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A Report on the Non-Thermal Effects of Radio Frequency
Radiation and the Adequacy of Health and Safety
Guidelines to Protect Public Health
The purpose of this Expert Report is to provide objective answers to the following two
questions:
1.

What are the findings of peer-reviewed scientific studies on the non-thermal
effects of RFR and the implications for human health and well-being?

2.

Can the International Commission on Non-Ionizing Radiation Protection (ICNIRP)
and its guidelines (ICNIRP, 1998, 2020) be trusted to protect public health?

Duty to the Court
I understand that my duty to the Court is to provide independent assistance to the Court on
matters within my expertise and that it overrides any obligation to the person from whom I
have received my instructions, or by whom I am paid. I have complied with this duty. I am
also aware of the requirements of Part 35 CPR, Practice Direction 35, and the Guidance for
the Instruction of Experts in Civil Claims 2014.

Statement of Truth
I confirm that I have made clear which facts and matters referred to in this report are within
my knowledge and which are not. Those that are within my knowledge I confirm to be
true. The opinions I have expressed represent my true and complete professional opinions
on the matters to which they refer. I, Professor Thomas Butler, declare as the maker of the
above statement that I believe the contents to be true and understand that it may be placed
before the Court.

Expert Details and Qualifications
Thomas (Tom) Butler PhD MSc is a Professor of Information Systems (IS) at University College
Cork, Ireland. A former satellite and microwave telecommunications engineer, Tom teaches
a range of computing (including data communications and WiFi) and informatics courses at
all levels. Of special import are his seminars on the scientific method and philosophy of science
to PhDs. He has over 200 publications in the IS field’s leading journals and conferences and
a range of other outlets. Tom has garnered over €8.5m in research funding in the past 15
years and has several technological innovations to his name. In 2015, Tom began researching
the risks posed by wireless technologies to children, following a suggestion by the Chief Risk
Officer concerned about the impact of Wifi on children. Tom is now part of an international
community of scientists, all experts in their fields of epidemiology, oncology, biology,
bioelectromagnetics, medicine, physics, electrical and electronic engineering, and so on, and
is regarded as one who can communicate the findings of multi-disciplinary research to
policymakers and the public in an unbiased and accessible manner.

3

A Report on the Non-Thermal Effects of Radio Frequency
Radiation and the Adequacy of Health and Safety
Guidelines to Protect Public Health
Executive Summary
The majority of peer-reviewed scientific studies conclude that human health and well-being are
under significant threat from everyday wireless technologies: these include existing 2-to-4G,
Wifi, and Bluetooth—5G magnifies these risks substantially. The past 15 years have seen the
proliferation of non-ionizing radio frequency radiation (RFR1) devices and related communication
systems in the home, school, workplace, and across the environment. The safety standards for
all RFR sources are based on the accepted harmful thermal effects of microwave RFR: however,
independent research demonstrates that the telecommunications and technology industries
have, from the outset, ignored or denied the existence of non-thermal effects. All this despite a
comprehensive review of research published between 1969-1976 by the U.S. Naval Medical
Research Institute (MNRI) (Glaser et al., 1976). This extensive bibliography of over 3,700 studies
demonstrated from the outset the equally harmful non-thermal effects of RFR, including its
potential to cause cancers, neurological, neurodegenerative, and other pathophysiological
problems.
Since 1976, thousands of independent research studies, in vitro, in vivo, and epidemiological,
demonstrate that low-intensity RFR elicits a range of physical and biological effects, including
pathophysiological effects, in experimental animals and humans. The overwhelming majority of
peer-reviewed studies find such effects. The last five years have seen an increase in the volume
and velocity of scientific studies finding significant risk in non-thermal effects of near-field and
far-field on humans, culminating in the “clear evidence” of carcinogenicity in the US National
Toxicology Programme (NTP, 2018a,b) and Ramazzini Institute studies (Falcioni et al., 2018),
for examples. This significant body of research places in question the safety of 5G technology
and the risks it poses to humans and the biosphere.
The public awareness and disquiet regarding 5G have focused on far-field non-thermal effects:
However, in my opinion, based on the findings of extant research, the multiplicity of near-field
devices poses even greater risks to human health and wellbeing. Peer-reviewed scientific studies
find that 3-4G telecommunication devices, 2-5G Wifi devices, and the now ubiquitous Bluetooth
devices, pose significant threats risks to adults, children, and the unborn. These risks occur at
much lower levels of RFR power density than the thermal safety guidelines permit. It has been
known for decades that the central nervous system (CNS) is at greatest risk from RFR, with
altered neurotransmitter function, cellular signaling problems, blood-brain barrier breakdown,
neurological and neurodegenerative disease, oxidative stress, impairment of human
reproduction systems, apoptosis, and cellular DNA damage, among a range of serious health
effects identified in the scientific literature. The introduction of 5G technologies may raise the
risks for many in the population to unsustainable levels. Significantly, 5G may also bring new
threats, as in addition to the low- and high-frequency RFRs in existing technologies linked with
1

Radiofrequency radiation (RFR) is a type of non-ionizing radiation (NIR), which is also referred to as radiofrequency
(RF) electromagnetic fields (EMFs). RF EMFs are in the frequency range 100 KHz to 300 GHz, this includes all 25G, WiFi and Bluetooth technologies. In the UK, 5G technologies will emit RFR (RF EMF) in the frequency 700
MHz-28GHz, and beyond. In keeping with relevant research papers, this report employs the term RFR, as opposed
to RF EMF or simply EMF.
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the afore-mentioned conditions, 5G will almost certainly introduce untested exposures to
extremely high frequencies. Scientists argue that this may expose skin and eyes to major
immunologic and other systemic risks. Unfortunately, policymakers and regulators appear not
to understand the difference between the type and strength of scientific evidence required to
demonstrate causality and the level of evidence necessary to invoke the precautionary principle
and mitigate risks to human health and well-being (cf. Gee, 2008).
The International Commission on Non-Ionizing Radiation Protection (ICNIRP) conveniently
ignores scientific concern on the interaction between 5G’s extremely high frequencies and
complex biological role of human and animal skin, and the skin’s role in the immune system.
Also, UK policymakers appear not to comprehend the health implications. As this report
demonstrates, there is a range of unknown risks here, which require intensive research. Take,
for example, a recent review study funded by Deutsche Telecom catalogued just two studies
that investigated the 5G extremely high-frequency range being deployed in the UK (Simkó and
Mattsson, 2019). The reported studies found adverse physical and biological effects. However,
general studies on extremely high frequency also posit significant risks to insect life, especially
bees. The scale and import of extant research on all aspects of electromagnetic fields (EMF),
including RFR is significant (Kostoff, 2020). The Research Center for Bioelectromagnetic
Interaction at Germany’s Aachen University catalogs 142 papers related to various technical,
dosimetric, and miscellaneous aspects of 5G in its EMF Portal 2: However, it is clear that there is
a paucity of research on the health risks to humans on current extremely high-frequency 5G.
Significantly, extant research on RFR from all existing sources can help to inform the
identification and assessment of 5G risks (Di Ciaula, 2018; Miligi, 2019; Russell, 2018; Kostoff
et al. 2020; Barnes and Greenebaum, 2020). As of June 2020, Aachen University’s EMF Portal
catalogs 31,329 publications and 6,734 summaries of individual scientific studies on
electromagnetic fields, with an estimated 1,892 studies on RFR. A more comprehensive database
on RFR is that curated by Oceania Radiofrequency Scientific Advisory Association Inc. (ORSAA):
Its database catalogs 3,671 studies on RFR research. 3 A recent analysis of scientific studies on
the physical and biological effects of RFR in that database found the following: “There are 3
times more biological “Effect” than “No Effect” papers; nearly a third of papers provide no funding
statement; industry-funded studies more often than not find “No Effect”, while institutional
funding commonly reveal “Effects”” (Leach et al. 2018). Simply put, 68% of peer-reviewed
scientific research studies, or the majority view, find physical and biological non-thermal effects,
while only 32% of studies, the minority position articulated by industry scientists, find no
evidence of non-thermal effects. Thus, in keeping with research findings on industry studies on
environmental toxins and carcinogens generally, there is a clear pattern of bias, selective
reporting, and misreporting by industry and related organisations such as the ICNIRP (see
Michaels, 2008, 2009; Maisch, 2009; Oreskes and Conway, 2011; Walker, 2017). What are the
implications of all this for the deployment of 5G? A recent research review on the risks to human
health of RFR, concludes that “the literature shows there is much valid reason for concern about
potential adverse health effects from both 4G and 5G technology”: however, even extant findings
“should be viewed as extremely conservative, substantially underestimating the adverse impacts
of this new technology” (Kostoff et al. 2020).
It is, therefore, puzzling why the UK government failed to recognize this body of research and
take appropriate action to protect its citizens from what are very real health risks. One
2

www.emf-portal.org
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Oceania Radiofrequency Scientific Advisory Association Inc. / https://www.orsaa.org/
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explanation for this is that the UK government accepts uncritically what is the minority scientific
view, which emanates from the ICNIRP. ICNIRP is an NGO characterized by poor governance,
traditionally close ties to industry, no independent oversight, insufficient expertise in key areas,
and no accounting for its funding (Buchner and Rivasi, 2020). Indeed, it’s annual reports should
be a cause for alarm, given the paucity of funding reported (e.g. its annual income was
€133,254.20 for 2018). A major question begs as to how the ICNIRP can fund its many activities
and deliver high quality, reliable, and accurate research outputs and guidelines to inform
government policy? This is not an insignificant issue as the ICNIRP has not been transparent
about its activities nor its income. Every government agency in Europe looks to the ICNIRP for
guidelines. How can this organisation do what it claims to do when its income is less than that
of a senior civil servant? To reiterate, the cumulative body of scientific evidence from several
hundred experts in the fields of epidemiology, medicine, and bioelectromagnetics stands in polar
opposite to the conclusions of ICNIRP, whose 13 commissioners, along with industry-funded
scientists, present what is, as described, a minority view (Buchner and Rivasi, 2020). As will be
seen, this minority view continues to influence key decisions by other bodies such as the World
Health Organization (WHO), the International Agency for Research on Cancer (IARC), and the
EU’s Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR), and
influenced the UK’s Advisory Group on Non-ionising Radiation (AGNIR). The mechanism for this
is simply that ICNIRP members play key or dominant roles in relevant decision-making processes
and the drafting of periodic reports issued by each of these organisations or committees. To
have ICNIRP scientists drafting safety guidelines while also acting as members of expert groups
responsible for objectively assessing those safety guidelines is anathema to all principles of good
governance. It is akin to academics acting as authors and reviewers of their scientific papers.
No other area of scientific endeavor would countenance such conflicts of interest or lack of
independence.
For all of the above reasons, it is my opinion that UK policymakers were remiss in not seeking
the advice of an independent multidisciplinary panel of international scientists to conduct a study
of the health and environmental implications of RFR, particularly as it relates to 5G. The outcome
of such a review may have produced a biologically-based exposure standard, reflecting both the
precautionary principle and the radiological practice of exposures that conform to the ALARA
principle (As Low As Reasonably Achievable). This standard would have taken account of key
variables such as the intensity, frequency, and duration of exposure to harmful RFR. This,
unfortunately, did not happen. However, the Realpolitik of the government approach is summed
up in the following statement from a fellow scientist: “years ago when working on committees
with top level UK Department of Health officers, I was told “before we recognise EMF and RFR as
a problem, you will need to have bodies on the streets and in the wards.” If this is the starting
point for UK policymaking on the protection of public health, then there are serious questions to
be answered.
Given the evidence presented, this report concludes that the UK government may have failed in
its duty to identify, assess, and mitigate the risks posed by RFR-based technologies, including
5G, before their introduction, with implications for the protection of public health. It also provides
evidence that the processes by which policy decisions have been made concerning the protection
of public health may be significantly flawed, as the overwhelming body of scientific evidence
appears to have been ignored by relevant government departments and agencies in arriving at
decisions about the introduction of 5G and similar technologies.
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1.

INTRODUCTION

While mobile phones have been in widespread use for over 25 years, the last 15 years have
witnessed the proliferation of near-field microwave non-ionizing Radio Frequency Radiation (RFR)
devices in the home, school, workplace, hospital, and society. However, far-field RFR from WiFi
access points (AP) and routers, and at a wider level, 2, 3, 4, and 5G cellular telecommunications
antennae, also pose significant risks, as the overwhelming body of extant scientific research
indicates.
The cumulative body of research, which includes scientific findings from laboratory experiments
(in vitro and in vivo) and epidemiological studies, provides “clear evidence” of the threats to
human health and well-being from RFR (Belpomme et al., 2018). The health and well-being of
children are particularly at risk when the safety guideline was developed and RFR-based
technologies deployed for use (Morgan et al., 2014).
The following sections of this report address several questions:
1. What are the findings of peer-reviewed scientific studies on the non-thermal effects of RFR
and the implications for human health and well-being?
2. Can the International Commission on Non-Ionizing Radiation Protection (ICNIRP) and its
guidelines (ICNIRP, 1998, 2020) be trusted to protect public health?
This report begins with a short history to help the reader understand that current concerns are
not new, and as with other environmental toxins such as asbestos and tobacco smoke, RFR has
been of concern to scientists for some time.

A short history of scientific research on microwave RFR
The significant clinical and biological effects of RFR were identified by naval researchers in their
review of Soviet and Eastern-Bloc studies at a symposium in 1969 (Dodge, 1969) . Subsequently,
in 1976, the US Naval Medical Research Institute published a bibliography of 3,700 scientific
papers on the thermal and non-thermal biological effects of RFR (Glaser et al. 1976)4: this was
the last of a series of supplements to the original report in 1972 (Glaser et al. 1972).
In summary, the NMRI identified the following findings:
•
•

Thermal effects identified include heating of the whole body, brain, eyes, testicles, and
sinuses, among others.
Non-thermal effects identified include oxidative process change (a precursor for DNA
strand breaks and ultimately cancer), decreased fertility, altered fetal development,
muscle contraction, cardiovascular changes, altered menstrual activity, liver enlargement,
changes in conditioned reflexes, and so on.

The US Office of Telecommunications Policy began its Program for control of electromagnetic
pollution of the environment: the assessment of biological hazards of nonionizing electromagnetic
radiation in 1970 (Healer, 1970). Four reports were issued during the 1970s until government
reorganization in 1978 saw the Department of Commerce and the National Telecommunications
and Information Administration replace the Office of Telecommunications Policy. The “NTIA is
the Executive Branch agency that is principally responsible for advising the President on
telecommunications and information policy issues.” The fifth and final report of the Program was
published in 1979: this body of work built on that by the NMRI and voiced concern on the health
4

https://ehtrust.org/wp-content/uploads/Naval-MRI-Glaser-Report-1976.pdf
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implications of human exposure to RFR. It concluded on the need for a comprehensive research
programme to protect public health, with the EPA to continue its programme of research on
biological effects (NITA, 1979).
In 1973, a review and study by Russian scientists on the effects of low-intensity RFR on
experimental animals indicated clear evidence of effects on the brain and nervous system, and
also the heart and testes, of subjects (Tolgskaya and Gordon, 1973). Historically, Russia has
more stringent safety standards than the West, whether it is the EU or US when it comes to RFR.
The thermal-only safety levels for RFR in the US and Europe were determined by the US militaryindustrial complex viz. “the military dominated the scientific discussion on safety limits and
science, already aware of the possible health hazards at that time, fell by the wayside. In
agreement with the U.S. Government, the U.S. Armed Forces – supported by the microwave
industry – established safety limits according to military requirements without taking much care
of possible health concerns. At the same time they shielded the Government, which was not
ready to openly take over the responsibility for this development, since it was afraid of negative
consequences from the public opinion” (Adlkofer, 2015: cf. Cook et al. 1980; Becker and Selden,
1985; Steneck, 1987).
In 1981, the pro-business Regan Administration ”launched an overt attack on the EPA, combining
deregulation with budget and staff cuts” (Fredrickson et al. 2018). Hence, the “trend toward
stricter controls on activities perceived as harmful to public health” (David, 1980) either
plateaued or went into reverse. Certainly, the Program for control of electromagnetic pollution of
the environment appears to have been set aside: This program, like the EPA and the Clear Air
Act, was instituted by the Nixon Administration. The Act and the EPA and have, to this day, been
targeted by successive presidents, even democrats, due to industry lobbying and influence
(Alster, 2015).
Other agencies such as the US Department of Energy and NASA continued their interest in
research on the health risks of RFR. In a report that looked at standards, the Department of
Energy researcher Leonard David (1980) concluded that “To a large degree, discrepancies
between Eastern and Western microwave standards are due to contrasting philosophies. For the
U.S. the concept of risk/benefit criterion has been accepted, involving use of an adequate safety
margin below a known threshold of hazard. On the other hand, Soviet and most East European
microwave standards are based on a "no effect" philosophy-all deviations from normal are
hazardous.” This captures well the approaches of the two camps of scientists today—those who
claim that thermal effects pose the only threat to humans, while those who find evidence of nonthermal effects at much lower levels of RFR intensity and concomitant physical and biological
effects.
David (ibid.) adds that “Divergent findings of Western and Eastern scientists regarding bioeffects
of microwave irradiation have resulted in dissimilar standards, guidelines and recommendations
for limiting human exposures. These standards differ markedly, as evidenced by the maximum
RFEM radiation intensity of 10 mW /cm2 in effect in the United States, compared with 0.01
mW/cm2 for the same exposure duration in the U.S.S.R.--a level 1000 times lower.” It is
important to note that the US standard, which was adopted by the Western countries, including
the UK, was “established from theoretical calculations on the amount of exogenous thermal
loading that can be tolerated and dissipated by the body without a harmful rise in body
temperature.” It is interesting to note that David (1980) finds: “Maximum East European
exposure levels for microwaves, on the other hand, have been based primarily on reported
central nervous system (CNS) and behavioral responses. Bolstered by epidemiologic studies,
microwave exposure standards for most Soviet Bloc and East European nations are founded, with
8

minor variations, on limits established by the U.S.S.R.” Thus, the general approach of Western
scientists was initially theory-based, while Eastern scientists looked to empirical evidence. The
majority of scientists now find evidence of non-thermal effects from empirical studies.
In a study by NASA, Raines (1981) points out that “both theories and observations link
nonionizing electromagnetic fields to cancer in humans, in at least three different ways: as a
cause, as a means of detection, and as an effective treatment.” Raines catalogues other biological
effects, as did the EPA’s (1984) major study. Based on a subset of the literature, the EPA
nevertheless concluded that “the currently available literature on RF radiation provides evidence
that biological effects occur at an SAR 5 of about 1 W/kg; some of them may be significant under
certain environmental conditions.” This stands in stark contrast with the ICNIRP (2020)
guidelines which “adopted a conservative position and uses 4 W kg−1 averaged over 30 min as
the radiofrequency EMF exposure level corresponding to a body core temperature rise of 1°C.”
It is interesting to note that the EPA continued to investigate the non-thermal effects until the
research was defunded in 1996. In 1990 a comprehensive peer-review study its researchers
categorized EMFs as “a possible, but not proven, cause of cancer in humans” (McGaughy et al.,
1990). Thus, from 1975 to 1995, the EPA conducted a research program on electromagnetic
fields (EMF), including RFR, and were about to develop EMF safety standards, before it was defunded in 1995.
Independent research continued to produce evidence of health risks from non-thermal exposure
to low-intensity RFR (see for examples: Lai et al., 1986; De Guire, 1988; Kolmodin-Hedman et
al., 1988; Kolomytkin et al. 1994; Grayson et al., 1996; Kolodynski and Kolodynska, 1996; Lai
and Singh, 1995, 1996). While this research was important, the testimony of former Motorola
Engineer R.C. Kane was more significant from a public perspective. The late Mr. Kane, who died
from brain cancer linked with his work on mobile phones, published a whistleblower’s account as
a book titled, Cellular Telephone Russian Roulette in 2001 (Kane, 2001). The same year, another
industry whistleblower, Dr. George Carlo published an explosive account of industry dishonesty
and manipulation, titled “Cell Phones: Invisible Hazards in the Wireless Age: an Insider's Alarming
Discoveries about Cancer and Genetic Damage”(Carlo and Schram, 2001). Significantly, from
1995, Dr. Carlo directed the industry-financed Wireless Technology Research (WTR) project using
$28.5m funding. The purpose of this initiative was to counter the EPA’s findings and the growing
body of research conducted by independent scientists. Its findings were rejected by the industry,
as they confirmed the significant health risks from RFR. Following this, Dr. Carlo’s services were
immediately dispensed and he subsequently published an account of industry dishonesty and
manipulation, titled Cell Phones: Invisible Hazards in the Wireless Age: an Insider's Alarming
Discoveries about Cancer and Genetic Damage (Carlo and Schram, 2001). This was not the only
account of industry misconduct and political manipulation to occur during the 1990s (See Alster,
2015; Adlkofer, 2015).
The body of scientific evidence on the health implications of the non-thermal effects of RFR has
grown exponentially since. Nevertheless, the early evidence provided by Russian scientists and
their contemporaries in the US and Europe should have given pause to the telecommunications
industry, regulators, and policymakers concerning the commericalisation and widespread use of
mobile telephony in the 1980s and 1990s. However, as will be shown, the telecommunications
and technology industries acted to secure the future commercial success of wireless RFR
information and communication technologies (ICT), at the expense of public health, by learning
“Specific Absorption Rate (SAR) The rate at which energy is absorbed into the tissue in watts
per kilogram.” (EPA, 1984).
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from other environmental polluters (Alster, 2015; Michaels, 2008). Michaels (2008) illustrates
how the tobacco and petrochemical industries hired scientists and commissioned papers to cast
doubt on epidemiological and laboratory evidence on the risks to human health of smoking.
As with these industries, the telecommunications and technology sectors sowed doubt about
science and medical facts about the health risks to neutalise regulatory and public concerns about
the health risks of RFR. They went a couple of steps further, however: Through the ICNIRP, and
its founding chairman Michael Repacholi, industry (and ICNIRP) scientists infiltrated the WHO,
gaining credibility and then captured the Federal Communications Commission (FCC) (Alster,
2015; Adlkofer, 2015). Professor Franz Adlkofer (2015) states that “A milestone in putting
through the interests of the mobile communication industry was the establishment of the
International Commission on Non-Ionizing Radiation Protection (ICNIRP) in 1992. It is a nongovernmental organization. Michael Repacholi, then head of the WHO’s EMF Project, managed to
get official recognition for this group by the WHO as well as the EU and a series of its member
states, among them Germany. Repacholi, first ICNIRP chairman and later emeritus – member,
left the WHO after allegations of corruption in 2006 and found a new position as a consultant to
an American electricity provider.” Adlkofer (2014) adds that when the ICNIRP “established the
European safety limits it uncritically based its decision on Schwan’s pseudo-theorem [of 10 mW
/cm2]. The American safety limits were taken over with only minor alterations” (see ICNIRP,
2009).
Thus, through lobbyists, law firms, consulting scientists, targeted scientific research funding
and the co-optation of pseudo-independent organisations such as the ICNIRP and captured
agencies and organisations such as the FCC and the WHO, the health risks of RFR have been
disputed and scientific findings undermined using what Michaels terms “junk science” (Huber,
1993; Michaels, 2008, 2008; Walker, 2017). During the 1990s and since this involved the
perverse and biased application of epidemiological approaches and statistical methods to
reinterpret valid scientific data to arrive at conclusions that support the industry view of no harm
or effect. Proof of this comes from Dr. Neil Cherry in his report on the ICNIRP (1998) Guidelines
to the New Zealand Ministry of Health and Ministry for the Environment before their adoption
(Cherry, 2004). Dr Cherry termed the manner in which the ICNIRP-WHO treated extant findings
as “The Constructive Dismissal Approach”. He stated that “In order to maintain the RF-Thermal
View against the extremely strong evidence from epidemiology, animal experiments and of nonthermal mechanisms, the WHO and ICNIRP assessors and their colleagues have developed a set
of dismissive methodologies. These include:










Maintaining that the RF-Thermal view as the "consensus of science". This allows the
biological mechanism to dominate and epidemiology and animal evidence is dismissed.
Maintaining a contrast between Ionizing radiation and Non-ionizing radiation.
Moving the level of evidence goalpost where for a study to become "evidence" it must
first be replicated, whereas in the past each study was evidence and replication was
required to "establish" a biological effect.
Promoting strict sets of scientific criteria which are proposed as being necessary for
reliable use of the results, e.g. the Bradford Hill "criteria", instead of "viewpoints", and
Dr Martin Meltz's 13 experimental criteria for testing genotoxicity (Meltz, 1995). In this
way all non-thermal evidence is rejected.
Citing studies which are too small and have small follow-up periods so there is little or
no opportunity for cancer to develop, as evidence that radar [RFR] exposure does not
cause cancer.
Citing studies which do show significant increases in cancer as showing no evidence of
increases in cancer.
10







Preferring to simply quote the conclusions of papers and reports that state that there
were no adverse effects found, while failing to recognize that the data and analysis
within the documents do show significant associations, including significant dose
response relationships.
Dismissing epidemiological studies on the grounds that populations and exposures are
not well defined. Lilienfeld explains that this is a difficulty but results are still relevant
and important. (Lilienfeld et al. 1978).
Dismissing research results one by one and failing to assemble and interpret the whole
pattern of research results - the divide to conquer approach.

