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Radiation exposure has long been a concern for the public, policy makers, and

health researchers. Beginning with radar during World War II, human exposure to

radio-frequency radiation1 (RFR) technologies has grown substantially over time. In

2011, the International Agency for Research on Cancer (IARC) reviewed the published

literature and categorized RFR as a “possible” (Group 2B) human carcinogen. A broad

range of adverse human health effects associated with RFR have been reported

since the IARC review. In addition, three large-scale carcinogenicity studies in rodents

exposed to levels of RFR that mimic lifetime human exposures have shown significantly

increased rates of Schwannomas and malignant gliomas, as well as chromosomal DNA

damage. Of particular concern are the effects of RFR exposure on the developing

brain in children. Compared with an adult male, a cell phone held against the head

of a child exposes deeper brain structures to greater radiation doses per unit volume,

and the young, thin skull’s bone marrow absorbs a roughly 10-fold higher local dose.

Experimental and observational studies also suggest that men who keep cell phones

in their trouser pockets have significantly lower sperm counts and significantly impaired

sperm motility and morphology, including mitochondrial DNA damage. Based on the

accumulated evidence, we recommend that IARC re-evaluate its 2011 classification

of the human carcinogenicity of RFR, and that WHO complete a systematic review of

multiple other health effects such as sperm damage. In the interim, current knowledge

provides justification for governments, public health authorities, and physicians/allied

health professionals to warn the population that having a cell phone next to the body

is harmful, and to support measures to reduce all exposures to RFR.

Keywords: brain cancer, electromagnetic hypersensitivity, glioma, non-cancer outcomes, policy

recommendations, radiofrequency fields, child development, acoustic neuroma

1Per IEEE C95.1-1991, the radio-frequency radiation frequency range is from 3 kHz to 300 GHz and is non-ionizing.
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INTRODUCTION

We live in a generation that relies heavily on technology.Whether
for personal use or work, wireless devices, such as cell phones,
are commonly used around the world, and exposure to radio-
frequency radiation (RFR) is widespread, including in public
spaces (1, 2).

In this review, we address the current scientific evidence
on health risks from exposure to RFR, which is in the non-
ionizing frequency range.We focus here on human health effects,
but also note evidence that RFR can cause physiological and/or
morphological effects on bees, plants and trees (3–5).

We recognize a diversity of opinions on the potential adverse
effects of RFR exposure from cell or mobile phones and other
wireless transmitting devices (WTDs) including cordless phones
and Wi-Fi. The paradigmatic approach in cancer epidemiology,
which considers the body of epidemiological, toxicological,
and mechanistic/cellular evidence when assessing causality,
is applied.

CARCINOGENICITY

Since 1998, the International Commission on Non-Ionizing
Radiation Protection (ICNIRP) has maintained that no evidence
of adverse biological effects of RFR exist, other than tissue heating
at exposures above prescribed thresholds (6).

In contrast, in 2011, an expert working group of the
International Agency for Research on Cancer (IARC) categorized
RFR emitted by cell phones and other WTDs as a Group 2B
(“possible”) human carcinogen (7).

Since the IARC categorization, analyses of the large
international Interphone study, a series of studies by the Hardell
group in Sweden, and the French CERENAT case-control
studies, signal increased risks of brain tumors, particularly
with ipsilateral use (8). The largest case-control studies on cell
phone exposure and glioma and acoustic neuroma demonstrated
significantly elevated risks that tended to increase with increasing
latency, increasing cumulative duration of use, ipsilateral phone
use, and earlier age at first exposure (8).

Pooled analyses by the Hardell group that examined risk of
glioma and acoustic neuroma stratified by age at first exposure
to cell phones found the highest odds ratios among those first
exposed before age 20 years (9–11). For glioma, first use of cell
phones before age 20 years resulted in an odds ratio (OR) of 1.8
(95% confidence interval [CI] 1.2–2.8). For ipsilateral use, the
OR was 2.3 (CI 1.3-4.2); contralateral use was 1.9 (CI 0.9-3.7).
Use of cordless phone before age 20 yielded OR 2.3 (CI 1.4–3.9),
ipsilateral OR 3.1 (CI 1.6–6.3) and contralateral use OR 1.5 (CI
0.6–3.8) (9).

Although Karipidis et al. (12) and Nilsson et al. (13) found
no evidence of an increased incidence of gliomas in recent years
in Australia and Sweden, respectively, Karipidis et al. (12) only
reported on brain tumor data for ages 20–59 and Nilsson et al.
(13) failed to include data for high grade glioma. In contrast,
others have reported evidence that increases in specific types of
brain tumors seen in laboratory studies are occurring in Britain
and the US:

• The incidence of neuro-epithelial brain cancers has
significantly increased in all children, adolescent, and
young adult age groupings from birth to 24 years in the
United States (14, 15).

• A sustained and statistically significant rise in glioblastoma
multiforme across all ages has been described in the UK (16).

The incidence of several brain tumors are increasing at
statistically significant rates, according to the 2010–2017 Central
Brain Tumor Registry of the U.S. (CBTRUS) dataset (17).

• There was a significant increase in incidence of
radiographically diagnosed tumors of the pituitary from
2006 to 2012 (APC = 7.3% [95% CI: 4.1%, 10.5%]), with no
significant change in incidence from 2012 to 2015 (18).

• Meningioma rates have increased in all age groups from 15
through 85+ years.

• Nerve sheath tumor (Schwannoma) rates have increased in all
age groups from age 20 through 84 years.

• Vestibular Schwannoma rates, as a percentage of nerve sheath
tumors, have also increased from 58% in 2004 to 95% in
2010-2014.

Epidemiological evidence was subsequently reviewed and
incorporated in a meta-analysis by Röösli et al. (19). They
concluded that overall, epidemiological evidence does not
suggest increased brain or salivary gland tumor risk with mobile
phone (MP) use, although the authors admitted that some
uncertainty remains regarding long latency periods (>15 years),
rare brain tumor subtypes, and MP usage during childhood. Of
concern is that these analyses included cohort studies with poor
exposure classification (20).

In epidemiological studies, recall bias can play a substantial
role in the attenuation of odds ratios toward the null hypothesis.
An analysis of data from one large multicenter case-control
study of RFR exposure, did not find that recall bias was
an issue (21). In another multi-country study it was found
that young people can recall phone use moderately well, with
recall depending on the amount of phone use and participants’
characteristics (22). With less rigorous querying of exposure,
prospective cohort studies are unfortunately vulnerable to
exposure misclassification and imprecision in identifying risk
from rare events, to the point that negative results from such
studies are misleading (8, 23).

Another example of disparate results from studies of different
design focuses on prognosis for patients with gliomas, depending
upon cell phone use. A Swedish study on glioma found lower
survival in patients with glioblastoma associated with long term
use of wireless phones (24). Ollson et al. (25), however, reported
no indication of reduced survival among glioblastoma patients
in Denmark, Finland and Sweden with a history of mobile
phone use (ever regular use, time since start of regular use,
cumulative call time overall or in the last 12 months) relative to
no or non-regular use. Notably, Olsson et al. (25) differed from
Carlberg and Hardell (24) in that the study did not include use of
cordless phones, used shorter latency time and excluded patients
older than 69 years. Furthermore, a major shortcoming was that

patients with the worst prognosis were excluded, as in Finland
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inoperable cases were excluded, all of which would bias the risk
estimate toward unity.

In the interim, three large-scale toxicological (animal
carcinogenicity) studies support the human evidence, as do
modeling, cellular and DNA studies identifying vulnerable sub-
groups of the population.

The U.S. National Toxicology Program (NTP) (National
Toxicology Program (26, 27) has reported significantly increased
incidence of glioma and malignant Schwannoma (mostly on the
nerves on the heart, but also additional organs) in large animal
carcinogenicity studies with exposure to levels of RFR that did
not significantly heat tissue. Multiple organs (e.g., brain, heart)
also had evidence of DNA damage. Although these findings have
been dismissed by the ICNIRP (28), one of the key originators of
the NTP study has refuted the criticisms (29).

A study by Italy’s Ramazzini Institute has evaluated lifespan
environmental exposure of rodents to RFR, as generated by 1.8
GHz GSM antennae of cell phone radio base stations. Although
the exposures were 60 to 6,000 times lower than those in the
NTP study, statistically significant increases in Schwannomas
of the heart in male rodents exposed to the highest dose, and
Schwann-cell hyperplasia in the heart in male and female rodents
were observed (30). A non-statistically significant increase in
malignant glial tumors in female rodents also was detected. These
findings with far field exposure to RFR are consistent with and
reinforce the results of the NTP study on near field exposure.
Both reported an increase in the incidence of tumors of the
brain and heart in RFR-exposed Sprague-Dawley rats, which are
tumors of the same histological type as those observed in some
epidemiological studies on cell phone users.

Further, in a 2015 animal carcinogenicity study, tumor
promotion by exposure of mice to RFR at levels below exposure
limits for humans was demonstrated (31). Co-carcinogenicity
of RFR was also demonstrated by Soffritti and Giuliani (32)
who examined both power-line frequency magnetic fields as
well as 1.8 GHz modulated RFR. They found that exposure to
Sinusoidal-50Hz Magnetic Field (S-50Hz MF) combined with
acute exposure to gamma radiation or to chronic administration
of formaldehyde in drinking water induced a significantly
increased incidence of malignant tumors in male and female
Sprague Dawley rats. In the same report, preliminary results
indicate higher incidence of malignant Schwannoma of the heart
after exposure to RFR in male rats. Given the ubiquity of many of
these co-carcinogens, this provides further evidence to support
the recommendation to reduce the public’s exposure to RFR to as
low as is reasonably achievable.

Finally, a case series highlights potential cancer risk from
cell phones carried close to the body. West et al. (33) reported
four “extraordinary” multifocal breast cancers that arose directly
under the antennae of the cell phones habitually carried within
the bra, on the sternal side of the breast (the opposite of
the norm). We note that case reports can point to major
unrecognized hazards and avenues for further investigation,
although they do not usually provide direct causal evidence.

In a study of four groups of men, of which one group did not
use mobile phones, it was found that DNA damage indicators in
hair follicle cells in the ear canal were higher in the RFR exposure

groups than in the control subjects. In addition, DNA damage
increased with the daily duration of exposure (34).

Many profess that RFR cannot be carcinogenic as it has
insufficient energy to cause direct DNA damage. In a review,
Vijayalaxmi and Prihoda (35) found some studies suggested
significantly increased damage in cells exposed to RF energy
compared to unexposed and/or sham-exposed control cells,
others did not. Unfortunately, however, in grading the evidence,
these authors failed to consider baseline DNA status or the fact
that genotoxicity has been poorly predicted using tissue culture
studies (36). As well funding, a strong source of bias in this field
of enquiry, was not considered (37).

CHILDREN AND REPRODUCTION

As a result of rapid growth rates and the greater vulnerability of
developing nervous systems, the long-term risks to children from
RFR exposure from cell phones and other WTDs are expected
to be greater than those to adults (38). By analogy with other
carcinogens, longer opportunities for exposure due to earlier use
of cell phones and other WTDs could be associated with greater
cancer risks in later life.

Modeling of energy absorption can be an indicator of potential
exposure to RFR. A study modeling the exposure of children 3–
14 years of age to RFR has indicated that a cell phone held against
the head of a child exposes deeper brain structures to roughly
double the radiation doses (including fluctuating electrical and
magnetic fields) per unit volume than in adults, and also that the
marrow in the young, thin skull absorbs a roughly 10-fold higher
local dose than in the skull of an adult male (39). Thus, pediatric
populations are among the most vulnerable to RFR exposure.

The increasing use of cell phones in children, which can be
regarded as a form of addictive behavior (40), has been shown
to be associated with emotional and behavioral disorders. Divan
et al. (41) studied 13,000 mothers and children and found that
prenatal exposure to cell phones was associated with behavioral
problems and hyperactivity in children. A subsequent Danish
study of 24,499 children found a 23% increased odds of emotional
and behavioral difficulties at age 11 years among children whose
mothers reported any cell phone use at age 7 years, compared to
children whose mothers reported no use at age 7 years (42). A
cross-sectional study of 4,524 US children aged 8–11 years from
20 study sites indicated that shorter screen time and longer sleep
periods independently improved child cognition, with maximum
benefits achieved with low screen time and age-appropriate
sleep times (43). Similarly, a cohort study of Swiss adolescents
suggested a potential adverse effect of RFR on cognitive functions
that involve brain regions mostly exposed during mobile phone
use (44). Sage and Burgio et al. (45) posit that epigenetic drivers
and DNA damage underlie adverse effects of wireless devices on
childhood development.

RFR exposure occurs in the context of other exposures, both
beneficial (e.g., nutrition) and adverse (e.g., toxicants or stress).
Two studies identified that RFR potentiated adverse effects of
lead on neurodevelopment, with higher maternal use of mobile
phones during pregnancy [1,198 mother-child pairs, (46)] and
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Attention Deficit Hyper-activity Disorder (ADHD) with higher
cell phone use and higher blood lead levels, in 2,422 elementary
school children (47).

A study of Mobile Phone Base Station Tower settings adjacent
to school buildings has found that high exposure of male students
to RFR from these towers was associated with delayed fine and
gross motor skills, spatial working memory, and attention in
adolescent students, compared with students who were exposed
to low RFR (48). A recent prospective cohort study showed
a potential adverse effect of RFR brain dose on adolescents’
cognitive functions including spatial memory that involve brain
regions exposed during cell phone use (44).

In a review, Pall (49) concluded that various non-thermal
microwave EMF exposures produce diverse neuropsychiatric
effects. Both animal research (50–52) and human studies of
brain imaging research (53–56) indicate potential roles of RFR
in these outcomes.

Male fertility has been addressed in cross-sectional studies
in men. Associations between keeping cell phones in trouser
pockets and lower sperm quantity and quality have been reported
(57). Both in vivo and in vitro studies with human sperm
confirm adverse effects of RFR on the testicular proteome and
other indicators of male reproductive health (57, 58), including
infertility (59). Rago et al. (60) found significantly altered sperm
DNA fragmentation in subjects who use mobile phones for
more than 4 h/day and in particular those who place the device
in the trousers pocket. In a cohort study, Zhang et al. (61)
found that cell phone use may negatively affect sperm quality
in men by decreasing the semen volume, sperm concentration,
or sperm count, thus impairing male fertility. Gautam et al. (62)
studied the effect of 3G (1.8–2.5 GHz) mobile phone radiation
on the reproductive system of male Wistar rats. They found
that exposure to mobile phone radiation induces oxidative stress
in the rats which may lead to alteration in sperm parameters
affecting their fertility.

