnitude
exposure level decreases that were associated with the increased cancer incidence. The
laboratory tests were conducted under controlled conditions not reflective of real-life, while
the epidemiology studies were performed in the presence of many stressors, known and
unknown, reflective of real-life. The myriad toxic stimuli exposure levels of the epidemiology
studies were, for the most part, uncontrolled.
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A vast literature published over the past sixty years shows adverse effects from
wireless radiation applied in isolation or as part of a combination with other toxic stimuli.
Extensive reviews of wireless radiation-induced biological and health effects have been
published [Kostoff and Lau, 2013, 2017; Belpomme et al, 2018; Desai et al, 2009; Di Ciaula,
2018; Doyon and Johansson, 2017; Havas, 2017; Kaplan et al, 2016; Lerchl et al, 2015; Levitt and
Lai, 2010; Miller et al, 2019; Pall, 2016, 2018; Panagopoulos, 2019; Panagopoulos et al, 2015;
Russell, 2018; Sage and Burgio, 2018; Van Rongen et al, 2009; Yakymenko et al, 2016;
Bioinitiative, 2019]. In aggregate, for the high frequency (radiofrequency-RF) part of the
spectrum, these reviews show that RF radiation below the FCC guidelines can result in:
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carcinogenicity (brain tumors/glioma, breast cancer, acoustic neuromas, leukemia,
parotid gland tumors),
genotoxicity (DNA damage, DNA repair inhibition, chromatin structure),
mutagenicity, teratogenicity,
neurodegenerative diseases (Alzheimer’s Disease, Amyotrophic Lateral Sclerosis),
neurobehavioral problems, autism, reproductive problems, pregnancy outcomes,
excessive reactive oxygen species/oxidative stress, inflammation, apoptosis, blood-brain
barrier disruption, pineal gland/melatonin production, sleep disturbance, headache,
irritability, fatigue, concentration difficulties, depression, dizziness, tinnitus, burning and
flushed skin, digestive disturbance, tremor, cardiac irregularities,
adverse impacts on the neural, circulatory, immune, endocrine, and skeletal systems.
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From this perspective, RF is a highly pervasive cause of disease!

ur
na

The response from industry has been that no mechanism could explain the biological
action of non-thermal and non-ionizing EM fields. Yet, reports of clear perturbations of
biological systems at levels near or even below 1000 µW/m² [Bioinitiaive, 2019] were explained
by perturbations in electron and proton transfers supporting ATP production in mitochondria
[Sanders et al, 1980; 1985] exposed to RF or ELF signals [Li and Heroux, 2013].