All of these are demonstrated methods used by WHO and ICNIRP which amounts to a systematic
approach to wrongly dismiss evidence of effects, i.e. Constructive Dismissal.”
Early evidence of this comes from the controversial research at The Royal Adelaide Hospital in
South Australia. Fist (1999) reports that it “conducted two parallel studies on EMF exposure
between 1993 and 1995. The research design was checked by a committee of the National Health
and Medical Research Council (NHMRC) of Australia (the supreme medical research authority)
and the hospital had a special committee supposedly oversighting the day to day activities.
The promoter of these two research projects, Dr Michael Repacholi (now in charge of WHO's EMF
project in Geneva) sold the idea to the electricity supply organisation and cellphone industry as
a way to solve their problems once and for all.
Repacholi is not so much a scientist (he has no research credentials before this), but is wellknown as a spokesman and science administrator. He has long been one of the world's best
known and most vocal "No Possible Effects" promoters for both low-frequency mains power and
cellphones and therefore had the confidence of both the ESAA and Telstra.” The mobile phone
study was funded by “Telstra (Australia's dominant carrier) to look specifically at possible effects
of GSM digital cellphone exposures.”
The GSM study was rigorous and “had control groups of 100 animals, which were treated
identically (down to the use of "sham" exposures), and both were double-blind trials where no
one knew which autopsied mice had been exposed and which had not until after the diagnosis of
cancer had been determined.” The study’s findings were published in Radiation Research in
1997, concomitant with the development of the ICNIRP guidelines published in 1998. This study
led by the Chair Emeritus of the ICNIRP, “established clearly and with little room for doubt that
the industry claim that "cellphone radiation cannot possibly affect biological tissue at non-thermal
exposure levels," is a complete lie. And this finding is only one of hundreds which have
consistently shown this, with varying degrees of validity and credibility over many years. It fits
almost perfectly into the overall "assemblage" of evidence accumulated by many different
independent biomedical researchers from many varied studies on animals and cell-cultures” (Fist,
1999). The study reported that “Lymphoma risk was found to be significantly higher in the
exposed mice than in the controls (OR = 2.4, P = 0.006, 95% CI = 1.3-4.5). Follicular lymphomas
were the major contributor to the increased tumor incidence. Thus long-term intermittent
exposure to RF fields can enhance the probability that mice carrying a lymphomagenic oncogene
will develop lymphomas” (Repacholi et al. 1997). That is, exposed mice were 2.4 times more
likely to develop lymphomas than controls.
This extended extract from Fist’s statement to the Select Committee on Science and Technology
is revealing:
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“What interests me here is the way in which the release of the information was
manipulated—by the scientists, by the hospital, and by the ESAA and Telstra (it is often
not clear which)—and sometimes by all of them together.
Remember, two and a half years after the completion of the study, not one word of results
had leaked out. In the interim, Dr Repacholi had attended dozens of conferences and
given dozens of interviews, and still vocally maintained his stance that there was no
evidence connecting cellphone exposures to adverse health consequences—knowing all
the time that his mice had shown a major, highly significant, increase in basal-cell
lymphomas.
Yet Michael Repacholi told me off-the-record at a London Conference on 15 November
1997 (it is recorded in my journalist's notebook) that the research had turned up "nothing
of any significance". … At the same London conference, he was very vocal in supporting
industry claims that there were no studies linking cellphones to adverse health effects and
strongly criticised a few scientists who had turned up positive results. There were dozens
of people at the conference who can attest to this.
At this time Dr Repacholi was the head of WHO's EMF Project and probably the second
most powerful cell-research-funding bureaucrat in the world (Dr George Carlo was the
most powerful)—yet he was publicly denying and discounting his own unpublished
research.
At that time Repacholi had known for over two years that the Adelaide Hospital research
finding was the most significant link yet discovered. It had a "highly significant" p-value,
and an Odds Ratio (OR) of 0.999—meaning that this doubling of leukemia in the exposed
mice could only have arisen by chance once in a thousand experiments. This is 10 times
more significant than the normal 1 per cent "high-significance" level in a very wellconducted live animal trial.”
Research in organisations notes the impact of the founders and leaders in shaping an
organisations culture, values, and commitment (Selznick, 2011; Morely et al. 1991). Thus, there
is abundant evidence that ICNIRP, as the creation of Michael Repacholi, implemented his values
and beliefs and this is evident in the thermal only view on the physical and biological effects of
RFR that is evident to this day. It is also apparent that such values and beliefs dominate in fora
in which ICNIRP members participate. Take, for examples, that critical peer-reviews of ICNIRP
Guidelines and reports where ICNIRP Commissioners and Expert Advisors participated (e.g.,
WHO and European Commission— EU’s Scientific Committee on Emerging and Newly Identified
Health Risks (SCENIHR), and the UK’s Advisory Group on Non-ionising Radiation (AGNIR)) all
exhibit the same pattern of “constructive dismissal” tactics described in initially by Cherry (2004):
the see the following peer-reviewed papers (Maisch, 2009; Adlkofer, 2015; Sage et al., 2016;
Starkey, 2016; Hardell, 2017; Carlberg and Hardell, 2017; Walker, 2017; Pockett, 2019; Hardell
and Nyberg, 2020; Melnick, 2020; Buchner and Rivasi, 2020).
Reflecting on these historical facts and current realities, several questions beg:
1. If the US Navy NMRI in 1971 identified, based on over 2,000 studies on RFR, 9 thermal
effects, and the 43 non-thermal effects viz. 29 physiological effects, 9 CNS effects, and 5
autonomic and peripheral nervous system, why do the industry, ICNIRP, and policymakers
persist in the denial of non-thermal effects given the findings of thousands of studies since?
2. If EPA scientists found EMFs to be a possible carcinogen and probably responsible for a range
of physical and biological effects in 1990, why did the industry, ICNIRP, and policymakers
adopt the position that there was no evidence of non-thermal physical or biological effects?
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This report addresses these questions below. It first considers the overwhelming scientific
evidence that has accumulated over the past 20 years.

2.

WHAT DOES EXTANT, PEER-REVIEWED SCIENTIFIC RESEARCH HAVE TO SAY
RFR?

ABOUT THE PHYSICAL AND BIOLOGICAL EFFECTS OF

Not a single, peer-reviewed scientific study has been carried out to assess the health risks
associated with 5G technologies as they are being deployed in actual human environments.
Furthermore, they are to be deployed in concert with existing 2-4G technologies and other RFR
sources, such as WiFi etc., all of which have been found to increase the risk of disease in animals
and ill-health in humans. Incredible as it may sound, industry scientists, and those at the ICNIRP,
failed to conduct or commission, a single in vitro or in vivo study on what are, in the round, novel
technologies, whose predecessors have known physical and biological non-thermal effects.
Before exploring these effects, a short introduction to the technology in question and how it
relates to previous technologies is presented.

A technical note on 5G technologies
5G technologies emit low frequency (700MHz), high frequency (3.4-3.8 GHz, centimetre (CM))
or extremely high-frequency millimeter (MM) (26 GHz and above) RFR. The low and high
frequencies planned in 5G are similar to those used in 2-4G. It is important to note that these
frequencies will be transmitted from both far-field antennae in base-stations and, also, from all
forms of user equipment in the environment: smartphones and all wireless devices in the Internet
of Things (IoT).
5G builds on 4G and WiFi technologies, in that they share the same basic approach to modulation
viz. orthogonal frequency-division multiplexing (OFDM). As with 4G, 3G, and WiFi, 5g employs
multiple-input multiple-output (MIMO) transmission techniques. The 5G implementation is called
massive MIMO (mMIMO); however, 5G’s approach is technically sophisticated and innovative.
OFDM is a signal transmission approach that uses a large number of closely-spaced carriers
modulated with low data rates. OFDM permits spectral efficiency scheme (i.e. efficiency in the
use of the available frequency spectrum) which enables high data rates and permitting multiple
users to share a common transmission channel.

Figure 1 Traditional vs. mMMIO Beamforming Techniques
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Figure 2 Signal Diversity
MIMO schemes improve data throughput and enable further spectral efficiency by using multiple
antennas at the transmitter and receiver. This is an approach to increasing the capacity of a radio
link using multiple transmission and receiving antennae to take advantage of multipath
propagation. Accordingly, it uses complex digital signal processing to set up multiple data
streams on the same channel. MassiveMIMO (mMIMO) typically implements an array up to
hundreds of antenna elements serving user equipment (e.g. smartphones and other devices,
such as IoT, including autonomous vehicles) using reciprocity-based multi-user or MU-MIMO.
5G’s mMIMO employs beamforming, beam steering, and beam switching. Traditional base station
antennae radiate signals over a wide area (M=1 in the above figure). Typical deployments provide
cover like the beam from a reading lamp over a desk. The entire desk is illuminated when only a
specific paper or book requires illumination. Others are like radio station antennae, which are in
comparison like naked light bulbs, radiating in all directions enabling a book to be read anywhere
in a room. The light energy weakens the further away from the source, as does the RFR signal
energy the further away from a base station antennae. Like a high power torch or searchlight, a
focused beam illuminates only what it is pointed at and therefore saves energy. This is the
principle underpinning beamforming plus beam steering.
Beamforming uses multiple antennas to control the direction of signal transmission through
complex digital signal processing techniques using individual antenna signals in an array of
multiple antennas. Beam steering allows a signal beam to be targeted at a specific receiver or
user equipment in a specific direction. Different signal beams can also be targeted in different
directions to serve multiple users or EUs. A 5G base station performs dynamic calculations to
effectively track users using beams, switching to other antennae beams as a user moves about.
Another important point is that the mMIMO systems require an environment with signal
interference or spatial diversity; that is a rich diversity of signal paths between the transmitter
and the receiver, which is engineered through multiple original signal sources, or be caused
naturally by obstacles, such as buildings and other structures, that deflect, refract or scatter a
signal (See Figure 2). (Mimo is currently implemented in 4G systems to accommodate this, take,
for example, 4G smartphones have 2 MIMO antennae.) Of course, if humans are caught regularly
in high strength beams, this increases the risk of non-thermal effects. That will most likely occur
with extremely high-frequency mmWave RFR: However, mMIMO may also be deployed at the
other bands, particularly the high-frequency cmWave band.
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Figure 3 Beamforming in Azimuth and Elevation

While such approaches save significant energy over systems that employ wide-beam antennae,
they also deliver high power to specific users (and any human caught in the beam). Figure 1
illustrates this using 1 antenna, 8, and 64 antenna deployments. Note the darker the colour the
stronger the signal and exposure to RFR. The signal quality and data transfer rates are also
higher. In a properly engineered solution, the beam will transmit high powered signals that
would have only have been experienced quite near an RFR signal source.
One significant point concerning research on the health risks of RFR is that all existing wireless
technologies—2-5G, Wifi, and Bluetooth—employ pulsed electromagnetic fields in signal
transmission. Scientists identified this type of RFR as having significant physical and biological
effects. The extensions and innovations around the specific technological approaches that are
employed in 5G signal transmission as described above have never been tested for their physical
and biological effects in humans. The ICNIRP (2020) Guidelines are deficient in this regard. Thus,
extant research on 2-4G and Wifi technologies, as well as other relevant technologies form the
only scientific knowledge base on which to perform a risk assessment on 5G.
User equipment: From smartphones to the Internet of Things (IoT)
Public concern on 5G is oriented towards far-field sources, such as base-station antennae. What
is generally ignored is the explosion of near-field sources of 5G RFR that will effectively saturate
the home, school, and work environments in high- and low-strength RFR. Of course, this is in
addition to pre-existing 3-4G, Wifi, and Bluetooth sources.
If we take an existing 4G smartphone, it can transmit RFR from several sources, depending on
network and user settings. In a worst-case scenario, which would be the norm for the majority
of users, 4G voice and data (inc. MIMO), Wifi (2.4Ghz and 5GHz), Bluetooth, and NFC (near field
communication) radio units are active. That is six sources of RFR, potentially emitting all at once.
Of course, smartphones have energy-saving and sleep features that switch apps and radio units
off, until required. But children, adolescents, and adult users rarely use such features as the
psychological need to be connected at all times overrides energy conservation. The vast majority
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of users are also unaware of the risks of non-thermal effects: these happen due to users’ frequent
exposures to RFR at a long duration, even at low levels.
5G smartphones may have up to 8 radio units: 3G, 4G, 5G (low (phone), high and extremely
high for data), Wifi (2.4GHz and 5GHz), Bluetooth, and NFC. In 5G mode, 3 and 4 G radios will
be disabled, but depending on user needs, up to seven radio units could be That’s up to 5 separate
signals or more, across all frequencies from 700Mhz to 28GHz. Near-field or far-field that is a lot
of non-ionizing energy.
Please refer to the following for 4G phone frequencies for an Apple
iPhone.6 Also see this Samsung 5G phone, which is capable of 2-5G, Wifi (2.4 & 5G), Bluetooth
and NFC. Note 2-3G is available on most phones. However, in 2020 5G smartphones and a range
of IoT devices also have beamforming capabilities for 28Ghz mmWave transmission. The
implications here are that high-energy near-field beam formed RFR signals from these devices
create significant health and safety concerns, particularly for children and adolescents. Take, for
example, a 5G phone using mmWave communications when the base-station source is directly
behind the user in elevation means the beam could be radiating directly into the users eyes—this
could be catastrophic for a child.
In sum, adults and children face multiple RFR sources both near-field and far-field. Significantly,
ICNIRP (2020) Guidelines do not capture the complexity or impact of multiple sources or all use
cases. Neither do these guidelines incorporate the scientific, peer-reviewed studies that indicate
clear and present dangers to people.

A summary of the known health risks of non-ionizing RFR
The overwhelming majority of published peer-reviewed scientific studies in biomedical research
databases PubMed, Ovid Medline, EMBASE, Cochrane Library, and those listed in Google Scholar,
indicate significant health risks with RFR of the type used in 5G technologies, both near field in
the home and far-field in antennae, whether on access points or masts. This is the view of the
majority of scientists across biomedical and related fields. Take for example that as of April 30,
2020, 253 EMF scientists from 44 nations have signed the EMF Scientist Appeal to the United
Nations the “WHO and UNEP, and all U.N. Member States, for greater health protection on EMF
exposure.”7 Similarly, as of May 18, 2020, 377 scientists and medical doctors signed the 5G
Appeal to the EU.8
The majority of scientific studies also show physical and biological effects viz. “As of the 15th
September 2017, the clear majority of 2653 papers captured in the database examine outcomes
in the 300 MHz–3 GHz range. There are 3 times more biological “Effect” than “No Effect” papers;
nearly a third of papers provide no funding statement; industry-funded studies more often than
not find “No Effect”, while institutional funding commonly reveal “Effects”” (Leach et al. 2018).
Simply put, as of 2017 68% of peer-reviewed scientific research studies, or the majority view,
find physical and biological non-thermal effects, while only 32% of studies, the minority position,
find evidence thermal effects only. That majority view % has increased since then, weakening
further the perspective of no-threat to human health and well-being
It must be noted, however, that the minority view is led by a group of 13 influential scientists
from the International Commission on Non-Ionizing Radiation Protection (ICNIRP). Significantly,
6

https://fccid.io/BCG-E3175A

7

https://www.emfscientist.org/

8

http://www.5gappeal.eu/signatories-to-scientists-5g-appeal/
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commission members have strong links with the telecommunications industry and hold key roles
in the WHO, the International Agency for Research on Cancer (IARC), and the EU’s Scientific
Committee on Emerging and Newly Identified Health Risks (SCENIHR). Thus, the minority view
dominates through political influence, not the preponderance of scientific evidence. The majority
view is represented in the findings of thousands of peer-reviewed empirical studies on microwave
non-ionizing RFR focusing on the biomedical effects of 2-4G and WiFi technologies (see Di Ciaula,
2018; Miligi, 2019; Russell, 2018; and Kostof et al. 2020, for examples). There are also several
reviews and general studies focusing on extremely high frequencies up to 100GHz that may be
used in 5G (Neufeld and Kuster, 2018; Simkó and Mattsson, 2019).
The overwhelming majority of studies conclude that there is a high risk of adverse biological
effects on humans at low, high, and extremely high frequencies. Recent research funded by
DARPA (US Defense Advanced Research Projects Agency) finds that ICNIRP guidelines focus on
short-term risks only, not long‐term exposures to weak RFR: this despite “a large and growing
amount of evidence indicates that long‐term exposure to weak fields can affect biological systems
and might have effects on human health” with significant “public health issues”” (Barnes and
Greenebaum, 2020. p. 1). Furthermore, research also finds biological effects at high frequencies
may add to and compound those predicted at lower frequencies (Kostoff et al., 2020).
A recent research review on the health risks of RFR, involving independent verification based on
5,400 studies in the MedLine database, concludes that “the literature shows there is much valid
reason for concern about potential adverse health effects from both 4G and 5G technology” and
that extant research “should be viewed as extremely conservative, substantially underestimating
the adverse impacts of this new technology” (Kostoff et al. 2020).
Kostoff et al. report that peer-reviewed studies show the following adverse health effects well
below the safety limits set by the UK based on ICNIRP guidelines:







“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.”

Another recent systematic review focusing on assessing the risks and health effects of WiFi RFR
is relevant, as it provides the nearest analogue to 5G RFR sources due to the fact that WiFi
applies similar transmission techniques (OFDM, MIMO, beamforming etc.) and because of WIFi’s
general ubiquity in private and public spaces such as homes, libraries, hospitals, hotels, shopping
malls, and all public transport. 100 in vitro and in vivo research studies were selected from peerreviewed journals in ZBMED and PubMed. The review found that and almost all studies
demonstrated physical, biological and/or behavioural effects at RFR signal levels below the
ICNIRP safety guidelines. Effects were demonstrated on the reproductive system, EEG and brain
functions, as well as effects on learning, memory, attention, and behavior, and also physical
effects on the heart, liver thyroid, gene expression, cell cycle, and cell membranes of animal
subjects (Wilke, 2018). The majority of studies identified oxidative stress as the operative
mechanism. The research concluded that “Current exposure limits and SAR values do not protect
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from health risks associated with Wi-Fi radiation. The adverse effects on learning, attention, and
behavior serve as a basis for educational institutions of all age groups to forgo the use of Wi-Fi
applications. Due to cytotoxic effects, Wi-Fi technologies are not suitable for hospitals and
telemedicine.” (ibid.).

What is the significance of the U.S. NTP and Ramazzini Institute studies?
The recent study by the National Toxicology Program’s (NTP) at the U.S. Department of Health
and Human Services is the point of departure for this paper’s review of the scientific research on
mobile and wireless RFR from all sources.
In 1999, the US Food and Drug Administration's (FDA) Center for Devices and Radiological Health
commissioned the National Toxicology Program study on the potential toxicity and carcinogenicity
of RFR (FDA, 1999). The FDA’s concerns followed the emergence and widespread use of first
generation cell phone devices in the early 1980s and second generation (2G) systems in the
1990s. The health focus and associated safety standards were, and still are, centred on the
thermal effects (i.e. heating of tissues from microwaves) and not on the non-thermal effects.
The EPA (McGaughy et al., 1990) study aside, there was doubt as to the potential negative health
implications of low-intensity RFR, especially where cancer was concerned (Vijayalaxmi and Obe
2004). Hence, the FDA wished to bring clarity to reassure the US public and requested the NTP
to investigate whether RFR exposures could cause cancer.
On November 1st 2018, the final report of a 10-year $30m comprehensive study by US National
Institute of Environmental Health Sciences’ National Toxicology Program (NTP) confirmed that
radio frequency radiation (RFR) from 2G and 3G cell phones caused cancer in animals (National
Toxicology Programme, 2018a). That study clearly refutes the long-held theory that non-ionizing
radiation, such as RFR, cannot cause cancers or lead to other effects on the health and wellbeing of humans (National Toxicology Programme, 2018b).
The findings of this study create immense problems for mobile phone companies and BigTechs
such as Apple, Facebook, Google, and others, as the use of microwave RFR technologies underpin
their business models. Furthermore, the NTP adds “5G is currently emerging and will eventually
overtake the existing 2G, 3G, and 4G technology. In the meantime, consumers will continue to
be exposed to RFR from these sources in the 700-2700 MHz range. As the 5G network is
implemented, some of the signals will use the same lower frequencies as the older technology
previously studied by NTP. Additionally, concern has been raised because the 5G network will
also use higher frequencies, up to 60,000 MHz, thereby exposing wireless consumers to a much
broader spectrum of frequencies. The higher frequencies, known as millimeter waves, can rapidly
transmit enormous amounts of data with increased network capacity compared to current
technologies…NTP is currently evaluating the existing literature on the higher frequencies
intended for use in the 5G network and is working to better understand the biological basis for
the cancer findings reported in earlier studies on RFR with 2G and 3G technologies.”
In the press release accompanying the NTP Final Report, Dr. John Bucher, Senior Scientist, at
the National Toxicology Program stated, “We have concluded that there was clear evidence that
male rats developed cancerous heart tumors called malignant schwannomas. The occurrence of
malignant schwannomas in the hearts of male rats is the strongest cancer finding in our study”
(National Toxicology Programme, 2018c). Categorising the major findings as “clear evidence” is
significant as this is the highest burden of proof in a scientific study by the NTP. It employs 4
levels of evidence. Other findings were categorised as Some Evidence (brain tumours such as
glioma and adrenal gland tumours) and Equivocal (cancers of the prostate and pituitary glands).
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None of the findings were at level 4, No Evidence. The paper discusses these findings in the
context of previous research.
The NTP study was not the first of its kind—it confirms the findings of previous research on the
links between near field RFR exposure and various cancers—it is the most comprehensive,
however. Since 1990 when the EPA flagged the issue of potential non-thermal carcinogenic
effects of microwave RFR, a wealth of experimental and epidemiological research demonstrated
the very real biological effects of RFR on the brain, nervous systems, hearts, and testes of
mammals, including humans. Cancers aside, many of these studies consistently report a range
of side-effects in humans, from sleep deprivation and headaches, to neurological damage, and
learning disorders (Glaser, 1976; Belpomme et al., 2018). The NTP study also reported that DNA
damage (strand breaks) was significantly increased in the brains of rats and mice exposed to
RFR. The findings also reported reduced birth weights of rat pups whose mothers were exposed
to RFR, in addition to cardiomyopathy of the right ventricle in the rats studied (Wyde, 2016;
Wyde et al., 2018).
Dr. Fiorella Belpoggi, Director of the Cesare Maltoni Cancer Research Center of the Ramazzini
Institute, which had recently conducted separate research that echoed the findings of the NTP
Study, took issue with the ICNIRP—“We are scientists, our role is to produce solid evidence for
hazard and risk assessment. Underestimating the evidence from carcinogen bioassays and delays
in regulation have already proven many times to have severe consequences, as in the case of
asbestos, smoking and vinyl chloride.”9
In the Ramazzini Institute study, Dr Belpoggi’s colleagues Falcioni et al. presented their “findings
on far field exposure to RFR [that] are consistent with and reinforce the results of the NTP study
on near field exposure, as both reported an increase in the incidence of tumors of the brain and
heart in RFR-exposed Sprague-Dawley rats. These tumors are of the same histotype of those
observed in some epidemiological studies on cell phone users. These experimental studies
provide sufficient evidence to call for the re-evaluation of IARC conclusions regarding the
carcinogenic potential of RFR in humans” (Falcioni et al., 2018). Again, to emphasize, this study
is notable as it focused on the health implications of far-field RFR sources on humans living or
working in the proximity of mobile phone base stations, as opposed to operating 2 & 3 G handsets
near field. It is also the largest long-term study ever performed in rats on the health effects of
RFR. Its findings are therefore of particular concern for those, particularly children, living near
RFR sources, such as mobile phone masts or WiFi routers. The ICNIRP decided that the findings
did not provide a reason to revise current (i.e. over 21-year-old) RFR exposure standards.
However, Dr. Ronald Melnick rebutted the ICNIRP analysis stating it contained several false and
misleading statements (Melnick, 2019, 2020).
What is proof of the potential toxicity and carcinogenicity of RFR?
In 2011 the IARC classified WiFi and microwave radiation from cordless and mobile phones as a
possible Class 2B carcinogen. While the findings of epidemiological studies have been debated,
and chiefly focus on the long-term development of brain tumours, a recent review of such studies
is unequivocal and states that “[m]obile phone radiation causes brain tumors and should be
classified as a probable human carcinogen (2A)” by the WHO’s International Agency for
Research on Cancer (IARC) (Morgan et al. 2015). However, the evidence presented herein led
scientists to conclude that it should be reclassified (IARC Monographs Priorities Group, 2019),

9

https://www.ramazzini.org/comunicato/onde-elettromagnetiche-listituto-ramazzini-risponde-allicnirp/
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with strong arguments being put forward from a variety of scientists for RFR to be a Class 1
human carcinogen (Miller et al., 2018).
Following the release of the NTP peer-review study, Belpomme et al. (2018) pointed out that
“[t]he classification of RF-EMFs as a “possible” human carcinogen was based primarily on
evidence that long-term users of mobile phones held to the head resulted in an elevated risk of
developing brain cancer. One major reason that the rating was not at “probable” or “known” was
the lack of clear evidence from animal studies for exposure leading to cancer.” The NTP studies
now mean that this obstacle to RFR reclassification as a probable or know Class 1 carcinogen is
only a matter of time. In his critical review of both the above studies, former ICNIRP
commissioner James Lin (2019, p. 19) concluded that: “The time is right for the IARC to upgrade
its previous epidemiology based classification of RF exposure to higher levels in terms of the
carcinogenicity of RF radiation for humans.” This is clear and unambiguous as the findings of
both the NTP and Ramazzini Institute studies that provided “clear evidence,” the highest burden
of scientific proof possible concerning the carcinogenicity of RFR (Melnick, 2019).
The IARC Monographs Priorities Group (2019) publication specifically points to the NTP (2018a,b)
and Ramazzini Institute studies (Falcioni et al., 2018) to highlight advances in animal studies. It
also points to research by Kocaman et al. (2018) which concludes that “Results from in vitro and
in vivo studies represent strong evidence of a carcinogenic effect of RF, but epidemiological
studies have not yet confirmed this.” Nevertheless, scientists from the IARC Monograph Priority
Group did find the following studies compelling: Coureau et al. (2014); Carlberg & Hardell (2015);
Pedersen et al. (2017). Note these epidemiological studies were not considered by Kocaman et
al. (2019).
Take for example that Pedersen et al. (ibid.). “observed elevated risks of dementia, motor
neurone disease, multiple sclerosis and epilepsy and lower risks of Parkinson disease in relation
to exposure to ELF-MF in a large cohort of utility employees.” Both the Coureau et al. and
Carlberg and Hardell studies noted the “possible association between heavy mobile phone use
and brain tumours” Coureau et al., 2014). However, the long latency in the development of such
tumours and the time periods of exposure mean that further epidemiological studies are required.
The IARC Monograph Priority Group concluded in its “Recommendation for non-ionizing
radiation (radiofrequency): High priority.”
A bibliography of epidemiological research and reviews on cancers in humans since the IARC RFR
classification in 2011 is presented in Appendix A. This lists 60 studies, 57 of which did not inform
the deliberations of IARC Monograph Priority Group. The studies listed include those which
demonstrate general trends in the increase in the incidence of cancers of the CNS and other
human systems, as well as studies that examine the relationship between RFR exposure and the
subsequent development of cancer. The following categorizations were employed with a small
number of studies indicating more than one link.











Brain tumors [1-26]
Tumors of the Meninges (Meningioma) [27-32]
Hearing Nerve Tumor (vestibular Schwannoma; acoustic neuroma) [33-37]
Parotid Gland Cancer [38-42]
Eye Cancer [43-47]
Cancers of the Breast (male and female) [48-52]
Melanoma of the Skin [53-54]
Leukemia [55-57]
Thyroid Cancer (male and female) [58-62]
Colorectal Cancers [62-65]
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Multiple Cancers [66-72]

Subsequent sections explore the findings of key studies in this bibliography. However, at this
juncture, it is important to note the increase in epidemiological evidence and the urgent need for
further research in this area before the wide-scale deployment of 5G. The need for this will
become apparent in the following.