RELATED OBSERVATIONS, IMPLICATIONS

AND STRENGTHS OF CURRENT

EVIDENCE

An extensive review of numerous published studies confirms
non-thermally induced biological effects or damage (e.g.,
oxidative stress, damaged DNA, gene and protein expression,
breakdown of the blood-brain barrier) from exposure to RFR
(63), as well as adverse (chronic) health effects from long-
term exposure (64). Biological effects of typical population
exposures to RFR are largely attributed to fluctuating electrical
and magnetic fields (65–67).

Indeed, an increasing number of people have developed
constellations of symptoms attributed to exposure to RFR (e.g.,
headaches, fatigue, appetite loss, insomnia), a syndrome termed
Microwave Sickness or Electro-Hyper-Sensitivity (EHS) (68–70).

Causal inference is supported by consistency between
epidemiological studies of the effects of RFR on induction of
human cancer, especially glioma and vestibular Schwannomas,
and evidence from animal studies (8). The combined weight

of the evidence linking RFR to public health risks includes
a broad array of findings: experimental biological evidence of
non-thermal effects of RFR; concordance of evidence regarding
carcinogenicity of RFR; human evidence of male reproductive
damage; human and animal evidence of developmental harms;
and limited human and animal evidence of potentiation of effects
from chemical toxicants. Thus, diverse, independent evidence
of a potentially troubling and escalating problem warrants
policy intervention.

CHALLENGES TO RESEARCH, FROM

RAPID TECHNOLOGICAL ADVANCES

Advances in RFR-related technologies have been and continue
to be rapid. Changes in carrier frequencies and the growing
complexity of modulation technologies can quickly render
“yesterdays” technologies obsolete. This rapid obsolescence
restricts the amount of data on human RFR exposure to
particular frequencies, modulations and related health outcomes
that can be collected during the lifespan of the technology
in question.

Epidemiological studies with adequate statistical power must
be based upon large numbers of participants with sufficient
latency and intensity of exposure to specific technologies.
Therefore, a lack of epidemiological evidence does not necessarily
indicate an absence of effect, but rather an inability to
study an exposure for the length of time necessary, with an
adequate sample size and unexposed comparators, to draw
clear conclusions. For example, no case-control study has been
published on fourth generation (4G; 2–8 GHz) Long-term
Evolution (LTE) modulation, even though the modulation was
introduced in 2010 and achieved a 39% market share worldwide
by 2018 (71).

With this absence of human evidence, governments must
require large-scale animal studies (or other appropriate studies
of indicators of carcinogenicity and other adverse health effects)
to determine whether the newest modulation technologies incur
risks, prior to release into the marketplace. Governments should
also investigate short-term impacts such as insomnia, memory,
reaction time, hearing and vision, especially those that can occur
in children and adolescents, whose use of wireless devices has
grown exponentially within the past few years.

The Telecom industry’s fifth generation (5G) wireless
service will require the placement of many times more small
antennae/cell towers close to all recipients of the service,
because solid structures, rain and foliage block the associated
millimeter wave RFR (72). Frequency bands for 5G are separated
into two different frequency ranges. Frequency Range 1 (FR1)
includes sub-6 GHz frequency bands, some of which are bands
traditionally used by previous standards, but has been extended
to cover potential new spectrum offerings from 410 to 7,125
MHz. Frequency Range 2 (FR2) includes higher frequency
bands from 24.25 to 52.6 GHz. Bands in FR2 are largely of
millimeter wave length, these have a shorter range but a higher
available bandwidth than bands in the FR1. 5G technology is
being developed as it is also being deployed, with large arrays
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of directional, steerable, beam-forming antennae, operating at
higher power than previous technologies. 5G is not stand-alone—
it will operate and interface with other (including 3G and 4G)
frequencies and modulations to enable diverse devices under
continual development for the “internet of things,” driverless
vehicles and more (72).

Novel 5G technology is being rolled out in several
densely populated cities, although potential chronic health
or environmental impacts have not been evaluated and are
not being followed. Higher frequency (shorter wavelength)
radiation associated with 5G does not penetrate the body as
deeply as frequencies from older technologies although its
effects may be systemic (73, 74). The range and magnitude
of potential impacts of 5G technologies are under-researched,
although important biological outcomes have been reported with
millimeter wavelength exposure. These include oxidative stress
and altered gene expression, effects on skin and systemic effects
such as on immune function (74). In vivo studies reporting
resonance with human sweat ducts (73), acceleration of bacterial
and viral replication, and other endpoints indicate the potential
for novel as well as more commonly recognized biological
impacts from this range of frequencies, and highlight the need
for research before population-wide continuous exposures.

GAPS IN APPLYING CURRENT EVIDENCE

Current exposure limits are based on an assumption that the
only adverse health effect from RFR is heating from short-term
(acute), time-averaged exposures (75). Unfortunately, in some
countries, notably the US, scientific evidence of the potential
hazards of RFR has been largely dismissed (76). Findings of
carcinogenicity, infertility and cell damage occurring at daily
exposure levels—within current limits—indicate that existing
exposure standards are not sufficiently protective of public
health. Evidence of carcinogenicity alone, such as that from
the NTP study, should be sufficient to recognize that current
exposure limits are inadequate.

Public health authorities in many jurisdictions have not yet
incorporated the latest science from the U.S. NTP or other
groups. Many cite 28-year old guidelines by the Institute of
Electrical and Electronic Engineers which claimed that “Research
on the effects of chronic exposure and speculations on the
biological significance of non-thermal interactions have not
yet resulted in any meaningful basis for alteration of the
standard” (77)2.

Conversely, some authorities have taken specific actions to
reduce exposure to their citizens (78), including testing and
recalling phones that exceed current exposure limits.

While we do not know how risks to individuals from using cell
phones may be offset by the benefits to public health of being able
to summon timely health, fire and police emergency services, the
findings reported above underscore the importance of evaluating
potential adverse health effects from RFR exposure, and taking
pragmatic, practical actions to minimize exposure.

2The FCC adopted the IEEE C95.1 1991 standard in 1996.

We propose the following considerations to address gaps in
the current body of evidence:

• As many claim that we should by now be seeing an increase in
the incidence of brain tumors if RFR causes them, ignoring
the increases in brain tumors summarized above, a detailed
evaluation of age-specific, location-specific trends in the
incidence of gliomas in many countries is warranted.

• Studies should be designed to yield the strongest evidence,
most efficiently:

➢ Population-based case-control designs can be more
statistically powerful to determine relationships with rare
outcomes such as glioma, than cohort studies. Such studies
should explore the relationship between energy absorption
(SAR3), duration of exposure, and adverse outcomes,
especially brain cancer, cardiomyopathies and abnormal
cardiac rythms, hematologic malignancies, thyroid cancer.

➢ Cohort studies are inefficient in the study of rare outcomes
with long latencies, such as glioma, because of cost-
considerations relating to the follow-up required of very
large cohorts needed for the study of rare outcomes. In
addition, without continual resource-consuming follow-
up at frequent intervals, it is not possible to ascertain
ongoing information about changing technologies, uses
(e.g., phoning vs. texting or accessing the Internet)
and/or exposures.

➢ Cross-sectional studies comparing high-, medium-, and
low-exposure persons may yield hypothesis-generating
information about a range of outcomes relating to
memory, vision, hearing, reaction-time, pain, fertility, and
sleep patterns.

• Exposure assessment is poor in this field, with very little fine-
grained detail as to frequencies and modulations, doses and
dose rates, and peak exposures, particularly over the long-
term. Solutions such as wearable meters and phone apps have
not yet been incorporated in large-scale research.

• Systematic reviews on the topic could use existing databases
of research reports, such as the one created by Oceania
Radiofrequency Science Advisory Association (79) or EMF
Portal (80), to facilitate literature searches.

• Studies should be conducted to determine appropriate
locations for installation of antennae and other broadcasting
systems; these studies should include examination of
biomarkers of inflammation, genotoxicity, and other health
indicators in persons who live at different radiuses around
these installations. This is difficult to study in the general
population because many people’s greatest exposure arises
from their personal devices.

• Further work should be undertaken to determine the
distance that wireless technology antennae should be kept
away from humans to ensure acceptable levels of safety,
distinguishing among a broad range of sources (e.g., from
commercial transmitters to Bluetooth devices), recognizing
that exposures fall with the inverse of the square of the distance

3When necessary, SAR values should be adjusted for age of child in W/kg.
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(The inverse-square law specifies that intensity is inversely
proportional to the square of the distance from the source of
radiation). The effective radiated power from cell towers needs
to be regularly measured and monitored.

POLICY RECOMMENDATIONS BASED ON

THE EVIDENCE TO DATE

At the time of writing, a total of 32 countries or governmental
bodies within these countries4 have issued policies and health
recommendations concerning exposure to RFR (78). Three U.S.
states have issued advisories to limit exposure to RFR (81–83)
and theWorcester Massachusetts Public Schools (84) voted to post
precautionary guidelines on Wi-Fi radiation on its website. In
France,Wi-Fi has been removed from pre-schools and ordered to
be shut off in elementary schools when not in use, and children
aged 16 years or under are banned from bringing cell phones
to school (85). Because the national test agency found 9 out of
10 phones exceeded permissible radiation limits, France is also
recalling several million phones.

We therefore recommend the following:

1. Governmental and institutional support of data collection and
analysis to monitor potential links between RFR associated
with wireless technology and cancers, sperm, the heart,
the nervous system, sleep, vision and hearing, and effects
on children.

2. Further dissemination of information regarding potential
health risk information that is in wireless devices and manuals
is necessary to respect users’ Right To Know. Cautionary
statements and protective measures should be posted on
packaging and at points of sale. Governments should follow
the practice of France, Israel and Belgium and mandate
labeling, as for tobacco and alcohol.

3. Regulations should require that any WTD that could be used
or carried directly against the skin (e.g., a cell phone) or in
close proximity (e.g., a device being used on the lap of a
small child) be tested appropriately as used, and that this
information be prominently displayed at point of sale, on
packaging, and both on the exterior and within the device.

4. IARC should convene a new working group to update the
categorization of RFR, including current scientific findings

4Argentina, Australia, Austria, Belgium, Canada, Chile, Cyprus, Denmark,

European Environmental Agency, European Parliament, Finland, France, French

Polynesia, Germany, Greece, Italy, India, Ireland, Israel, Namibia, New Zealand,

Poland, Romania, Russia, Singapore, Spain, Switzerland, Taiwan, Tanzania,

Turkey, United Kingdom, United States.

that highlight, in particular, risks to youngsters of subsequent
cancers. We note that an IARC Advisory Group has recently
recommended that RFR should be re-evaluated by the IARC
Monographs program with high priority.

5. The World Health Organization (WHO) should complete
its long-standing RFR systematic review project, using
strong modern scientific methods. National and regional
public health authorities similarly need to update their

understanding and to provide adequate precautionary
guidance for the public to minimize potential health risks.

6. Emerging human evidence is confirming animal evidence
of developmental problems with RFR exposure during
pregnancy. RFR sources should be avoided and distanced
from expectant mothers, as recommended by physicians and
scientists (babysafeproject.org).

7. Other countries should follow France, limiting RFR exposure
in children under 16 years of age.

8. Cell towers should be distanced from homes, daycare centers,
schools, and places frequented by pregnant women, men who
wish to father healthy children, and the young.

Specific examples of how the health policy recommendations
above, invoking the Precautionary Principle, might be practically
applied to protect public health, are provided in the Annex.
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A B S T R A C T

Radiofrequency radiation (RFR), used for wireless communications and “smart” building technologies, including
the “Internet of Things,” is increasing rapidly. As both RFR exposures and scientific evidence of harmful effects
increase apace, it is timely to heed calls to include low RFR levels as a performance indicator for the health,
safety and well-being of occupants and the environment.

Adverse biochemical and biological effects at commonly experienced RFR levels indicate that exposure
guidelines for the U.S., Canada and other countries are inadequate to protect public health and the environment.

Some industry liability insurance providers do not offer coverage against adverse health effects from radiation
emitted by wireless technologies, and insurance authorities deem potential liability as “high.” Internationally,
governments have enacted laws, and medical and public health authorities have issued recommendations, to
reduce and limit exposure to RFR.

There is an urgent need to implement strategies for no- or low-RFR emitting technologies, and shielding, in
building design and retrofitting. These strategies include installing wired (not wireless) Internet networks,
corded rather than cordless phones, and cable or wired connections in building systems (e.g., mechanical,
lighting, security). Building science can profit from decades of work to institute performance parameters, op-
erationalizing prudent guidelines and best practices. The goal is to achieve RFR exposures that are ALARA, “As
Low As Reasonably Achievable.”

We also challenge the business case of wireless systems, because wired or cabled connections are faster, more
reliable and secure, emit substantially less RFR, and consume less energy in a sector with rapidly escalating
greenhouse gas emissions.

1. Introduction

Radiofrequency radiation (RFR) exposures are increasing rapidly
with wireless technologies, but rarely are the terms “building science”
and “RFR” used in the same sentence. Building science attends to the
physical performance of buildings, the comfort, health, safety of

occupants, and the larger natural and built environment [1]. “Science”
includes physics and the electromagnetic spectrum, including RFR.

Building science considers the building as a system and devises ef-
fective solutions for design concerns. The primary system elements in-
clude: the building enclosure (building envelope); inhabitants (humans,
animals, and/or plants); building services (electrical/mechanical/
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electronic systems); site, with its landscape and services infrastructure;
and external environment (landscape, weather and micro-climate) [1].
To achieve a well-performing building, all these elements must be
harmonized.

Historically, awareness of indoor environmental quality heightened
with novel materials following World War II, and was bolstered with
improved air-tightness during the energy crisis of the 1980s.
Minimizing chemical off-gassing of composite materials, maintenance
products and mold is advised to optimize indoor air quality and occu-
pants’ health [2]. Similarly, magnetic and electrical fields and currents
with early electrical applications are also associated with adverse
health effects. Assiduous adherence to electrical codes and best prac-
tices, and isolation of potentially problematic equipment, are among
measures to address ongoing power-frequency, “dirty power” and
ground current concerns [3,4].

Today engineers, architects, planners and others are challenged to
keep abreast of research and policies that address potential harm from
wireless technology. This paper builds on long-standing recommenda-
tions to expand the typical scope of building science to consider RFR
[3,4]. It briefly describes RFR in the electromagnetic spectrum, use of
wireless technology in “smart” buildings, and summarizes peer-re-
viewed, scientific research regarding biological effects on human and
environmental health. Key reasons as to why action should be taken
include potential liability risks when technology is not implemented
safely. International measures and guidelines for lower RFR exposure
are highlighted. Finally, practices are outlined and recommendations
made to minimize the impact of RFR on public and environmental
health in the design, construction and maintenance of safer, modern
buildings.