Jo

To obtain another perspective on the full spectrum of adverse effects from wireless
radiation, a query was run on Medline to retrieve representative records associated with
adverse EMF effects (mainly, but not solely, RF). Over 5400 records were retrieved, and the
leading Medical Subject Headings (MeSH) extracted. The categories of adverse impacts from
both approaches match quite well. The adverse health effects range from myriad feelings of
discomfort to life-threatening diseases.
The full list of MeSH Headings associated with this retrieval is shown in Appendix 1 of
[Kostoff, 2019]. The interested reader can ascertain what other diseases/symptoms were
included. The 5400+ references retrieved are shown in Appendix 2 of [Kostoff, 2019].
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WHAT TYPES OF BIOLOGICAL AND HEALTH EFFECTS CAN BE EXPECTED FROM 5G WIRELESS
NETWORKING TECHNOLOGY?
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The potential 5G adverse effects derive from the intrinsic nature of the radiation, and
its interaction with tissue and target structures. 4G networking technology was associated
mainly with carrier frequencies in the range of ~1-2.5 GHz (cell phones, WiFi). The wavelength
of 1 GHz radiation is 30 cm, and the penetration depth in human tissue is a few centimeters. In
its highest performance (high-band) mode, 5G networking technology is mainly associated with
carrier frequencies at least an order of magnitude greater than the 4G frequencies, although, as
stated previously, “ELFs (0–3000Hz) are always present in all telecommunication EMFs in the
form of pulsing and modulation”. Penetration depths for the carrier frequency component of
high-band 5G wireless radiation will be on the order of a few millimeters [Alekseev et al.,
2008a; Alekseev et al., 2008b]. At these wavelengths, one can expect resonance phenomena
with small-scale human structures [Betzalel, 2018]. Additionally, numerical simulations of
millimeter-wave radiation resonances with insects showed a general increase in absorbed RF
power at and above 6 GHz, in comparison to the absorbed RF power below 6 GHz. A shift of
10% of the incident power density to frequencies above 6 GHz was predicted to lead to an
increase in absorbed power between 3–370% [Thielens et al., 2018].
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The common ‘wisdom’ presented in the literature and media is that, if there are adverse
impacts resulting from high-band 5G, the main impacts will be focused on near-surface
phenomena, such as skin cancer, cataracts, and other skin conditions. However, there is
evidence that biological responses to millimeter-wave irradiation can be initiated within the
skin, and the subsequent systemic signaling in the skin can result in physiological effects on the
nervous system, heart, and immune system [Russel, 2018].
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Additionally, consider the following reference [Zalyubovskaya, 1977]. This is one of many
translations of articles produced in the Former Soviet Union on wireless radiation (also, see
reviews of Soviet research on this topic by McRee [1979, 1980], Kositsky [2001], and Glaser
and Dodge [1976]). On p. 57 of the pdf link, the article by Zalyubovskaya addresses
biological effects of millimeter radiowaves. Zalyubovskaya ran experiments using power
fluxes of 10,000,000 microwatts/square meter (the FCC (Federal Communications
Commission) guideline limit for the general public today in the USA), and frequencies on the
order of 60 GHz. Not only was skin impacted adversely, but also heart, liver, kidney, spleen
tissue as well, and blood and bone marrow properties. These results reinforce the
conclusion of Russel (quoted above) that systemic results may occur from millimeter-wave
radiation. To re-emphasize, for Zalyubovskaya’s experiments, the incoming signal was
unmodulated carrier frequency only, and the experiment was single stressor only. Thus, the
expected real-world results (when human beings are impacted, the signals are pulsed and
8
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modulated, and there is exposure to many toxic stimuli) would be far more serious and
would be initiated at lower (perhaps much lower) wireless radiation power fluxes.
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The Zalyubovskaya paper was published in 1977. The referenced version was classified
in 1977 by USA authorities and declassified in 2012. What national security concerns caused it
(and the other papers in the linked pdf reference) to be classified for 35 years, until
declassification in 2012? Other papers on this topic with similar findings were published in the
USSR (and the USA) at that time, or even earlier, but many never saw the light of day, both in
the USSR and the USA. It appears that the potentially damaging effects of millimeter-wave
radiation on the skin (and other major systems in the body) have been recognized for well over
forty years, yet today’s discourse only revolves around the possibility of modest potential
effects on the skin and perhaps cataracts from millimeter-wave wireless radiation.
WHAT IS THE CONSENSUS ON ADVERSE EFFECTS FROM WIRELESS RADIATION?