What is the evidence from epidemiological studies?
After more than 25 years of widespread cell phone use, one would expect to see a rise in cancers,
particularly brain tumours. The evidence here is mounting: Take for example new studies in the
US note a disturbing rise in cancers of the Central Nervous System, particularly in adolescents.
There is also a marked increase in other cancers. Nevertheless, while recent research has
provided “clear evidence” of a link between RFR and cancers in laboratory animals,
epidemiological studies have yet to provide conclusive evidence of an increase in the incidence,
prevalence, and mortality rates in humans of cancers directly linked with RFR from 2-4G, Wifi,
and wireless devices.
There are several reasons for this: One of the chief explanations is the fact that it typically takes
between 20 or 30 years for many types of cancers to develop following exposure to a carcinogen,
and for epidemiological data to reflect this and to enable risk assessment. Besides, it must be
noted that well-designed studies “require populations that are followed for at least 20 years,
preferably 30 or more” (Michaels, 2008, p. 82). That has not been the case with extant or
industry-sponsored studies (cf. Belpomme et al., 2018): Thus, the findings and conclusions
drawn from “observations [of such studies] may be premature, as cell phone use has become
commonplace only within the past two decades, a period of time that may be insufficient to
accurately assess cancer-related outcomes” (Smith-Roe et al., 2020, p. 277).
CNS cancers
In 2019 two social scientists reported “that mobile phone subscription rates are positively and
statistically significantly associated with death rates from brain cancer 15-20 years later. As a
falsification test, we find few positive associations between mobile phone subscription rates and
deaths from rectal, pancreatic, stomach, breast or lung cancer or ischemic heart disease” (Mialon
and Nesson, 2019). This 25-year cross country analysis provides solid but indirect evidence of
the link between mobile phone use and cancer. The study supports what epidemiologists
examining the relationship between exposure to mobile phone RFR and cancer have been finding.
However, a closer look at the available evidence is required to understand probability and
causality.
Recently, The Lancet Neurology observed that “CNS cancer is responsible for substantial
morbidity and mortality worldwide, and the incidence increased between 1990 and 2016” (Patel
et al., 2019). This is just one of several recent epidemiological studies that note such increases
(see Ostrom et al., 2016: Khanna et al., 2017; Withrow et al., 2018, for others).
A comprehensive review of the incidence of primary brain and other central nervous system
tumors diagnosed in the United States during the period 2009–2013, found quite small, but
statistically significant increases in some categories of CNS tumours and none in others (Ostrom
et al. 2016).
A related U.S. study echoed the US findings but found “an increasing
medulloblastoma incidence in children aged 10–14 years” (Khanna et al., 2017). A recent study
on children found statistically-significant changes in several sub-types of CNS cancers, notably
gliomas, in the period 1998-2013 (Withrow et al., 2018). The latter study concluded that
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“Continued surveillance of pediatric CNS tumors should remain a priority given their significant
contribution to pediatric cancer deaths.”
In a general context, the U.S. Center for Disease Control and related research finds that nonHodgkin lymphomas, central nervous system tumors (including brain cancers), renal, hepatic
and thyroid tumours have increased recently among adolescent Americans (Siegel et al., 2018;
Ostrom et al., 2018). When comparing the Annual Average Total and Average Annual AgeAdjusted Incidence Rates for Children and Adolescents of Brain and Other Central Nervous
System Tumors from 2009-2013 (Ostrom et al., 2016) and 2012-2016 (Ostrom et al., 2018) an
increase in total cases of 0-19 year olds from 23,522 to 24,931 is found, with the annual average
increasing from a rate of 5.70 in 2012 to 6.06 to 2016. Thus, many scientists conclude that
microwave radio frequency radiation has a significant role to play in the increasing rates of
particular types of CNS cancers being reported.
In examining the risk factors for brain tumours, Ostrom et al. (2019) state that “Primary brain
tumors account for ~1% of new cancer cases and ~2% of cancer deaths in the United States;
however, they are the most commonly occurring solid tumors in children. These tumors are very
heterogeneous and can be broadly classified into malignant and benign (or non-malignant), and
specific histologies vary in frequency by age, sex, and race/ethnicity. Epidemiological studies
have explored numerous potential risk factors, and thus far the only validated associations for
brain tumors are ionizing radiation (which increases risk in both adults and children) and history
of allergies… While identifying risk factors for these tumors is difficult due to their rarity, many
existing datasets can be leveraged for future discoveries in multi-institutional collaborations.”
While ionizing radiation is a clear causal factor, scientists have concluded there is strong evidence
that non-ionzing RFR is the environmental factor responsible for current increases. Indeed, the
Turin Court of Appeal came to the same conclusion in 2019.10
The most common of all central nervous system (CNS) tumors are gliomas, with the most
common of these being the high grade glioblastoma multiforme, which has a survival time of less
than one year (Ohgaki and Kleihues, 2005). A research review of the incidence of glioblastoma
multiforme tumours in England during 1995–2015 reported “a sustained and highly statistically
significant ASR [(incidence rate)] rise in glioblastoma multiforme (GBM) across all ages. The ASR
for GBM more than doubled from 2.4 to 5.0, with annual case numbers rising from 983 to 2531.
Overall, this rise is mostly hidden in the overall data by a reduced incidence of lower-grade
tumours.” (Philips et al., 2018). The study did not focus on RFR as the cause, so the findings
must be considered ‘open to interpretation’ in this regard, as other environmental mechanisms
cannot be ruled out. However, the following figures are clear and unambiguous. In the UK in
1995, 553 frontal lobe tumours were diagnosed in patients, while 1231 were found in 2015.
Likewise, 334 temporal lobe tumours were reported in 1995, while 994 were diagnosed in 2015.
The increase in these cancers of the CNS are clear and unambiguous. The authors of this study
argue that:
“The rise cannot be fully accounted for by promotion of lower–grade tumours, random
chance or improvement in diagnostic techniques as it affects specific areas of the brain
and only one type of brain tumour. Despite the large variation in case numbers by age,
the percentage rise is similar across the age groups, which suggests widespread
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environmental or lifestyle factors may be responsible. This article reports incidence data
trends and does not provide additional evidence for the role of any particular risk factor.”
Significantly, the frontal and temporal lobes receive the greatest exposure to RFR from
smartphones and tablets.
Another recently discovered mechanism found to affect the growth of glioblastoma multiforme
tumours in humans is the p53 protein (Akhavan-Sigari et al.,2014). Glioblastoma is the most
common and most malignant of the glial tumours found in the brain and central nervous system
(Philips et al., 2018). Akhavan-Sigari et al. studied 63 patients with this type of tumour and
found that patients that used “mobile phones for ≥3 hours a day show a consistent pattern of
increased risk for the mutant type of p53 gene expression in the peripheral zone of the
glioblastoma, and that this increase was significantly correlated with shorter overall survival
time.” This is a significant finding.
More worrying is a recent study conducted on the Swedish National Inpatient Register: “The main
finding in this study was increasing rate of brain tumor of unknown type in the central nervous
system” (Hardell and Carlberg, 2015a). The research being conducted by the ‘Hardell Group’ in
Sweden, which is responsible for this study, has consistently demonstrated a link between mobile
phone use and cancer. Two recent studies from the group confirm the link between RFR and
cancers in humans. In the first, both mobile and cordless phones were associated with an
increased risk of glioma, a type of brain tumour (Hardell and Carlberg, 2015b). It found that the
“First use of mobile or cordless phone before the age of 20 gave higher OR [odds ratio] for glioma
than in later age groups.” This indicates that children or teenagers are at significant risk. In the
second, researchers found that the rise in thyroid cancers in Sweden was linked with an increase
in exposure to RFR (Carlberg et al., 2016). To be sure, epidemiological studies such as the latter
are akin to looking for a needle in a haystack and are criticised by some as being flawed, however,
their findings need to be viewed in a new light given the scientific evidence emerging from
laboratory experiments such as the NTP study, as indicated below.
Three research groups researched the links between mobile and wireless phone use and brain
tumours: These case-control studies on glioma were performed by Interphone, (2010); CERENAT
(Coureau et al., 2014); Hardell Group (e.g. Hardell and Carlberg, 2015; Carlberg and Hardell,
2017). The French CERENAT study reported that “Consistent with previous studies, we found an
increased risk [of brain tumours] in the heaviest users [of mobile phones], especially for
gliomas.” (Coureau et al., 2014). The study found the risks were higher for temporal lobe
tumours, as well as gliomas, with occupational and urban mobile phone users at the highest risk.
Applying the Bradford Hill Guidelines to epidemiological research on brain cancers
Carlberg and Hardell (2017) apply the Bradford Hill Guidelines to assess all three studies and
concludes that in terms of the Strength of the relationship that there is a “statistically significant
increased risk for glioma.” In terms of Consistency, they found that “similar results should be
found by different research groups and in different populations.” In terms of Specificity, “the
association between RF radiation and brain tumour risk was specific for glioma.” Temporality:
exposure to RFR and tumour development is important, hence the findings that “latency and
ipsilateral mobile phone use show that there was an increased OR with short latency and after
some decline an increasing risk with longer latency. In terms of Biological Gradient or doseresponse, the “highest risk [was found] in the highest group of cumulative use.” Considering,
Plausibility, it addresses the biological plausibility of a disease. In their review, they note the
NTP findings and state in 2017 that these “results have gained considerable interest since
epidemiological human studies have in addition to glioma also found an increased risk for acoustic
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neuroma, also called vestibular schwannoma.” Carlberg and Hardell (2017) point to the role of
oxidative stress and the “concomitant increase in reactive oxygen species (ROS)” in studies, and
that “these results on oxidative stress are of concern since ROS are of crucial importance in
carcinogenesis.” As other studies cited herein indicate, Plausibility is no longer in question.
Coherence concerns exposure to RFR would “change the biology and natural history of the
disease” thereby strengthening an association. The authors report that in a study by AkhavanSigari et al. (2014) “it was found that use of mobile phones for ≥3 hours a day was associated
with increased risk for the mutant type of p53 gene expression in the peripheral zone of
glioblastoma multiforme, the most malignant glioma type. Furthermore, this mutation increase
was statistically significant correlated with shorter overall survival time.” Using this and other
findings the Coherence requirement was met. Experiment concerns the use of preventative
measures to reduce risk. In the case of RFR from mobile phones, users who use hands-free or
car phones with external aerials should in theory have lower incidence of disease. This was found
to be the case. Also discussed was the role of antioxidants “such as melatonin, vitamin C, and
vitamin E (𝛼-tocopherol) [that] may alleviate the generation of ROS…There are however no
studies of persons taking antioxidants and using wireless phones have a reduced risk for glioma.”
The final viewpoint is Analogy: “Is there some evidence [of disease] with another similar
exposure?” They propose that “One analogy would be glioma risk associated with extremely low
frequency electromagnetic fields (ELF-EMF)”…another IARC Class 2B Carcinogen. Carlberg and
Hardell (2017) demonstrate how EFF-EMF is linked with “increased risk in late stage (promotion/
progression) of glioblastoma multiforme for occupational ELF-EMF exposure.”
Prasad et al. (2017) “found evidence linking mobile phone use and risk of brain tumours
especially in long-term users (C10 years). Studies with higher quality showed a trend towards
high risk of brain tumour, while lower quality showed a trend towards lower risk/protection.” In
addition, extensive studies by the Hardell Group demonstrate increases in cancers of the CNS in
Sweden (Hardell and Carlberg, 2015a,b, 2017). These findings have been recently replicated in
Denmark (Swedish Radiation Protection Foundation, 2017).
In keeping with studies that provide compelling evidence for concern, a recent review of
epidemiological studies on brain and salivary gland tumours concerning mobile phone use found
the inconclusive evidence but indicated that such cancers may have a long latency (i.e. greater
than 15 years) and clear evidence may emerge in the future. Nevertheless, scientists argue that
childhood use of RFR devices is of significant concern (Röösli et al. 2019). In contrast, a separate
and more recent review found that “[e]pidemiological studies noticed a causal association
between the exposure to RF-EMF and the incidence of brain neoplasm in different populations
since this is the organ with the highest specific absorption rate. The fact that so many of the
ipsilateral tumors found are statistically significant with RF-EMF exposure provides weight
suggesting causality. In this way, the higher the exposure (ipsilateral vs contralateral), the longer
the cumulative exposure (hours of exposure) and the longer the latency (beyond 10 years); the
greater the risk. In addition, considering together all of these parameters suggest a strong
causality” (Pareja-Peña et al., 2020).
Evidence on an uptick colorectal cancer
We have all witnessed how adolescents and young adults predominantly carry their smartphones
in trouser pockets. If the theory that RFR causes cancer is correct then we should see an uptick
in local cancers in that region of the body as the radio units in smartphones are active, even in
standby. In 2019, the journal Cancer described a rising incidence of colorectal cancer among
young Americans, with rectal cancers being slightly higher than colon cancers (Virostko et al.,
2019). Another contemporary study found significant increases in colorectal cancer among
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people under 50 in Denmark, New Zealand, and the UK since 2009 (Araghi et al., 2019). Yet
another study of colorectal cancer in young adults in 20 European countries over the last 25
years found that over the last 10 years, the incidence of colorectal cancer increased 8% per year
among people in their 20s, by 5% for people in their 30s, and by 1.6% for those in their 40s
(Vuik et al., 2019). Dr. De-Kun Li 11 maintains that “When placed in trouser pockets, the phones
are in the vicinity of the rectum and the distal colon and these are the sites of the largest
increases in cancer.” He concludes that there is a link between how people carry, as well as use,
their phones, and the rising incidences of various cancers and other health risks. For example,
researchers found that RFR from cell phones may be triggering breast cancer in young women
who carry their devices on or near their breasts (West et al., 2013)
Implications for skin cancers
5G systems present a perfect storm where the above health risks are concerned. Not only will
they expose adults and children to near- and far-field 3-5G RFR signals, but 5G technologies also
expose them with low frequency, high frequency, and extremely high frequency RFR
simultaneously. The aforementioned health risks are linked with: Low frequency 5G RFR which
penetrates deep into the body; high frequency, which penetrates sufficiently deep to be of
significant concern, permeating as it does the brain; and extremely high frequency, which chiefly
affects the skin and eyes. Scientists at the ICNIRP have questionable competencies to deal with
this from a biomedical perspective, as they dismiss any significant thermal or non-thermal risks
in light of the cumulative body of evidence.
Extremely high-frequency RFR penetrates and is absorbed into the skin, i.e. epidermis, dermis,
and subcutaneous fat, and also into the eyes (Feldman et al., 2009). Research on the biological
effects of extremely high-frequency RFR is mature (Zalyubovskaya, 1977). There are, therefore,
significant concerns about the biological effects of this type of RFR in relation to their use in 5G
(Di Ciaula, 2018). In medical and scientific terms the skin does not form a barrier to extremely
high-frequency RFR, it is permeable. It is a biological organ that protects the body but is itself
prone to infections and environmental influence. It contains capillaries and nerve endings and is
both an input and output from the CNS (Duck, 1990). It is in medical terms a vital organ.
Significantly, therefore, researchers point out that “More than 90% of the transmitted power [of
extremely high frequency RFR] is absorbed by the skin” (Zhadobov et al., 2011). This is
significant, as this energy is not harmlessly dissipated. Consequently, with regular exposure skin
cells go into oxidative stress with significant health implications and risks (Neufeld and Kuster,
2018).
Furthermore, it is also important to note that “the cumulative body of research and scientific
evidence demonstrates beyond a reasonable doubt that [extremely high-frequency RFR] not only
penetrate the skin of humans but present a heightened risk of ill-effects on all biological systems
including cells, bacteria, yeast, animals and humans” (Zhadobov et al., 2011). This evidence
refutes the ICNIRP assertion that 5G RFR produces thermal effects only. The implications of
ubiquitous extremely high-frequency RFR illustrate this point. Research on ultraviolet radiation
indicates that UVB is ionizing radiation and directly damages DNA, which may lead to melanoma.
UVA, on the other hand, is non-ionizing. Both are on the electromagnetic spectrum along with
non-ionizing RFR. UVA, which accounts for 95% of incident UV radiation, causes oxidative DNA
damage through the way in which it creates reactive oxygen species (ROS) (Brem et al., 2017).
11
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“DNA damage caused by UVA-induced ROS is a potential contributor to sun-induced mutation
and cancer” (McAdam, Brem, and Karran, 2016, p. 612). Scientists acknowledge that “the
growing incidence of melanoma is a serious public health issue…[and] UVA-associated DNA
damage responses may contribute to melanoma development” (Khan, Travers, and Kemp, 2018).
Any exogenous agent that increases ROS can either directly or indirectly cause skin cancers such
as melanoma. Research has demonstrated unequivocally that RFR increases ROS and decreases
vital anti-oxidants. Thus, it is axiomatic that extremely high-frequency RFR poses a significant
threat to human health as people are increasingly vulnerable to skin cancers—both melanoma
and non-melanoma.
Evidence on the promotion of existing cancers and susceptibility
One important recent finding is that RFR has cocarcinogenic effects. In research published in
2010, carcinogen-treated mice exposed to RFR demonstrated significant tumour-promoting
effects (Tillmann et al., 2010). A study by Lerchl et al. replicated the earlier study using higher
numbers of animals in both the control and experimental groups (Lerchl et al., 2015). That study
confirmed and extended the previous findings. They report that the numbers of tumours of the
lungs and livers of exposed animals were significantly higher than in the control groups. They
also reported significantly elevated lymphomas through RFR exposure. The scientists
hypothesized that cocarcinogenic effects may have been “caused by metabolic changes due to
exposure.” It is significant, and extremely worrying, that tumour-promoting effects were
produced “at low to moderate exposure levels (0.04 and 0.4 W/kg SAR), thus well below exposure
limits for the users of mobile phones.” The authors conclude that their “findings may help to
understand the repeatedly reported increased incidences of brain tumors in heavy users of mobile
phones.” The mechanisms presented in the previous section help explain why and how RFR
exposures induce the observed findings in these and other studies.

Links with miscarriage and risks to the fetus and early childhood
development
A prospective cohort study of 913 pregnant women conducted by Dr. De-Kun Li and his team at
US healthcare provider Kaiser Permanente examined the association between exposure to nonionizing radiation from low-frequency EMF sources and the risk of miscarriage (Li et al., 2017).
After controlling for multiple other factors, women who were exposed to higher levels had 2.72
times the risk of miscarriage (hazard ratio = 2.72, 95% CI: 1.42–5.19) than those with lower
exposures. The increased risk of miscarriage was consistently observed regardless of the EMF
sources (Li et al., 2017). However, follow-up studies on children born to mothers with the same
high levels of exposure found that in-utero exposure was related to an increased risk in children
of the following conditions:




Asthma 2.7 times;
Obesity 5 times;
ADHD 2.9 times. (Li et al. 2011, 2012)

Li et al. (2017) link the results from this study with contemporary epidemiological research on
the links between far-field exposure to RFR from mobile phone antennae and miscarriage (Zhou
et al. 2017) and near-field exposure linked with mobile phone use during pregnancy
(Mahmoudabadi et al., 2017).
Research conducted at Professor Hugh Taylor’s research laboratory at Yale comments on the
significant increase in the incidence of ADHD in children. Taylor and his team posit that one or
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more environmental factors are involved. The paper showed that pre-natal in-utero exposure of
pregnant mice to real cell phone RFR produced three highly statistically significant changes
observed in mice exposed in-utero. These are: (1) a decrease in memory function; (2)
hyperactivity; and (3) an increase in anxiety. The researchers conclude “that these behavioral
changes were due to altered neuronal developmental programming” (Aldad et al., 2012: cf.
Ikinci, et al., 2013; Zhang, 2015). These results have been replicated in several subsequent
experimental studies on rodents (Othman et al., 2017a,b; Kumari et al., 2017). However, there
are also several epidemiological studies that identify similar outcomes in children (Divan et al.,
2008, 2012). More recently, Birks et al. (2017) used data from studies in five different countries
involving 83,884 children which concluded that mobile phone use by mothers during pregnancy
increased the risk of hyperactivity and attention issues with children.
This body of research provides evidence for an association between prenatal exposure to cell
phone RFR and neurological development as well as the risk of spontaneous abortion. This should
stimulate a reassessment of the risks concerning all EMF and RFR exposure, particularly to
children and pregnant women, as “[t]he level of proof required to justify action for health
protection should be less than that required to constitute causality as a scientific principle”
(Frentzel-Beyme, 1994). We are far beyond that level of proof where RFR is concerned.
What are the implications for childhood RFR exposure?
All this has profound implications for the increasing numbers of children and adolescents exposed
to RFR daily. And the risks to children are considerable: “Because cells are rapidly dividing and
organ systems are developing during childhood and adolescence, exposure to carcinogens during
these early life stages is a major risk factor for cancer later in life. Because young people have
many expected years of life, the clinical manifestations of cancers caused by carcinogens have
more time in which to develop during characteristically long latency periods.” (Carpenter and
Bushkin-Bedient, 2013). A recent study demonstrated that in a child’s brain the hippocampus
and hypothalamus absorb 1.6–3.1 times the microwave energy of an adult brain. The absorption
rate is 2.5 times higher than an adult’s where a child’s cerebellum is concerned. The same study
found that the bone marrow in a child’s skull absorbs microwave radiation at a level 10 times
greater than that of an adult Christ et al., 2010). Also, a child’s eyes absorb higher levels of
microwave radiation than adults (Keshvari, J., Keshvari, and Lang, 2006). If, as the latest
scientific evidence indicates, low-level microwave radiation poses a health risk, and if safety
standards are outdated, then it is logical to assume that children are at significant risk from any
device radiating microwave radiation (Gandhi et al., 2012). Scientific experiments have also
demonstrated that exposure to RFR and WiFi sources also affects brain development in young
rats and their ability to learn and engage in routine problem solving (Ikinci et al., 2013;
Narayanan et al., 2015; Wilke, 2018). The implications for brain development in children are
clear, as are the consequences for their immediate well-being.

Reproductive risks from RFR exposures
The increased exposure to RFR from smartphones, WiFi, and Bluetooth is increasingly linked with
risks to human fertility (Houston et al., 2016; Belpomme et al., 2018) as evidenced in the findings
of epidemiological research (Rolland et al., 2013). The habit of carrying smartphones in trouser
pockets has been shown to lower sperm quantity and quality (Adams et al., 2014; Rago et al.,
2013). In their review of extant studies Adams et al. “conclude that pooled results from in vitro
and in vivo studies suggest that mobile phone exposure negatively affects sperm quality.”
Similarly, Heuston et al. (2016) find that “Among a total of 27 studies investigating the effects
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of RF-EMR on the male reproductive system, negative consequences of exposure were reported
in 21. Within these 21 studies, 11 of the 15 that investigated sperm motility reported significant
declines, 7 of 7 that measured the production of reactive oxygen species (ROS) documented
elevated levels and 4 of 5 studies that probed for DNA damage highlighted increased damage
due to RF-EMR exposure. Associated with this, RF-EMR treatment reduced the antioxidant levels
in 6 of 6 studies that discussed this phenomenon, whereas consequences of RF-EMR were
successfully ameliorated with the supplementation of antioxidants in all 3 studies that carried out
these experiments.” Another review determined that “it is clear that radiofrequency
electromagnetic fields (RF-EMF) have deleterious effects on sperm parameters (like sperm count,
morphology, motility), affect the role of kinases in cellular metabolism and the endocrine system,
and produces genotoxicity, genomic instability and oxidative stress ...The study concludes that
the RF-EMF may induce oxidative stress with an increased level of reactive oxygen species, which
may lead to infertility” (Kesari et al., 2018). It is clear from Miller et al.’s (2019) analysis, and
research cited above, that near-field sources of RFR pose a real threat to male and also potentially
female fertility and reproduction at levels deemed safe by ICNIRP, the FCC, and PHE.

Neurological and neurodegenerative risks from RFR
The research cited above indicates significant risk to the neurological development of children in
utero from EMF and RFR. There are numerous studies on the abnormal behaviour and learning
of mice and rats exposed to RFR. A recent research review investigated the mechanisms by which
RFR causes neurophysiological and behavioral dysfunctions (Sharma et al., 2017). The review
indicated that it impairs cognitive and memory functions. The impact and severity of effects
identified are linked to the duration of exposure, and level of exposure. Other recent research
includes a study by Deshmukh et al. (2015), who examined the effects of chronic, low-level RFR
exposure on learning capacity and memory. The researchers observed that spatial orientation,
as well as learning and memory, were impaired. Another recent study, Hassanshahi et al. (2017)
divided 80 male rats into control and experimental groups and exposed them to Wifi signals 12
hours a day. The researchers observed that the experimental rats displayed impaired cognitive
performance.
Dr. Henry Lai (2018) reviewed summarized research from 2007-2017 on the neurobiological
effects of RFR. Lai reports deficits in short-term memory in human subjects exposed to RFR,
with one study reporting significant changes in cognitive functions in adolescents impoverishing
the accuracy of their working memory. While these studies focused on the effects near-field RFR,
a study by Meo et al. (2019) reported that high-level far-field RFR negatively affected the fine
and gross motor skills, spatial working memory, and attention of exposed school-going
adolescents, compared to those exposed to very weak levels of RFR. Thus, near-field and farfield RFR poses significant risks to children’s neurobiological health (Markov, 2018; Elhence,
Chamola, and Guizani, 2020). This is underpinned by a significant cumulative body of research
in Russia, with one longitudinal study from 2006 to 2017 indicating the risks that RFR sources
present to children (Grigoriev and Khorseva, 2018). These researchers found that chronic
exposure to RFR may negatively affect the central nervous systems of the children.
Electrohypersensitivity (EHS) is a medically recognised condition that affects people who have
developed an intolerance to EMFs. EHS describes a clinical condition first coined by experts for
the European Commission (Bergqvist and Vogel, 1997). The relationship of EHS with RFR was
identified in Sweden with research indicating a relatively high incidence among those living near
mobile phone base stations (Santini et al., 2003). The global increase in people reporting EHS,
prompted the WHO to organise an international workshop in Prague: The Prague working group
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report clearly defined EHS as “a phenomenon where individuals experience adverse health effects
while using or being in the vicinity of devices emanating electric, magnetic or electromagnetic
fields” (Belpomme et al. 2018). Subsequently, the WHO acknowledged EHS as an adverse health
condition (WHO, 2005). Research reveals that it remains on the increase, with occurrences
having a strong link with oxidative stress. For example in one study “80% of EHS patients
presented with an increase in oxidative/nitrosative stress-related biomarkers” (Belpomme and
Irigaray, 2020, p. 1). The researchers (ibid., p. 6) indicate that “in addition to low-grade
inflammation and an anti-white matter autoimmune response, EHS can also be diagnosed by the
presence of oxidative/nitrosative stress.” This finding indicates that EHS is a very real
phenomenon that has significant public health consequences as RFR becomes ubiquitous and
physicians recognise “that EHS is a neurologic pathological disorder which can be diagnosed,
treated, and prevented. Because EHS is becoming a new insidious worldwide plague involving
millions of people” (ibid., p. 1).

Figure 4 Figure 5 Trends in mortality from Alzheimer’s disease in the European Union,
1994–2013.