Internationally, a broad range of standards and policies limit mag-
netic and electric fields over a broad range of frequencies, including
RFR [5]. It is beyond the scope of this paper to address the full elec-
tromagnetic spectrum.

2. Radiofrequency radiation explained

2.1. The electromagnetic spectrum

The electromagnetic spectrum (Fig. 1) is a continuum ranging from
low to high frequencies, associated with the longest to shortest wave-
lengths, respectively [6,7]. A distinction is made between high fre-
quency non-ionizing versus higher frequency ionizing radiation that has
enough energy to displace electrons and “ionize” atoms and molecules.
Ionizing radiation includes ultraviolet light, X-rays and gamma rays.
Below these frequencies, non-ionizing radiation includes visible and
infrared light, and frequencies for wireless communications and radar.
Lower frequencies are used to broadcast commercial radio and televi-
sion, while alternating currents at 50 or 60 cycles per second or Hertz
(Hz) are in power lines and building wiring.

RFR is sent wirelessly from a transceiver (e.g., Wi-Fi router) to an-
other transceiver (e.g., computer) and vice versa. The RFR frequency
range covered in guidelines and standards is generally from 3 kHz to
300 GHz and includes the microwave (MW) range. The terms RFR and
MW are sometimes used interchangeably. Uses of frequency ranges
overlap, so there are no precise boundaries for any particular tech-
nology. Information is encoded in the modulation (superimposed
higher frequency irregularities) on a radiofrequency carrier wave.
While the frequency of the carrier wave is stated in the manufacturer's
specifications for various devices, the actual human exposure includes
these overlain or superimposed signals [6]. Modern devices utilize
multiple carrier frequencies.

Devices that receive and emit RFR include personal items that
communicate wirelessly such as: cordless and mobile phones; compu-
ters, laptops, tablets and peripheral equipment; monitors (e.g., for ba-
bies, or medical purposes); toys, video game and entertainment sys-
tems; virtual reality headsets; GPS systems; and Bluetooth-enabled

“wearables” such as for personal fitness. RFR-emitting equipment that
may be installed in buildings includes: wireless routers and associated
mesh networks; “smart” utility metering; identification and security
systems; cell boosters; power transfer/battery charging stations; and the
“Internet of Things” (IoT) such as building systems (e.g., heating,
ventilation and lighting), and appliance monitoring and control.1 These
devices are designed to use a number of presently used plus new
radiofrequency bands, from 600 MHz to GHz frequencies. Fifth gen-
eration or 5G frequencies that are being licensed by the U.S. Federal
Communications Commission (FCC) will include lower frequencies
used for television, through higher frequencies into the millimeter
wavelength range (above 30 GHz) [9]. Higher frequencies provide
greater bandwidth, albeit with shorter range and poorer penetration of
structures and vegetation; these are discussed in Section 3.1.

Microwave ovens and other RFR-emitting devices (e.g., Wi-Fi and
cell phones) rely on similar frequencies, but the power and signal
characteristics are different. Ovens heat with 1000 Watts (W) of con-
tinuous-wave radiation, whereas wireless devices are lower power; for
example a cell phone is a two-way microwave radio, using on average
less than 1 W of modulated radiation. Wireless communications signals,
however, are in short bursts, that are biologically active, independent of
the carrier frequency [10,11]. Another key feature of anthropogenic
electromagnetic radiation is polarization; i.e., that the waves may be in
one plane [12].

2.2. Regulatory history of RFR in the United States

In the U.S., the FCC authorizes and licenses devices, transmitters
and facilities that generate RFR [13]. The U.S. does not have federally
developed safety limits, as the Environmental Protection Agency never
developed biologically based limits. The current FCC RFR exposure
limits were adopted in 1996 based on recommendations from the Na-
tional Council on Radiation Protection and Measurements (NCRP) [14],
the American National Standards Institute (ANSI) and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE); specifically IEEE
C95.1–1991 and ANSI/IEEE C95.1–1992. None of these institutes have
expertise in public health or biology. The FCC RFR exposure guidelines
have not been substantially revised since 1996.

Presently, frequency bands between 9 kHz and 275 GHz have been
allocated for various communications uses by the FCC [15].

2.3. RFR guidelines

The FCC RFR limits for public exposure reference three metrics: 1)
the “Specific Absorption Rate” (SAR) is the rate at which RF energy is
absorbed by human tissue; 2) power density, the rate of deposition of
energy per unit area, is a function of the electrical and magnetic fields,
at a particular frequency; and 3) the electrical field strength [7]. SAR
limits apply to wireless wearable devices, cell phones and other items
held close to the body. Power density limits apply to exposures at a
distance, such as from cellular antennas and Wi-Fi.

2.3.1. Specific Absorption Rate (SAR)
The FCC and other governments’ agencies require that all wireless

devices such as cell phones or computers comply with SAR limits when
the device is operating at its maximum power, before being placed on
the market.

SAR is a measure of RFR energy dose to parts of the body closest to
antennas, in the “near field,” such as from the personal use of wireless
devices. SAR is usually expressed in units of Watts per kilogram (W/kg)
or milliwatts per gram (mW/g). The SAR for a given power density
varies according to equipment details, the frequency and modulation,

1 IoT is the comprehensive plan to connect billions of physical devices around
the world to the Internet, collecting and sharing data.
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and the absorptive and reflective properties of the body or structure
being exposed [7].

The FCC promulgated both public and occupational SAR limits. For
the general public (commercial devices), the SAR limits for the head
and the body are 1.6 W/kg averaged over a 1 g cube of tissue, and 4 W/
kg averaged over a 10 g cube of tissue for ears, hands, feet, wrists and
ankles [16]. Workers may be exposed to higher levels; occupational
SAR limits are double those for the general public in the U.S., and five-
fold greater for workers in “controlled environments” in Canada [17] as
well as the many countries relying upon International Commission on
Non-ionizing Radiation Protection (ICNIRP) guidelines [18].

Researchers have long criticized the SAR as an inadequate metric as
it is measured in a mannequin – a liquid-filled phantom [19]. This does
not capture the complex characteristics and interactions of living tis-
sues' electromagnetic properties, or of RFR signals (e.g., the wave
perturbations necessary to transmit information may cause additional
biological impacts) [20]. FCC SAR limits and the measured SAR levels
can be found in the manufacturer's instructions that come with every
commercially sold wireless device, or on the manufacturer's website.

SAR testing protocols do not require cell phones and devices to be
tested touching the body/skin or in novel configurations such as for
virtual reality, despite the fact that this is the way they are often carried
and used today [20,21,22]. Some cell phones are tested at as much as
25 mm separation distance. The national agency regulating radio-
frequency radiation in France (ANFR) tested 450 cell phones in various
configurations. The SAR exceeded the standard for 90% of the models
that were tested as if they were contacting the body [23,24]. More than
a dozen models were withdrawn from the market or had software up-
dates to reduce RFR emissions.

2.3.2. Power density
Power density measurements address compliance in buildings or

outdoor environments, such as when concerns are raised about RFR
exposures from a nearby cell tower or from the Wireless Local Area
Network (WLAN) system in a school. The FCC exposure limits range
from 0.4 to 1.0 mW/cm2 (4000 to 10,000 mW/m2) [16] for commonly
used frequencies.

Power density may be expressed as milliWatts or microWatts per
square centimeter (mW/cm2 or μW/cm2), or milliWatts per square
meter (mW/m2).

For comparison, 1 mW/cm2 = 1000 μW/cm2 = 10,000 mW/m2.

2.3.3. Electric field
“Electromagnetic” refers to both electrical and magnetic fields

(EMF). Limits are established for electric fields, reported as volts per
meter (V/m). Electric fields are commonly measured and reported
during surveys of radiofrequency exposures, to characterize electro-
magnetic fields (EMF) across a broad range of frequencies [7].

2.3.4. Exposure attenuation
RFR reductions are generally reported as decibels. This is a non-

linear, logarithmic scale, such that a signal that is 10 dB lower than
another, is one tenth the signal strength of the comparator [25].

3. Information technologies and building science

Indoor environmental quality (IEQ) in more highly developed
countries has advanced in terms of thermal comfort, air quality and
construction for environmental performance (e.g., insulation), for ex-
ample with guidance and classifications by The World Green Building
Council [26] or Leadership in Energy and Environmental Design (LEED)
[27]. These factors translate into familiar physical sensations of
warmth, fresh air and comfort, versus cold drafts and stuffy air. Over
the past decades, understanding of the modern sources of lower fre-
quencies and now RFR within and surrounding building assemblies, and
effects on inhabitants and surroundings, has gained recognition [3,28].

3.1. Developing technologies

Beyond Wi-Fi, a recent trend is the integration of wireless controls
for lighting and heating/ventilation, as well as wireless security and
audio/visual technology systems in buildings. “Smart buildings,” with
“smart systems” and “smart appliances” allow users to monitor and to
control many interconnected mechanical and electronic systems via
computers or “smart phones.” Utility providers are utilizing “smart
meters” for electricity, gas and water to transmit usage data electro-
nically using RFR. Wireless charging stations for many items, from
electronic devices to vehicles, may be additional sources of EMF.

Plans for the burgeoning IoT and 5th Generation (5G) wireless
services are to transport large volumes of data quickly (e.g., for videos).

Fig. 1. The Electromagnetic spectrum (presented with permission) [8].
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The proposed evolution of the “smart city” will imbue entire buildings
and neighborhoods with higher levels of currently used frequencies, as
well as the higher frequencies into millimeter wavelengths, which
carriers plan to use in 5G [29]. A European Parliament report "5G
Deployment: State of Play in Europe, USA, and Asia" explains how 5G
radio emissions are different from those of previous generations be-
cause of their complex, highly focused, beam-formed transmissions, and
that “it is not possible to accurately simulate or measure 5G emissions
in the real world” [30].

Environments with very low RFR exposures can be achieved by
choosing wired and fiber-optic cable connections, to buildings and
throughout buildings. In fact, RFR is not only unnecessary for a “smart
building;” wireless options will not match the bandwidth or reliability
of fiber-optic or other cable options (“wired”) [31]. Wired options are
faster and more secure, and require much less energy to operate
[29,32], making them safer for human and environmental health.

4. Adverse health effects of RFR

4.1. Introduction

In many countries, guidelines and standards to protect the public
from adverse effects of radiofrequency radiation (RFR) are based on an
assumption that harm results only from excessive heating of tissue
(thermal effects); however, numerous scientific publications document
that RFR affects living organisms at exposures within regulatory para-
meters, at “non-thermal” levels.

“Microwave assisted chemistry” accelerates particular chemical re-
actions with low levels of RFR [33,34], and has been commercialized
[33,35]. In living systems, the acceleration of some chemical reactions
would cause molecular damage, chemical imbalances and dysfunction,
and is consistent with observations of significant effects in humans,
animals, plants and isolated cells.

Effects observed in studies of humans exposed to non-thermal levels
of RFR include: cancer; early childhood developmental problems; brain,
sperm and DNA damage; as well as electromagnetic hypersensitivity.

4.2. Cancer

4.2.1. RFR classified as a possible human carcinogen
The adequacy of RFR regulatory limits was challenged in 2011

when an expert panel convened by the International Agency for
Research on Cancer (IARC) of the World Health Organization classified
RFR (100 MHz–300 GHz) as a Group 2B, possible human carcinogen,
largely based on the human epidemiological evidence of increased risk
of glioma [36,37], a type of brain cancer. This classification includes

wireless frequencies from all types of RFR-emitting devices, including
Wi-Fi. In 2019, an IARC advisory group recommended reassessment of
the 2011 classification, in light of recent animal research [38].

4.2.2. Subsequent evidence supports upgrading the IARC classification
In 2018, Miller et al. concluded that as a result of human epide-

miology, and animal studies published following the IARC 2011 panel
meeting, RFR should be categorized as a Group 1 known human carci-
nogen [39]. Hardell and Carlberg came to the same conclusion [40].
Tobacco smoke and asbestos are in Group 1.

The main human evidence for this proposed classification upgrade is
a large French epidemiological study [41], as well as a meta-analysis of
pooled case-controlled studies in Sweden [42]. In addition, a 2018 Is-
raeli occupational exposure study concluded that overall the evidence
“make[s] a coherent case for a cause-effect relationship and classifying
RFR exposure as a human carcinogen (IARC group 1)” [43]. A case
series also reports breast cancers associated with carrying a cell phone
in the bra [44].

Canadian data (2001–2004) showed evidence of doubled risk of
developing glioma for adults who used cell phones for 558 lifetime
hours or more [45]. Consistent with the increasing use of cell phones,
there was a statistically significant increase in incidence of primary
malignant brain and central nervous system tumors in children and
adolescents in the U.S. between 2000 and 2010 [46], and brain tumors
subsequently became the most common malignancy in children and
adolescents, with disease shifting to more aggressive gliomas [47].

Further supporting evidence came from three recent RFR rodent
studies. The first two studies reported higher incidence of cancers in
male rats exposed to RFR: 1) a $30 million study by the U.S. National
Toxicology Program (NTP) of the National Institutes of Environmental
Health Sciences (NIEHS), studied radiation simulating RFR intensity
from cell phones [48]; and 2) a study by the Italian Ramazzini Institute
[49] that was conducted at lower intensities (below FCC limits) de-
signed to mimic radiation from cell towers. The tumors found in these
large-scale studies were of the same histotype as in some human epi-
demiological cell phone studies.

A third large study demonstrated increased initiation and accel-
eration of tumor growth with RFR when the exposure was in conjunc-
tion with a cancer-causing chemical [50], replicating findings of a 2010
study [51].

4.3. Early life stages

During their rapid development, the embryo, fetus, infant and child
are more vulnerable to many environmental insults, and impacts are
potentially lifelong. Various life stages have different vulnerabilities

Fig. 2. Specific Absorption Rate (SAR) in adult and child (age 6 years) male heads with phone in talk position. The scale is 50 dB with 0 dB = 1.6 mW/kg. From work
of Claudio Férnandez, 2018 [20] (used with permission of Environmental Health Trust).
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and susceptibilities to RFR [52,53,54,55]. Modeling indicates that
children absorb substantially higher RFR doses from cell phones, in
deeper brain structures, than do adults (Fig. 2) [20]. Research has also
found proportionately higher doses to tissues in children compared
with adults, from wireless laptops and utility meters [56,57,58].