lP
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Not all studies of wireless radiation have shown adverse effects. For example, consider
potential genotoxic effects of mobile phone radiation. A study investigating “the effect of
mobile phone use on genomic instability of the human oral cavity's mucosa cells” concluded
“Mobile phone use did not lead to a significantly increased frequency of micronuclei”
[Hintzsche and Stopper, 2010].
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Conversely, a 2017 study investigated buccal cell preparations for genomic instability,
and found “The frequency of micronuclei (13.66x), nuclear buds (2.57x), basal (1.34x),
karyorrhectic (1.26x), karyolytic (2.44x), pyknotic (1.77x) and condensed chromatin (2.08x) cells
were highly significantly (p=0.000) increased in mobile phone users” [Gandhi et al, 2017]. Also,
a 2017 study to ascertain the “effect of cell phone emitted radiations on the orofacial
structures” concluded that “Cell phone emitted radiation causes nuclear abnormalities of the
oral mucosal cells” [Mishra et al, 2017]. Further, a 2016 study to “explore the effects of mobile
phone radiation on the MN frequency in oral mucosal cells” concluded “The number of
micronucleated cells/1000 exfoliated buccal mucosal cells was found to be significantly
increased in high mobile phone users group than the low mobile phone users group” [Banerjee
et al, 2016]. Finally, a study aimed at investigating the health effects of WiFi exposure
concluded “long term exposure to WiFi may lead to adverse effects such as neurodegenerative
diseases as observed by a significant alteration on AChE gene expression and some
neurobehavioral parameters associated with brain damage” [Obajuluwa et al, 2017].
There are many possible reasons to explain this lack of consensus.
1)
There may be ‘windows’ in parameter space where adverse effects occur, and
operation outside these windows would show a) no effects or b) hormetic effects or c)
9
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therapeutic effects. For example, if information content of the signal is a strong contributor to
adverse health effects [Panagopoulus, 2019], then experiments that involve only the carrier
frequencies may be outside the window where adverse health effects occur. Alternatively, in
this specific example, the carrier signal and the information signal could be viewed as a
combination of potentially toxic stimuli, where the adverse effects of each component are
enabled because of the synergistic effects of the combination.

2)
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As another example, an adverse health impact on one strain of rodent was shown for a
combination of 50 Hz EMF and DMBA, while no adverse health impact was shown on another
rodent strain for the same toxic stimuli combination [Fedrowitz et al, 2004]. From a higherorder combination perspective, if genetic abnormalities/differences are viewed conceptually as
potentially equivalent to a toxic stimulus for combination purposes, then a synergistic threeconstituent combination of 50 Hz EMF, DMBA, and genetics was required to produce adverse
health impacts in the above experiment. If these results can be extrapolated across species,
then human beings could exhibit different responses to the same electromagnetic stimuli based
on their unique genetic predispositions [Caccamo et al, 2013; DeLuca et al, 2014].
Research quality could be poor, and adverse effects were overlooked.
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3)
Or, the research team could have had a preconceived agenda, where finding no
adverse effects from wireless radiation was THE objective of the study. For example, studies
have shown that industry-funded research of wireless radiation adverse health effects is far
more likely to show no effects than funding from non-industry sources [Huss et al, 2007; Slesin,
2006; Carpenter, 2019]. Studies in disciplines other than wireless radiation have shown that,
for products of high military, commercial, and political sensitivity, ‘researchers’/organizations
are hired to publish articles that conflict with the credible science, and therefore create doubt
as to whether the product of interest is harmful [Michaels, 2008; Oreskes and Conway, 2011].
Unfortunately, given the strong dependence of the civilian and military economies on wireless
radiation, incentives for identifying adverse health effects from wireless radiation are minimal
and disincentives are many. These perverse incentives apply not only to the sponsors of
research and development, but to the performers as well.
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Even the Gold Standard for research credibility - independent replication of research
results - is questionable in politically, commercially, and militarily sensitive areas like wireless
radiation safety, where the accelerated implementation goals of most wireless radiation
research sponsors (government and industry) are aligned. It is imperative that highly objective
evaluators with minimal conflicts of interest play a central role ensuring that rigorous safety
standards for wireless radiation systems are met before widescale implementation is allowed.
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CONCLUSIONS
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Wireless radiation offers the promise of improved remote sensing, improved
communications and data transfer, and improved connectivity. Unfortunately, there is a large
body of data from laboratory and epidemiological studies showing that previous and present
generations of wireless networking technology have significant adverse health impacts. Much
of this data was obtained under conditions not reflective of real-life. When real-life
considerations are added, such as 1) including the information content of signals along with 2)
the carrier frequencies, and 3) including other toxic stimuli in combination with the wireless
radiation, the adverse effects associated with wireless radiation are increased substantially.
Superimposing 5G radiation on an already imbedded toxic wireless radiation environment will
exacerbate the adverse health effects already shown to exist. Far more research and testing of
potential 5G health effects under real-life conditions is required before further rollout can be
justified.