The most troubling neurodegenerative condition facing modern society is Alzheimer’s Disease.
Stefi et al. (2019) find evidence that RFR promotes molecular pathogenic mechanisms associated
with Alzheimer’s Disease. A possible link between electromagnetic fields and the occurrence of
Alzheimer’s Disease has long been noted (Sobel et al., 1995). However, there is a concern as to
the increasing incidence of and deaths from this neurodegenerative disease (Vieira et al. 2013),
particularly the increasing trend since the 1990s (Niu et al., 2017). Figure 1 illustrates the trend
in mortality from the disease comparing males and females. Note the growth in the incidence of
mortality in the UK which far outstrips the age at which the population is aging. Given the growth
in RFR sources across society, researchers are concerned that it may be one of the environmental
factors responsible for the dramatic increase in the incidence of Alzheimer’s even after the, aging
population is accounted for (Hallberg and Johansson, 2005; Hallberg, 2015). Hallberg and
Johansson (2005) investigated the correlation between the increase in RFR from mobile cellular
networks in Sweden and the dramatic increase in the incidence in Alzheimer’s Disease and found
a direct correlation. We can see from Figure 1 that Sweden, one of the first economies to adopt
mobile telephony, has a significant increase in mortality rates that is in lockstep with the growth
of RFR sources. The question facing epidemiologists is what are the causal mechanisms between
RFR exposure and the risk of Alzheimer’s Disease? One common cause of neurodegenerative
diseases is oxidative stress in CNS cells (Paloczi et al. 2018), and this condition is strongly linked
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with Alzheimer’s Disease (Butterfield, Howard, and LaFontain, 2001; Tönnies and Trushina,
2017).

What are the biological mechanisms that produce ill-health in children and
adults?
The monograph titled the Non-Thermal Effects and Mechanisms of Interaction Between
Electromagnetic Fields and Living Matter (Giuliani and Soffriti, 2010) was the first to
systematically report on the biophysical mechanisms, cellular mechanisms and tissue effects of
EMFs and RFR. It also presented a summary of the state of extant in vivo and epidemiological
research to 2010. There are many known carcinogens and environmental toxins for which the
operative mechanisms are not fully known nor understood. This did not prevent their
classification by the IARC nor their acceptance as carcinogenic or toxic effects on human
biological systems (Michaels, 2008). As Giuliani and Soffriti (2010) demonstrated and subsequent
research confirmed there is a range of generally accepted mechanisms at play in producing
physical and biological effects.

Figure 6 Mechanisms and Pathways to Pathophysiological Effects (Reproduced from Pall 2018)

While the direct effects of certain carcinogens and biological toxins are widely acknowledged,
research illustrates that “carcinogens may also partly exert their effect by generating reactive
oxygen species (ROS) during their metabolism. Oxidative damage to cellular DNA can lead to
mutations and may, therefore, play an important role in the initiation and progression of
multistage carcinogenesis…Elevated levels of ROS and down regulation of ROS scavengers and
antioxidant enzymes are associated with various human diseases including various cancers. ROS
are also implicated in diabetes and neurodegenerative diseases” (Waris and Ashan, 2006). Thus,
researchers have focused on these vectors in arriving at an understanding of causality between
RFR and its effects on humans.
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Research on RFR, particularly pulsed microwave signals in mobile phone and WiFi sources, has
demonstrated that they produce elevated levels of reactive oxygen species (ROS), which in turn
cause oxidative stress in cells (De Iuliis et al., 2009; Georgiou, 2010; Nazıroğlu, et al., 2013;
Yakymenko et al., 2016). Oxidative stress is caused by an imbalance between ROS and the
counter effects of antioxidants that help detoxify and repair biological systems. Thus, the body
normally employs antioxidant defence mechanisms to counter ROS and help avoid diseases such
as cancer, which are triggered by oxidative stress and its tendency to cause strand breaks in
cellular DNA. A raft of studies indicates that a chain of biological mechanisms produces oxidative
stress and the observed negative health outcomes in laboratory animals and humans. Martin
Pall, Professor Emeritus of Biochemistry and Basic Medical Sciences, at Washington State
University points to the role of voltage-gated calcium channel (VGCC) activation triggered by RFR
sources such as 2-5G and WiFi, as being one of the primary causal mechanisms (Pall, 2018).
Panagopoulos (2019) points out that “experimental results are in agreement with the “ion forced
oscillation mechanism” for irregular gating of electro-sensitive ion channels on cell membranes…
the “ion forced-oscillation mechanism”… and may lead to disruption of the cell’s electrochemical
balance and function … The validity of this mechanism has been verified by computer numerical
test” (cf. Panagopoulos et al. 2000, 2002). In his review published in 2018, Professor Pall cites
over 120 empirical research papers in support of his thesis. Thus, this is further support for the
cumulative body of evidence which refutes the proposition that RFR has no biological effects,
other than local thermal effects on tissue. Professor Pall’s earlier 2013 review paper cites 22
research studies that specifically point to the role played by VGCC activation (Pall, 2013). The
number of studies replicating experiments that corroborate this theory has grown significantly,
while none appear to refute it. Figure 1 illustrates the posited mechanisms, pathways, and
outcomes. A detailed discussion is beyond the scope of this report, however, several important
mediating mechanisms and patho-physiological outcomes are now discussed.
A review of scientific studies by Kesari et al. in 2013 concluded that relatively brief, regular, and
also long-term use of microwave devices results in negative impacts on biological systems,
especially the brain (Kesari, 2013). This review squarely highlights the role played by reactive
oxygen species (ROS) as a key mechanism (generated by exposure to microwaves) in producing
serious negative effects in living organisms. Exposure to ionizing radiation has been long known
to disturb the balance between ROS and the antioxidants that neutralise them. Usually this
imbalance results in a high probability that the subject will develop cancers and other chronic
conditions.
A wealth of studies now illustrate, however, that non-ionizing radiation emitted from
smartphones, cordless phones, WiFi, Bluetooth and other wireless technologies, such as those
powering the Internet of Things (IoT) can severely disturb this balance also, by amplifying ROS,
suppressing antioxidants, and increasing oxidative stress (Belpomme et al., 2018). There is
substantial evidence that oxidative damage to cellular proteins, lipids, and DNA is at the root
cause of many of the ill-effects of microwave RFR. Most worrying in all of this is that scientists
have found that the mutagenic effects on the DNA of living cells occur under the low-levels of
exposure to the pulsed microwave radiation found in most of these devices. (This is discussed
below in some detail.) The consequences for children are obvious, given their greater exposure
levels and susceptibility to health ill-effects and also that their bodies are constantly growing and
developing (Kheifets, 2005; Han et al., 2010).
A recent study illustrates the relatively low level of exposure required to produce adverse
biological effects. Chauhan et al. (2017) published the results of their experiment on Wistar rats.
The rats in this experiment were exposed to RFR at 25% of the normal level in the human ear
and 15% of that level, for 2 hours per day for 35 days. Autopsies of the rats exposed to RFR
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revealed significantly high levels of ROS in their livers, brains, and spleens. Besides, histological
changes were also found in brains, livers, testes, kidneys, and spleens. In line with a wealth of
other similar studies, the researchers concluded that the “results indicate possible implications
of such exposure on human health.” Earlier studies found that rat brains exposed to RFR exhibited
an increase in single-strand DNA breaks and chromosomal damage in brain cells. Thus, it is
beyond doubt that the substantial increase in ROS in living cells under RFR at low signal strength
could be causing a broad spectrum of health disorders and diseases, including cancer, in humans
and particularly in children. Certainly, recent studies have provided significant empirical evidence
to support this theory (Belpomme et al. 2019).
Russian scientist Dr. Yuri Grigoriev, Chairman of the Russian National Committee on Non-ionizing
Radiation Protection (RNCNIRP) points out that “National and international regulatory limits for
radiofrequency radiation (RFR) exposure from cell phones and cell towers are outdated”
(Grigoriev, 2017). He argues that Western standards are inadequate to protect human health, in
contrast with those in Russia, especially where the health of children is concerned. In Belpomme
et al. (2018), whose authors include cancer researchers, it is argued that “In spite of a large
body of evidence for human health hazards from non-ionizing EMFs at intensities that do not
cause measurable tissue heating, summarized in an encyclopaedic fashion in the Bioinitiative
Report (www.bioinitiative. org), the World Health Organization (WHO) and governmental
agencies in many countries have not taken steps to warn of the health hazards resulting from
exposures to EMFs at low, non-thermal intensities, nor have they set exposure standards that
are adequately health protective.”
Thus, there is almost unanimous agreement that the property of RFR to place human cells into
oxidative stress lies at the core of almost all health risks, as indicated above (Yakymenko et al.,
2016). The generation of reactive oxygen species (ROS) is central. Recent studies of people living
in proximity to mobile base stations found evidence for elevated levels of ROS in their blood,
which is a biochemical indicator of oxidative stress, indicating that they are exposed to greater
risks of ill-health (Zothansiama et al., 2017). The CNS appears to be the most vulnerable human
biological system, with neurodegenerative diseases, neurobehavioral (including problems with
learning and development in children), and immunological problems the source of greatest
concern to scientists (Barnes and Greenebaum, 2020; Belpomme et al. 2018; Belyaev et al.
2016; Di Ciaula, 2018; Miller et al., 2018; Russell, 2018, among many others). Rigorous
experimental studies on laboratory rats have found that daily exposures to low levels of
microwave radiation, such as that emitted by WiFi devices, similar to those being introduced in
5G systems, causes significant biological changes in a range of major organs such as the brains,
hearts, reproductive systems, and eyes of the rats being studied (Chauhan et al., 2017; Wilke,
2018). Scientists and medical practitioners are concerned about the significant risks placed on
the most vulnerable in society, examples including children, pregnant women, those with existing
health issues, and senior citizens.
Because PHE and other government agencies look to the ICNIRP 12, and because it ignores the
majority of scientific evidence demonstrating harmful non-thermal exposures, UK citizens and
their children are exposed to RFR that generates high levels of oxidative stress in their bodies,
and which neutralizes the body’s antioxidant defence system (Kıvrak et al., 2017). To compound
matters even further, one of the significant findings of the NTP study reviewed above was that
the presence of RFR promoted the growth of tumours caused by other carcinogens. The findings

12

https://www.gov.uk/government/publications/mobile-phone-base-stations-radio-waves-and-health/mobile-phonebase-stations-radio-waves-and-health
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of the cumulative body of research reviewed herein are objective, and particularly disturbing
where children are concerned.

3.

DO THE HEALTH AND SAFETY GUIDELINES PROTECT PUBLIC HEALTH?

UK policymakers look to Public Health England (PHE) to assess the safety of non-ionising RFR.
The PHE’s position on this draws heavily upon two reports by the Advisory Group on Non-ionising
Radiation (AGNIR). These were published in 2012 and 2017. The Department of Health’s
Committee on Medical Aspects of Radiation in the Environment (COMARE) also looks to the AGNIR
reports for guidance. It is therefore incredible that when it issued its last report, ICNIRP
members, from the NGO based in Munich, constituted 30% of the 18 member UK committee.
Note that AGNIR’s primary role was to assess the ICNIRP’s safety guidelines, which reflect
industry interests not those of public health. In no other regulated sector or area of business
activity would this be acceptable from a conflict of interest or corporate governance perspective.
ICNIRP scientists were not likely to judge their guidelines unsafe. Thus, they had a significant
conflict of interest which compromised the entire decision-making process on UK policy towards
RFR and public health, specifically, the introduction of 5G.
The ICNIRP’s 2020 guidelines published in March of this year update those published in 1998.
The new guidelines include only minor changes to the 1998 guidelines, primarily to accommodate
5G’s extremely high-frequency millimeter RFR signals (Barnes and Greenebaum, 2020). It must
be remembered the guidelines focus on technical issues and present safety recommendations for
the thermal effects of non-ionizing RFR at high-levels of exposure over a short-term measured
in minutes. They effectively ignore or deny the existence of non-thermal effects on adults and
children and long-term exposure to RFR at low levels. The ICNIRP 2020 Guidelines ignore or
dismiss on scientifically spurious grounds the significant body of scientific research since 1998.
The majority of independent scientists consider the ICNIRP and the related EU SCENIHR as
‘captured’ organisations—that is they are heavily influenced by industry-funded researchers and
industry itself. The next section addresses the question of why thermal guidelines are not fit for
purpose.

Why do the ICNIRP thermal effect threshold guidelines fail to protect the
public?
First, a logical observation: If non-thermal effects occur at relatively low levels of EMF-RFR power
densities, then thermal guidelines are insufficient. The guidelines in question are those published
by ICNIRP: the original guidelines were published in 1998, commented upon in 2009, and
“somewhat modified” in 2020 to accommodate 5G technologies (ICNIRP, 1998, 2009, 2020).
The current ICNIRP guidelines state: “The main objective of this publication is to establish
guidelines for limiting exposure to EMFs that will provide a high level of protection for all people
against substantiated adverse health effects from exposures to both short- and long-term,
continuous and discontinuous radiofrequency EMFs.” Note the term in bold. To distinguish
“adverse health effects”, the following methodology was adopted:
“ICNIRP first identified published scientific literature concerning effects of radiofrequency
EMF exposure on biological systems, and established which of these were both harmful to
human health and scientifically substantiated. This latter point is important because
ICNIRP considers that, in general, reported adverse effects of radiofrequency EMFs on
health need to be independently verified, be of sufficient scientific quality and consistent
with current scientific understanding, in order to be taken as “evidence”and used for
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setting exposure restrictions. Within the guidelines, “evidence” will be used within this
context, and “substantiated effect”used to describe reported effects that satisfy this
definition of evidence. The reliance on such evidence in determining adverse health effects
is to ensure that the exposure restrictions are based on genuine effects, rather than
unsupported claims. However, these requirements may be relaxed if there is sufficient
additional knowledge (such as understanding of the relevant biological interaction
mechanism) to confirm that adverse health effects are reasonably expected to occur.”
Thus, using what Cherry (2004) described as a “constructive dismissal” approach the ICNIRP
eliminated the majority of peer-reviewed papers and studies. All these papers had one thing in
common. They demonstrated the existence of non-thermal effects at a level far below the ICNIRP
guidelines. These non-thermal effects were substantiated by peer-reviewers who were experts
in the area and were also subsequently validated by review studies, that were again peerreviewed. Hence, it may be inferred that the guidelines did NOT provide a high level of protection
for ALL people.
Table 1 ICNIRP 2020 Guidelines13

The only effects the guidelines protect are thermal effects, as heating is the only physicalbiological effect taken into account when setting the protection levels. On that note, the
acceptable SAR levels were developed from research in 1988 used to develop the adult head and
body phantom of the Standard Anthropomorphic Mannequin (SAM). This is claimed to be
protective of children of all ages to adulthood. However, this is in question as the SAM is based
on the 98th percentile of military recruits in 1988, that weigh 220 lbs and have a 12 lb head—
that is a 6’2”, 220 lbs. large adult male. This represents just 3% of cell phone users or those
exposed to other sources of RFR (Gandhi et al., 2012). As Ghandi et al. demonstrate this does
NOT protect children.

13

https://www.anfr.fr/fileadmin/mediatheque/documents/expace/workshop-5G/20190417-Workshop-ANFR-ICNIRPpresentation.pdf
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As Table 1 indicates, below 6 GHz, thermal effects are measured using the Specific Absorption
Rate (SAR). As indicated, this is measured in watts per kilogram (W/kg) and it is the rate at
which RFR energy is estimated to be absorbed per unit mass of tissue. The IEEE (1992) standard,
based on the SAM, allows whole-body average SAR exposure to 0.08 W/kg averaged over 30
min, and the spatial peak SAR for any 1 gram of tissue to 1.6 W/kg averaged over 30 min. The
occupational exposure is 6 minutes at an energy level that produces this. The standard was
adopted by the FCC in 1996. The FCC guidelines are based on a 4 W/Kg adverse thermal level
effect observed in laboratory animals. The ICNIRP (1998) Guidelines determine compliance to
this standard with FCC approval in 2001. The FCC exposure for the general population is “0.08
W/kg as averaged over the whole body and spatial peak SAR not exceeding 1.6 W/kg as averaged
over any 1 gram of tissue (defined as a tissue volume in the shape of a cube). Exceptions are
the hands, wrists, feet, and ankles where the spatial peak SAR shall not exceed 4 W/kg, as
averaged over any 10 grams of tissue (defined as a tissue volume in the shape of a cube)
[averaged over 30 minutes].” The maximum power density is 10 W/m2. The ear and limbs have
a spatial peak SAR not exceeding 4 W/kg, as averaged over any 10 grams of tissue averaged
over 30 minutes. Based on existing theories and research data, the FCC recognised the safety
problems with WiFi and recommended that such devices are not operated less than 20 cm from
the human body for 30 minutes. However, as far back as 2002, the US Environmental Protection
Agency (EPA) stated that the “FCC’s exposure guideline is considered protective of effects arising
from a thermal mechanism but not from all possible mechanisms. Therefore, the generalisation
by many that the guidelines protect human beings from harm by any or all mechanisms is not
justified” (Hankin, 2002). This observation also applies to the ICNIRP guidelines. The EPA’s
reservations were justified, given research findings published over the past 18 years (to 2020)
that refute the theory that hazards were confined to thermal effects.

A detailed critique of the ICNIRP draft guidelines and its Appendix B
One of the most important critiques of the ICNIRP Guidelines was provided in its draft stage by
Professor Martin Pall and published in 2018. It will come as no surprise to find that the final
guidelines (ICNIRP, 2020) failed to incorporate Professor Pall’s comments. The following extract
summarises these points:
“Serious flaws in 2018 ICNIRP draft guidelines and appendix B
1. The biological portions of these ICNIRP drafts … have 64 different claims for which no
evidence is provided. Each of these 64 claims should be documented in terms of the larger
scientific literature, not just by cherry picking one or a few studies that can be claimed to
support the ICNIRP position. This is particularly important because there is a very large
literature contradicting many of these claims.
2. Among the most egregious claims are the undocumented claims that certain EMF
effects have no demonstrated health impacts. It is our belief that most, if not all, EMF
effects have demonstrated health impacts, as shown by the biomedical scientific
literature. Claims of no demonstrated health impacts must, therefore, be based on an
extensive review of the biomedical literature on what health effects, if any, are produced
by each EMF effect.
3. The conditions used in a study determine what results are obtained. Therefore, a study
done under one set of conditions cannot conflict with or show inconsistencies with another
done under another set of conditions. The only way to show conflicts or inconsistencies is
to do identical studies and produce different results. ICNIRP and other similar
organizations open suggest that there are conflicts or inconsistencies based on some
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superficial similarities, while providing no evidence whatsoever that any such
inconsistencies actually exist. This is, therefore, a fundamental logical flaw that needs to
be corrected in the ICNIRP draft.”
A detailed but abridged extract from Professor Pall’s “Critiques of biological parts of ICNIRP draft”
follows, while Appendix C presents the reviews he cites supporting his detailed critique. While
several other responses to ICNIRP are available, this provides the most comprehensive evidence
of the flaws in the ICNIRP guidelines. Significantly, however, it demonstrates the continued use
of the “constructive dismissal” approach in action and a fundamental departure from the Bradford
Hill Guidelines. Note 119 signatures were supporting his submission to ICNIRP to Professor Pall's
documentation supporting the contention that the ICNIRP Guidelines fail to protect human health.
1. “Neurological
frequencies

and/or

neuropsychiatric

effects

that

occur

at

microwave

ICNIRP claims that frequencies above 10 MHz are not known to stimulate nerves. However,
27 different reviews listed in [Appendix C herein] show that there are neurological and/or
neuropsychiatric effects that occur at microwave frequencies. This claim is therefore false and
must be deleted.
2. Non-thermal effects of microwave frequency electromagnetic fields (EMFs)
2018 ICNIRP draft guidelines, subsect. 4.3.3 (Temperature elevation):
“For very low exposure levels (such as within the ICNIRP (1998) basic restrictions), there
is extensive evidence that the amount of heat generated is not sufficient to cause harm,
but for exposure levels above those of the ICNIRP (1998) basic restriction levels, yet
below those shown to produce harm, there is still uncertainty.”
ICNIRP provides no evidence for this claim, which is falsified by each of the 89 reviews listed
in Appendix C. If ICNIRP wishes to argue against those findings, it should first cite each
review, discuss in detail the findings reported and then attempt to rebut each of those 89
bodies of evidence.
3. Electromagnetic hypersensitivity or EHS
2018 ICNIRP draft guidelines, appendix B, sect. 2.2 (Symptoms and wellbeing):
“A small portion of the population attributes non-specific symptoms to various types of
radiofrequency EMF exposure; this is referred to as Idiopathic Environmental Intolerance
attributed to EMF (IEI-EMF). Double-blind experimental studies have consistently failed to
identify a relation between radiofrequency EMF exposure and such symptoms in the IEI-EMF
population, as well as in healthy population samples. These human experimental studies
provided evidence that ‘belief about exposure’ (e.g. the so-called ‘nocebo’ effect), and not
exposure itself, is the relevant symptom determinant.”
No evidence is provided in support of these assertions.
4. Associations between exposure and symptoms or well-being
2018 ICNIRP draft guidelines, appendix B, sect. 2.2 (Symptoms and wellbeing):
“In studies on transmitters, no consistent associations between exposure and symptoms or
wellbeing were observed when objective measurements of exposure were made, or when
exposure information was collected prospectively.”
No evidence is provided in support of this assertion.
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2018 ICNIRP draft guidelines, appendix B, sect. 2.2 (Symptoms and wellbeing):
“In studies on mobile phone use, associations with symptoms and problematic behavior have
been observed. However, these studies can generally not differentiate between potential
effects from radiofrequency EMF exposure and other consequences of mobile phone use, such
as sleep deprivation in adolescents using the mobile phone at night.”
No evidence is provided in support of this claim.
2018 ICNIRP draft guidelines, appendix B, sect. 2.2 (Symptoms and wellbeing): “Overall, the
epidemiological research does not provide evidence of a causal effect of radiofrequency EMF
exposure on symptoms or well-being.”
No evidence is provided in support of this claim. The same 26 reviews on neurological
/neuropsychiatric effects that were referred to above also falsify these ICNIRP claims
regarding cell phone effects. Similar effects were found, including sleep disruption, fatigue,
headache, memory dysfunction, depression, lack of concentration, anxiety, sensory
dysfunction and several others. These were found to be produced by many different types of
EMF exposures. These included radar, other occupational exposures, three types of broadcast
radiation, heavy cell phone use, living near cell phone towers and microwave radiation of the
US embassy in Moscow. Clearly these are not caused by behavioral changes specific for cell
phone use, as ICNIRP argues here. When these problems are becoming almost universal in
every single technologically advanced country on earth, surely it is time for ICNIRP to start
protecting us from them.
5. High frequency EMF exposure affects symptoms
2018 ICNIRP draft guidelines, appendix B, sect. 2.2 (Symptoms and wellbeing):
“There is thus no evidence that high frequency EMF exposure affects symptoms, except for
pain and potentially tissue damage) at high exposure levels.”
No evidence is provided in support of this claim. It is shown to be completely untrue by the
27 reviews on neurological/neuropsychiatric effects previously discussed.
6. Physiological functions and adverse health effects
2018 ICNIRP draft guidelines, appendix B, sect. 2.3 (Other brain physiology and related
functions):
“A number of studies of physiological functions that could in principle lead to adverse health
effects have been conducted, primarily using in vitro techniques. These have included multiple
cell lines and assessed such functions as intra- and intercellular signaling, membrane ion
channel currents and input resistance, Ca 2ti dynamics, signal transduction pathways, cytokine
expression, biomarkers of neurodegeneration, heat shock proteins, and oxidative stressrelated processes. Some of these studies also tested for effects of co-exposure of
radiofrequency EMF with known toxins. Although some effects have been reported for some
of these endpoints, there is currently no evidence of effects relevant to human health.”
No evidence is provided in support of these claims. Is ICNIRP really trying to argue that
important signalling pathways, excessive intracellular calcium, inflammation including
inflammatory cytokines, neurodegeneration, heat shock responses and oxidative stress have
“no relevance to human health”? If so, ICNIRP needs to debunk hundreds of thousands of
studies in the PubMed database.
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7. Evidence of eye damage
2018 ICNIRP draft guidelines, appendix B, sect. 2.3 (Other brain physiology and related
functions):
“Some evidence of superficial eye damage has been shown in rabbits at exposures of at least
1.4 kW m-2, although the relevance of this to humans has not been demonstrated.”
Why does ICNIRP state that there is no evidence of human relevance but never tells us if
there is any evidence that the findings are not relevant to humans? If there is simply a lack
of evidence, then the way ICNIRP describes this speaks to an unconscionable bias on the part
of ICNIRP. With human relevance, as with all things, absence of evidence is not evidence of
absence.
8. Endocrine, including neuroendocrine systems, impacted by non-thermal EMF
exposures
In contrast with the many ICNIRP statements with no evidence provided, the endocrine,
including neuroendocrine systems, have been widely found to be impacted by non-thermal
EMF exposures as shown by the following 12 reviews [Glaser, Z., 1971; Tolgskaya and
Gordon, 1973; Raines, 1981; Hardell and Sage, 2008; Makker et al. 2009; Gye and Park,
2012; Pall, 2015; Sangün et al. 2016; Hecht, 2016; Asghari et al. 2016; Pall, 2018; Wilke,
2018].
If ICNIRP wishes to disagree with the findings in these reviews, it should cite each of these
reviews and describe what findings were documented in each of them. Only then could ICNIRP
feel free to disagree with any conclusions reached. Ignoring vast amounts of contrary data
and opinion undercuts any claim that ICNIRP may make to providing unbiased science.
9. Neuronal cell death following non-thermal EMF exposures
2018 ICNIRP draft guidelines, appendix B, chap. 5 (Neurodegenerative Diseases):
“Although one group has reported that exposure to pulsed radiofrequency EMF fields
increased neuronal death in rats, which might contribute to an increased risk of
neurodegenerative disease, two studies have failed to confirm these results.”
No evidence is provided in support of this claim. This is completely inaccurate: approximately
a dozen studies found elevated levels of neuronal cell death following non-thermal EMF
exposures reviewed in the Tolgaskya and Gordon 1973 review. The two studies by Zhang et
al. (2017) in rats showed that repeated pulsed microwave/RF radiation in young rats caused
them to develop Alzheimer’s-like effects as middle-aged rats, including elevated levels of
amyloid beta protein and oxidative stress in their brains and including Alzheimer’s-like
behavioral and memory deficiencies. Other studies have found increased levels of amyloid
beta protein following EMF exposures. Why is ICNIRP ignoring such evidence?
10.Link between radiofrequency EMF exposure and measures of cardiovascular
health
2018 ICNIRP draft guidelines, appendix B, chap. 6 (Cardiovascular System, Autonomic
Nervous System, and Thermoregulation):
“Numerous human studies have investigated indices of cardiovascular, autonomic nervous
system, and thermoregulatory function, including measures of heart rate and heart rate
variability, blood pressure, body, skin and finger temperatures, and skin conductance. Most
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studies indicate there are no effects on endpoints regulated by the autonomic nervous
system.”
No evidence is provided in support of this claim.
“The relatively few reported effects of exposure were small and would not have an impact on
health.”
No evidence is provided in support of this claim.
“The changes were also inconsistent and may be due to methodological limitations or chance.”
No evidence is provided in support of this claim. Again, the only way to show inconsistency
is to perform identical studies that produce widely different findings. If ICNIRP has such
studies, it should produce them. If it does not, it should stop falsely claiming inconsistency
when one may be looking simply at variation due to changes in the conditions used. When
ICNIRP claims there are methodological problems, these need to be clearly stated and clearly
documented.
11. Non-thermal radiofrequency EMF exposures produce autoimmune responses.
2018 ICNIRP draft guidelines, appendix B, chap. 7 (Immune System and Haematology):
“There have been inconsistent reports of transient changes in immune function and
haematology following radiofrequency EMF exposures.”
No evidence is provided in support of this claim.
“These have primarily been from in vitro studies, although some in vivo animal studies have
also been conducted.”
No evidence is provided in support of this claim.
“There is currently no evidence that such reported effects, if real, are relevant to human
health.”
A total of 11 animal studies in the EMF Portal database show that non-thermal radiofrequency
EMF exposures produce autoimmune responses. These can be easily found by searching that
database for autoimmune or autoimmunity for EMFs over 10 MHz. If ICNIRP wishes to argue
that these findings are irrelevant to the large increases in autoimmune incidence and
prevalence we have seen in recent years in humans, it should make whatever argument it
feels is appropriate. To have ICNIRP ignoring this pattern of evidence is unacceptable.
12. Effects of radiofrequency EMF exposure on reproduction and development
2018 ICNIRP draft guidelines, appendix B, chap. 8 (Fertility, Reproduction, and Childhood
Development):
“There is very little human experimental research addressing possible effects of
radiofrequency EMF exposure on reproduction and development. What is available has
focused on hormones that are relevant to reproduction and development, and as described
in the Neuroendocrine System section above, there is no evidence that they are affected by
radiofrequency EMF exposure.”
This is completely untrue. There are 13 studies showing that such EMFs impact human male
reproduction, including sperm motility and aberrations in sperm structure; long-term
exposures produce decreases in sperm count. These impacts are shown in the following
studies:
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1. Avendano, Mata AM, Sanchez Sarmiento CA. 2012 Use of laptop computers connected to
the internet through Wi-Fi deceases human sperm motility and increases sperm DNA
fragmentation. Fertil Steril 97: No. 1, January 2012 0015-8282.
2. Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, Sabanegh E, Sharma R. 2008
Effects of radiofrequency electromagnetic waves (RF-EMW) from cellular phones on
human ejaculated semen: an in vitro pilot study. Fertil Steril 92: 1318-1325.
13. Prenatal exposure to EMF non-thermal radiation can produce neurological
effects
2018 ICNIRP draft guidelines, appendix B, chap. 8 (Fertility, Reproduction, and Childhood
Development):
“Other research has addressed this issue by looking at different stages of development (on
endpoints such as cognition and brain electrical activity), in order to determine whether there
may be greater sensitivity to radiofrequency fields during these stages.”
No evidence is provided in support of this claim.
2018 ICNIRP draft guidelines, appendix B, chap. 8 (Fertility, Reproduction, and Childhood
Development):
“There is currently no evidence that developmental phase is relevant to this issue.”
No evidence is provided in support of this claim. Six studies have found that late prenatal
EMF non-thermal exposures in rodents produce long-term neurological changes that are
maintained as adults, changes similar to those found in ADHD or autism. No similar changes
are produced in adults. These changes were found to be produced by cell phone radiation,
cordless phone radiation and by Wi-Fi, suggesting that prenatal exposure to a broad range of
such radiation can produce these effects.
14. EMF exposure has an important role in cancer causation
2018 ICNIRP draft guidelines, appendix B, chap. 9 (Cancer):
“There is a large body of literature concerning cellular and molecular processes that are of
particular relevance to cancer. This includes studies of cell proliferation, differentiation, and
apoptosis-related processes, proto-oncogene expression, genotoxicity, increased oxidative
stress, and DNA strand breaks. Although there are reports of effects of radiofrequency EMF
on a number of these endpoints, there is no substantiated evidence of health-relevant
effects.”
No evidence is provided in support of this claim. What ICNIRP is apparently claiming is that
these effects of EMF exposure, each of which has been shown in an extraordinarily large
scientific literature to have an important role in cancer causation, are—inexplicably—not
relevant to health! We are relying on the Melnick critique to provide a much broader-ranging
assessment of the many flaws in this cancer section of the ICNIRP draft. We urge ICNIRP to
pay close attention to the Melnick critique.
Appendix C [herein] contains reviews documenting each of eight different non-thermal EMF
effects. These effects are as follows:
1. Effects on cellular DNA including single-strand and double-strand breaks in cellular
DNA and on oxidized bases in cellular DNA; also evidence for chromosomal mutations
produced by double strand DNA breaks (23 reviews).
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2. Lowered fertility, including tissue remodeling changes in the testis, lowered sperm
count and sperm quality, lowered female fertility including ovarian remodeling,
oocyte (follicle) loss, lowered estrogen, progesterone and testosterone levels (that
is sex hormone levels), increased spontaneous abortion incidence, lowered libido (19
reviews).
3. Widespread neurological/neuropsychiatric effects (27 reviews). 4. Apoptosis/cell
death (an important process in production of neurodegenerative diseases that is also
important in producing infertility responses) (13 reviews).
5. Oxidative stress/free radical damage (important mechanisms involved in almost all
chronic diseases; direct cause of cellular DNA damage) (21 reviews).
6. Endocrine, that is hormonal effects, including neuroendocrine, peptide and other nonsteroid hormones; also steroid hormones (12 reviews).
7. Increased intracellular calcium: intracellular calcium is maintained at very low levels
(typically about 2 X 10-9 M) except for brief increases used to produce regulatory
responses, such that sustained elevation of intracellular calcium levels produces
many pathophysiological (that is disease-causing) responses) (16 reviews).
8. Cancer causation by EMF exposures (36 reviews).
ICNIRP appears to be systematically avoiding citing and discussing review articles that discuss
contrary findings and express contrary opinions to those expressed by ICNIRP. That is not
acceptable. If ICNIRP wishes to take a position contrary to those taken in these reviews, at a
minimum, ICNIRP must cite each contrary review, discuss its main findings and only then can
ICNIRP argue against the positions taken in these reviews.”