Research has linked exposure during pregnancy to adverse effects.
The authors of a case-control study published in 2015 stated, “use of
mobile phones can be related to early spontaneous abortions” [59].
Maternal mobile phone use during the first trimester of pregnancy may
contribute to slowing or halting of embryonic development [60], pos-
sibly due to effects on membrane receptors in human amniotic cells
[61]. A 2019 study of over 55,000 pregnant women and infants in four
countries (Denmark, the Netherlands, Spain and Korea) linked maternal
cell phone use during pregnancy with shorter pregnancy duration and
increased risk for preterm birth [62].

Behavioral problems have been associated with prenatal and post-
natal cell phone exposure. In five cohorts, Birks et al. found cell phone
use by a pregnant woman to be associated with an increased risk for
behavioral problems, particularly hyperactivity/inattention in her child
[63], and Divan et al. reported behavioral problems in children up to
seven years of age [64,65]. Studies of children and adolescents report
possible associations of wireless technology use with addictions and
depression [66], fatigue [67], altered baseline thyroid hormone levels
[68], and poorer well-being [69,70]. Sage and Burgio discuss the da-
mage from low levels of RFR to genetic material including DNA and
nuclear structures in the cell, and potential mechanisms of child neu-
rodevelopmental impairment [71].

A Yale University study found that when mice were exposed in utero
to cell phone radiation, they had impaired memory and increased hy-
peractivity in adulthood [72].

Not only can RFR act along with carcinogens to promote tumor
development [50], it also may synergize with toxic chemicals in other
ways. For example, in a study of Attention Deficit Hyperactivity Dis-
order in children, ADHD was associated with mobile phone use for
voice calls only in children who were also exposed to relatively high
lead levels (lead is an established, potent neurotoxin) [73]. Further
synergistic effects between RFR and various chemicals including nu-
trients (i.e., both beneficial and adverse) are described in a 2016 review
by Kostoff and Lau [74].

4.4. Sperm

Three systematic reviews published from 2014 to 2016 [75,76,77]
reported significant adverse effects on sperm quantity and quality, as
well as DNA damage, from everyday RFR exposures. Animal studies
reported testicular damage at 0.002 W/kg [78] and sperm damage at
0.024 W/kg SAR values [79].

4.5. Wi-Fi and other ambient RFR

Much of the RFR research reported thus far has focused on ex-
posures to users of devices in close proximity (e.g., cell phones). More
distant sources such as Wi-Fi access points or cell towers generally
contribute less to exposures because RFR drops off quickly with dis-
tance from the source, following the “inverse square law” (levels are a
quarter at twice the distance; one-ninth at three times the distance;
etc.). Although exposure intensities from distant sources are usually low
compared with devices in close proximity, simultaneous exposures are
complex as devices connect to networks, people move around, and RFR
may be reflected or absorbed by building materials, other surroundings,
and inhabitants [80,81].

At any particular point in space and time, electromagnetic ex-
posures are the sums of electrical and magnetic field vectors [7]. Of
importance for health, effects (e.g., oxidative stress and consequences
in tissues) may be cumulative over time, and these effects are modu-
lated by other exposures to chemicals (nutrients as well as adverse

substances) and other stressors [8]. 5G is to be deployed with multiple
directional antennas, but future exposures are not well characterized
[30], and less is known of future health outcomes from this technology.

In a comprehensive literature review, Pall states that “Wi-Fi causes
oxidative stress, sperm/testicular damage, neuropsychiatric effects in-
cluding EEG changes, apoptosis [cell death], cellular DNA damage,
endocrine changes, and calcium overload,” that the effects from con-
tinuous, long-term exposure may be cumulative, and that pulsed signals
are more biologically active than a smooth carrier wave [82].

Impaired brain development and cognitive function, as well as ad-
dictive behaviors in children and adolescents are observed with ex-
posure to RFR [71,81]. In a study of exposure to RFR in schools, 18
teachers wore “exposimeters” to continuously record exposures to a
spectrum of RFR. Mean exposure levels varied widely according to
activities in the classroom, but peak measures were up to 83,000 μW/
m2 [81]. The highest levels occurred when students were streaming
video, and the lowest occurred when the teacher had a wired Internet
connection in a classroom far from Wi-Fi access points and students’
laptops were in airplane/flight mode [81].

Measurements of ambient RFR have been carried out in other set-
tings, including a train station [80] and other Stockholm landmarks
[83], and neighborhood surveys from a car [84]. Ambient measure-
ments correlate moderately with personal monitoring.

In an extensive review, Dürrenberger et al. characterized RFR and
emissions from infrastructure in micro-environments [85]. Exposures
are typically underestimated, and experts, officials and citizens may be
surprised at the differences among venues. These uncertainties make it
statistically difficult to detect health effects, resulting in under-esti-
mation of harms as well [86]. Although exposures generally meet
government regulatory limits, they exceed precautionary re-
commendations [80]. Recent reviews of RFR assessments found higher
levels in offices and public transportation [87,88].

Researchers in a Bavarian village followed a natural experiment
over 18 months, when a central cell tower was installed [89]. They
found dose-dependent dysregulation of stress hormones, according to
peak RFR exposure measured at the doorstep [89].

Effects reported in RFR studies may be complex and non-monotonic
(i.e., effects occur at lower exposure levels that do not manifest at
higher levels) [48,50,90]. It is known that biological mechanisms are
established whereby chemicals cause complex dose-responses, parti-
cularly for hormone-related effects (the endocrine system) [91,92].

4.6. Electromagnetic hypersensitivity (EHS)

As with other environmental exposures, some people are more
susceptible (sensitive or intolerant) and overtly affected by RFR.
Electromagnetic hypersensitivity (EHS) is also commonly termed elec-
trical sensitivity, electrohypersensitivity, idiopathic environmental in-
tolerance, or (historically) microwave sickness.

Common symptoms of EHS include headaches, cognitive difficul-
ties, sleep problems, dizziness, depression, fatigue, skin rashes, tinnitus
and flu-like symptoms [93,94]. Adverse reactions to wireless devices
range from mild and readily reversible to severe and disabling, and
individuals must greatly reduce their exposures to sources of electro-
magnetic radiation [95,96,97].

Surveys conducted in several countries at times ranging from 1998
to 2007 estimated that approximately three to thirteen percent or more
of the population experience symptoms of EHS [98–101].

As well as being difficult to manage in the modern world, EHS is
typically unexpected. The theory that EHS is merely a “nocebo” re-
sponse – that it results from suggestion and worry over possible effects
of electronic devices – is the opposite of experience. In a study of 40
people, their EHS was only recognized following a period of illness and
self-experimentation [102]. Further research has confirmed that lived
experience is not consistent with the nocebo hypothesis [103].

EHS is recognized as a disability and is accommodated in the U.S.
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under the Americans With Disabilities Act [104]. Sweden recognizes EHS
as a functional impairment [99]. In Canada, the condition is included
under environmental sensitivities [97,105]. Legal cases for compensa-
tion, disability pensions and accommodation in various countries are
discussed in Section 6.

Physicians' organizations’ research, experiences, practices and
statements over the years were summarized by the European Academy
of Environmental Medicine (EUROPAEM) in 2016 [4]. Sensitivities
vary among individuals, and symptoms may also occur with exposures
outside the RFR range. The consensus of the EUROPAEM EMF Guideline
is that the most important action for treatment and management of EHS
is reduction and avoidance of pertinent exposures in locations where
significant amounts of time are spent, especially in sleeping areas.
Other recommended measures include a suite of healthy lifestyle
measures such as nutrition, stress reduction and measures to avoid
toxicants, as well as to reduce levels of toxicants sequestered in the
body [4].

4.7. Rigorous systematic review of the scientific evidence, for public health,
policy and regulation

As evidenced here, contributions of RFR to adverse effects on public
health may be substantial [106,107]. Public policy, and safety guide-
lines and standards, should be based on all of the best available sci-
entific evidence; however, there has never been a systematic review
conducted according to international best practices [108] of the RFR
evidence, upon which to base exposure guidelines.

Influence of biases and conflicts of interest has been documented as
a serious concern for international authoritative bodies such as the
World Health Organization-International Electromagnetic Fields (EMF)
Project, and the International Commission on Non-Ionizing Radiation
Protection [109–111]. The same is true for the national authorities in
Australia [112], Canada [113–115], the European Commission [116],
the United Kingdom [117] and the U.S [118]. Bias in original scientific
studies is evident in that studies funded by industry are less likely to
identify adverse effects than those that are independently funded, and
even less likely to conclude that adverse effects exist [119–121].

An important step towards resolution of the adequacy of guidelines
and standards to protect public health, as well as policy and practical
responses for individuals who experience EHS, would be a thorough
systematic literature review conducted by independent, knowledgeable
specialists. This would examine all of the RFR literature dating back to
the identification of health concerns with the development and de-
ployment of radar during World War II, including the studies in the
1971 review by Dr. Zorach Glaser [122].

Key features of this type of review include that all steps and findings
must be transparent, such as bibliographic search methods, study se-
lection, data extraction and meta-analyses, quality assessment and the
weight of evidence analysis [108].

5. Environmental impacts of cell tower and radiofrequency
radiation

Built and natural environments are interconnected. Biological sys-
tems are integrated, complex and operate using minute electrical
charges combined with precise chemical signals. These mediate com-
plex functions such as development, reproduction and cognition.
Recent research has demonstrated adverse effects of radiofrequency
radiation (RFR) on environments and wildlife, including birds, amphi-
bians, insects, fish, mammals and plants [123–125]. For example, trees
near cell towers can become visibly unhealthy on the side facing a
cellular antenna, and can die prematurely [126].

A diverse array of species depends upon the Earth's low-level
magnetic field to navigate for migration, homing, breeding, foraging
and survival. RFR can have significant long-term impacts on the natural
environment via disruption of normal positioning and orientation

abilities as well as other complex cellular and biologic processes.
Incremental effects may be only slowly recognized as species and eco-
systems decline.

Small deposits of the iron-containing mineral magnetite act as
magnetoreceptors to sense the Earth's magnetic field in a variety of
organisms, including bacteria, insects, fish, birds and mammals
[127–129].

Some bird species are strongly influenced by the low-intensity
magnetic fields of the Earth for directional reference. Newer studies
suggest that light-dependent cryptochrome photo receptors in birds’
eyes are also sensitive to magnetic forces, and communicate with the
brain [130,131].

RFR can interfere directly with magnetoreception in birds, disabling
their avian magnetic compass [132]. A series of double-blinded studies
replicated over several years demonstrated that migratory European
robins lost their ability to orient and navigate in a city with high
background “electromagnetic noise” and broadband frequencies [133].
Effects can be complex, as illustrated by findings that some birds can be
more sensitive to weak broadband than to stronger fields [134,135].

Bees use magnetite crystals in their abdomens for navigation [136].
This sensory modality can be disrupted by electromagnetic fields,
causing a loss of colony strength [137–140]. Scientists are increasingly
concerned about the impacts of wireless radiation on the worldwide
decline of domestic bees and colony collapse disorder [141,142]. Other
insects are also adversely affected by RFR [142–145].

Review articles indicate that the weight of evidence is that RFR acts
as an environmental toxin with ecosystem-wide harm from increasing
ambient RFR emitted by cell towers and other RFR infrastructure
[146–152].

6. Liability

Some industry liability insurance providers do not provide coverage
against adverse health effects from RFR. Lawsuits for RFR health-re-
lated conditions are underway, and some have been successful in dif-
ferent countries.

6.1. Insurance industry and liability related to radiofrequency radiation

Insurers have declined to provide coverage to wireless product
manufacturers and U.S. mobile operators for health damages from their
products and networks since the early 2000s [153]. Insurers often ex-
clude or limit coverage for the risk from electromagnetic fields (EMFs)
posed by commercial general liability policies, decline policyholders in
the wireless industry, and only provide coverage via pollution liability
policy enhancements.

Insurance authorities also address the risks of electromagnetic
fields. In 2014, the Swiss RE report New emerging risk insights listed the
potential impact of the “Unforeseen consequences of electromagnetic
fields” as “High” and examined further incremental risk associated with
smart cities [154]. In its 2019 update, Swiss Re identified the top two
emerging risks to be “digital technology's clash with legacy hardware,
and potential threats from the spread of 5G mobile networks” [155].

In 2010, the Emerging Risk Team of Lloyds issued a white paper
[156] indicating that the potential risks to insurers from health damage
claims associated with cell phones and wireless radiation are compar-
able to those posed by asbestos. The 2013 Lloyds Risk Index lists
“harmful effects of new technology” as an increasing environmental
risk [157].

Some corporate insurance policies feature a general exclusion sec-
tion that explicitly prohibits liability for injury or property damages
from electromagnetic fields. This is considered to be a standard across
the North American insurance industry [158].

Insurance company policies will often define electromagnetic ra-
diation as a “pollutant.” According to the AT&T Mobile 2012 Insurance
policy, “Pollutants” mean: “Any … artificially produced electric fields,
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magnetic field, electromagnetic field, sound waves, microwaves, and all
artificially produced ionizing or non-ionizing radiation and waste.”
[159]. Policy enhancements can be purchased to cover environmental
pollutants, which include EMFs [160,161].

The Austrian Worker's Compensation Board (AUVA) commissioned
the Vienna Medical University to research effects of cell phone radia-
tion on the brain, immune system, DNA and proteins, and published a
series of reports that present the research evidence and conclude by
recommending precautions to reduce exposure [162,163].

6.2. Summary of 10 K reports

Publicly traded companies issue annual 10-K reports to the U.S.
Securities and Exchange Commission, summarizing the company's fi-
nancial performance and status. Mobile operator reports identify po-
tential liabilities for health damages from exposure to wireless devices
as a risk, and provide no assurances that their products or equipment
will be safe in future years.

Crown Castle states in their 2017 Annual Report [164], “If radio
frequency emissions from wireless handsets or equipment on our
communications infrastructure are demonstrated to cause negative
health effects, potential future claims could adversely affect our op-
erations, costs or revenues.”

Verizon's 2017 Annual Report [165] states, “… our wireless busi-
ness also faces personal injury and wrongful death lawsuits relating to
alleged health effects of wireless phones or radio frequency transmit-
ters. We may incur significant expenses in defending these lawsuits. In
addition, we may be required to pay significant awards or settlements.”

6.3. Lawsuits related to electromagnetic fields

In the U.S., the first cell phone cancer case was filed in 1992 and
was followed by a series of cases that were either settled by confidential
resolutions or dismissed due to lack of evidence or lack of authority of
the court [166]. At the time of writing, there are thirteen active con-
solidated cases with defendants alleging their brain cancers were from
cell phone use [167]. In 2017, Italy's highest court recognized a causal
link between development of a brain tumor and cell phone use, and
awarded social security payments [168].