Declaration of interests

lP

re

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

REFERENCES

ur
na

Alekseev SI, Radzievsky AA, Logani MK, Ziskin MC. Millimeter wave dosimetry of human skin.
Bioelectromagnetics. 2008a. Jan;29(1):65-70. DOI: 10.1002/bem.20363.
Alekseev SI, Gordiienko OV, Ziskin MC. Reflection and penetration depth of millimeter waves in
murine skin. Bioelectromagnetics. 2008b. Jul;29(5):340-4. doi: 10.1002/bem.20401.

Jo

Banerjee S, Singh NN, Sreedhar G, Mukherjee S. Analysis of the Genotoxic Effects of Mobile
Phone Radiation using Buccal Micronucleus Assay: A Comparative Evaluation. Journal of Clinical
and Diagnostic Research. 2016;10(3):ZC82-ZC5.
Belpomme D, Hardell L, Belyaev I, Burgio E, Carpenter DO. Thermal and non-thermal health
effects of low intensity non-ionizing radiation: An international perspective. Environmental
Pollution. 2018;242:643-58.
Betzalel N, Ben Ishai P, Feldmann Y. The human skin as a sub-THz receiver - Does 5G pose a
danger to it or not? Environmental Research. 2018;163:208-16.

11

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

BioInitiative Working Group, Cindy Sage and David O. Carpenter, Editors. BioInitiative Report: A
Rationale for Biologically-based Public Exposure Standards for Electromagnetic Radiation at
www.bioinitiative.org, December 31, 2012, last updated 2019.
Caccamo D, Cesareo E, Mariani S, Raskovic D, Lentile R, Currò M, Korkina L, and De Luca C.
Xenobiotic sensor- and metabolism-related gene variants in environmental sensitivity-related
illnesses: A Survey on the Italian Population. Oxidative Medicine and Cellular Longevity. 2013;
Volume 2013; Article ID 831969, http://dx.doi.org/10.1155/2013/831969

of

Carpenter DO. Extremely low frequency electromagnetic fields and cancer: How source of
funding affects results. Environmental Research. 2019; 178:108688. doi:
10.1016/j.envres.2019.108688.

-p

ro

De Luca C, Thai JC, Raskovic D, Cesareo E, Caccamo D, Trukhanov A, Korkina L. Metabolic and
genetic screening of electromagnetic hypersensitive subjects as a feasible tool for diagnostics
and intervention. Mediators Inflamm. 2014; 2014:924184. doi: 10.1155/2014/924184. Epub
2014 Apr 9.

re

Desai NR, Kesari KK, Agarwal A. Pathophysiology of cell phone radiation: oxidative stress and
carcinogenesis with focus on male reproductive system. Reproductive Biology and
Endocrinology. 2009;7.

lP

Di Ciaula A. Towards 5G communication systems: Are there health implications? International
Journal of Hygiene and Environmental Health. 2018;221(3):367-75.

ur
na

Docea AO, Gofita E, Goumenou M, Calina D, Rogoveanu O, Varut M, Olaru C, Kerasioti E,
Fountoucidou P, Taitzoglou I, Zlatian O, Rakitskii VN, Hernandez AF, Kouretas D, Tsatsakis A. Six
months exposure to a real life mixture of 13 chemicals' below individual NOAELs induced non
monotonic sex-dependent biochemical and redox status changes in rats. Food Chem Toxicol.
2018; 115: 470-481. doi: 10.1016/j.fct.2018.03.052;

Jo

Docea, AO; Calina, D; Goumenou, M; Neagu, M; Gofita; Tsatsakis, A. Study design for the
determination of toxicity from long-term-low-dose exposure to complex mixtures of pesticides,
food additives and lifestyle products. Toxicology Letters. 2019a; 258:S179-S179. DOI:
10.1016/j.toxlet.2016.06.1666
Docea AO, Goumenou M, Calina D, Arsene AL, Dragoi CM, Gofita E, Pisoschi CG, Zlatian O,
Stivaktakis PD, Nikolouzakis TK, Kalogeraki A, Izotov BN, Galateanu B, Hudita A, Calabrese EJ,
Tsatsakis A. Adverse and hormetic effects in rats exposed for 12 months to low dose mixture of
13 chemicals: RLRS part III. Toxicol Lett. 2019; 310:70-91. doi: 10.1016/j.toxlet.2019b.04.005;