A constructive critique of the ICNIRP guidelines
Eminent scientists Frank Barnes and Ben Greenebaum, among hundreds of others, find issues
with these guidelines viz. “Current limits for exposures to non-ionizing electromagnetic fields
(EMF) are set, based on relatively short‐term exposures. Long‐term exposures to weak EMF are
not addressed in the current guidelines. Nevertheless, a large and growing amount of evidence
indicates that long‐term exposure to weak fields can affect biological systems and might have
effects on human health. If they do, the public health issues could be important because of the
very large fraction of the population worldwide that is exposed.” (Barnes and Greenebaum, 2020)
This is a strong and suitably restrained statement, as is the norm for scientists.
Barnes and Greenebaum (2020) review a relevant subset of the literature reviewed herein and
provide a succinct summary of the issues:
“The results of these papers have not been considered convincing or relevant by the
[ICNIRP and WHO] panels due to methodological issues, because they did not relate
closely enough to human health, and because the experimental results are mixed,
showing increases, decreases, or no change in similar situations. However, taken as a
group they do provide strong evidence that weak EMF can be sensed by biological
systems, as well as suggestive evidence that fields may affect human health.
At least part of the explanation for the mixed results is likely to be that biological feedback
processes often cancel out perturbations that would otherwise take biological systems out
of their normal operating range [Vijayalaxmi et al., 2014]. For example, if we exercise,
the body temperature starts to rise, and we begin to sweat in order to limit the
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temperature rise to within the normal operating range. If we get cold, we start to shiver.
With EMF we appear to be modifying oxidative stress [De Iuliis et al., 2009; Castello et
al., 2014; Usselman et al., 2014, 2016], cancer cell growth rates [Castello et al., 2014;
Usselman et al., 2014, 2016; Sherrard et al., 2018], membrane potentials [Ye and
Kaszuba 2019], and concentrations of calcium, reactive oxygen species (ROS), superoxide
(O2−), nitric oxide (NO), hydrogen peroxide (H2O2), and intercellular pH [Cichon et al.,
2017; Gurhan et al., 2020; Osera et al., 2015; Sonntag, 1998]. The body reacts to bring
these levels back to within the normal operating range, but there is a time delay in these
feedback processes. For periodic inputs, this can lead to either amplification or attenuation
of the perturbation. There are many oscillating systems in the body, so the timing of the
perturbation makes a difference, just as it does in how pushing a swing at the peak
accelerates it, while pushing in the same direction at the bottom slows it down. Dröge
[2002] reviews data on oxidative stress that show oxidative stress may be increased by
a factor of ten or more for short times during exercise and returns to the normal range
upon relaxation. He also shows that long term elevations of the ROS lead to a shift in the
baseline levels, and the elevated levels are associated with cancer, aging, and
Alzheimer's. The effects of oxidative stress and other radicals are covered in detail by
Halliwell and Gutteridge [2015].”
Barnes and Greenebaum (2020) call for additional research to identify new guidelines that limit
levels of exposure to mitigate the risks. They argue that “Eventual guidelines might suggest
limiting cell phone calls to X hours per day with exposure levels above Y W/m 2, and for Z days
per week exposure should be less than Y W/m 2 to allow the body to reset its baseline. The time
between heavy exposures might be initially estimated by looking at recovery times from other
stresses such as exercise … A possibility might be that cell phones and WiFi are turned off at
night or over the weekend to allow for resetting of the oxidative baseline levels.” In order to
understand fully the issues, it is necessary to examine the relevant guidelines.
FCC guidelines propose a maximum power density of 10 W/m 2 or 1,000 μW/cm2. Note that this
maximum power density protects from thermal or heating health effects only. All wireless devices
used in the US go through a formal FCC approval process to ensure that the maximum allowable
level when operating at the device’s highest possible power level is not exceeded. This also
applies to the EU.
The ICNIRP Guidelines specify the following: “below about 6 GHz, where EMFs penetrate deep
into tissue (and thus require depth to be considered), it is useful to describe this in terms of
“specific energy absorption rate” (SAR), which is the power absorbed per unit mass (W kg−1).
Conversely, above 6 GHz, where EMFs are absorbed more superficially (making depth less
relevant), it is useful to describe exposure in terms of the density of absorbed power over area
(W m−2), which we refer to as “absorbed power density.” General public exposures from 100
kHz to 6 GHz are 0.08 W/kg (whole-body), 2 W/Kg (head and torso), 4 W/kg (limbs). Table 1
presents an overall analysis of the 2020 Guidelines. Note that the power density is now set at 20
W/m2 (>22db) and 40 W/m2 (>25db) for frequencies 6-300GHz and at spatial exposures of 4
cm2 and 1 cm2: What this means is that the iris of the eye of a child (1 cm 2) could be exposed
to 40 W/m2 of a focused mmWave 5G beam for 6 minutes. In contrast, the eye of a 5G engineer
could be exposed to 200 W/m2 (>33db) for 6 minutes. Taking the previous guidelines with 10
W/m2 (20 db) maximum power density, that means a doubling or quadrupling of exposures for
the general population and quadrupling for engineers.
It is significant, and extremely worrying, that tumour-promoting effects were observed by Lerchl
et al. (2015) “at low to moderate exposure levels (0.04 and 0.4 W/kg SAR), thus well below
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exposure limits for the users of mobile phones.” The authors conclude that their “findings may
help to understand the repeatedly reported increased incidences of brain tumors in heavy users
of mobile phones.”
It is for such reasons that the European Academy for Environmental Medicine (EUROPAEM)
argues that “For all RF-based non-thermal EMF effects, SAR estimates are not an appropriate
exposure metric, but instead either the field intensity or power density (PD) in combination with
exposure duration should be used in safety standards. In contrast to the ICNIRP guidelines, the
Russian safety standards, are based on non-thermal RF effects, which were obtained by several
research institutes in the former Soviet Union during decades of studies on chronic exposures to
RF” (Belyaev et al., 2016).
In contrast to the FCC and European regulatory agency thermal safety levels, the European
Academy for Environmental Medicine (EUROPAEM) EMF Guidelines (Belyaev et al. 2016) indicate
a non-thermal safety level of 10 μW/m2 or 0.001 μW/cm2 daytime exposure and 1 μW/m2
nighttime, with 0.1 μW/m2 being the limit for sensitive populations (Ibid.). This is 1,000,000 to
100,000,000 times less, in terms of permitted exposure than the FCC Guidelines and vastly
greater than the new ICNIRP Guidelines. The EUROPAEM guidelines focus on the prevention,
diagnosis, and treatment of EMF-related health problems and illnesses, and are based on the
Austrian Medical Association Guidelines. However, the precautionary exposure guidelines
recommended in the Bioinitiative Report stand at a more stringent 3–6 μW/m2 (BioInitiative
Working Group, 2012).
A recent conservative industry-oriented meta-review of studies revealed that the average
exposure to WiFi in schools was up to approx. 240 μW/m 2 (Chiaramello et al., 2019) Note, again,
that the EUROPEAM recommended daytime exposures for normal adults is 10 μW/m2 and 3–6
μW/m2 in the Bioinitiative Report. Following EUROPEAM, the precautionary level for children
should sensibly be in the range of 1 to 0.1 μW/m2. These levels are between 25 to 2500 times
lower than those currently observed in measured exposures in schools. Furthermore, the actual
exposures while sitting in front of a device such as an iPad, a laptop, or when also carrying a
smartphone, are clearly going to be many times higher, probably somewhere between the
average and peak levels reported above. And, if as Morgan et al. (2018) find, “Children absorb
more [microwave radiation] than adults because their brain tissues are more absorbent, their
skulls are thinner and their relative size is smaller”, then children are at significant risk from
future 5G technologies. Thus it would seem that there is great uncertainty about the degree of
exposure to children and adolescents, and scientifically speaking great risk, whether from nearfield or far-field sources.
The bizarre treatments of fetus and children in the ICNIRP guidelines
Perhaps the most bizarre statement in the ICNIRP guidelines is the following: “Occupationallyexposed individuals are not deemed to be at greater risk than the general public, providing that
appropriate screening and training is provided to account for all known risks. Note that a fetus
is here defined as a member of the general public, regardless of exposure scenario, and is
subject to the general public restrictions.” First, Peleg, Nativ, and Richter (2018) prove that
occupational exposure to RFR, at levels well-below ICNIRP guidelines, increased the risk and
incidence of hematolymphatic (HL) cancers in military and occupational settings. They found that
RFR exposure was associated with and significantly increased HL cancer risk in the four groups
studied across three countries. The findings thus demonstrated a cause-effect relationship
between RFR and cancer (Peleg, Nativ, and Richter, 2018).
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Note that a fetus is defined as equivalent to a member of the general public. The critique by
Professor Pall addresses such matters. Nevertheless, Li et al. (2011, 2012, 2017) demonstrate
that exposure to EMF in utero results in miscarriage or adverse health effects in children. See
also epidemiological research on the links between far-field exposure to RFR from mobile phone
antennae and miscarriage (Zhou et al. 2017) and near-field RFR exposure linked with mobile
phone use during pregnancy (Mahmoudabadi et al., 2017). A range of animal experiments (Aldad
et al., 2012; Ikinci, et al., 2013; Zhang, 2015; Othman et al., 2017a,b; Kumari et al., 2017) and
epidemiological studies identify similar outcomes in children (Divan et al., 2008, 2012;) and
demonstrate that mobile phone use by mothers during pregnancy increase the risk of
hyperactivity and attention issues with children (Birks et al., 2017).
None of this research is considered by ICNIRP (2020) Guidelines. The following extract from the
ICNIRP Guidelines is truly bizarre in terms of the language used.
“Considerations for fetal exposure. Local SAR heating factors for the fetus, as a
function of gestation stage and fetal posture and position, have been determined that
take heat exchange between mother and fetus into account ... This research used
numerical models of 13-week, 18-week, and 26-week pregnant women. The heating
factors of the fetus were several times lower than those of the mother in most cases.
However, the largest heating factor was observed when the fetal body position is very
close to the surface of the abdomen (i.e., middle and later stages of gestation). These
provide 0.1°C kg W−1 as a conservative heating factor for the fetus. Based on these
findings, exposure of the mother at the occupational basic restriction of 10 W kg−1 will
result in a temperature rise in the fetus of approximately 1°C, which is lower than the
operational adverse health effect threshold for the Head and Torso, but results in a smaller
reduction factor (i.e., 2) than that considered appropriate for the general public (i.e., 10).
It follows that a localized occupational radiofrequency EMF exposure of the mother would
cause the temperature to rise in the fetus to a level higher than that deemed acceptable
for the general public. Therefore, to maintain fetal temperature to the level required by
the general public local SAR restrictions, a pregnant woman is considered a member
of the general public in terms of the local SAR restriction.”
Again, no other effect on the fetus is considered other than remote thermal effects, despite the
significant body of research that indicates very real risks to mother and child, during pregnancy
and post-natal development.

How does the industry influence UK policy and public opinion?
Scientists from the ICNIRP, who are also, as indicated, members of SCENHIR and WHO, are
accused of conflicts of interest due to their close ties with industry. An Italian court judgment
recently recognised this. In December 2019, Turin Court of Appeal president Dr. Rita Mancuso
ruled that research reviews carried out by ICNIRP and its members were biased and could not
be trusted in determining whether there was a causal link between wireless cell phone use and
brain cancer.14 The court decided that there was such a link, and its judgment was based on
extant independent scientific studies, such as those cited herein.
Industry sectors responsible for harming the environment and human health have been seen to
adopt well-articulated pseudoscientific strategies to undermine independent rigorous research
14
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aimed at uncovering scientific truth (McGarity and Wagner, 2008). Michaels (2008) illustrates
graphically how the tobacco industry hired scientists and commissioned papers to cast doubt on
epidemiological and laboratory evidence suggesting the risks to human health of smoking.
Michaels illustrates how that industry sowed doubt about science and medical fact “since it is the
best means of competing with the 'body of fact' that exists in the minds of the general public.”
This approach has been adopted across industry sectors, including the telecommunications
industry and its approach to neutralising concerns about the health risks of RFR. “Regulatory risk
assessment “and the peer review and advisory processes that have shaped RF/MW
regulation…have been prone to political manipulation and conflicts of interests leading to various
scientific perspectives being marginalised with reluctance on the part of regulators to make
decisions that might inconvenience industry interests” (Maisch, 2009; cf. Oreskes and Conway,
2011; Alster, 2015; Walker, 2017). Thus, through lobbyists, law firms, consulting scientists,
targeted scientific research funding and the co-optation of pseudo-independent organisations
such as the ICNIRP, the health risks of RFR have been disputed and scientific findings undermined
using what Michaels terms “junk science.” This involved the perverse and biased application of
epidemiological approaches and statistical methods to reinterpret valid scientific data in order to
arrive at conclusions that support the industry view of no harm or effect. In the current context,
that view of no harm held by industry and the ICNIRP posits that easily controlled thermal effects
are what matters and that non-thermal effects do not exist.
How policymakers and the public are misled by bad scientists
Science historians Naomi Oreskes and Erik Conway perform a rigorous historical analysis of
environmental science and policymaking in Merchants of Doubt to demonstrate how scientists
and expert advisers colluded with industry and politicians to mislead the public and distort and
falsify established scientific knowledge. The role of these scientists was to manufacture doubt in
scientific findings that ran counter to industry interests. The most notorious of these were
scientists in league with the tobacco industry, who ensured that doubt was indeed the industry’s
product. Oreskes and Conway (2011) illustrate how conservative ideologues, corporate interests,
conflicted scientists and a compliant media diminished public understanding and awareness of
man-made climate change and environmental toxins and carcinogens from industry sources. In
2020, in their investigation of the ICNIRP, Dr. Klaus Buchner and Michèle Rivasi experience an
“uncomfortable déjà-vu: many facts and processes that lead to the actual situation whereby
European authorities – from the European Commission to most of the member states – simply
close their eyes for real scientific facts and early warnings. We have seen exactly the same
scenario in the debate on Tobacco, asbestos, climate change and pesticides” (Buchner and Rivasi,
2020).
This observation is not new. Over 20 years ago evidence provided to the UK House of Commons
Science and Technology Committee by investigative science journalist Stewart Fist held that the:
“Cellphone industry has become the tobacco industry of the 1990s: I have no doubt
whatsoever that the cellphone industry (often in collaboration with the regulators and
some governments) have engaged in a massive cover-up of the potential that exists for
these problems. The industry has also been totally cavalier in its attitude; it conducted no
research into biological effects, and set standards based primarily on electrical
interference to electronic circuits.
They have employed all the modern tactics of polluting business sectors—like those of the
tobacco industry and the pesticide manufacturers. They have responded to questions of
safety with:
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highly aggressive and co-ordinated public relations campaigns worldwide;
well-funded political lobbying;
the creation of fake "grassroots" organisations;
innuendo, slander and defamation of certain scientists;
threats of advertising revenue withdrawal for editors and publishers;
junkets for journalists;
scientific fraud and manipulation of results;
blocking publication of scientific findings; and
scientific funding used as bribes.”15