Internationally there are several lawsuits related to cell phones and
cancer and disability from EMF exposures. For example, Australian
[169] and Spanish [170] courts have awarded disability to workers
claiming sensitivity to electromagnetic radiation.

In January 2019, an Italian court ordered the government to launch
a campaign to advise the public of the health risks from mobile and
cordless phones [171].

7. International actions to limit public exposure to RFR

Some international governments have passed legislation (Table 1),
and health and environmental authorities in numerous countries, re-
gions and cities have issued recommendations (Table 2) to reduce ex-
posure of the public to radiofrequency radiation (RFR). Measures fre-
quently focus on children's vulnerabilities [172], identifying “sensitive
areas” with stricter exposure limits where the young sleep, play and
learn.

5G, the next generation of wireless technology, will utilize fre-
quencies presently in use, plus higher frequency millimeter waves not
previously used for commercial telecommunications. Regional govern-
ments, such as the Cantons of Geneva, Vaud and Neuchâtel in
Switzerland, are issuing decrees calling for moratoriums on the rollout
of 5G technology until the health effects are better understood
[173–175].

7.1. Regional U.S. Guidelines and recommendations to limit RFR exposure
in schools

In addition to national policies to reduce children's EMF exposures,
several authorities in the U.S. have issued guidelines for schools. In
2014, the Collaborative for High Performance Schools (CHPS) [189],
the leading organization for healthy schools in the U.S., first published
recommendations to minimize exposure to both Extremely Low Fre-
quency (ELF) magnetic fields and RFR. Criteria for “Low-EMF Best
Practices” include:

• providing a wired local area network (LAN) for Internet access
throughout the school;

• disabling all wireless transmitters on all devices;
• ensuring that all laptops or notebooks have an Ethernet port and a

single physical switch to disable all wireless radios;
• providing easily accessible hard-wired phones for teacher and stu-

dent use;
• prohibiting the installation or use of DECT cordless phones; and
• prohibiting the use of cell phones and other personal electronic

devices in instructional areas.

In 2016, the New Jersey Educational Association [190] and the
Maryland Children's Environmental Health and Protection Advisory
Council (CEHPAC) [191] also issued recommendations to reduce RFR in
school classrooms, including, “if a new classroom is to be built, or
electrical work is to be carried out in an existing classroom, network
cables can be added at the same time, providing wired network access
with minimal extra cost and time.”

Measures to reduce exposures regarding personal devices are listed
in the Appendix.

8. Recommendations for the building industry

Rapidly evolving technology is resulting in an evolution of building
systems, moving to integration of air quality control, power manage-
ment, surveillance and access, communications and data management,
etc. in “smart” buildings. Although wireless “Internet of Things” may be
popularized as central to “smart” infrastructure and conveniences, key
features can readily be physically connected non-wirelessly. Sinopoli
detailed essential elements of design, construction (installation of
cables/wiring), integration and operation of networked systems to im-
prove indoor environments and function, and achieve efficiencies in
indoor spaces [192].

Electromagnetic interference is another reason to minimize radio-
frequency radiation RFR [193]. It can degrade operation of wireless
systems (e.g., Wi-Fi), and sensitive electronic equipment (wired or
wireless) such as for entertainment recording or medical applications.
Addition of cell towers in proximity to unshielded areas (indoors or
outdoors) can also cause signal interruptions and static. In the extreme,
wireless systems can be shut down by malicious attack with strong
signals “drowning out” signals on designated frequencies.

Health care policies have evolved to protect operation of essential
equipment. Mobile phones were initially forbidden in hospitals due to
risks of interference with operation of sensitive equipment. Based on
limited study, it is now recommended that wireless devices be kept at a
distance from sensitive equipment (e.g., in intensive care units [ICUs])
[194]. Today, wireless access for patients and the public is often pro-
vided in hospitals, and wireless devices are common in healthcare
[195]. There is no evidence of clinical benefit, and reviews did not
investigate potential clinical harms [195].

For any systems that are not “wired,” architects, builders, owners
and inhabitants all must operate within constraints of regulated RFR
exposure levels. RFR exposure limits vary among jurisdictions, with the
highest permitted personal exposures in the U.S.A. and Japan. Many
countries adhere to the International Commission on Non-Ionizing
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Radiation Protection (ICNIRP) recommended guidelines for power flux
density, electrical fields and SAR for various frequencies [196]. Ex-
posure limits range widely, for example in terms of power density at
900 MHz, as summarized in Fig. 3.

8.1. Building guidelines for lower electromagnetic field (EMF) exposures

Green building standards for occupants’ health put great emphasis
on indoor air quality, and the electromagnetic characteristics of the
indoor environment are beginning to gain more widespread attention.
This is exemplified by the aforementioned CHPS “Low-EMF Best
Practices” in the U.S [189].

In Austria, Germany and Switzerland, however, electromagnetic
fields and radiation exposures have long been a green building con-
sideration. In Germany, the first precautionary exposure guideline for
sleeping areas (SBM-2015) [28] was issued by Baubiologie Maes in
cooperation with the Institute of Building Biology and Sustainability
(IBN) in 1992. Based on thousands of electromagnetic assessments,
radiofrequency radiation (RFR) levels in the bedroom below 0.1 μW/m2

are considered “no anomaly.” RFR levels above 1000 μW/m2 (1 mW/
m2) are considered an “extreme anomaly.”

The Total Quality Building Assessment Tool (TQB) is a widely used
green building rating system [199], addressing a broader range of
parameters than the Leadership in Energy and Environmental Design
(LEED) rating system [27]. Since its inception in 2001 the TQB tool has
included low-intensity EMFs and radiation – both low-frequency al-
ternating magnetic fields and RFR. The TQB awards points in the
planning and final testing stages for low levels of RFR.

The European Academy for Environmental Medicine (EUROPAEM)
EUROPEAM EMF Guideline 2016 for the prevention, diagnosis and
treatment of EMF-related health problems and illnesses [4] details re-
commendations for precautionary threshold electromagnetic exposure
levels, including for RFR.

To put these recommendations into context, the precautionary
thresholds fall somewhere between the low natural background level
and official exposure limits (Fig. 3). For comparison, Table 3 sum-
marizes prudent, precautionary recommendations of European specia-
lists.

The guiding principle of “as low as reasonably achievable” (ALARA)
was introduced as early as the 1950s to protect against ionizing ra-
diation [200] and holds true for many toxicants to the present day [91],
including RFR [201]. RFR levels in indoor environments can be mini-
mized by integrating the principal of ALARA (minimize emissions and
exposures, maximize distance and use protection) [202] into selection
of the building location, design and materials, as well as choices of
electrical, monitoring, control, surveillance and other systems and
services.

Table 1
Examples of national legislation limiting RFR.

Year Country and Reference Legislation

2016 French Polynesia [176] Banned marketing of cell phones to children.
Prohibited wireless in nursery schools.

2015 France [177] Banned Wi-Fi from nursery schools.
Decreed that in schools Wi-Fi be turned off as default, unless the teacher uses it for specific instruction.
Wi-Fi hotspots must be labeled.

2014 Korea [178] Mandated SAR labeling on cell phones and portable devices.
Public health recommendations to reduce exposure to cell phone radiation.

2013 Belgium [179] Banned marketing of cell phones to children below age 14.
Phones designed for children below age 7 years are prohibited from sale.

2012 India [180] Limited RF-EMF exposure levels from cell antennas to 1/10th of International Commission on Non-Ionizing Radiation Protection (ICNIRP)
guidelines.
Required SAR labeling on phones.

2012 Greece [181] Forbade installation of mobile phone base stations on the premises of schools, kindergartens, hospitals or eldercare facilities.
2010 France [182] Required that cell phones be sold with a headset and recommendation to limit exposure to the head.

Cell phone advertising aimed at children below age 14 years was banned.

Table 2
Examples of national policies, public health advice and medical organization recommendations.

Year Organization and Reference Advice and Recommendations

2017 Athens Medical Association [183] Sixteen recommendations to reduce human exposure to wireless radiation
2016 France - National Decree [184] Reduced EMF exposure of workers, especially pregnant women
2016 US - American Academy of Pediatrics [185] Ten recommendations to reduce exposure to cell phone radiation
2015 Cyprus National Committee on Environment and

Child Health [186]
Public service videos and brochures for families about how to reduce cell phone and wireless exposure

2009, 2015 Finland - Radiation and Nuclear Safety Authority
[187]

Recommendations to reduce RFR exposure, especially of children

2011 Parliamentary Assembly, Council of Europe
[188]

“The potential dangers of electromagnetic fields and their effect on the environment” recommends As Low As
Reasonably Achievable (ALARA), awareness, precautionary approaches, transparency, research, etc.

2010 France - National Public Health Agency [182] An awareness campaign about ways to reduce RFR exposure

Fig. 3. International RFR power flux density exposure limits at 900 MHz
[197,198].
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8.2. Strategies to eliminate or minimize RFR exposures from sources within
buildings

As exemplified in section 8.1, engineers, architects, designers and
planners have a unique opportunity to create healthier living, learning
and work environments by reducing use of wireless technologies and
thereby reducing levels of RFR. Although it is simpler, preferable and
less expensive to implement RFR-free options during the initial design
and construction stages, existing buildings represent many opportu-
nities for improvements.

8.2.1. Connect necessary technologies with cables
An important first step to minimize levels of RFR within buildings is

to eliminate indoor sources of RFR, and to connect all technologies via
wire or fiber cable (“wired”).

Consider alternative approaches to wireless technology.
Recommendations include:

• Neighborhood infrastructure with cable access for high-speed, wired
telephone and Internet;

• Within buildings use cables, preferably shielded, in Local Area
Networks (LAN) to provide wired access points for all networking
and data transmission, including wired connections for modems,
routers, Internet and media; lighting, heating, ventilation, air con-
ditioning (HVAC), thermostats and humidistats; surveillance and
security systems; fire detection and response (e.g., sprinklers); pool
equipment such as pump and treatment controls, etc.;

• Install easily accessible wired (not cordless) phones and prohibit
installation and use of cordless phones;

• Throughout the building, provide connections to hardwired CAT6 or
CAT7 Ethernet cables, preferably shielded, to service devices such as
computers, tablets and other devices. Use wired peripherals and
accessories. Ensure that all wireless features are turned off or dis-
abled;

• Install wired RJ11 phone jacks for corded and landline telephones;
and

• Use analog, non-transmitting utility (water, electricity, gas) meter
options, that do not transmit data wirelessly.

8.3. Strategies to minimize the RFR exposures from external sources

8.3.1. Building location and landscaping
To achieve very low RFR levels, new buildings may be located in a

low-RFR environment, for example at a distance from cell towers, radio
and TV broadcast towers, and radar sites (e.g., airports). Evaluate the
proposed location with professional grade RFR equipment to determine

ambient RFR levels and sources. Sites in valleys may be at least partially
protected from regional sources of RFR by surrounding hills, as may
underground structures by intervening earth that absorbs RFR, de-
pending upon composition and moisture level [203]. Conductivity and
permittivity of soil increases with moisture content [204]; MW radia-
tion is strongly absorbed by water.

Vegetation, with its significant water content, will absorb some
RFR. While foliage of tall deciduous or evergreen trees may present
challenges to wireless service providers, absorption of RFR from nearby
antennas may also harm vegetation [126].

8.3.2. Building materials and shielding
RFR may be either reflected or absorbed by building materials, and

there is a continuum of how opaque building elements are to RFR
[204]. Shielding with highly absorbing or conductive materials can be
very effective to reduce RFR originating from outdoors sources [205].

Many building materials such as wood and wallboard are largely
transparent to present day RF signals, but research is intensifying on
RFR-absorbing materials and fabrics that contain metals or carbon
based substances (e.g., nanotubes) [206,207]. Construction materials
are less effective barriers to RFR in the MHz and lower GHz frequency
ranges, as currently used for cell phones, than for higher GHz fre-
quencies planned for 5th generation (5G) technologies [208].

Absorption rather than reflection offers clear advantages for pro-
tection from RFR, and considerable relevant research has been devoted
to materials that absorb radar [205]. Thick layers of dense building
materials such as concrete offer some potential to absorb RFR and
thereby reduce levels, particularly in the GHz range. Early research
indicating high attenuation [209] was not precisely replicated with
drier samples.

Conductive materials must be used with care and caution because
reflections may result in unanticipated exposures. Totally enclosing a
space with reflective materials (e.g., metal) results in a “Faraday cage.”
Radiation from sources within the “cage” reflects from one surface to
another and this can result in higher local levels than would be the case
if RFR was transmitted or absorbed by structural materials and fur-
nishings.

To shield against incoming RFR from cell antennas, Wi-Fi networks
and radio broadcast towers, shielding may be integrated across the
entire building envelope or selected rooms or zones of a building.

Low-E windows coated with a transparent layer of metal oxides
(developed to reflect infrared to retain heat in buildings and reflect
ultraviolet light from the outdoors) and metals reflect RFR. Exterior
shielding may be achieved with metal cladding/roofing, metal window
and door frames, metal or metal-clad doors, low-E windows, metal
screens, RF window film, and fine metal mesh or radiant barrier foil
integrated into the building envelope. Further options indoors include
high quality carbon-based shielding paints or fine metal mesh, and RF-
shielding drapes/sheers. Conductive shielding materials including paint
must be electrically connected and properly grounded.

It is essential to recognize that within shielded spaces, devices must
have all wireless functions turned off. Poor network connections for cell
phones will result in stronger RFR signals from the device itself, with
potentially four-fold higher exposure to the user [210], and reflections
from metal shielding may result in yet higher exposures. Thus, promi-
nent explanatory safety notices are necessary to ensure that all cell
phones are “off,” set to “airplane mode,” or are left outside of the low-
RFR shielded zone. Options to meet occupants’ needs include provision
of accessible corded landline telephones to which cell phone calls can
be forwarded, and provision of wired connections for devices.

Whatever options are used to achieve low RFR levels, it is necessary
to verify final results with measurements using an RFR meter. RFR from
equipment and exterior sources, along with reflections, and interactions
with conductive infrastructure can result in complex, unanticipated
patterns of electromagnetic fields, including hotspots [193,208]. Peri-
odic checks are necessary to ensure that additional equipment,

Table 3
Precautionary guidance RFR exposure levels [4,199].