12

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

Doyon PR, Johansson O. Electromagnetic fields may act via calcineurin inhibition to suppress
immunity, thereby increasing risk for opportunistic infection: Conceivable mechanisms of
action. Medical Hypotheses. 2017;106:71-87.
Fedrowitz M, Kamino K, Loscher W. Significant differences in the effects of magnetic field
exposure on 7,12-dimethylbenz(a)anthracene-induced mammary carcinogenesis in two
substrains of Sprague-Dawley rats. Cancer Research. 2004; 64(1): 243-251.

of

Fountoucidou P, Veskoukis AS, Kerasioti E, Docea AO, Taitzoglou IA, Liesivuori J, Tsatsakis A,
Kouretas DA mixture of routinely encountered xenobiotics induces both redox adaptations and
perturbations in blood and tissues of rats after a long-term low-dose exposure regimen: The
time and dose issue. Toxicol Lett. 2019; 317: 24-44. doi: 10.1016/j.toxlet.2019.09.015.

-p

ro

Gandhi G, Singh P, Kaur G. Perspectives Revisited - The Buccal Cytome Assay in Mobile Phone
Users. International Journal of Human Genetics. 2017;15(4):173-82.

re

Glaser R and Dodge CH. Biomedical aspects of radiofrequency radiation: A review of selected
Soviet, East European, and Western references. Selected Papers of the USNC/ URSI AnnunI
Meeting (Boulder, CO. 1975), HEW Publication (FDA) 77-8010/8011, pp. 2-34, Dec. 1976.

lP

Havas M. When theory and observation collide: Can non-ionizing radiation cause cancer?
Environmental Pollution. 2017;221:501-5.
Hintzsche H, Stopper H. Micronucleus frequency in buccal mucosa cells of mobile phone users.
Toxicology Letters. 2010;193(1):124-30.

ur
na

Huss A, Egger M, Hug K, Huwiler-Müntener K, Röösli M. Source of Funding and Results of
Studies of Health Effects of Mobile Phone Use: Systematic Review of Experimental Studies.
Environmental Health Perspectives. 2007; 115:1; 1-4.

Jo

Juutilainen J, Kumlin T, Naarala J. Do extremely low frequency magnetic fields enhance the
effects of environmental carcinogens? A meta-analysis of experimental studies. International
Journal of Radiation Biology. 2006; 82(1):1-12.
Juutilainen J. Do electromagnetic fields enhance the effects of environmental carcinogens?
Radiation Protection Dosimetry. 2008; 132(2); 228-231.
Kaplan S, Deniz OG, Onger ME, Turkmen AP, Yurt KK, Aydin I, et al. Electromagnetic field and
brain development. Journal of Chemical Neuroanatomy. 2016;75:52-61.
Kositsky NN, Nizhelska AI, and Ponezh GV. Influence of high-frequency electromagnetic
radiation at non-thermal intensities on the human body (a review of work by Russian and
13

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

Ukrainian researchers). No Place to Hide- Newsletter of the Cellular Phone Taskforce Inc. 3(1).
Supplement. 2001.
Kostoff RN, Goumenou M, Tsatsakis A. The role of toxic stimuli combinations in determining
safe exposure limits. Toxicol Rep. 2018; 5:1169-1172. doi: 10.1016/j.toxrep.2018.10.010.
eCollection 2018.

of

Kostoff RN, Lau CGY. Modiﬁed health effects of non-ionizing electromagnetic radiation
combined with other agents reported in the biomedical literature. C.D. Geddes (ed.),
Microwave Effects on DNA and Proteins, Springer International Publishing AG. 2017 DOI
10.1007/978-3-319-50289-2_4.