The analysis of bad science and bad scientists in this section draws heavily on the research
monographs of Oreskes and Conway (2011), Michaels (2008, 2009), and Markowitz and Rosner
(2013), among others. Their focus is on the tobacco and other polluting industries: however, the
findings of their researches are relevant in the current context as the telecommunications and
information technology industries have applied the same playbook to manufacture doubt on the
health effects of RFR.
Manufacturing scientific doubt at the EPA and its implications for public health
The Tobacco Institute, which was set up by the industry to manufacture doubt. It challenged the
scientific basis of all evidence, particularly that provided by the US Environmental Protection
Agency (EPA), by arguing that scientists finding health effects such as cancer from tobacco smoke
were performing “bad science.” However, the industry attack on the EPA did not end there. The
Center for Tobacco Research in conjunction with the Tobacco Institute and related industry
scientists enjoined in a smear campaign against the EPA to cast doubt on scientific findings by
calling such research “junk science”. Take, for example, “The Center for Tobacco Research set
up a “special projects” office to deal with secondhand smoke, including the development of
countervailing scientific evidence, expert witnesses, and industry-sponsored conferences to
challenge the emerging scientific consensus” (Oreskes and Conway, 2011). In contrast, it can be
seen from the evidence provided by Stewart Fist cited above and from other sources adduced
herein, that the telecommunications and information technology sectors applied the same tactics
as the tobacco and pesticide industries, but in and through different institutional mechanisms
(Alster, 2015; Buchner and Rivasi, 2020; Walker, 2017).
Notably, the EPA “was once a hub of research on RF effects, employing as many as 35 scientists.”
Despite efforts by the Regan Administration in the 1980s to neutralise the agency’s research
program, the EPA continued to investigate the non-thermal effects until the relevant research
program was defunded in 1996. In 1990, a comprehensive peer-reviewed study by the EPA
concluded that there is reason to believe that “the findings of carcinogenicity in humans are
biologically plausible”, with EMFs as “a possible, but not proven, cause of cancer in humans”
(McGaughy et al., 1990). Take, for example, the report states that “it is possible that exposure
to EM fields or NIR radiation may present some risk for developing malignant melanomas of the
skin.” Thus, from 1975 to 1995, the EPA researched the health effects of RFR and were about to
develop EMF safety standards, before it was de-funded. Alster (2015) cites Carl Blackman, a
scientist at the EPA until retiring in 2014, as being “cautious in imputing motives to the high
government officials who wanted his work at EPA stopped. But he does say that political pressure
has been a factor at both the EPA and FCC: ―The FCC people were quite responsive to the
biological point of view. But there are also pressures on the FCC from industry. The FCC, he
15
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suggests, may not just be looking at the scientific evidence. ―The FCC‘s position—like the EPA‘s—
is influenced by political considerations as well.” Thus, the industry effectively neutralised the
one independent body in the US performing comprehensive research in the area. Into this
emerging regulatory vacuum, came the ICNIRP in 1992. It is significant that through the agency
of its founder Michael Repacholi, the ICNIRP had the support of the WHO. However, unlike the
EPA and its research on environmental toxins and carcinogens, the ICNIRP, FCC or FDA did not
perform empirical research studies on the health effects of RFR 16. It was not until the National
Toxicology Programme (NTP 2018a,b) published its findings, could the agency of any western
government claim to have performed empirical research aimed at helping to protect public health
against RFR exposure.
In December 1992, the EPA released the findings of its Respiratory Health Effects of Passive
Smoking study (Jinot and Bayard, 1992). The report had a strong essential conclusion, but as is
the case with many strong studies conducted by reputable scientists it was overly cautious, with
key evidence being played down: This included strong evidence of the link with sudden infant
death syndrome (SIDS), increased cardiovascular disease in adults, and respiratory infections in
children, among others. Scientists are by nature conservative, often overly so, with consequences
for public health (Oppenheimer et al., 2019). One area of controversy concerning the EPA study
was its inclusion of findings on secondary smoking exposure at 90% as well as the 95%
confidence level. Oreskes and Conway (2011) report that the agency accepted “results at the 90
percent confidence level, but it was a reasoned one, and concluded that there was no magic
bullet of risk assessment—different kinds of studies were useful in different ways—so the best
approach was to scrutinize all the available evidence and determine where the weight of the
evidence lay.”
Rigor and relevance are the two cornerstones of scientific research. However, the focus on rigor
has made the findings of many studies irrelevant to society and the communities that scientists
serve. In their review of scientists’ roles in studying climate change, Oppenheimer et al. (2019)
demonstrate that scientists can downplay findings, fail to identify real risks, or significantly
underestimate them, with disastrous outcomes for society and public health. Take, for example,
Oppenheimer et al. “noticed a clear pattern of underestimation of certain key climate indicators,
and therefore underestimation of the threat of climate disruption. When new observations of the
climate system have provided more or better data, or permitted us to re-evaluate earlier
conclusions, the findings for ice extent, sea level rise and ocean temperature have generally been
worse than previously thought.” They observed that when dealing with policymakers, scientists
have a tendency for consensus and are willing to ignore or downplay divergent findings,
particularly when it may be controversial. While heated disagreements typically characterise
normal science, with competing camps and paradigms in evidence (Kuhn, 2012), scientists from
a particular paradigm (e.g. global warming) will agree in public and offer a unified front to
policymakers, while often voicing scepticism on particular findings and conclusions within their
community. Statistical tools and techniques are used to good effect to strengthen the validity
and reliability of scientific findings. However, the same approaches can be used to discredit
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Studies of health effects from RFR exposure are categorised as follows: (1) epidemiological studies of
human populations and sub-populations (these include, cross-sectional, cohort and case control studies);
(2) in vivo studies on human and animals in controlled laboratory settings; and (3) in vitro studies on
cellular and other organisms. These empirical methods for examining cause-effect relationships are
complementary but each many have particular strengths and weaknesses. In a weight-of-evidence
approach, evidence from all contributes to an overall health risk assessment.
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genuine scientific findings or maintain rigor at the cost of relevance and thereby fail to protect
public health. We now discuss these research techniques.
Statistical significance underpins good science and its findings. However, Ziliak and McCloskey
(2009) argue that “For the past eighty-five years it appears that some of the sciences have made
a mistake, by basing decisions on statistical “significance”… Statistical significance at the 5% or
other arbitrary level is neither necessary nor sufficient for proving discovery of a scientific or
commercially relevant result… statistical insignificance, is on its own valueless, a meaningless
parlor game. Statistical significance should be a tiny part of an inquiry concerned with the size
and importance of relationships. Unhappily it has become a central and standard error of many
sciences. The history of this "standard error" of science—the past 85 years of mistaking statistical
significance for scientific importance.” In the context of its research on secondary smoke, the
EPA was correct in adopting its weight-of-evidence instead of a methodological approach that
would have ended up dismissing important findings. As Oreskes and Conway (2011) argued in
support of the EPA: “There’s nothing magic about 95 percent. It could be 80 percent. It could be
51 percent. In Vegas if you play a game with 51 percent odds in your favor, you’ll still come out
ahead if you play long enough. The 95 percent confidence level is a social convention, a value
judgment. And the value it reflects is one that says that the worst mistake a scientist can make
is to fool herself: to think an effect is real when it is not. Statisticians call this a type 1 error. You
can think of it as being gullible, naïve, or having undue faith in your own ideas. To avoid it,
scientists place the burden of proof on the person claiming a cause and effect. But there’s another
kind of error—type 2—where you miss effects that are really there. You can think of that as being
excessively skeptical or overly cautious.”
These points are echoed by Markowitz and Rosner (2013) who cite political scientist Peter Van
Doren as stating that “Normal science worries more about false positive errors,” … and this bias
“has the inevitable side effect of increasing” the risk of missing real disease. By requiring a 95
percent confidence level of statistical probability of the proof of danger, an inordinate number of
studies inaccurately report no danger when in fact danger does exist. “False negatives,” he
argues, are a real problem for community studies because the conservative nature of statistical
analysis decrees such a high threshold of proof that much meaningful evidence is often rejected
in favor of the “null hypothesis” of no causal relationship.” (cf. Van Doren, 1996).
Elsewhere in this report, we have cited peer-reviewed primary and secondary research on RFR,
including laboratory and epidemiological studies, which reported findings of non-thermal effects
at low levels of exposure to RFR at the 95% confidence interval (CI). Thus, such research exceeds
the burden of proof demanded of second-hand tobacco smoke, for example, which relied on a
90% confidence interval. The point being made here is that research on RFR exposures and
physical and biological health effects more than meets the criteria of good science and exceeds
the burden of proof applied to second hand smoke exposures. Thus, the arguments made by the
ICNIRP and others to exclude rigorous, valid, and reliable research findings are bogus. We now
refer to two of these studies. Environmental toxins and carcinogens are known to cause cancer
in laboratory animals—this applies to tobacco smoke and RFR. The NTP (2018a,b) and Ramazzini
Institute (Falcioni et al., 2018) studies provide conclusive evidence at unassailable levels of
rigour. Thus, as epidemiology has revealed increased rates of cancer in humans, it is reasonable
to infer a causal connection, as there was with smoking. Thus, as with research on tobacco
smoke, the consistency and quantity of research data on RFR is an important consideration. Here
there is sufficient evidence on human exposure, and the results are consistent with laboratory
findings—indicating a weight-of-evidence exists. A fact emphasised by the majority of scientists
studying RFR.
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In its studies on smoking, the EPA concluded that just as “Lots of smoke produced lots of cancer.
Less smoke produced less cancer…The weight of evidence was heavy, indeed.” However, while
the EPA termed its findings “conclusive” (EPA, 1993), the industry consistently denied and refuted
this and challenged the weight-of-evidence approach. Thus the industry’s Working Group on
Passive Smoking focused on the “best evidence” approach from the outset, as it could be gamed
to produce the findings in favourable to the industry (Seitz et al., 1989). According to Oreskes
and Conway (2011), this approach was heavily biased and involved the strategy of “excluding
studies you don’t like and including the ones you do” with an emphasis on “ideal research
designs.” Thus, the industry categorised what they were doing as “sound science…and
promote[d] the idea that the EPA’s work was “junk science.”” To reinforce the “junk science”
claim in the early 1990s the industry commissioned a reference source called Bad Science: A
Resource Book report: Its purpose was to guide scientists and journalists to question the findings
and integrity of peer-reviewed science (Oreskes and Conway, 2011). The Bad Science resource
incorporated the successful strategies and playbooks of conservative scientists and journalists
sympathetic to laissez-faire ideology and main-stream business philosophies. Ultimately, as
Oreskes and Conway (2011) point out: “The goal wasn’t to correct scientific mistakes and place
regulation on a better footing. It was to undermine regulation by challenging the scientific
foundation on which it would be built. It was to pretend that you wanted sound science when
really you wanted no science at all—or at least no science that got in your way.” This was an
important adjunct to the pan-industry approach to the abuse of the scientific method and
statistical techniques, which were by now well-known to industry scientists across several fields,
including the telecommunications industry, and conduct “bad science”.
Elsewhere in this review, the “constructive dismissal” approach adopted by ICNIRP and related
industry scientists was argued to exclude studies that demonstrated non-thermal effects and
include those that did not, and apply impractical, unattainable and non-standard “ideal research
designs.” Thus, the tried and tested methods of other industries whose products were known to
be injurious to public health were increasingly employed by scientists active in ICNIRP and on
WHO committees—their attempted dismissal of the NTP and Ramazzini studies stands testament
to this.
Additional insights into the method of the constructive dismissal of valid science
We have noted that good science is plagued by valid scepticism, critical rationalism, and concerns
about scientific rigour. This is important as correlations between exposures and outcomes may
occur by chance or be subject to confounding factors: Thus scientists wish to avoid both false
positives and false negatives. This is compounded by a natural bias among scientists towards
measured conclusions. When caught between the Scylla of a false positive and the Charybdis of
false negatives, scientists lean towards approaches that eliminate the former at the expense of
the latter. Michaels (2008) points out that “The nature of epidemiology and the ground rules
epidemiologists use ensure that it is far more difficult to find a false positive result than a false
negative one.” This is a significant point when considering how the telecommunications industry
and the ICNIRP consider that 62% of peer-reviewed studies that find non-thermal effects are
actually reporting a false positive. Michaels also states that “Generally speaking, a poorly
conducted study is more likely to result in a false negative (that is, it fails to find a risk increase
that is actually present) than in a false positive (mistakenly identifying an excess risk when none
in fact exists).”
Industry funded-science aims to demonstrate negative outcomes—that is, is no evidence of nonthermal effects from exposure from RFR. Michaels (ibid.) holds that “For the results from a
negative study to be taken seriously, the study must be large and sensitive and gather accurate
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exposure data.” Elsewhere in this report evidence is adduced that questions the validity and
reliability of negative studies on exposures to RFR and human health for such reasons.
Industry and ICNIRP scientists regularly conduct reviews and meta-analyses of extant research
on particular exposure-outcomes in response to mounting evidence of non-thermal effects. A
review may be qualitative or quantitative and its purpose is to summarise and catalogue the
main themes, findings, and conclusions of a body of research. A meta-analysis integrates the
results of several well-designed small-scale studies so that exposure-outcome relationships have
more statistical power or clarity. Both are open to treatment by industry junk scientists. Huber
(1993) provides a concise definition of “Junk science”: He asserts that it “is the mirror image of
real science, with much of the same form but none of the substance…. It is a hodgepodge of
biased data, spurious inference, and logical legerdemain…. It is a catalog of every conceivable
kind of error: data dredging, wishful thinking, truculent dogmatism, and, now and again, outright
fraud.” Conducting a one-sided, biased review is relatively easy, as the ICNIRP Guidelines and
committee reports indicate. A “junk science” meta-analysis is also relatively straight forward:
Michaels (2008) points out that “Build a meta-analysis with flawed studies, and you get a flawed
result. In fact, this is a time-honored recipe for countering the results of a well-conducted study:
Just mix this good study with several weak or badly designed ones, and you will get a “no
findings” conclusion. The added value of this charade is that the investigator and sponsor can
claim that the new meta-analysis includes the entire literature and therefore trumps the result
of that one pesky study.” This reflects accurately extant practice by junk scientists who wish to
create uncertainty and doubt about valid sound scientific findings.
Whether it is an epidemiological or laboratory research study, a review or meta-analysis, Michaels
(2008) points out that “It is relatively easy to design a study or reanalyze someone else’s data
in a way that ensures that the new study will find no association between the exposure and the
disease in question. The joke about “lies, damned lies, and statistics” definitely pertains. The
battle for the integrity of science is rooted in issues of methodology.” There are other tools at
the junk scientist’s disposal. Take for example animal studies. Both the tobacco industry and
latterly the telecoms industry manufacture doubt in policymakers and the public by pointing out
that the findings of animal studies do not apply to humans. They know full well that human
studies are not possible as it is unethical to deliberately expose humans to known or unknown
risks to their health. They also obscure the fact that the life sciences depend on animal studies
to perform a risk assessment on human exposures to toxins, carcinogens, and other harmful
substances placed on the market or into the environment. Michaels (2018) points out that animal
studies are a complement to epidemiology: “For more than a century now, scientists have been
exposing animals—especially mammals—to toxic products to predict what will happen when
humans are exposed to the same substances. The logic behind these toxicology studies is simple:
All mammals have similar tissues, organs, and biochemical systems. For the most part, bad news
for a lab rat is bad news for all other mammals, including us. Animals studies can help explain
the results of the “natural experiments” that epidemiologists study. They can also predict whether
substances that we cannot study epidemiologically might cause cancer in humans.” Unlike sound
or good scientists, junk scientists are quick to dismiss (constructively or otherwise) animal
studies. Unfortunately, they have convinced the judiciary and the press to do likewise (Michaels,
2008). This is understandable but regrettable as animal studies are an important tool in arriving
at scientific truth. The same should apply in the search for truth and justice in the courtroom.
Taking the EPA’s findings on secondhand smoke, for example, to test if a correlation in human
exposure to secondhand smoke is causal (true positive) or coincidental (false positive), scientists
can conduct rigorous experiments to expose animals in controlled studies. As Oreskes and
Conway (2011) argued “If the animals show the same effect, and if that effect follows a dose50

response curve, then the effect is probably not a coincidence. This is what the EPA now argued
for.” It is also significant that while several studies may be required to support a theory of no
harm, it takes just one showing harm to falsify the theory. We have cited numerous
epidemiological studies herein that posited exposure to low-levels of RFR causes cancer. We have
also cited numerous rigorous animal studies that find the same effect and that exposures
producing negative effects follow a dose-response relationship. As with secondhand smoke, there
is only one logical conclusion. But as with the tobacco industry before, the telecommunications
and technology sectors have, through their academic supporters and the ICNIRP, attempted to
undermine and discredit what is rigorous and relevant research. There are, however, other issues
that characterise “bad science” showing no-effects.
On the fallacy of the thermal threshold effect in RFR
As with the tobacco industry the telecommunications and technology sector is misusing the old
saying that “it’s the dose makes the poison”. An example will illustrate how. In the decades
following the atomic bomb explosions, not all Japanese citizens exposed to ionizing radiation
developed cancer. And so the false theory of the “threshold effect” has born. As Michaels (2008)
recounts: “With the exception of a small group of wacky scientists who believe that small doses
are good for us, most scientists who are familiar with the studies on the ability of ionizing
radiation to cause cancer subscribe to the “linear, no threshold” theory. This theory holds that
there is no safe level or threshold for radiation, and that cancer risk increases with exposure in
a linear fashion, so twice as much exposure doubles the risk.” With little understanding of how
the effects of confounding factors, such as genetic predisposition and so on, industry scientists
assume that there is a threshold at which all carcinogens like tobacco smoke and, more recently,
RFR, do not apply. However, as argued elsewhere herein, genetics and other biological
dispositions mean that the threshold theory is refuted, bot only for carcinogens, and is merely a
convenient tool for bad scientists to manipulate sound science (Michaels, 2008, 2009; Markowitz
and Rosner, 2013; Oreskes and Conway, 2011).
Thus, it comes as no surprise to find that the threshold theory was employed “by all sorts of
people to defend all sorts of hazardous materials” (Oreskes and Conway, 2011). This was and
still is an error, as the theory is argued to apply only to natural hazards at an evolutionary
timescale and not man-made biological hazards within the life of individual humans. Take, for
example, microbiologist Emil Mrak who, on behalf of business interests, questioned the posited
dangers of various man-made chemical toxins and carcinogens. He used the threshold theory to
defend their use in the environment and to claim that merely reducing exposures it would
minimise or eliminate the risk to humans. His arguments helped support the tobacco industry
and he held that if this view was not accepted, then every manufactured chemical that was
proven to pose a risk to human health would be banned. The tobacco industry pivoted on this
point and extended his line of thinking to claim that if “everything from crossing the street to
riding a bicycle was harmful, so tobacco should be viewed as just one of the routine risks that
people accept by living life. The menace of daily life, some industry apologists called it. Life is
dangerous. So is tobacco. Get used to it” (Oreskes and Conway, 2011). Thus, as with the
threshold of the FCC and ICNIRP thermal effects of RFR, the tobacco industry argued that there
was a threshold below which its carcinogen and environmental toxin had no effect. However, as
Oreskes and Conway (ibid.) argue “There’s also a world of difference between the idea that
evolution has equipped humans with some immunity to natural hazards and the idea that we
somehow have immunity to something we’d never been exposed to in two million years of
evolution.” Logically RFR falls into this category and the thermal effects threshold of RFR power
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densities of 10 W/m2 or 20 W/m2 as posited by the FCC and ICNIRP respectively is simply
spurious.
When cancer is not the only exposure outcome
In Uncertain Hazards Tesh (2018) argues that as epidemiological studies tend to focus on specific
outcomes such as cancers, where exposures to probable or possible carcinogens is concerned,
they fail to capture the full range of possible biological outcomes, such as neurological or
reproductive effects suffered by those at risk.
Then there is the fact that with many
environmental toxins or carcinogens not all members of a population will be equally affected by
or at the same levels of exposure, or indeed at any level of exposure at all. As Markowitz and
Rosner (2013) point out “In the absence of extraordinarily sophisticated and extremely expensive
longitudinal studies, there is little chance that any but the most unambiguous and obvious
problems will be uncovered.” Furthermore, they point out that “when the dose is low, the
response is typically small, and therefore hard to detect. However, all of these limitations could
be addressed through the weight-of-evidence approach: no one study is perfect, but each can
contribute useful information” (cf. Oreskes and Conway, 2011). These epidemiological facts are
well-known but conveniently ignored by ICNIRP, the FDA, and FCC.
Markowitz and Rosner (2013) also point to “studies of workers exposed to very low levels of vinyl
chloride monomer (VCM) provide hope that other branches of science may have something to
add to the environmental debates.” They (ibid.) cite research by Dr. Paul Brandt-Rauf of Columbia
University who reports that workers exposed to “VCM below the current permissible exposure
limits develop “specific mutations in the ras oncogene and the p53 tumor suppressor gene…the
authors suggest that biomarkers may prove extremely useful “for monitoring human exposures
to occupational and environmental carcinogens.” The use of such biomarkers may mean that we
may not have to wait for epidemiological proof of the effects of chemicals in terms of human
disease, but rather “biomarkers can provide intermediary evidence for potential hazardous (or
protective) exposure levels that can enhance risk assessment for occupational and environmental
exposures and better inform regulatory decisions.” There are parallels with biological outcomes
observed in RFR exposures in animals and humans. Hence, there is a strong case for RFR research
that examines an increase in oxidative stress and the presence of biological mechanisms that are
precursors of diseases using a range of biomarkers identified in extant research (cf. Belpomme
et al. 20; 15; Belyaev et al., 2016Miller et al. 2018; BioInitiative Working Group 2012).
Why the ICNIRP et al.’s bad science and constructive dismissal approaches are
untenable
In Wendy Wagner’s (2003) article The "Bad Science" Fiction: Reclaiming the Debate over the
Role of Science in Public Health and Environmental Regulation she argues for a set of transparent
“concrete inclusion and rebuttal criteria would provide fairer and more consistent regulatory
outcomes. Without clear guidelines, agency staff enjoy nearly complete discretion in
promulgating protective standards and other regulations. The resulting standards sometimes
deviate from statutory goals or administration policy in ways that escape notice. Second,
clarifying the inclusion and rebuttal criteria would help focus the issues for judicial review and
ultimately reduce the variability in the outcome of such review.” The recent FDA Center for
Devices and Radiological Health (CDRH) Report: Review of Published Literature between 2008
and 2018 of Relevance to Radiofrequency Radiation and Cancer clearly demonstrates the paucity
of inclusion and rebuttal criteria employed by federal agencies and the ICNIRP. In arriving at its
conclusions, the unnamed FDA researchers did not adopt the weight-of-evidence approach
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favoured by the EPA: instead, the report could have been authored by ICNIRP scientists, as it
appeared to follow the same approach evident in the ICNIRP (1998, 2020) Guidelines viz.
excluding robust, valid and reliable peer-reviewed studies on spurious grounds.
This report has adduced evidence that as of 2017 68% of 2,653 peer-reviewed scientific research
studies in PubMED and related databases found physical and biological evidence of non-thermal
effects to RFR exposures, while only 32% of studies found no evidence of effects (see Bandara
and Carpenter, 2018). How then could the ICNIRP (or indeed the FDA) exclude this significant
body of laboratory and epidemiological research?
“Bad science” and “junk science” are synonyms (see Huber’s definition above). Thus, bad science
is often fraudulent: that is, data informing the findings and conclusions will have been invented,
mis-represented, and/or manipulated. Such data may also have been cherry-picked, with
important data deliberately omitted. Alternatively, data may be presented in such a fashion that
makes it difficult for a reviewer to understand the steps that were taken to gather or produce
and analyze the data. Bad science depends on obfuscation, manipulation, and opacity on
population or data samples that are unrepresentative. In bad science findings and conclusions
are typically based on insufficient or inconsistent data (Oreskes and Conway, 2011; Goldacre,
2015). The extant body of research on non-thermal effects generally presents none of these
weaknesses, while the reviews conducted by ICNIRP consistently exclude, misinterpret, or
misrepresent data from original peer-reviewed studies.
Scientific peer review is the first line of defence in dealing with bad science. Scientific claims
from empirical studies or reviews typically undergo blind review and assessment by experts in
the field before they are considered valid. At base, a study’s internal and external validity and
reliability will be assessed by reviewers (Hoffmann et al., 2017). A study’s research design will
receive initial interest from peer-reviewers, particularly the data gathering and analysis
techniques employed and the subsequent approach to data interpretation. At a more granular
level reviewers examine the quality and quantity of data, and especially the statistical techniques
employed by the researchers to demonstrate cause and effect and identify true positives and
avoid false positives. Finally, the reasoning behind inferences drawn and recommendations made
will be analysed. This is a lengthy and highly intensive process that may result in a paper going
through several rounds of review, spanning months if not years, before a unanimous accept
decision to publish is made. If the journal editor is unhappy, he/she may refer the manuscript
for further review to additional experts. Such is the completion for publication slots is that the
acceptance rate for top-ranked journals is typically low and the standards high. Most papers are
rejected as peer-reviewers are tough to convince, being natural sceptics. Again, consider the
68% of peer-reviewed journal articles finding physical and biological effects of RFR.
We return to the EPA example of exposure to second hand smoke and cancer to illustrate the
power of the peer-review process and the conservative nature of independent good science, as
opposed to industry-oriented “bad science.” Oreskes and Conway (2011) report that the peerreviewers of the EPA report on second-hand smoke requested further discussion on the existence
of the uncertainties and confounding effects. Why? “Their major concern was that the report had
understated the risks. Its conclusions were not too strong, but too weak.” As they (ibid.) state:
“How do you judge epidemiological evidence when there’s only a modest effect? You judge it in
light of what else you know about the issue.” While the epidemiology was weak, research had
previously shown that “smoking causes cancer, and that passive smoking introduces the same
toxins into the lungs…So even if the statistical effects were modest, there was good reason to
believe that they were real. The reviewers wanted the EPA panel to make this explicit, “with each
step in the argument … carefully addressed.”” The reviewers also found the EPA report too weak
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on its findings on the effect of second-hand smoke on children viz. “the evidence for respiratory
health effects in children [is] stronger and more persuasive” in the report than stated, and of
greater significance to public health. The report went through two review cycles with the
conclusions and implications for public health being strengthened each time with cigarette smoke
being classified as a Class A carcinogen. The reviewers did not apply a “constructive dismissal”
of the EPA study—they did not question the 90% confidence level, nor the “totality of evidence,”
nor did they indicate that a “threshold effect” was in operation.
Compare this with the ICNIRP review of the NTP (2018a,b) study of RFR and cancer following its
final publication in 2018. That study was also peer-reviewed by a panel including former ICNIRP
members. Neither, the internal nor external validity nor reliability of the study was called into
question by the peer review panel. However, it did find that like the EPA report 25 years earlier,
the interpretation of its findings needs to be strengthened along with its conclusions and
recommendations. Remember, the peer-review panel were selected for their specific field-level
expertise, unlike the ICNIRP reviewers of the 1998 and 2020 Guidelines. This raises a significant
question mark over the motivation of the ICNIRP. The NTP study provided strong, independent
evidence to support a cause-and-effect relationship between RFR exposure and cancers. RFR was
shown to interfere with cell function in the laboratory rats in the experiment. There was “clear
evidence” of this cause-effect relationship. This coupled with similar findings in the Ramazzini
Institute study and many others indicate a “weight-of-evidence” that is difficult to refute.
Michaels (2008) states: “In the end, public health and environmental protections are based not
on the results of individual epidemiological or animal studies but rather on an interpretation or
synthesis of the findings of multiple studies and multiple types of studies. Using their best
judgment in interpreting these studies and other data, experts look for the weig\ht of the
evidence. They carefully examine and attempt to synthesize the entire picture, then make a
pronouncement about causation or risk based primarily on the studies to which they have
accorded more weight, perhaps because they are of better quality or are more numerous or
simply more convincing.” This process is open to abuse through bad science and by bad scientists.
Given the weight of the evidence adduced herein, it is reasonable to conclude that the industry
and its agents, such as ICNIRP scientists, are engaging in bad science, while independent studies
are valid, reliable, and trustworthy and represent good science. However, bad science currently
holds sway due to the influence of the industry and the duplicity of ICNIRP experts. The
consequence of all this is that regulators, policymakers, the judiciary, and the public are, in Sir
Karl Popper’s terms, “being led by the nose”.
Distorting good science to introduce doubt and falsehoods: An Example
From the 1950s a distortion of the difference between ionizing and non-ionizing radiation has
been used to undermine the existence of non-thermal effects, particularly occupational cancers
in the military or industry. Respected scientists and journalists have been discrediting good
science with “bad” or “junk science” (cf. Goldacre, 2014; Michaels, 2008). This has been the case
in several critical peer-reviews of ICNIRP Guidelines and reports, in addition to those such as the
WHO, the EU’s Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR),
and the UK’s Advisory Group on Non-ionising Radiation (AGNIR)) where members of the ICNIRP
engaged in “constructive dismissal” and the misapplication of the scientific method or the
Bradford Hill Guidelines, (see: Cherry, 2000, 2004; Adlkofer, 2015; Sage et al., 2016; Starkey,
2016; Hardell, 2017; Carlberg and Hardell, 2017; Pockett, 2019; Hardell and Nyberg, 2020;
Melnick, 2020).
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In the case of EMF, “physics used in an improper manner may mislead to wrong conclusions”
(Vistnes and Gjötterud, 2001). Here the physical properties of photons, i.e. they are small energy
packages that possibly deliver enough energy so that chemical bonds may be broken and
molecules ionized, mean that in human cells exposed to ionizing radiation such as x-rays, may
result in single or double-strand DNA breaks and ultimately in the cell becoming cancerous. Thus,
ionizing radiation which occurs at frequencies at and above ultraviolet (UV) light is ionizing
radiation. A simple equation demonstrates the difference in frequency-dependent energy levels:
“individual photons have an energy E given by the famous equation E = hv, where h is Planck's
constant and v is the frequency of the “radiation.”” (Ibid.). While UV-B has sufficient energy to
cause DNA breaks, UV-A does not: however, UV-A, while a form of nonionizing radiation,
damages DNA through alternative mechanisms (Rastogi et al., 2010). Through complex cellular
mechanisms, UV-A generates free radicals or “reactive oxygen species (ROS) and induces
oxidative DNA damage” thereby increasing cancer risk (Brem et al. 2017). RFR is non-ionizing
microwave radiation and research has demonstrated that it too causes an increase in ROS and
oxidative stress in cells using sophisticated mechanisms also explained by classical physics (see
Barnes and Greenebaum, 2015, 2020). Thus, Panagopoulos (2018) states that “there is no
evidence that the environmentally accounted microwave radiation types (as those used in
modern telecommunications) transmitted by antennas, radars, satellites, etc. consist of
photons.” Consequently, “radio frequency fields should be treated as classical electromagnetic
fields rather than as field quanta. Classical electromagnetism can handle the difference between
“near-field” and “far-field” and the difference between static fields and time varying fields”
(Vistnes and Gjötterud, 2001). The problem here is that the industry and its scientists have been
misusing and abusing scientific theory and empirical facts to suit their arguments.
A recent paper by David Grimes with co-author Dorothy Bishop is a case in point. The purpose
of the Grimes and Bishop (2018) paper was to dispute valid research presented by Sage and
Burgio (2017) in the journal Child Development. Here, Grimes and Bishop claim that Sage and
Burgio possess “a fundamental misunderstanding of radiation physics…the assertion by the
authors that DNA damage can be induced by RF waves makes no sense— microwave radiation is
strictly nonionizing, lacking sufﬁcient energy to eject electrons and far below the threshold energy
to do so. This can be easily seen by comparison with visible light, another nonionizing EMR type.”
They conclude with lofty sermonizing viz. that the authors’ claims should have been better
“informed and objective, rather than polemics based on cherry-picked information dressed up in
impressive-sounding technical language without have conducted a thorough examination of
extant research.” Elsewhere, in an Observer article, Grimes (2018) erroneously points out “RF
(and indeed, visible light) are notoriously low energy and non-ionising, lacking the ability to
wreak havoc on DNA. For cancers to form, a carcinogen needs to damage DNA – unless some
extremely novel mechanism were to be discovered, it is extraordinarily unlikely that RF could
cause cancer.” Thus, a flawed thesis is posited to discredit valid findings. Unfortunately, Dr.
Grimes (2018) efforts at “constructive dismissal” do not end here. Grimes claims “To ignore
strong evidence against a conjecture while inflating weak studies is textbook cherry-picking,
where data that might contradict a particular hypothesis is jettisoned, and only evidence fitting
the desired story retained. This is antithetical to science, where the totality of evidence must be
assessed in concert.” He is referring to a news article by Hertsgaard and Dowie (2018b) titled
“The inconvenient truth about cancer and mobile phones.” The studies Dr. Grimes cites in making
his claims are referenced herein. However, he is guilty of his claim of “textbook cherry-picking”
as he ignores the 68% of studies that find effects, indeed he misrepresents the findings of the
Interphone Study. In the peer-reviewed publication of that study, Cardis et al. (2011) conclude:
“There were suggestions of an increased risk of glioma in long-term mobile phone users with
high RF exposure and of similar, but apparently much smaller, increases in meningioma risk.” In
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Grimes’ (2018) article he claims “there was no causal relationship between phone use and brain
tumours. And while one would expect cancer rates to increase with usage were this a cause, the
dose-response curve betrayed no signs of correlation.” In a follow-up study of the Canadian
Cohort in 2017, Momoli et al. (2017) found a significant increase in glioma: “For glioma, when
comparing those in the highest quartile of use (>558 lifetime hours) to those who were not
regular users, the odds ratio was 2.0 (95%confidence interval: 1.2, 3.4). After adjustment for
selection and recall biases, the odds ratio was 2.2 (95% limits: 1.3, 4.1).” The Danish Cohort
Study (Schüz et al. 2009) cited by Dr. Grimes has been heavily criticized for its underestimation
of the risk of RFR from cell phone exposure due to its exclusion of the most frequent users—over
200,000 business users: nor did it capture individual exposure data; and most importantly there
are no controls or independent data on cellphone subscription (Söderqvist et al., 201217). In an
overall context, a recent review of 24 epidemiological case-controlled studies, which would have
been available at the time the Observer published the article by Grimes, demonstrated an
increased risk of gliomas and other brain tumours with long-term exposure to RFR from mobile
phones (Bortkiewicz, Gadzicka, and Szymczak, 2017: cf. Table 5 in Vienne-Jumeau et al. 2019).
Thus, there is a discrepancy between what the authors of the Interphone study conclude, in
addition to the conclusions of the authors of other peer-reviewed research, and the arguments
presented by Dr. Grimes, which clearly favour the industry position, and fail to acknowledge the
weight-of-evidence that falsifies his claims.
Additional evidence on how the ICNIRP and its fellow-travelers manipulate science
and research
According to the latest ICNIRP Guidelines (2020, p. 3): “Radiofrequency EMFs [i.e. RFR] consist
of oscillating electric and magnetic fields; the number of oscillations per second is referred to as
“frequency,” and is described in units of hertz (Hz). As the field propagates away from a source,
it transfers power from its source, described in units of watt (W), which is equivalent to joule (J,
a measure of energy) per unit of time (t). When the field impacts upon material, it interacts with
the atoms and molecules in that material. When a biological body is exposed to radiofrequency
EMFs, some of the power is reflected away from the body, and some is absorbed by it. This
results in complex patterns of electromagnetic fields inside the body that are heavily dependent
on the EMF characteristics as well as the physical properties and dimensions of the body. The
main component of the radiofrequency EMF that affects the body is the electric field. Electric
fields inside the body are referred to as induced electric fields (Eind, measured in volt per meter;
V m−1), and they can affect the body in different ways that are potentially relevant to health.”
This explanation does not reference the ionizing vs. nonionizing photon thesis from quantum
physics, rather it is based on theories in classical physics. Following Vistnes and Gjötterud (2001),
Barnes and Greenebaum (2015, 2020), and Panagopoulos (2018), ICNIRP holds that “induced
electric fields” “can affect the body in different ways” with health effects. The issue here is that
neither certain ICNIRP members nor scientists holding the thermal effects only position, appear
to acknowledge the core principles on which their own guidelines are based.
Thus, instead of investigating the ways in which RFR “affects the body in different ways that are
potentially relevant to health” it systematically discredits ALL studies that show non-thermal
effects and favours those that do not. The Grimes (2018) case cited above provides just one
example of this, which is not surprising given the influence of the ICNIRP on researchers. Again,
this is ‘normal’ practice in science communities (Kuhn, 2012). The most recent examples of
https://electromagnetichealth.org/electromagnetic-health-blog/critical-comments-danishstudy/
17
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ICNIRP practice come from its “constructive dismissal” of the NTP (2018a,b) and Ramazzini
Institute studies (Falcioni et al., 2018). The NTP’s Dr. Ron Melnick stated that the National
Toxicology Program (NTP) study on radio frequency radiation (RFR) “was designed to test the
(null) hypothesis that cell phone radiation at non-thermal exposure intensities could not cause
adverse health effects, and to provide dose-response data for any detected toxic or carcinogenic
effects” (Melnick, 2019). He states unequivocally that the null hypothesis has been falsified in a
Popperian sense, and the link with cancer proven beyond all doubt. In their analysis of previous
human epidemiological studies with the findings of the NTP research, Swedish scientist
oncologists Lennart Hardell and Michael Carlberg (2019) “conclude that there is clear evidence
that RF radiation is a human carcinogen, causing glioma and vestibular schwannoma (acoustic
neuroma). There is some evidence of an increased risk of developing thyroid cancer, and clear
evidence that RF radiation is a multi‐site carcinogen.” The scientific significance is unequivocal
and proves without a shadow of a doubt that the black swans of non-thermal effects are very
real indeed.
The industry and ICNIRP scientists set out to implement what Cherry (2004) called “constructive
dismissal” techniques aimed at dismissing the findings of epidemiological and experimental
findings. These include the following:













“Thermal only view is the consensus of scientists who find only thermal effects: This
implies any research showing non-thermal effects is unscientific.
Applying quantum physics explanations of ionizing radiation to non-ionizing radiation.
Strict adherence to the replication principle ignoring the fact that it is easier to replicate
a no-effect study, as opposed to an effect study.
The scientific method holds that each study is evidence, particularly those that have
good reliability, internal and external validity and which have been peer-reviewed.
Misapplication of the Bradford Hill Viewpoints to dismiss studies.
Citing studies are either too small or which fail to capture the long latency of cancer.
Distorting the findings or studies that show significant increases in cancer as showing
no evidence of increase.
Quoting conservatively-worded conclusions in papers (as per normal science) that state
no-effects were evident, and ignoring the data and statistical analyses that
demonstrate clear effects and dose-response relationships.
Criticizing or dismissing epidemiological studies on the grounds of alleged poor
definition of populations and exposures, despite extensive peer-reviews and the
inclusion of data in meta-analyses.
Cherry-picking flaws that undermine the overall or collective findings.”

Following the IARC classification of RFR as a possible carcinogen, ICNIRP members and scientists
Swerdlow et al. (2011) asserted that “Methodological deficits limit the conclusions that can be
drawn from the Interphone study, but its results, along with those from other epidemiologic,
biological, and animal studies and brain tumor incidence trends, suggest that within about 10–
15 years after first use of mobile phones there is unlikely to be a material increase in the risk of
brain tumors in adults. Data for childhood tumors and for periods beyond 15 years are currently
lacking.” The overall approach in their paper broadly follows the above techniques. They
concluded that “Although there remains some uncertainty, the trend in the accumulating
evidence is increasingly against the hypothesis that mobile phone use can cause brain tumors in
adults.” This is demonstrably false, given the IARC classification and the earlier EPA classification
of RFR as a possible carcinogen.
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The NTP study is the subject of critical evaluation in ICNIRP Notes (2018, 2020). It follows the
“constructive dismissal” approach to the letter and ignores the fact that the NTP study was
subject to extensive peer-review between 2016 and 2018, including former ICNIRP scientist Prof.
J.C. Lin. Prof. Lin is Professor Emeritus of electrical engineering, bioengineering, physiology, and
biophysics at the University of Illinois, Chicago. He was a long-standing member of ICNIRP (20042016). He was invited by the National Institute of Environmental Health Sciences (NIEHS) with
13 scientists (10 pathologists and toxicologists, 2 electrical engineers, and 1 biostatistician) to
carry out a peer-review of the NTP draft reports on cancer development through RFR.
Subsequently, he published several papers, the first in 2018 titled: Clear evidence of cell phone
RF radiation cancer risk (Lin, 2018). This view stands at odds with that of his former colleagues.
In his response to the ICNIRP Notes, NTP scientist Dr. Ron Melnick (2020) states the ICNIRP
“made several incorrect statements that appear to be written to justify retaining exposure
standards that were established 20 years ago.” The ICNIRP (2020) acknowledge the problems
that would have arisen had its scientist accepted the NTP and Ramazzini findings: “…if the
research was shown to have relevance to humans, this would represent a crucial issue for ICNIRP
to incorporate into the advice and guidance that it provides to the community…such as its RF
EMF exposure guidelines.” Melnick (2020; cf. 2019) focuses on “correcting ICNIRP’s false claims
about the methodology, interpretation and relevance” of the NTP (2018a,b) studies. Melnick
states unequivocally that the "ICNIRP wrongly claims that methodological issues “preclude
drawing conclusions about carcinogenicity” from the NTP studies on RF radiation.” In response
to criticism regarding the pathology aspects Melnick points out that “for all NTP studies, an
independent quality assessment pathologist (second tier) reviews all lesions identified by
laboratory pathologist…with reviews by working groups (third tier involving over 30
pathologists).” These were blind reviews. Melnick adds that “the assertion by the ICNIRP, which
has never been made in the 40-y existence of the NTP, impugns the validity of all 600 bioassays
performed by this program.” He then points out that all original slides and data are available.
Overall Melnick holds that the ICNIRP provides “an inaccurate portrayal and interpretation of the
data" and statistical approaches. Specifically, the following points were made by Dr. Melnick in
response:
1. “The ICNIRP incorrectly states that “the NTP reports have not yet undergone full peer–
review” as the NTP studies underwent multiple peer reviews, including an unprecedented
3-day independent review in March 2018.
2. Contrary to the ICNIRP all of the endpoints presented in the NTP reports were specified a
priori.
3. ICNIRP misrepresents or excludes key conclusions from the NTP studies.
4. ICNIRP incorrectly states that animals in the NTP study were exposed “over the whole of
their lives.”
5. ICNIRP incorrectly criticises the exposure intensities used in the NTP studies as being “75
times higher than the whole-body exposure limit for the general public” : this matter has
been explained in full in Melnick (2019) viz.
“While the exposure limit to RFR for the general population in the US is 0.08 W/kg averaged
over the whole body, the localized exposure limit is 1.6 W/kg averaged over any one gram
of tissue (FCC, 1997); for occupational exposures, the limit is five times higher (0.4 W/kg
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and 8 W/kg, respectively). Thus, the whole-body exposure levels in the NTP study were higher
than the FCC’s whole-body exposure limits (3.8 to 15 times higher than the occupational
whole-body exposure limit). Whole-body SAR, however, provides little information about
organ-specific exposure levels (IARC, 2013). When an individual uses a cell phone and holds
it next to his or her head, body tissues located nearest to the cell phone antenna receive
much higher exposures than parts of the body that are located distant from the antenna.
Consequently, the localized exposure level is more important for understanding and assessing
human health risks from cell phone RFR. When considering organ-specific risk (e.g., risk to
the brain) from cell phone RFR, the important measure of potential human exposure is the
local SAR value of 1.6 W/kg (the FCC’s SAR limit for portable RF transmitters in the US, FCC
1997) averaged over any gram of tissue. In the NTP study in which animals were exposed to
whole-body RFR at SARs of 1.5, 3, and 6.0 W/kg, exposures in the brain were within 10% of
the whole-body exposure levels. Consider the converse scenario. If the brain and whole-body
exposures were limited to 0.08 W/kg, then localized exposures in humans from use of cell
phones held next to the ear could be 20 times greater than exposures to the brain of rats in
the NTP study. Under this condition, a negative study would be uninformative for evaluating
organ-specific human health risks associated with exposure to RFR. Therefore, exposure
intensities in the brains of rats in the NTP study were similar to or only slightly higher than
potential, localized human exposures resulting from cell phones held next to the head, and
lower than the FCC’s permissible localized limit for occupational exposures.”
6. ICNIRP falsely claims that whole-body exposures in the NTP produces immediate adverse
effects. Melnick points out that “the animals tolerated the exposure levels used in the NTP
study without significant effects on body temperature, body weights, or induction of tissue
damage” (NTP 2018a, 2018b). Other arguments demonstrated the patently inaccurate
and misleading ICNIRP arguments.
7. ICNIRP of the consistency between the NTP (2018a) and the Ramazzini study (Falcioni et
al., 2018) is argued to be disingenuous. The studies were clearly independent and the
fact that “both found increased incidences of heart schwannomas and Schwann cell
hyperplasias in Sprague-Dawley rats under different exposure environments and different
RF intensity levels is remarkable.” Other than that they were not attempts at replication
and it would be “unreasonable to expect a linear dose-response by combining data from
these two separate studies.”
8. ICNIRP misrepresents the findings of the NTP study using research dated from 1991.
However, Melnick points out that it “lends further credibility” to “the increased incidences
of schwannomas in exposed rats being due to the exposures to cell phone RFR.”
9. ICNIRP cherry-picks two reviews that show “no association between RFR and acoustic
neuromas, while ignoring any mention of the IARC monograph that reported positive
associations between RFR from cell phone and glioma and acoustic neuroma in humans.”
10. ICNIRP criticises the paucity of cardiac schwannomas in control male rats. Melnick (2019)
states:
“Gliomas and schwannomas of the heart are uncommon tumors that occur rarely in control
Sprague-Dawley rats. It is not unusual to observe a zero incidence of uncommon tumors
in groups of 50-90 control rats. In experimental carcinogenicity studies, the most
important control group is the concurrent control group. As mentioned above, the uniquely
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designed reverberation chambers used in the NTP study were fully shielded from external
EMFs, and the lighting source was incandescent instead of fluorescent light bulbs. The
housing of rats in the RFR shielded reverberation chambers could affect tumor rates in
control animals. No data are available on expected tumor rates in control rats of the same
strain (Hsd: Sprague Dawley rats) held under these specific environmental conditions.
Thus, historical control data from previous NTP studies are not reliably informative for
comparison to the results obtained in the cell phone RFR study.”
11. ICNIRP presents hypothetical arguments instead of staying with the experimental data
“to downplay the significance of a true response.”
12. ICNIRP documented inaccurate portrayals, interpretations and comments on survival
differences between animal controls and exposure groups which were addressed in
Melnick (2019).
13. The ICNIRP’s requirements for blind pathology to avoid bias in exposure status
addressed in Melnick (2019).

were

14. ICNIRP’s issue with multiple comparisons leading to possible false positives (with a
probability of 0.5) was stated by Melnick to have been addressed by the NTP in its release
of the partial findings of the RFR study (NTP, 2016). Again such concerns are spurious
given the NTP’s rigour.

15. The ICNIRP concludes that the NTP’s study is not consistent with the RFR cancer. Melnick
rightly points out that this is incorrect. In addition, its claim that epidemiological studies
have not found evidence for cardiac schwannomas ignores the fact that extant research
has not studied the relationship between RFR and the risk of cardiac schwannomas.
Melnick notes that the IARC classified RFR as a “possible human carcinogen” based largely
on increased risks of gliomas and acoustic neuromas (which are Schwann cell tumors on
the acoustic nerve) among long term users of cell phones. The concordance between rats
and humans in cell type affected by RFR is remarkable and strengthens the animal-tohuman association.”
Thus, Melnick (2019, 2020) addresses the ICNIRP’s misrepresentations, falsehoods, and
criticisms forensically on the issues of methodology, interpretation, and relevance of the NTP
study. Melnick (2020) rightly asserts that RFR’s carcinogenicity aside, the ICNIRP “neglected to
point out that other adverse effects were observed in the NTP studies, including reduced birth
weights, DNA strand breaks in brain cells (which is supportive of the cancer findings), increased
incidences of proliferative lesions (tumors and hyperplasia) in the prostate gland, and exposurerelated increases in the incidence of cardiomyopathy of the right ventricle in male and female
rats. In addition, other studies have reported adverse effects on male and female reproduction
and neurobehavioral effects resulting from exposure to low-intensity non-ionizing radiation.” To
document this would have opened a Pandora’s Box for the industry. Melnick (2020) concludes
that “The NTP studies show that the assumption that RF radiation is incapable of causing cancer
or other adverse health effects other than by tissue heating is wrong. If ICNIRP’s goal is truly
aimed at protecting the public from potential harm, then it would be appropriate for this group
to quantify the health risks associated with exposure to RF-EMFs and then develop healthprotective guidelines for chronic exposures, especially for children, who are likely to be more
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susceptible than adults to adverse effects of RF radiation.” He continues, “At the very least,
ICNIRP should promote precautionary advice for the general public rather than trying to justify
their decision to dismiss findings of adverse health effects caused by RF-EMFs and thereby retain
their 20+ year-old exposure guidelines that are based on protection against thermal effects from
acute exposures.”
Thus, based on several deceptive and incorrect assertions, the ICNIRP concludes that both the
NTP and Ramazzini studies “do not provide a reliable basis for revising the existing radiofrequency
exposure guidelines.” As per the industry playbooks described in Michaels (2008, 2009), Oreskes,
and Conway (2011), and Walker (2017), “doubt is their product.” Implementing this playbook is
easily achieved as Michaels (2008, 2009) argues that epidemiology is “a sitting duck for
uncertainty campaigns” (cf. Oreskes, and Conway, 2011). In considering RFR health risks,
exposures must be estimated and risks to humans extrapolated from animal studies in vivo or
cellular studies in vitro. Persistent exposure to RFR may cause diseases such as brain cancer or
neurodegenerative conditions, but these diseases could also be triggered by other environmental
or genetic vectors. As with those from the tobacco, petrochemical, and drug industries, the
ICNIRP and industry scientists can easily cast doubt on the assumptions, methods, and findings
of independent public health-minded scientists. Furthermore, the telecom industry’s strategy for
countering public health concerns is proving more successful than its predecessor’s as indicated
by the findings of research from Harvard Law School. In Captured Agency, Harvard Research
Fellow Norm Alster (2015) illustrates how the telecommunications industry captured the Federal
Communications Commission—the US regulator. Research adduced here indicates the same may
apply when it comes to the ICNIRP and its influence over the WHO, AGNIR and PHE (Starkey,
2016; Pockett, 2019)

Is trust in the ICNIRP misplaced?
Independent peer-reviewed research continues to identify significant research deficiencies,
omissions, inaccuracies, falsehoods, and distortions in ICNIRP research reviews and guidelines
(Adlkofer, 2015; Hardell, 2017; Hardell and Carlberg, 2019; Hardell and Nyberg 2020; Pockett,
2019; Melnick, 2019, 2020): they also question SCENIHR reports, due to the significant
participation of ICNIRP commissioners (Starkey, 2016; Belpomme et al. 2018; Pockett, 2019).
It is also significant that five of the six core group members responsible for drafting the WHO’s
Monograph on RF fields were directly affiliated with the ICNIRP NGO (Hardell, 2017). Similarly,
the chapter on RFR in the WHO’s World Cancer Report 2020 was chiefly authored by ICNIRP
member Professor Martin Röösli (see Laurier and Röösli, 2020). Research has demonstrated that
the WHO is deficient in managing conflicts of interest (Wang et al., 2019). This is compounded
by what many consider the blatant disregard of the ICNIRP for basic ethical principles and its
poor management of conflicts of interest: Take for example that Pockett (2019, p. 4) finds the
“ICNIRP is a self-selected, private (non-governmental) organization, populated exclusively by
members invited by existing members. The organization is very concerned to project the image
that it is composed of disinterested scientists—indeed all ICNIRP members are required to post
on the organization’s website detailed declarations of interest (DOIs). However, a closer
inspection of these DOIs reveals that a good many of the sections of a good many of the forms
remain unfilled, and a detailed list of undeclared conflicts of interest among ICNIRP members
has been published by a group of concerned citizens. The relevant section of WHO is essentially
identical to ICNIRP… in spite of their stated rules and protestations to the contrary, there have
been persistent allegations that both ICNIRP and the relevant section of WHO are riddled with
undeclared conflicts of interest.” These points echo Starkey’s (2016) separate critical analysis of
conflicts of interest involving the WHO, ICNIRP, and AGNIR.
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However, there is one aspect of the ICNIRP’s affairs and conduct that has not received the
attention it deserves. Given the worldwide acceptance of the INCIRP and the influence its
research and guidelines have on the WHO, governments, regulators, and policymakers generally,
it is reasonable to assume that its income and expenditures are significant. The ICNIRP is an
NGO that has persistently and consistently denied receiving industry funding. Hence, it declares
it has no conflicts of interest at any level. Given the range of its presumed research, investigatory
and dissemination activities, the fact that it has 13 sitting commissioners, 25 expert advisors,
and presumably office and administration staff, then its income and expenditures must be
commensurate with its international standing and influence in shaping public policy on
technology and human health. The other standards-making body in this technology area is the
IEEE. The published accounts for the IEEE show that in 2018 its revenues stood at $531,942,200.
The ICNIRP’s Financial Accounts are shown in Appendix B. These are extracts from its Annual
Report 2018. Its annual revenues for 2018 are shown as 133.254,20. The currency is not shown,
so it is presumed that this is in Euro. Its expenditures are listed at ‐ 150.959,67. So the annual
income for this global NGO is €133,254. That is significantly less than the salary of a professor
at a top US university. A desktop search found no other international NGO of significance with
similar financial accounts. A major question begs as to how the ICNIRP can fund its many
activities and deliver high quality, reliable and accurate research outputs and guidelines and
disseminate these globally? This is not an insignificant issue as the ICNIRP has not been
transparent about its activities nor its income. Every government agency in Europe looks to the
ICNIRP for guidelines. How can this organisation do what it claims to do when its income is less
than that of a senior civil servant? To have ICNIRP scientists drafting safety guidelines while
also acting as members of expert groups responsible for objectively assessing those safety
guidelines is anathema to all principles of good governance. It is akin to academics acting as
authors and reviewers of their scientific papers. No other area of scientific endeavour would
countenance such a conflict of interest or lack of independence.
In a 98 page detailed report on the ICNIRP and its activities, Members of the European
Parliament, Michèle Rivasi and Dr. Klaus Buchner find that “[t]he composition of ICNIRP is very
one sided. With only one medically qualified person (but not an expert in wireless radiation) out
of a total of 14 scientists in the ICNIRP Commission and also a small minority of members with
medical qualifications in the Scientific Expert Group, we can safely say that ICNIRP has been,
and is still, dominated by physical scientists. This may not be the wisest composition when your
remit is to offer advice on human health and safety to governments around the world.” However,
they demonstrate that this makes it easier to ignore or dismiss research from medical and related
disciplines. Buchner and Rivasi (2020) observe that ““a closed circle of like-minded scientists”
has turned ICNIRP into a self-indulgent science club, with a lack of bio-medical expertise, as well
as a lack of scientific expertise in specific risk assessments. Thereby, creating a situation which
might easily lead to “tunnel-vision” in the organisation’s scope. Two leading experts, Hans
Kromhout and Chris Portier, confirmed to us that ICNIRP is a closed, non-accountable and onesided organisation.” They (ibid.) report that “In addition to the fact that certain members of
ICNIRP, are simultaneously members of the International Committee on Electromagnetic Safety
(ICES) of the US-registered Institute of Electrical and Electronics Engineers (IEEE), we have seen
further evidence of a close cooperation between ICNIRP and ICES, an organisation in which many
people from the media and telecom industries, as well as from the military, are actively and
structurally involved. During the current leadership of ICNIRP, these ties have become even
closer “with the goal of setting internationally harmonized safety limits for exposure to
electromagnetic fields”. This must surely be considered as a situation in which conflicts of interest
are a real possibility. It is clear from ICES minutes that ICNIRP worked very closely with
IEEE/ICES on the creation of the new RF safety guidelines that were published in March 2020.
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And this implies that large telecom-companies such as Motorola and others, as well as US
military, had a direct influence on the ICNIRP guidelines, which are still the basis for EU-policies
in this domain.” This study provides detailed evidence of a range of conflicts of interests of ICNIRP
members, including its current chair.
So successful is the ICNIRP in influencing the EU and governments globally, including the US
federal agencies such as the FCC and FDA, that industry lobbying in this area is now practically
non-existent, although that was not always the case (Buchner and Rivasi, 2020) viz. the
“European Telecommunications Networks Operators’ Association (ETNO) does not lobby for
lowering the ICNIRP standards, as these are not seen as part of the “regulatory pressure” that
hampers technological development. On the contrary: the norms ICNIRP proposes are the
“harmonised limits” that ETNO welcomes. All in all, the telecom-sector seems to be quite pleased
with ICNIRP’s positioning. This deviates from the standard procedure in EU-policy making, where
a specific industry concerned will, on essential aspects, always try to influence laws and
regulations in its favour through various lobbying strategies. Apparently, in the case of ICNIRP,
there is simply no need to do so. At the same time, the insurance sector does not, at present,
seem very reassured and does not want to be put in a situation of having to pay potential
litigation costs, if and when telecom companies get sued, something that is happening more and
more often.” The same applies to the US, where the industry has captured the FCC (Alster,
2015).
The credibility and integrity of the ICNIRP’s position are undermined by former ICNIRP members
that now recognise RFR as a significant risk to human health (see Lin, 2019). They find
themselves in direct opposition to their former colleagues, particularly where the results of the
NTP study is concerned. Because of the over-reliance on what the majority of scientists concerned
about human health and wellbeing consider deeply flawed and biased ICNIRP guidelines, PHE
and UK policymakers possess a fundamental ignorance of the large body of extant research on
the significant non-thermal health effects of RFR (cf. Starkey, 2016). There is an increasing body
of evidence in peer-reviewed academic research that confirms governments and policy-makers;
(1) may be misled by the ICNIRP (Adlkofer, 2015; Hardell, 2017; Hardell and Carlberg, 2019;
Hardell and Nyberg 2020; Pockett, 2019; Melnick, 2019, 2020); (2) are succumbing to pressures
from industry and lobbyists (Adlkofer, 2015; Michaels, 2008; Walker, 2017); or (3) are turning
a blind eye to scientific and public concerns for economic reasons (Alster, 2015)—which in the
UK relate to its digital transformation strategy, lucrative industry licenses, and significant tax
revenues.
In an interview with the editor in chief of The Lancet, Richard Horton, Brian Appleyard quotes
him as stating that “The leadership of British science and medicine is in a collusive affair with
government, frightened to disengage and criticise in case they lose their place at the political
table”: While referencing the behaviour of scientists during Covid-19 emergency, he adds:
“They’re supposed to be giving independent advice to the government. But they don’t give
independent advice. They support government. Our scientific community has become the public
relations wing of a government that has abjectly failed to respond to this pandemic” (Appleyard,
2020). There is a question as to whether this applies to, or is characteristic of, scientists who
engage in issues of public health concern in the UK, particularly those involved in AGNIR or
SCNEIHR. If so, then, it may be argued that the decision-making process on the introduction of
RFR technologies, especially 5G and its implications for public health, maybe deeply flawed.
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Are independent scientific studies more trustworthy?
It is an interesting fact that independent scientific studies are two and a half times more likely
to find evidence of biological effects and health risks than industry-funded studies (Huss et al.,
2006; Prasad et al., 2018; Leach et al., 2018). It is also generally agreed that independent
studies have greater scientific validity and are better executed (Michaels, 2008), due, perhaps,
to the absence of conflicts of interest. Furthermore, Dr. Henry Lai, Professor Emeritus at the
University of Washington, reports that all studies conducted between 1990 and 2017 found
significant health risks such as DNA damage (64%), neurological effects (72%), and oxidative
stress (90%). 18 These percentages of effects and risks are mirrored in a recent analysis of
thousands of research papers in which 68% of peer-reviewed scientific research studies found
physical and biological non-thermal effects, while only 32% of studies, found no evidence of
effects (Leach et al., 2018). Research cited therein indicates that the weight of objective scientific
evidence has always indicated significant risks to human health—these risks are magnified
significantly where children are concerned.
In 2012, Dr. Ben Goldacre published Bad Pharma. In an evidence-based treatise on the
pharmaceutical industry, Goldacre concluded: “Drugs are tested by the people who manufacture
them, in poorly designed trials, on hopelessly small numbers of weird, unrepresentative patients,
and analysed using techniques which are flawed by design, in such a way that they exaggerate
the benefits of treatments. Unsurprisingly, these trials tend to produce results that favour the
manufacturer…Medicine is broken ... We like to imagine that medicine is based on evidence, and
the results of fair tests. In reality, those tests are often profoundly flawed. We like to imagine
that doctors are familiar with the research literature, when in reality much of it is hidden from
them by drug companies …We like to imagine that regulators only let effective drugs onto the
market, when in reality they approve hopeless drugs, with data on side effects casually withheld
from doctors and patients” (Goldacre, 2014).
This is not the product of a conspiracy theorist, it is a factual account of industry practices by a
respected researcher and medical journalist. Replace ‘drugs’ in this excerpt by RFR technologies
and patients with users and it could have been written to describe the activities of the
telecommunications industry. Regulators in this industry, such as the FCC, are as ineffective as
the Food and Drug Administration (FDA) or their European counterparts in addressing governance
and malfeasance in the pharmaceutical industry. Large corporations and telecommunication
companies, from Apple to Samsung, Cisco to Vodafone, lobby governments for favourable ‘safety’
standards for their devices and equipment. They use their market power to keep the status quo.
They bury safety notices in the small print or omit them altogether. They know the risks and they
do not care about consumers. Recent ‘phone-gate’ scandals in France and the U.S. bear
testament to an industry that cannot be trusted to self-regulate.19
There are other problems with extant studies in which the telecoms industry and ICNIRP claim
to show little or no risk: “Generally speaking, a poorly conducted study is more likely to result in
a false negative (that is it fails to find a risk that is actually present) than in a false positive
(mistakenly identifying and excess risk when none in fact exists). For the results of a negative
study to be taken seriously, the study must be large and sensitive and gather accurate exposure
data” (Michaels, 2008, p. 84). It is clear from the research literature that poorly conducted,
biased or manipulated studies are more likely to produce false negatives and show no effect,
18
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than robust rigorous studies which tend to show positive links between environmental toxins and
health risks and demonstrate the existence of effects. Thus, Miller et al. (2018, p. 689) argue
that epidemiological studies that result in false negatives may have significant flaws, indicating
the need for additional “epidemiological studies of brain cancer to be carried out [that] should
include validated measures of exposure and/or biomarkers of possible impact of RFR on biological
processes.” Nonetheless, a recent review of 24 epidemiological case-controlled studies illustrated
an increased risk of gliomas and other brain tumours with long-term exposure to RFR from mobile
phones (Bortkiewicz, Gadzicka, and Szymczak, 2017).
Michaels (2008, p. 81) illustrates that if epidemiological studies of general populations are not
possible where carcinogens or toxins are concerned, then the approach scientists and regulators
take is to study sub-populations in an industry: “Much of what we know about the toxic effects
of common environmental exposures, especially airborne exposures, comes from the study of
workers.” A recent study by Peleg, Nativ, and Richter (2018) provides “clear evidence” of
industrial exposure to RFR, within ICNIRP guidelines, and the incidence of hematolymphatic (HL)
cancers in military and occupational settings. This study concludes that: “The consistent
association of RFR and highly elevated HL cancer risk in the four groups spread over three
countries, operating different RFR equipment types and analyzed by different research protocols,
suggests a cause-effect relationship between RFR and HL cancers in military/occupational
settings” (Peleg, Nativ, and Richter, 2018, p. 123). They add that: “Overall, the epidemiological
studies on excess risk for HL and other cancers together with brain tumors in cellphone users
and experimental studies on RFR and carcinogenicity make a coherent case for a cause-effect
relationship and classifying RFR exposure as a human carcinogen (IARC group 1).”
The non-thermal effect ‘denial problem’ exists because of the multi-trillion dollar commercial and
economic value of wireless technologies, and now 5G, coupled with the risk of litigation. From
the 1990s, this led telecommunications and related industry associations to ‘capture’ regulatory
agencies, such as the U.S. Federal Communications Commission (FCC) (Alster, 2015) to engage
in disinformation and manipulate the press (Buchner and Rivasi, 2020; Hertsgaard and Dowie,
2018a; Walker, 2017; Fist, 1999: cf. Michaels, 2008; Oreskes and Conway, 2011; ) and to
participate in the ‘institutional corruption’ of scientists, their universities, and governments. 20
The net result of this standard business-operating procedure is that humans are unknowingly
exposed to health risks. Governments appear to be willing partners in this and should be taking
the side of citizens, not industry interests. While politicians and policymakers continue to behave
like ostriches, the related health risks have risen significantly with the emergence of 5G.