Exposure to 900–1800 MHz RFR
(mW/m2)

TQB Tool Planning stage
10 points (best) ≤1
5 points ≤3
0 points > 3
Final stage
10 points S ≤ 0.01
8 points 0.01 mW/m2 < S ≤ 0.1
6 points 0.1 mW/m2 < S ≤ 1
4 points 1 mW/m2 < S ≤ 3
0 points > 3

EUROPAEM 9001800 MHz
Daytime 0.1
During sleep 0.01
Sensitive
Populations

0.001

Natural Background 0.000000001
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furnishings or modifications, indoors or outdoors have not increased
RFR levels.

Each make and model of RFR meter or measurement instrumenta-
tion has different specifications. To confirm the effectiveness of an RFR
meter, obtain a third-party calibration report from a certified testing
facility.

8.3.3. Partial RFR-Reduction measures for internet connectivity in buildings
In homes, schools, and workplaces, the installation and exclusive

use of wired Internet access and electronic communication among de-
vices mitigates the RFR emissions from internal network systems.

During any time that a wireless function is enabled, on stationary or
mobile equipment, routine signals to maintain connections will expose
building occupants to RFR, whether or not the device is actually being
used.

In situations where decision makers decide not to hardwire a
building immediately and instead continue with wireless connectivity,
some partial measures may partially reduce unnecessary exposure.
Importantly, these partial reduction steps do not equate with complete
RFR mitigation, do not ensure safety for occupants, and do not reduce
liability.

Recommendations include:

• Connect routers to a power source using a timer, to power off when
not routinely in use, such as at bedtime;

• Wireless routers and access points should have an easily accessible
switch to turn them off when not in use;

• Choose routers that can accommodate wired input, equipped with
an accessible on/off switch for wireless features, and use a wired
connection to a wired modem, to provide Internet connection when
the wireless function is turned off;

• Avoid modems that also act as public “hot spots;”
• Do not install wireless access points near bedrooms or other highly

or frequently occupied spaces;
• Clearly label wireless access points and areas where wireless an-

tennas are in use;
• Use wired connections for HVAC monitoring and control, lighting,

security and other fixed monitors and controllers;
• For improved security and lower carbon footprint, as well as re-

duced RFR, access data and controllers via a wired connection;
• If a wired analogue utility meter is not an option, mount the wireless

meter at a distance, shield appropriately and direct signals to where
they are read. Locate wireless meters away from high-use areas,
particularly bedrooms; and

• If the building is mostly shielded, but has an unshielded zone for
wireless device use, ensure that there is signage informing people: 1)
of the RFR exposures along with wireless access (and alternatives
onsite); and 2) the need to have all wireless functions turned off in
shielded zones.

Implementation of partial measures will continue to expose occu-
pants to RFR at levels associated with adverse effects. Measures such as
turning off wireless features when not in use still result in RFR ex-
posures, are not ALARA, and ideally will only be used in the interim
while wiring plans are being developed and implemented.

8.4. Sensitive and vulnerable individuals

All of the above and more may need to be implemented to reduce
RFR adequately in indoor and outdoor environments, to accommodate
sensitive individuals. This will often require engaging an EMF expert,
because the behavior of electromagnetic fields, currents and radiation is
complex and difficult to predict. Sensitive individuals must be con-
sulted throughout the duration of any renovation or building project,
because individuals may react differently to various electromagnetic
exposures. These individuals may also be sensitive to indoor air quality,

so they must be involved in selection of materials for construction or
retrofitting [2].

8.5. Challenging the business case of wireless systems

Not only are multiple risks invoked by choices of wireless instead of
wired technology, there are many advantages to wired solutions.

Wireless networks [29,211]:

• continue to be about 100 times slower than wired systems;
• are unreliable, and more prone to both latency and delay issues;
• consume significant amounts of energy – more than wired – and are

not sustainable;
• increase the points of vulnerability; and
• increase the security and privacy risks to personal and business data.

Some companies are cautioning that deployment of wireless 5G and
beyond will be hampered by current regulatory power density exposure
limits [212,213].

9. Discussion and conclusion

The breadth of peer-reviewed scientific research demonstrating
biological effects of radiofrequency radiation (RFR) below current
guidelines and standards highlights the need to further develop and
codify pertinent building technology standards and guidance. Public
health risks, accessibility needs, industrial liability and international
precautionary actions indicate that RFR is an important performance
parameter in building science.

Parallel with rapid innovation in wireless technologies, and the
increasing RFR both inside and outside building structures, building
science must also innovate to include alternative, physically connected
technologies and systems. This is important to achieve accessibility and
a building's success. Ensuring that the health and safety of occupants
are not compromised requires those in the building science professions
to develop and apply needs and means assessments, as well as best
practices for methods and models for communications, with RFR
wireless technology as a less-preferred option.

Research and knowledge transfer are needed to develop, publish,
and encourage compliance with explicit directions for the integration of
wired communications technologies in the design, planning, en-
gineering, construction, operation and life cycle of a building.

Building science has embraced ecology and sustainability as core
tenets in building performance. Currently, modern technologies mini-
mizing RFR exposures offer an under-addressed opportunity for “smart”
buildings also to be healthy – for their occupants, and for natural and
built environments.
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Appendix

General Safety Tips to Reduce Radiofrequency Radiation (RFR) Exposure
from Personal Devices

• Keep cell phones away from the head and body, and keep wireless
devices at a distance, and off of laps.

• Make only short or essential calls on cell phones.
• Use text messaging instead of voice calls whenever possible.
• As much as possible power off phones and personal digital devices,

or set on airplane mode with Wi-Fi, Bluetooth, Data, Mobile Hotspot
and Location off.

• Avoid sleeping next to cell phones or wireless devices; power them
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off at night. If a cell phone must be used as an alarm clock, turn the
phone to airplane mode, or use a separate battery-powered clock.

• Keep non-prescription electronics out of bedrooms. If you depend
upon medical devices with wireless functions, check how often they
may be set to “airplane mode,” and ask your health care provider
about adequate alternatives that do not emit RFR.

• Avoid charging phones and devices near beds.
• Use a corded (not cordless) home phone (wired [not wireless] VoIP

or landline) whenever possible, especially for long voice calls.
• Pre-download videos and music rather than streaming.
• Minimize the number of apps running on wireless devices.
• Choose wired Internet connections instead of wireless systems,

whenever possible. Provide wired Internet connections for others.
• If Wi-Fi cannot be entirely eliminated, put the Wi-Fi router on a

timer to turn off when not needed (especially while sleeping).
• When digital devices are connected with wired Internet connections,

turn off the Data, Wi-Fi and Bluetooth (in device settings) and turn
off the Wi-Fi on the router.

• Request wired options and provide them to others, such as for
computers, laptops, tablets, printers, gaming consoles and handsets,
mouse, keyboards, video cameras, speakers, headphones, micro-
phones and other accessories.
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ANNEX: EXAMPLES OF ACTIONS FOR

REDUCING RFR EXPOSURE

1. Focus actions for reducing exposure to RFR on pregnant
women, infants, children and adolescents, as well asmales who
might wish to become fathers.

2. Reduce, as much as possible, the extent to which infants
and young children are exposed to RFR from Wi-Fi-enabled
devices such as baby monitors, wearable devices, cell phones,
tablets, etc.

3. Avoid placing cell towers and small cell antennae close to
schools and homes pending further research and revision
of the existing exposure limits. In schools, homes and
the workplace, cable or optical fiber connections to the
Internet are preferred. Wi-Fi routers in schools and
daycares/kindergartens should be strongly discouraged
and programs instituted to provide Internet access via cable
or fiber.

4. Ensure that WTDs minimize radiation by transmitting
only when necessary, and as infrequently as is feasible.
Examples include transmitting only in response to a
signal (e.g., accessing a router or querying a device, a
cordless phone handset being turned on, or voice or
motion activation). Prominent, visible power switches are
needed to ensure that WTDs can be easily turned on
only when needed, and off when not required (e.g., Wi-Fi
when sleeping).

5. Lower permitted power densities in close proximity to fixed-
site antennae, from “occupational” limits to exposure limits
for the general public.

6. Update current exposure limits to be protective against the
non-thermal effects of RFR. Such action should be taken
by all heath ministries and public health agencies, as well
as industry regulatory bodies. Exposure limits should be
based on measurements of RFR levels related to biological
effects (2).

7. Ensure that advisories relating to cell phone use are placed in
such a way that purchasers can find them easily, similar to the
Berkeley Cell Phone “Right to Know” Ordinance (86).

8. Advise the public that texting and speaker mode are preferable
to holding cell phones to the ear. Alternatively, use hands-free
accessories for cell phones, including air tube headsets that
interrupt the transmission of RFR.

9. When possible, keep cell phones away from the body (e.g., on
a nearby desk, in a purse or bag, or on a mounted hands-free
accessory in motor vehicles).

10. Delay the widespread implementation of 5G (and any
other new technology) until studies can be conducted to
assess safety. This includes a wide range of household
and community-wide infrastructure WTDs and self-driving
vehicles, as well as the building of 5G minicells.

11. Fiber-optic connections for the Internet should be made
available to every home, office, school, warehouse and factory,
when and where possible.

GLOSSARY

ALARA As Low a level As Reasonably Achievable
CBTRUS Central Brain Tumor Registry of the United States
CI Confidence Interval
EMR Electro Magnetic Radiation
IARC International Agency for Research on Cancer
ICNIRP International Commission on Non-Ionizing

Radiation Protection
INEP International Network for Epidemiology in Policy
LTE Long-Term Evolution modulation
NTP U.S. National Toxicology Program
OR Odds Ratio
RFR Radio-Frequency Radiation
SAR Specific Absorption Rate
WTD Wireless Transmitting Device
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A B S T R A C T   

The objective of this work was to perform a complete review of the existing scientific literature to update the 
knowledge on the effects of base station antennas on humans. Studies performed in real urban conditions, with 
mobile phone base stations situated close to apartments, were selected. Overall results of this review show three 
types of effects by base station antennas on the health of people: radiofrequency sickness (RS), cancer (C) and 
changes in biochemical parameters (CBP). Considering all the studies reviewed globally (n = 38), 73.6% (28/38) 
showed effects: 73.9% (17/23) for radiofrequency sickness, 76.9% (10/13) for cancer and 75.0% (6/8) for 
changes in biochemical parameters. Furthermore, studies that did not meet the strict conditions to be included in 
this review provided important supplementary evidence. The existence of similar effects from studies by different 
sources (but with RF of similar characteristics), such as radar, radio and television antennas, wireless smart 
meters and laboratory studies, reinforce the conclusions of this review. Of special importance are the studies 
performed on animals or trees near base station antennas that cannot be aware of their proximity and to which 
psychosomatic effects can never be attributed.   

1. Introduction 

During the last few decades, hundreds of thousands of mobile phone 
base stations and other types of wireless communications antennas have 
been installed around the world, in cities and in nature, including pro
tected natural areas, in addition to pre-existing antennas (television, 
radio broadcasting, radar, etc.). Only the aesthetic aspects or urban 
regulations have been generally considered in this deployment, while 
the biological, environmental and health impacts of the associated non- 
ionizing electromagnetic radiation emissions have not been assessed so 
far. Therefore, the effects on humans living around these anthropogenic 
electromagnetic field sources (antennas) have not been considered. 

In France, there is a significant contribution of mobile phone base 
stations in the exposure to radiofrequency electromagnetic fields (RF- 
EMF) of urban citizens living nearby (De Giudici et al., 2021). Some 
studies from India indicate that more than 15% of people have levels of 
EMF strength above 12 V/m due to their proximity to antennas (Premlal 
and Eldhose, 2017). Exposure estimates have shown that RF-EMF from 
mobile telephone systems is stronger in urban than in rural areas. For 
instance, in Sweden the levels of RF radiation have increased consid
erably in recent years, both outdoor and indoor, due to new 

telecommunication technologies, and the median power density 
measured for RF fields between 30 MHz and 3 GHz was 16 μW/m2 in 
rural areas, 270 μW/m2 in urban areas and 2400 μW/m2 in city areas 
(Hardell et al., 2018). Total exposure varies not only between urban and 
rural areas but also, depending on residential characteristics, between 
different floors of a building, with a tendency for building exposure to 
increase at higher floors (Breckenkamp et al., 2012). 

Over the past five decades, and more intensively since the beginning 
of this century, many studies and several reviews have been published 
on the effects of anthropogenic electromagnetic radiation on humans 
living around the antennas. The first studies were carried out with radio 
and television antennas, investigating increases in cancer and leukaemia 
(Milham, 1988; Maskarinec et al., 1994; Hocking et al., 1996; Dolk et al., 
1997a, 1997b; Michelozzi et al., 1998; Altpeter et al., 2000), as well as 
around radars (Kolodynski and Kolodynska, 1996; Goldsmith, 1997). 

Regarding base station antennas, there are scientific discrepancies in 
their effects: some studies concluded that there are no health-related 
effects (e.g. Augner and Hacker, 2009; Blettner et al., 2009; Röösli 
et al., 2010; Baliatsas et al., 2016) whereas others found increases in 
cancer and other health problems in humans living around antennas (e. 
g. Santini et al., 2002; Navarro et al., 2003; Bortkiewicz et al., 2004; 
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Eger et al., 2004; Wolf and Wolf, 2004; Abdel-Rassoul et al., 2007; 
Khurana et al., 2010; Dode et al., 2011; Shinjyo and Shinjyo, 2014; 
Gandhi et al., 2015; López et al., 2021; Rodrigues et al., 2021). There is a 
specific symptomatology linked to radar and RF exposure at low levels, 
characterized by functional disturbances of the central nervous system 
(headache, sleep disturbance, discomfort, irritability, depression, 
memory loss, dizziness, fatigue, nausea, appetite loss, difficulty in con
centration, dizziness, etc.), that has been termed ‘RF sickness’ (Lilienfeld 
et al., 1978; Johnson Lyakouris, 1998; Navarro et al., 2003). 

The objective of this study was to perform a complete review of the 
existing scientific literature to update the knowledge on the effects of 
base stations on humans living around the antennas. 

2. Methods 

A search was performed in the EMF portal, Google Scholar and 
PubMed databases with the words: “mobile phone base station and 
health” or “cell tower and health”. 

Only studies performed in real urban conditions, with mobile phone 
base stations situated close to apartments, were selected. Studies con
ducted in larger regions with numerous antennas, based on surveys and 
geographic data, were also included. 