-p

Kostoff RN. Adverse effects of wireless radiation. 2019. PDF.
http://hdl.handle.net/1853/61946.

ro

Kostoff RN, Lau CGY. Combined biological and health effects of electromagnetic fields and
other agents in the published literature. Technological Forecasting & Social Change. 2013; 80:7;
1331-1349.

re

Lerchl A, Klose M, Grote K, Wilhelm AFX, Spathmann O, Fiedler T, et al. Tumor promotion by
exposure to radiofrequency electromagnetic fields below exposure limits for humans.
Biochemical and Biophysical Research Communications. 2015;459(4):585-90.

lP

Levitt BB, Lai H. Biological effects from exposure to electromagnetic radiation emitted by cell
tower base stations and other antenna arrays. Environmental Reviews. 2010; 18: 369-95.

ur
na

Li Y, Héroux P. Extra-Low-Frequency magnetic fields alter cancer cells through metabolic
restriction. Electromagn Biol Med 2014; 33(4); 264-75. DOI:10.3109/15368378.2013.817334.
McRee DI. Soviet and Eastern-European research on biological effects of microwave-radiation.
Proceedings of the IEEE. 1980; 68:1; 84-91. DOI: 10.1109/PROC.1980.11586. Also,
https://www.avaate.org/IMG/pdf/mcree80_rev_soviet.pdf

Jo

McRee DI. Review of Soviet Eastern-European research on health-aspects of microwaveradiation. Bulletin of the New York Academy of Medicine. 1979; 55:11; 1133-1151.
Melnick RL. Commentary on the utility of the National Toxicology Program study on cell phone
radiofrequency radiation data for assessing human health risks despite unfounded criticisms
aimed at minimizing the findings of adverse health effects. Environmental research. 2019; 168;
1-6. DOI:10.1016/j.envres.2018.09.010
Michaels, D. Doubt is their product: How industry's assault on science threatens your health.
1st Edition. Oxford University Press: Oxford, United Kingdom. 2008.

14

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

Miller AB, Sears ME, Morgan LL, Davis DL, Hardell L, Oremus M, et al. Risks to health and wellbeing from radio-frequency radiation emitted by cell phones and other wireless devices.
Frontiers in Public Health. 2019; 7 Pages:223. DOI:10.3389/fpubh.2019.00223
Mishra SK, Chowdhary R, Kumari S, Rao SB. Effect of Cell Phone Radiations on Orofacial
Structures: A Systematic Review. Journal of Clinical and Diagnostic Research. 2017;11(5):5.
Obajuluwa AO, Akinyemi AJ, Afolabi OB, Adekoya K, Sanya JO, Ishola AO. Exposure to radiofrequency electromagnetic waves alters acetylcholinesterase gene expression, exploratory and
motor coordination-linked behaviour in male rats. Toxicology reports. 2017;4:530-4.

of

Oreskes N, Conway EM. Merchants of Doubt: How a handful of scientists obscured the truth on
issues from tobacco smoke to global warming. Bloomsbury Press: New York, NY. 2011.

-p

ro

Pall ML. Microwave frequency electromagnetic fields (EMFs) produce widespread
neuropsychiatric effects including depression. Journal of Chemical Neuroanatomy. 2016;75:4351.

re

Pall ML. Wi-Fi is an important threat to human health. Environmental Research. 2018;164:40516.

lP

Panagopoulos DJ, Johansson O, Carlo GL. Real versus simulated mobile phone exposures in
experimental studies. Biomed Research International. 2015; 2015; 607053.
DOI:10.1155/2015/607053.

ur
na

Panagopoulos DJ. Comparing DNA damage induced by mobile telephony and other types of
man-made electromagnetic fields. Mutation Research-Reviews in Mutation Research.
2019;781:53-62.
Russell CL. 5 G wireless telecommunications expansion: Public health and environmental
implications. Environmental Research. 2018;165:484-95.