4.

CONCLUSIONS

Exposure of humans to non-ionizing radio frequency radiation (RFR) has increased dramatically
over the past 20 years. Epidemiological and experimental research highlights the increased risk
of pathophysiological conditions with current exposures to near field and far field sources of RFR.
In light of the mounting scientific evidence, in May 2015, over 200 eminent scientists launched
an international appeal to the United Nations and the WHO based on the conviction that there is
a real and present danger to children, in particular, by what they consider outdated industry
standards concerning microwave radio frequency radiation.21 By April 2018, 244 scientists had
signed the appeal: “The scientific basis for their collective concern is “numerous recent scientific
20
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publications have shown that EMF [i.e. electromagnetic fields, including RFR,] affects living
organisms at levels well below most international and national guidelines. Effects include
increased cancer risk, cellular stress, increase in harmful free radicals, genetic damages,
structural and functional changes of the reproductive system, learning and memory deficits,
neurological disorders, and negative impacts on general well-being in humans.”
Industry-funded scientists and the majority of those in the ICNIRP are unconcerned and see little
risk, apart from thermal effects, which they say the public are protected against by extant safety
standards (Bandara and Carpenter, 2018; Belpomme et al. 2018; Buchner and Rivasi, 2020;
Carlo and Schram, 2001; Cherry, 2002; Starkey, 2016;). Believe it or not, such differences of
scientific opinion have bedeviled scientific progress across all disciplines. Hence, the tendency
for scientists to be biased, to cling to dominant paradigms, and resist change in the face of
scientific evidence is well acknowledged (Kuhn, 2012), and this is particularly true in relation to
the wireless technology paradigm (Pockett, 2019; Fist, 1999). The following section will help the
reader understand this contradiction better.

How can we make sense of the difference of opinion among scientists?
Sir Karl Popper was the foremost philosopher of science in the 20th Century. In 17th century
Europe, people believed all swans were white. However, the discovery of black swans on the
Swan River in Australia, led to the understanding that Swans could be both black or white. Thus,
in The Logic of Scientific Discovery Popper (2005) argues that “no matter how many instances
of white swans we may have observed, this does not justify the conclusion that all swans are
white.” Thus, a theory that all swans are white can be refuted by the sighting of just one black
swan (Popper, 2014). Applying this logic to what is the dominant paradigm on the issue (but the
minority view) of the safety of non-ionizing radio frequency radiation, just one study of the
existence of non-thermal effects is sufficient to scientifically refute the theory that there are no
non-thermal effects to non-ionizing radio frequency radiation. Fortunately, there are hundreds of
such studies, with 68% of published research to 2017 finding non-thermal effects (Bandara and
Carpenter, 2018).
There is a problem here, however. As indicated by the extensive bibliography published at the
U.S. Naval Medical Research Institute by Dr. Zory Glaser and his team, the significant clinical
and biological effects of RFR—both thermal and non-thermal—were identified and accepted by
Soviet and Eastern-Bloc scientists. However, it is clear that U.S. scientists generally accepted
that there were only thermal effects. In an extensive report in 1980, this is described as a
philosophical difference based, perhaps, on cold-war politics (David, 1980). However, applying
Popper’s logic, Soviet, Czech and Polish researchers rightly posited the conjecture or theory that
there was a range of biological effects, thermal and non-thermal—i.e. they posited the existence
of white and black swans. Therefore, they instituted experiments to corroborate or refute their
conjectures. However, as this review demonstrates, U.S. and Western scientists argued there
were only white swans, ignored, dismissed, or buried all evidence of black swans, and acted to
promote the interests of industry over that of public health.
Thus, we can see that what physicist and philosopher of science Thomas Kuhn referred to as a
scientific revolution and paradigm change (Kuhn, 1962) may be underway in the scientific fields
dealing with the risks to human health posed by RFR. However, vested interests—industry,
political and scientific—in the dominant paradigm are resisting—the actions of the ICNIRP, FCC
and FDA are testament to this. Unfortunately, UK citizens, especially children, will bear the health
costs, now and into the future, of this latest paradigm war.
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As with the tobacco industry before it (Michaels, 2008, 2009; McGarity and Wagner, 2008;
Oreskes and Conway, 2011; Markowitz and Rosner, 2013), the telecommunications industry has
been busy challenging all scientific findings that identify health risks with wireless technologies
(Alster, 2015; Buchne and Rivasi, 2020). Not only does it have a convenient lacuna, when it
comes to the body of research before and since 1976, it has also been conducting its own studies,
some, but not all, of which deny the existence of non-thermal effects. With a record of
conveniently burying its inconvenient truths, the telecoms industry has adopted the tobacco
industry handbook when countering independent studies or explaining away research findings
dating back to the 1930s viz. “A demand for [more] scientific proof is always a formula for
inaction and delay and usually the first reaction of the guilty … in fact scientific proof has never
been, is not and should not be the basis for political and legal action.” 22 The same playbook was
employed by the oil and coal industries when it came to global warming (Oreskes and Conway,
2011). The body of this report illustrated similar demands for more evidence and studies as the
telecommunications industry and its funded scientists, particularly those in pseudo-independent
bodies such as the ICNIRP, challenge the overwhelming body of independent research.
In a submission to the United Nations in 2015, over 250 scientists requested that it address “the
emerging public health crisis” related to the use of RFR emitting devices.23 They urged the United
Nations Environmental Programme (UNEP) to review current exposure standards and to identify
measures to substantially lower human exposures to microwave radiation. The scientists argued
that existing “guidelines do not cover long-term exposure and low-intensity effects” and are
“insufficient to protect public health.” They note the urgency in this, as children are more
vulnerable to the effects of RFR.
RFR is considered by the majority of independent scientists as an invisible source of potentially
toxic pollution that scientific research across the sciences has identified as being harmful to
biological systems and, ultimately, human health and well-being. Think of a smoke-filled bar of
yore, where smokers and non-smokers alike are subjected to toxic carcinogens. Now, think of
that same bar in countries where smoking is banned from such premises. However, have we
replaced one hazard with another if one considers the RFR being emitted by the WiFi
routers/access points, and radio units in all of the smart devices in pubs, cafes, restaurants,
homes, schools, and the workplace. In the age of 5G and the Internet of Things (IoT), the scale
of the dilemma that we have unthinkingly drifted into becomes clear. That is of course if one
accepts the scientific evidence.
However, in 2020 the cumulative body and weight of scientific evidence should have governments
and regulators take immediate action to change policy and implement appropriate safety
standards for digital technologies such as 5G, as it is children that are most at risk. Concern has
increased about such risks as the Advisory Group of 29 scientists from 18 countries recommended
that non-ionizing RFR be prioritized by the WHO’s International Agency for Research on Cancer
(IARC) Monographs programme during 2020–24. They are concerned about the health risks
identified by research over the past 9 years. So are the majority of independent researchers as
they have called for non-ionizing microwave radiation to be reclassified as a Class 1 carcinogen,
along with cigarette smoke (Miller et al., 2018). Furthermore, over 385 scientists and
professionals in biophysics, medicine, health, and related fields have requested the United
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Figure 7 RFR Mechanisms and Outcomes

Nations to introduce a moratorium on 5G, given the related health risks for humans and threat
to the environment.24
Dr. Christopher J. Portier, Associate Director, National Institute of Environmental Health Sciences
and Director, Office of Risk Assessment Research, co-authored an article with Dr. Wendy Leonard
in Scientific American, following the initial release of the NTP study findings in 2016. They
conclude that “Cellphones probably cause cancer if the exposure is close enough, long enough,
and in sufficient magnitude. We don’t yet know the risk for a given level of exposure in humans.
We need more data in this area, not only for cellphones, but for bluetooth devices, WiFi and all
the other RF-EMF devices out there. Until then, reduce your exposure whenever possible.”
(Portier and Leonard, 2016). Arguments presented earlier, and also in the concluding sections of
this paper, indicate that there is sufficient scientific evidence to halt any further deployment of
wireless technologies such as 5G systems in the environment, due to the nature of the risks
posed.
Figure 7 summarizes this report’s findings and provides compelling reasons for why such action
is necessary. It summarises the evidence of risk and indicates the role of specific mechanisms in
producing the various impacts on human health and well-being. Each of the outcomes identified
is independent of each other; hence, the risk of some form of ill-health to children and adults
due to RFR exposure is highly probable as the source of the threat, RFR, is today ubiquitous. If
we take cancers, the evidence presented above indicates that the incidence and the prevalence
of frontal and temporal lobe brain tumours have increased with statistical significance; however,
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a range of other cancers are now emerging as risk outcomes. Children are particularly vulnerable
and their risk of exposure extremely high. However, due to the relatively low incidence of the
cancers, their range, and the latency of cancers, the strength of epidemiological evidence
demonstrating the carcinogenicity of tobacco smoke may not be possible. Nevertheless, what is
of more immediate concern is the range of neurobehavioral and neurodegenerative diseases. In
Deceit and Denial, Markowitz and Rosner (2013) conclude: “the inability of epidemiology,
toxicology, and statistics to demonstrate very small effects have been used by conservative critics
who fashion the lack of statistical significance into the argument that such effects do not exist…
In the absence of extraordinarily sophisticated and extremely expensive longitudinal studies,
there is little chance that any but the most unambiguous and obvious problems will be
uncovered…Environmental epidemiologists who work outside the laboratory attempt to study a
complex world in which contamination and exposure to toxins can come from a variety of sources,
including air, water, or land. Because of the many dynamic relationships between populations
and their environments, it is virtually impossible to control the huge number of factors that can
account for different lengths (and intensities) of exposure, specific chemicals or chemical mixes,
or routes of exposure.” As indicated above the industry use this to sow doubt and conservative
policymakers as an excuse for inaction. Nevertheless, the weight-of-evidence is there for all to
see.
Thus, in light of the evidence, the precautionary principle should be applied and governments
should implement policies that incorporate the risks as well as the benefits of wireless
technologies such as 5G. Just to remind the reader what the precautionary principle means:
"When an activity raises threats of harm to human health or the environment, precautionary
measures should be taken even if some cause and effect relationships are not fully established
scientifically.”25 We are well beyond that point, as this paper illustrates. The application of the
precautionary principle is a statutory requirement in some areas of law in the European Union,
as expressed in the Charter of Fundamental Rights. Thus, EU governments at least have a
political and an ethical responsibility to act.
There is also a clear onus on scientists and practitioners in the computing and IT industry to act
and ensure that the safety standards for all RFR and WiFi devices are reviewed in light of the
recent scientific findings. To do otherwise would be irresponsible and unethical. There will be
enormous resistance to change from vested interests and the political establishment. An excerpt
from a recent article in The Guardian newspaper summarises the type of response to be expected
from industry concerning research on RFR: “Central to keeping the scientific argument going is
making it appear that not all scientists agree. Towards that end, and again like the tobacco and
fossil-fuel industries, the wireless industry has “war-gamed” science, as a Motorola internal
memo in 1994 phrased it. War-gaming science involves playing offence as well as defence –
funding studies friendly to the industry while attacking studies that raise questions; placing
industry-friendly experts on advisory bodies such as the World Health Organisation and seeking
to discredit scientists whose views differ from the industry’s” (Hertsgaard and Dowie, 2018a: cf.
Michaels, 2008, 2009).

25

https://en.wikipedia.org/wiki/Precautionary_principle
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A personal opinion on the matters at hand
In 1985, when I was working on state-of-the-art satellite and terrestrial microwave
communications systems, the only health and safety concern among the engineers was incidental
or accidental exposure to RFR and related thermal effects. There was anecdotal evidence of nonthermal effects in military and occupational scenarios; however, these were rare and therefore
not taken seriously. In 1995, however, while commissioning a satellite link for News International
Corp. I measured the signal strengths of the mobile phones being used by engineers. These were
a lot higher than I would have expected the safety guidelines to allow. From then on I never
carried my mobile phone on or near my body. Colleagues continued to carry theirs on the belts.
In 2015, I made the transition from engineer to scientist having completed an MSc and PhD in
information systems. At that point research focused on supporting risk and compliance in the
financial industry using artificial intelligence technologies. I was also teaching the scientific
method to PhD students, among other things. While discussing the risks that educational
technology posed in the classroom with another risk professional, he made a strong statement
regarding the risks that WiFi posed to children in the classroom and the home and that I should
apply myself as a scientist to research. I was taken aback and highly skeptical of his statement.
But given the seniority of his position in the financial industry I took him at his word. For the
next four years, I studied the scientific literature applying Sir Karl Popper’s critical rationalism to
published peer-reviewed research to understand the risks to human health and well-being from
non-thermal effects. I was only too conscious of the role of cognitive bias: in my case, I implicitly
trusted the standards set by the IEEE, ICNIRP, and the FCC. However, in my first pass through
the literature, I noted that there was something seriously amiss. From the perspective of the
scientific method, the weight of the evidence was indicating that non-thermal effects did exist
and children were especially at risk.
The U.S. National Institute of Science and Technology views risk as a function of four factors:
threat, vulnerability, likelihood, and impact. In the digital age, the major RFR threats originate
from far-field mobile and broadband antennae and near-field wireless devices such as Wifi access
points and routers, mobile phones, smartphones, and all Wifi and Bluetooth devices.
Vulnerabilities are manifested in human biological susceptibility to pulsed RFR signals acting at a
cellular level, particularly in the central nervous system. These non-thermal biological effects are
complex and differ from person to person, due to individual genetic disposition and general health
and well-being: Socioeconomic status also plays a role. The overwhelming body of evidence
indicates that human and animal cells are extremely sensitive to EMFs, particularly the pulsed
signals from man-made RFR wireless technologies. This leads to an increase in reactive oxygen
species (ROS), a reduction in anti-oxidants, and the development of oxidative stress. It is the
individual biological response that determines whether oxidative stress is controlled and
maintained within the ‘normal’ range and the risk of biological effects mitigated by the body’s
self-defense systems. Factors like age, health, lifestyle, and other issues like genetic
predisposition will play significant roles in responding to oxidative stress and related outcomes.
The likelihood of a specific physical or biological effect materializing is a function of the frequency
of exposure to a threat and the duration of such exposures. These may lead to chronic and
persistent oxidative stress, which is linked with serious and equally chronic biological effects.
Thus, the ubiquity of RFR threats in the environment and constant nature of exposures
significantly increases the likelihood that the biological effects listed in Table 7 will materialize.
The impact can be major at an individual level with chronic disease and in a very small proportion
of people an early death from a range of cancers.
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Extant research on man-made toxins and carcinogens indicate that when exposures are of high
frequency and duration, then epidemiological studies will clearly identify exposure-outcome
relationships if the threat is strong (e.g. cigarette smoke, asbestos, benzene), but where threats
are less strong, epidemiological evidence may be more difficult to come by. Nevertheless, this
report indicates that the weight of the evidence from human and animal studies demonstrates
that the risks from RFR exposure are significant and that a range of non-thermal effects on
human health and well-being is evident. That all this has been known since the early 1970s is
unconscionable and unforgivable in terms of the response of policymakers and public health
officials.
There are several measures that policymakers in the UK and elsewhere need to consider as a
matter of urgency. That they have not already done so is, in my opinion, a serious dereliction of
duty. Nevertheless, practical measures can be put into effect to help minimize risks to public
health. This involves the urgent commission of epidemiological studies. As scientists have
identified the risks and the key factors in creating intracellular oxidative stress that contributes
to system-wide biological effects, research is required to determine how different levels of RFR
exposures are related to the incidence and prevalence of oxidative stress within the population.
Extant research has indicated what the tolerable levels of RFR may be for children, sensitive
adults, and the general population. These levels are upwards of millions of times lower than those
permitted by existing thermal guidelines. What is meant by tolerable levels is the degree of
exposures, in terms of RFR field intensity, frequency of exposure, and duration of exposure,
which different members of the population can tolerate while maintaining a natural balance in
intracellular function, especially concerning recovery from the oxidative stress generated by
exposure from RFR and normal human activities. It must be borne in mind that oxidative stress
is associates with many chronic conditions. Hence, RFR-related non-thermal physical and
biological-specific effects aside, it is logical to conclude that the presence of RFR will confer
additional threats to those with pre-existing sensitivities, vulnerabilities, and chronic health
conditions. There is, therefore, in my opinion, a degree of urgency involved.
Given the time horizon over which epidemiological studies are conducted and the urgency for
policymakers to intervene to mitigate the risks to the general population, I believe that immediate
remedial measures and controls are required to address the risks to public health. People should
be informed of the risks with prolonged RFR exposure and educated on the measures and controls
required to minimize these exposures and, particularly, those of their children. The key measures
required to reduce exposure in terms of field intensity, frequency, and duration are distance,
reduction in field intensity from transmitting devices and antennae, operation of devices in
airplane mode, and powering off appliances when not in use. It is outside the scope of this report
for me to describe specific steps, but they involve the application of common sense, much like
the measures being advised to address the current pandemic.
Pre-eminent Philosopher of Science and champion of the scientific method, Sir Karl Popper states
in The Open Society, "[i]f we wish freedom to be safeguarded, then we must demand that the
policy of unlimited economic freedom be replaced by the planned economic intervention of the
state. We must demand that unrestrained capitalism give way to economic interventionism." I
believe that the economic freedom and self-regulation accorded to telecommunications and
technology firms should be balanced with the need to protect the interests, health, and wellbeing of the citizenry. This was recently underlined in another context by Professor Shoshana
Zuboff, who critiques the activities of BigTech firms and the consequences for individuals and
society (Zuboff, 2015). Likewise, Professor Sherry Turkle (2017), paints an equally grim picture
of the impact of digital technology on our general well-being. However, neither were aware of
nor address, the fundamental way in which the same technologies create fundamental risks for
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human health and well-being. It is clear to me that equally unaware and misinformed are
politicians and policymakers, whether in nation-states and wider communities such as the EU.
It must be remembered that the introduction of wireless digital technologies happened in a
piecemeal fashion from the 1970s. There was no cost-benefit analysis, in terms of the obvious
benefits of enhanced communication and information access and exchange, versus the
unintended consequences of and risks to human health. Driven by ‘technological
fundamentalism,’ and the general belief that digital technology is neutral and therefore carries
no unintended consequences or risks, politicians, policymakers, and society were misled by the
telecommunications industry in the U.S., UK, and Europe into believing that wireless technologies
are safe. What should have happened, post-1976, when the risks were indicated by the U.S.
Naval Medical Research Institute and in several studies up to the 1990s, is that governments
should have followed Popper’s general advice viz. limited the scope of technological change in
line with independent scientific research on thermal and non-thermal risks, which predicted the
outcomes for individuals and society. However, as Professor Nassim Taleb correctly argues “[o]ur
record of understanding risks in complex systems (biology, economics, climate) has been pitiful,
marred with retrospective distortions (we only understand the risks after the damage takes place,
yet we keep making the mistake), and there is nothing to convince me that we have gotten
better at risk management” (Taleb, 2012). The truth of the risks posed by RFR—4G, 5G and
WiFi—is there for all to see. But it’s not easy to access or understand the science and its findings,
as I found over the past four years.
Popper (2014) indicates in his masterwork, Conjectures and Refutations, that scientific truth is
difficult to achieve. That is certainly the case with RFR and non-thermal effects, for reasons
outlined above. He also holds that people tend to be essentially “good, but stupid” and easily
“led by the nose” by bad people: in the current context, these include self-serving, unethical
industry figures, bad scientists, and those with conflicts of interest in the third and fourth estates.
His theory explains how the press, the public, politicians, and policymakers, can be easily duped
by industry, the ICNIRP, and a minority of scientists, among others. Considering, the lessons
learned from what is, perhaps, the greatest environmental disaster of recent times involving the
accident at the Chernobyl nuclear power plant, the award-winning HBO docudrama attributes the
following quote to the scientist responsible for averting a global catastrophe, Dr. Valery Legasov:
“To be a scientist is to be naive. We are so focused on our search for truth we fail to
consider how few actually want us to find it. But it is always there whether we see it or
not, whether we choose to or not. The truth doesn’t care about our needs or wants—it
doesn’t care about our governments, our ideologies, our religions—it will lie in wait for all
time…Where I once would fear the cost of truth, now I only ask what is the cost of lies.”
We may never know the truth of how or why the telecommunications and technology industries,
their business leaders, engineers, and scientists, acted as they did: Nor may we know what they
knew of the risks and when they knew it or the lies they told. We may never know how unethical
businessmen and bad scientists influenced policymakers: Nor may we know why politicians
decided to side with industry and not public health interests or why they gave wireless
technologies an unquestioning benefit of the doubt. The consequences of not facing the truth and
addressing the risks RFR poses—as Markowitz and Rosner (2013) so eloquently state in the
concluding paragraph of their excellent monograph, Deceit and denial: The deadly politics of
industrial pollution—are that it may never “be possible to evaluate the lost potential of individuals
whose intelligence has been slightly lowered, whose behavior has become a bit more erratic,
whose personalities have been altered in ways imperceptible to scientific measurement. We will
never know the social, economic, and personal costs to society from the lost potential of our
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citizens.” The only note of hope I can offer is that the widespread use of wireless technologies is
relatively recent. Thus, if we act now to inform society of the known risks our wireless
technologies pose, citizens can then be enabled to learn how to use their digital technologies to
enrich their lives and livelihoods without endangering their health and well-being and that of their
children. But first, we need to combat the deceit and denial of vested interests. We need to
ensure that politicians and policymakers inform themselves of the full facts, not only the industry
perspective, and to ensure that they act ethically and in the interest of public health and wellbeing.
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APPENDIX C: PROFESSOR PALL’S ICNIRP CRITIQUE EVIDENCE
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4. Apoptosis/cell death. Apoptosis is an important process in the production of
neurodegenerative diseases that is also important in producing infertility
responses.
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6. Endocrine, that is hormonal effects.
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