On the contrary, studies were excluded that considered different 
sources of electromagnetic radiation, such as mobile phone base stations 
together with broadcast transmitters (TV and radio), radar, mobile 
phones, cordless phones, Wi-Fi or wireless smart meters. Also excluded 
were those that included antennas and powerlines jointly. Studies that 
only performed measurements or modelling of radiation levels in the 
environment of the antennas or in the body, but did not deal with health 
effects, were excluded, as were surveys on risk perception and the 
nocebo effect, modelled radiofrequency electromagnetic field exposure 
from mobile-phone base stations or perceived exposure. All experi
mental laboratory studies, experiments in an exposure chamber or 
adapted room were also excluded. Finally, the comments or criticism of 
previously published studies were also excluded. However, due to their 
importance the conclusions of some of the excluded studies will be 
discussed in the corresponding section. 

3. Results 

The studies that met the selected criteria are presented in chrono
logical order in Table 1, catalogued as Y/N depending on whether or not 
they found effects. The selected studies cover three types of effects: 
radiofrequency sickness (RS) (according to Lilienfeld et al., 1978; 
Johnson Lyakouris, 1998), cancer (C) and changes in biochemical pa
rameters (CBP). Table 1 also includes the authors, year and country, 
antenna type, study design, diseases and symptoms found/not found and 
the main conclusions of each study. 

Considering all the selected studies (n = 38), 73.6% (28/38) showed 
effects: 73.9% (17/23) for radiofrequency sickness, 76.9% (10/13) for 
cancer and 75.0% (6/8) for changes in biochemical parameters (Fig. 1). 
Therefore, most of the studies carried by research groups from twenty 
different countries reach the same conclusions. 

For the reasons previously explained, the following studies (n = 85) 
were not considered in this review, even though the conclusions of some 
of these studies will be discussed later due to their importance regarding 
the similarities of the electromagnetic radiation types involved and the 
health effects found in many cases. Several studies only performed 
measurements or modelling of radiation levels in the environment of the 
antennas or in the body, but did not deal with the effects on health (e.g. 
Aniołczyk, 1999; Henderson and Bangay, 2006; Keow and Radiman, 
2006; Neitzke et al., 2007; Bürgi et al., 2008; Augner et al., 2009; Chen 
and Chuang, 2009; Schmiedel et al., 2009; Viel et al., 2009; Hansson 
et al., 2011; Alhekail et al., 2012; Breckenkamp et al., 2012; Beekhuizen 
et al., 2013; Bürgi et al., 2014; Lyare et al., 2019; Urbinello et al., 2014; 
Lemaire et al., 2016; Admawi, 2021; De Giudici et al., 2021; Kazaure 

et al., 2021; Yetiş and Kayili, 2021). Some were surveys on risk 
perception and the nocebo effect, modelled RF-EMF exposure from 
mobile-phone base stations or perceived exposure (Wiedemann et al., 
2006; Dohle et al., 2012; Kowall et al., 2012; Freudenstein et al., 2015; 
Dieudonné, 2016; Klaps et al., 2016; Martens et al., 2017; Koh et al., 
2020). Others jointly considered various sources of electromagnetic 
fields such as telephone antennas, mobile phones, cordless phones, 
Wi-Fi, powerlines or wireless smart meters (Seitz et al., 2005; Baliatsas 
et al., 2011; Atzmon et al., 2012; Eskander et al., 2012; Frei et al., 2012; 
Lamech, 2014; Singh and Pati, 2016; Boehmert et al., 2020; Akkam 
et al., 2020). Some studied the effects of radio or television antennas 
(Milham, 1988; Maskarinec et al., 1994; Hocking et al., 1996; Dolk et al., 
1997a, 1997b; McKenzie et al., 1998; Michelozzi et al., 1998; Altpeter 
et al., 2000; Hocking and Gordon, 2000; Boscolo et al., 2001; Cooper 
et al., 2001; Michelozzi et al., 2002; Hallberg and Johansson, 2002; 
Elwood, 2003; Ha et al., 2003; Park et al., 2004; Abelin et al., 2005; 
Altpeter et al., 2006; Ha et al., 2007; Satta et al., 2018). Others were 
radar studies (Kolodynski and Kolodynska, 1996; Goldsmith, 1997; 
Szmigielski et al., 2001; Yakymenko et al., 2011; Schoeni et al., 2016; 
Martens et al., 2018). Some studies performed experiments in a labo
ratory, exposure chamber or adapted room, with simulated or real 
electromagnetic radiation from base station antennas (e.g. Zwamborn 
et al., 2003; Hinrichs et al., 2005; Regel et al., 2006, 2007; Eltiti et al., 
2007; Leitgeb et al., 2008; Riddervold et al., 2008; Augner et al., 2009; 
Augner et al., 2010; Wallace et al., 2010; Danker-Hopfe et al., 2010; 
Falcioni et al., 2018; Azimzadeh and Jelodar, 2019; Smith-Roe et al., 
2020). Some reports were comments or criticisms of previously pub
lished studies (e.g. Coggon, 2006; Röösli and Huss, 2008; Bithell, 2010; 
Dode and Leão, 2012; Foster and Trottier, 2012; Mortazavi, 2014, 
2017). 

4. Discussion 

The results of this review show three types of effects by base station 
antennas on the health of humans: radiofrequency sickness, cancer and 
changes in biochemical parameters (Fig. 1). From among all these 
studies, most of them found effects (73.6%). Thus, despite some limi
tations and differences in study design, statistical measures, risk esti
mates and exposure categories (Khurana et al., 2010), together they 
provide a consistent view of the effects on the health of people living in 
the vicinity of base station antennas. 

Studies conducted in large regions with numerous antennas, based 
on surveys and geographic data (e.g. Augner and Hacker, 2009; Dode 
et al., 2011; Baliatsas et al., 2016; Martens et al., 2017; Dode et al. al., 
2021), have the limitation that there may be many factors other than the 
base station antennas affecting the health of the population (environ
mental and occupational determinants of diseases and symptoms, indi
vidual characteristics such as food and life habits, activity level, 
smoking, self-medication, individual pathologies or genetic factors) that 
can act as confounding factors. It is important to mention here that the 
meters used for power density measurements in research papers should 
have more high quality equipment and better measurement methods. 

On the other hand, some studies did not meet the strict conditions to 
be considered in this review, but due to their importance regarding the 
similarities of the electromagnetic radiation types involved and the ef
fects found in many cases, they provide important supplementary evi
dence, as we will see in the next paragraphs. 

For example, mobile phone users had an increased risk of headache 
(one of the typical symptoms for RF sickness near base station antennas) 
compared with non-users, and the risk of headache was also increased in 
those who had a longer daily call duration and higher daily call fre
quency (Wang et al., 2017). The same was also seen with cancer (Hardell 
et al., 2007). On the other hand, the symptoms caused by wireless smart 
meters were similar to those reported by people exposed to RF fields 
emitted by mobile phones (Lamech, 2014). 
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Table 1 
Studies that met the selected criteria.  

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

1 
Y 
RS 

Santini et al. 
(2002), 2003a and 
2003b 
France 

Base station 
antennas 
GSM 900 and 1800 
MHz 

Questionnaire survey in 530 people Effects found on: 
-tiredness 
-headache 
-sleep disturbance 
-discomfort 
-irritability 
-depression 
-memory loss 
-dizziness 
-libido decrease 
-visual perturbations 

Effects occur up to a distance of 300 m 
from the antenna. Older subjects are 
more sensitive. Also, hat the facing 
location is the worst position for some 
symptoms s tudied, especially for 
distances till 100 m from base stations. 
The frequency of reported complaints 
is significantly higher for women in 
comparison with men 

2 
Y 
RS 

Gómez-Perretta 
et al., 2013 
Spain 

Base station 
antennas 
GSM 900 and 1800 
MHz 

Questionnaire survey in 101 people 
and electric field measurements 

Effects found on: 
-fatigue 
-irritability 
-headache 
-nausea 
-appetite loss 
-discomfort 
-sleep disturbance 
-depression 
-difficulty in concentration 
-dizziness 

Significant correlation between the 
declared severity of the symptoms and 
the measured power density. The 
separation of respondents into two 
different exposure groups also showed 
an increase of the declared severity in 
the group with the higher exposure. 
The incidence of most of the symptoms 
was related to exposure levels, 
independently of the demographic 
variables and some possible risk 
factors. Health changes related with 
GSM exposure seem to occur in a 
manner unrelated with those fears 

3 
Y 
RS 

Bortkiewicz et al. 
(2004) 
Poland 

Base station 
antennas 

Review of previous publications Effects found on: 
-circulatory system 
-sleep disturbances 
-irritability depression 
-blurred vision 
-concentration 
-difficulties nausea 
-lack of appetite 
-headache 
-vertigo 

Relationship between the incidence of 
individual symptoms, the level of 
exposure, and the distance. This 
association was observed in both 
groups of persons, those who linked 
their complaints with the presence of 
the base station and those who did not 
notice such a relation. 

4 
Y 
C 

Eger et al. (2004) 
Germany 

2 Base station 
antennas 

Number of cancer cases in the 
selected population (1045 resident) 
in Naila to compare results an inner 
area (within a distance of 400 m from 
the base station antennas) and outer 
area (beyond 400 m). 

The number of newly developed cancer 
cases in the inner area is more than the 
expected number taken from the cáncer 
register, which represents the total 
population being irradiated. The group 
who had lived during the past five years 
within a distance of 400 m from the 
Base station antennas have a two times 
higher risk of developing cancer than 
that of the average population. The 
relative risk of getting cancer in the 
inner área compared with the Saarland 
cancer register is 1.7. 

The risk of newly developing cancer 
was three times higher among those 
patients who had lived during past ten 
years (1994–2004), within a distance 
of 400 m From the cellular transmitter, 
in comparison to those who had lived 
further away. 

5 
Y 
C 

Wolf and Wolf 
(2004) 
Israel 

1 Base station 
antenna 

A cancer incidence study to 
investigate the incidence of cancer 
cases of individuals (the cohort 
included 622 people) exposed to a 
Base station antenna, in comparison 
to those of a nearby clinic out of that 
area, to the national incidence rates of 
the whole country and to the 
incidence rates in the whole town of 
Netanya 

There were 4.15 times more cases of 
cáncer in area A (breast carcinoma, 
ovary carcinoma, lung carcinoma, 
Hodgkin’s disease, osteoid osteoma, 
and hypernephroma) than in the entire 
population. 

The study indicates an association 
between an increased incidence of 
cancer and living in proximity to a 
Base station antenna. 

6 
Y 
RS 

Hutter et al. (2006) 
Austria 

10 Base station 
antennas in the 900 
MHz band 

Questionnaire survey in 365 subjects 
and exposure measurements 

Effects found on: 
-headache 
-difficulties to concéntrate 
-Cold hands or feet 
No effects found on: 
-vertigo 
-palpitations 
-tremor 
-hot flushes 
-sweating 
-loss of apetite 
-loss of energy, 
-exhaustion 
-tiredness 

Self-reported symptoms like headache 
and difficulties in concentrating show 
an association with microwave 
exposure from base stations, not 
attributable to subjects’ fear of health 
effects from these sources. 
Other symptoms, like sleeping 
problems, seem to be more due to fear 
of adverse health effects than actual 
exposure. 

(continued on next page) 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

-feeling strained 
-sleep 

7 
Y 
RS 

Abdel-Rassoul 
et al. (2007) 
Egypt 

Base station 
antennas (GSM) 

Questionnaire survey on 85 exposed 
persons and 80 controls 

Effects found on: 
-headache 
-memory changes 
-dizziness 
-tremors 
-depressive symptoms 
-sleep disturbance 
No effects found on: 
-Blurred visión 
-Irritability 
-Lack of concentration 

The prevalence of neuropsychiatric 
complaints were significantly higher 
among exposed inhabitants than 
controls. 
Inhabitants living nearby mobile 
phone base stations are at risk for 
developing neuropsychiatric problems 
and some changes in the performance 
of neurobehavioral functions either by 
facilitation or inhibition. 

8 
N 
CBP 

Augner and Hacker 
(2009) 
Austria 

Base station 
antennas 

Questionnaire survey on fifty-seven 
participants and saliva samples 

Self-declared base station neighbors 
(≤100 m) had significantly higher 
concentrations of alpha-amylase in 
their saliva, higher rates in symptoms, 
somatization, obsessive-compulsive, 
anxiety, phobic anxiety. There were no 
differences in EMF-related health 
concern scales. 

Self-declared base station neighbors 
are more strained than others. EMF- 
related health concerns cannot explain 
these findings. 

9 
N 
RS 

Blettner et al. 
(2009) 
Berg-Beckhoff 
et al. (2009) 
Germany 

Base station 
antennas (GMS 900 
and 1800 and 
UMTS 2170) 

Questionnaire survey on 30,047 
participants and geo-coding 
information on the residence distance 
(less or more than 500 m) to the 
nearest mobile phone base station. 
In a second phase RF measurements 
were conducted for a sub-sample in 
the households of 1500 persons 

The mailed questionnaire included a list 
of 38 symptoms that have been reported 
in previous studies to be possibly 
associated with RF-EMF exposure 

Participants who were concerned 
about or attributed adverse health 
effects to mobile phone base stations 
and those living in the vicinity of a 
mobile phone base station (500 m), 
reported slightly more health 
complaints tan others. The observed 
slightly higher prevalence of health 
complaints near base stations cannot 
be explained by attributions or 
concerns alone. The worries and 
health complaints of people living 
close to mobile phone base stations 
need to be taken seriously. Measured 
RF-EMFs emitted from mobile phone 
base stations were not associated with 
health disturbances. However, the 
study shows that sleep disturbances 
and health complaints are related to 
the attribution of adverse health 
effects to mobile phone base stations. 