Jo

Sage C, Burgio E. Electromagnetic fields, pulsed radiofrequency radiation, and epigenetics: how
wireless technologies may affect childhood development. Child Development. 2018; 89(1): 12936.
Sanders AP, Joines WT, Allis JW. Effects of Continuous-Wave, Pulsed, and SinusoidalAmplitude-Modulated Microwaves on Brain Energy Metabolism. Bioelectromagnetics. 1985; 6;
89-97.
Sanders AP, Schaefer DJ, Joines WT. Microwave Effects on Energy Metabolism of Rat Brain.
Bioelectromagnetics. 1980; 1; 171-181.

15

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

Slesin L. “Radiation Research” and the cult of negative results. Microwave News.
http://microwavenews.com/RR.html. 31 July 2006.
Thielens A, Bell D, Mortimore DB, Greco MK, Martens L, Joseph W. Exposure of Insects to
Radio-Frequency Electromagnetic Fields from 2 to 120 GHz. Sci Rep. 2018; 8; 3924.
doi:10.1038/s41598-018-22271-3
Tsatsakis AM, Docea AO, Tsitsimpikou C. New challenges in risk assessment of chemicals when
simulating real exposure scenarios; simultaneous multi-chemicals' low dose exposure. Food
Chem Toxicol. 2016;96:174-6. doi: 10.1016/j.fct.2016.08.011.

-p

ro

of

Tsatsakis AM, Kouretas D, Tzatzarakis MN, Stivaktakis P, Tsarouhas K, Golokhvast KS, Rakitskii
VN, Tutelyan VA, Hernandez AF, Rezaee R, Chung G, Fenga C, Engin AB, Neagu M, Arsene AL,
Docea AO, Gofita E, Calina D, Taitzoglou I, Liesivuori J, Hayes AW, Gutnikov S, Tsitsimpikou C.
Simulating real-life exposures to uncover possible risks to human health: A proposed consensus
for a novel methodological approach. Hum Exp Toxicol. 2017;36(6):554-564. doi:
10.1177/0960327116681652.

re

Tsatsakis AM, Docea AO, Calina D, Buga AM, Zlatian O, Gutnikov S, Kostoff RN, Aschner M.
Hormetic Neurobehavioral effects of low dose toxic chemical mixtures in real-life risk
simulation (RLRS) in rats. Food Chem Toxicol. 2019a;125:141-149. doi:
10.1016/j.fct.2018.12.043

ur
na

lP

Tsatsakis A, Tyshko NV, Docea AO, Shestakova SI, Sidorova YS, Petrov NA, Zlatian O, Mach M,
Hartung T, Tutelyan VA. The effect of chronic vitamin deficiency and long term very low dose
exposure to 6 pesticides mixture on neurological outcomes - A real-life risk simulation
approach. Toxicol Lett. 2019b; ;315:96-106. doi: 10.1016/j.toxlet.2019.07.026
Tsatsakis A, Docea AO, Constantin C, Calina D, Zlatian O, Nikolouzakis TK, Stivaktakis PD,
Kalogeraki A, Liesivuori J, Tzanakakis G, Neagu M. Genotoxic, cytotoxic, and cytopathological
effects in rats exposed for 18 months to a mixture of 13 chemicals in doses below NOAEL levels.
Toxicol Lett. 2019c; 316:154-170. doi: 10.1016/j.toxlet.2019.09.004

Jo

van Rongen E, Croft R, Juutilainen J, Lagroye I, Miyakoshi J, Saunders R, et al. Effects of
radiofrequency electromagnetic fields on the human nervous system. Journal of Toxicology and
Environmental Health-Part B-Critical Reviews. 2009;12(8):572-97.
Yakymenko I, Tsybulin O, Sidorik E, Henshel D, Kyrylenko O, Kyrylenko S. Oxidative mechanisms
of biological activity of low-intensity radiofrequency radiation. Electromagnetic Biology and
Medicine. 2016;35(2):186-202.

16

Adverse Effects of Wireless Radiation

2019

RN Kostoff et al

Jo

ur
na

lP

re

-p

ro

of

Zalyubovskaya NP. Biological effects of millimeter radiowaves. Vrachebnoye Delo. No. 3.
1977. https://www.cia.gov/library/readingroom/docs/CIA-RDP88B01125R000300120005-6.pdf.
P. 57.

17