10 
Y 
RS 
C 

Kundi and Hutter 
(2009) 
Austria 

Base station 
antennas 

Review of previous publications Effects found on: 
Adverse neurobehavioral symptoms or 
cancer 

There are indications from 
epidemiology that such exposures 
affect wellbeing and health weakly 
supported by human provocation 
studies and an inconclusive body of 
evidence from animal and in vitro 
studies. 
Cross-sectional investigations of 
subjective health as a function of 
distance or measured field strength, 
despite differences in methods and 
robustness of study design, found 
indications for an effect of exposure 
that is likely independent of concerns 
and attributions. 
Two ecological studies of cancer in the 
vicinity of base stations report both a 
strong increase of incidence within a 
radius of 350 and 400 m respectively. 
Due to the limitations inherent in this 
design no firm conclusions can be 
drawn, but the results underline the 
urgent need for a comprehensive 
investigation of this issue 

11 
Y 
C 

Eger and Jahn 
(2010) 
Germany 

Base station 
antennas 

Questionnaire survey on 255 persons Effects found on: 
-sleep problems 
-depression 
-headaches 
-cerebral affections 
-concentration difficulties 
-joint problems 
-infections 
-skin problems 

A significant relationship between 
mean exposure levels of the study 
participants and reported health 
symptoms. 
Within the 400-m radius around the 
transmitter, a higher symptom rate 
could be documented for 14 out of 19 
symptom groups in the highest 
exposure groups compared to groups 

(continued on next page) 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

-dizziness 
-cardiovascular problems 
-disturbance of equilibrium 
-visual problems 
-nosebleed 
-gastrointestinal problems 
No effects found on: 
-toothaches 
-hormonal imbalances 
-weight gain 
-weight loss 

further away from the transmitter and 
the difference is statistically 
significant. 
Decreasing symptom scores in relation 
to decreasing mean exposure levels 
caused by cell phone transmitter 
emissions 

12 
N 
C 

Elliott et al. (2010) 
Great Britain 

Base station 
antennas 

Data on all registered cases of cancer 
in children aged 0–4 in Great Britain 
and data on mobile phone base 
stations to investigate the risk of early 
childhood cancer associated with the 
mother’s exposure to radiofrequency 
from and proximity to mobile phone 
base stations during pregnancy. 

Of the 1397 cases, there were 251 brain 
and central nervous system cancers and 
527 cases of leukaemia and non- 
Hodgkin’s lymphoma. The study found 
no association between mobile phone 
base stations and risk of cáncer. 

In this systematic national 
investigation the authors found no 
association between risk of cancer in 
young children and estimated 
exposures to radiofrequency from 
mobile phone base stations during 
pregnancy. However there is a 
research paper limitation on page 5: 
“our models did not include 
information on other sources of 
radiofrequency exposure, such as from 
microcells or picocells” and the city 
centers (especially) are full of these 
kind of antennas. 

13 
Y 
RS 
C 

Khurana et al. 
(2010) 
international 

Base station 
antennas 

Review of previous publications Effects found on: 
Adverse neurobehavioral symptoms or 
cancer 

The authors identified a total of 10 
epidemiological studies that assessed 
for putative health effects of mobile 
pone base stations. Seven of these 
studies explored the association 
between base station proximity and 
neurobehavioral effects and three 
investigated cancer. The authors found 
that eight of the 10 studies reported 
increased prevalence of adverse 
neurobehavioral symptoms or cancer 
in populations living at distances 
<500 m from base stations. 

14 
N 
RS 

Röösli et al. (2010) 
Switzerland 

Base station 
antennas (GMS 900 
and 1800 and 
UMTS 2170) 

Systematic review There are no adverse effects Not indication of an association 
between any health outcome and RF- 
EMF exposure from mobile phone base 
stations at levels typically found in our 
everyday environment. There is also 
no evidence that EHS individuals are 
more susceptible to base station 
radiation than the rest of the 
population. The evidence for the 
absence of long-term effects is limited. 

15 
N 
CBP 
C 

Yildirim et al. 
(2010) 
Turkey 

Base station 
antennas 

Blood samples to analise the 
micronucleus (MN) frequency and 
chromosomal aberrations on blood in 
people living around mobile phone 
base stations and healthy controls. 

There was not a significant difference of 
MN frequency and chromosomal 
aberrations between the two study 
groups. 

Mobile phones and their base stations 
do not produce important 
carcinogenic changes. 

16 
Y 
RS 

Alazawi, 2011 
Iran 

8 Base station 
antennas 

Questionnaire survey on 375 subjects. 
Not measurements 

Effects found on: 
-headaches 
-sleep disturbances 
-irritability 
-depressive 
-tendencies 
-feeling of discomfort, 
-difficulties in concentration 
-memory loss 
-lowering of libido 

This study shows that inhabitants 
living nearby mobile phone base 
stations are at risk for developing non 
specific health symptoms, the facing 
position appears to be the worst one 
for distances from cellular phone base 
stations <100 m. 
It is advisable that cellular phone base 
stations should not be sited closer than 
300 m to populations, as a 
precautionary measure, sitting of base 
stations should be such as to minimize 
exposure of neighbors. 

17 
Y 
C 

Dode et al. (2011) 
Brazil 

Base station 
antennas 

This research was conducted in a 
broad environmental context, aiming 
to verify if there is a spatial 
correlation between the Base station 
antennas and the cases of death by 
neoplasia during the period between 
1996 and 2006 in Belo Horizonte 
municipality (Brazil). 

The mortality rates and the relative risk 
were higher for the residents inside a 
radius of 500 m from the Base station 
antennas, compared to the average 
mortality rate of the entire city, and a 
decreased dose– response gradient was 
observed for residents who lived farther 
away from these base stations. 

The research showed the existence of a 
spatial correlation between cases of 
death by neoplasia and the locations of 
the Base station antennas, in the Belo 
Horizonte municipality from 1996 to 
2006. 

(continued on next page) 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

18 
Y 
C 

Li et al. (2012) 
Taiwan 

Base station 
antennas 

Population-based case–control study 
in Taiwan considerering incident 
cases aged 15 years or less and 
admitted in 2003–2007 for all 
neoplasm (n = 3481 children). 
Exposure of each study subject to 
radio frequency (RF) was indicated by 
the averaged annual power density 
within 5 years prior to the neoplasm 
diagnosis. Controls were randomly 
selected. 

Taiwanese children with higher-than 
median exposure of RF potentially 
emitted from Base station antennas 
were at significantly increased risk of all 
neoplasms combined. Although there 
were also positive associations between 
RF power density and risks of brain 
neoplasm and leukaemia in children, 
such associations did not reach 
statistical significance. 

This study noted a significantly 
increased risk of all neoplasms in 
children with higher-than-median RF 
exposure to Base station antennas. The 
slightly elevated risk was seen for 
leukaemia and brain neoplasm, but 
was not statistically significant. 

19 
N 
C 

Stewart et al. 
(2012) 
Great Britain 

1 Base station 
antennas (GMS 
1800) 

Data on cancer incidence and 
mortality accessing the medical 
information of near residents 

The study cannot conclude that the base 
station is responsible for the incidence 
of cancer in the local residents 

Although the age range for local 
residents with cancer in the suspected 
cluster was younger than might be 
generally expected, there was no 
evidence that their cancer incidence is 
associated with the mobile phone base 
station. 10 cancers were registered 
after installation of the base station. 
However, the collection of cancers 
does not fulfil the criteria for a cancer 
cluster; the cases are a mixed variety of 
relatively common cancers. No single 
type of cancer was dominant, all but 
one were common types of cancer and 
none were seen in a group not usually 
affected by that cancer. Data from 
primary and secondary care also 
provide evidence that lifestyle and 
family history factors could have 
contributed to some individual cases. 

20 
N 
RS 

Islam and 
Mohammed 
(2014) 
Bangladesh 

Base station 
antennas 

Questionnaire survey on 220 adults 
living near a Base station antenna for 
at least one year in two selected areas 

Half of the respondents experienced 
problems in sleeping patterns, recent 
episodes of headache or dizziness and 
mood change, anxiety, or depression. 
11 respondents experienced some 
generalized burning sensation and 4 
reported episodes of shaking or fits. 48 
respondents mentioned one or more 
other health effects, such as mood 
changes/problem, buzzing in the head, 
hopelessness, palpitation, tachycardia, 
heaviness of chest, anorexia, diarrhoea, 
and skin diseases. 

From the results of the study cannot 
conclude that the health effects are 
direct results of the base station 
antennas. However, the complaints 
were similar to those of other studies, 
which shows the importance of 
conducting further research to 
determine the effects of 
electromagnetic radiarion from base 
station antennas on human health and 
should be considered as a public health 
concern. 

21 
Y 
RS 

Pachuau and 
Pachuau (2014) 
India 

Base station 
antennas (GSM 
900) 

Questionnaire survey conducted on 
64 adults (31 female, 33 male) and 
electric field measurements. Health 
symptoms of RF exposure faced by the 
inhabitants within 50 m and outside 
50 m from the tower were analysed 
and compared. 

Effects found on: 
-Muscle pain 
-Fatigue 
-Sleep disorder 
-Nausea 
-Skin problema 
-Dizziness 
-Feeling of discomfort 
-Difficulty in concentration 
-Memory loss 
-Visual disruption 

Inhabitants living within 50 m had 
more health complaints than those 
living outside 50 m. It was also found 
that females had more complaints than 
males 

22 
Y 
RS 

Shinjyo and 
Shinjyo (2014) 
Japan 

2 base station 
antennas (CDMA 
800 MHz and 2 
GHz) 

Medical examinations and health 
questionnaires comparing the health 
of 107 residents during the base 
station’s operation and after its 
removal. 
Measurement of the power density 

Effects found on: 
-fatigue 
-eye problems 
-sleep disturbances 
-dizziness 
-headache 
-tinnitus 
-nasal bleeding 
No effects found on: 
-tachycardia 
-tumours 
-skin problems 
-rhinitis 
-angina pectoris 
-hearing loss 

A total of 34 residents suffered from 
health problems after installation of 
the 800 MHz antennas. Three months 
after their removal this number 
decreased to 13. There were 41 
residents who had health problems 
after installation of the 2 GHz 
antennas, and this number decreased 
to 15 after removal of the 2 GHz 
antennas. In total 49 residents suffered 
from health problems during 
operation of both the 800 MHz and the 
2 GHz antennas. However, this 
number decreased to 25 after removal 
of both sets of antennas.The residents 
had no prior knowledge about possible 
adverse health effects of RF-EMFs. 
Health problems of the residents were 
associated with the operation of the 

(continued on next page) 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

mobile phone base station and these 
problems improved after its removal. 

23 
Y 
CBP 

Gandhi et al. 
(2015) 
India 

Base station 
antennas 

Questionnaire survey and blood 
simples from 91 individuals, with 
70% (63) residing in a populated area 
with a mobile phone base station (the 
sample group) and 30% (28) in a 
sparsely-populated zone without any 
nearby base stations (the control 
group). 
Radiofrequency field measurements 

Effects found on: 
Genetic damage parameters of DNA 
migration length, damage frequency 
(DF) and damage index 

Genetic damage was significantly 
increased in the sample group 
compared to that in the controls. The 
2.5–4.5-fold increase in DNA damage 
in peripheral blood lymphocytes of 
persons staying near a mobile phone 
base station is of acute concern given 
that all neoplasia initiate via 
unrepaired DNA damage. 
In the light of the above observations 
and the statistically significant genetic 
damage observed in those residing 
within 300 m of a mobile phone base 
station in this study, it implies that the 
effects of radiations from mobile 
phone base stations cannot be 
overlooked, as unrepaired DNA 
damage can lead to cancer, precocious 
ageing and age-related effects. 

24 
Y 
CBP 

Meo et al. (2015) 
Saudi Arabia 

2 Base station 
antennas (925 
MHz) near two 
schools 

RF-EMF measurements and blood 
sample collection 

Effects found on: 
-chronic hyperglycemia 
-increased HbA1c 
-diabetes mellitus 

Students who were exposed to high 
EMFR generated by MPBS had 
significantly higher HbA1c and 
prevalence of pre diabetes mellitus 
compared to the students who exposed 
to low EMFR. EMFR appears to be 
another risk factor contributing to 
high levels of HbA1c and risk of type 2 
diabetes mellitus. 

25 
Y 
RS 

Pachuau et al. 
(2015) 
India 

Base station 
antennas (GSM 
900) 

Questionnaire survey from 50 
exposed and 50 control individuals. 
Power density measurements 

Effects found on: 
-fatigue 
-sleep disruption 
-headache 
-dizziness 
-muscle pain 
-cramp 
No effects found on: 
-nausea 
-discomfort 
-difficulty in concentration 
-memory los 
-skin problems 
-visual disruption 
-hearing problem 

Inhabitants living near mobile tower 
are having more health complaints 
than those inhabitants living in the 
area where there is no mobile tower 

26 
Y 
CBP 

Al-Quzwini et al. 
(2016) 
Iraq 

Base station 
antennas 

Questionnaire survey. Two hundred 
couples (one hundred subfertile 
couples as a study group, and one 
hundred fertile couples as a control 
group. Semen analysis 

Twenty-nine percentage of subfertile 
couples had exposure to environmental 
hazards (communication’s tower beside 
their house-within 50 m), and 71% non- 
hazard. The duration of the exposure to 
the environmental factor ranged from 2 
to 7 years. 

The exposure to environmental 
hazards shows significant difference 
between the subfertile and the fertile 
men; as higher percentage of exposure 
to mobile phone tower among 
subfertile group, 29% versus 12% for 
the fertile group, 

27 
N 
RS 

Baliatsas et al. 
(2016) 
The Netherlands 

Base station 
antennas (GSM and 
UMTS) 

Health records from 1069 adult 
participants, All participants were 
living within 500 m from the nearest 
bases station. A propagation model 
combined with a questionnaire was 
used to assess indoor exposure to RF- 
EMF from MPBS at T1. Estimation of 
exposure at T0 was based on number 
of antennas at T0 relative to T1. 

Compared to the baseline period, there 
was a higher prevalence of symptoms 
theoretically relevant to EMF at T1. A 
significant increase was observed in the 
prevalence of ear symptoms and a two- 
fold (but not significant) increase in the 
prevalence of skin symptoms. Overall, 
the total prevalence was slightly lower 
at T1. A consistent association between 
UMTS exposure and different clusters of 
GP-registered symptoms, for the self- 
declared mobile phone base stations- 
sensitive group. 

This before-after study found no 
evidence that RF-EMF exposure from 
mobile phone base stations is 
associated with the development of 
non-specific symptoms in the general 
population, corroborating recent 
observational studies. Subgroup 
analyses among people with self- 
reported sensitivity to base stations 
showed a higher prevalence for most 
symptoms at T1 compared to baseline 
and there was some indication for a 
higher risk of non-specific symptoms 
for the mobile phone base stations- 
sensitive group, in relation to 
exposure. 

28 
N 
RS 

Klaps et al. (2016) 
Austria 

Base station 
antennas 

Meta-analysis based on the results of 
17 studies 

The effects of mobile phone base 
stations seem to be rather unlikely. 
However, nocebo effects occur. 

It is unclear whether electromagnetic 
fields emitted by mobile phone base 
stations affect well-being in adults. 
The existing studies on this topic are 
highly inconsistent. 

29 
Y 

Singh et al. (2016) 
India 

4 Base station 
antennas 

Effects found: 
-sleep disturbances 

A majority of the subjects who were 
residing near the mobile base station 

(continued on next page) 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

RS 
CBP 

Questionnaire survey and salivary 
analysis in 20 individuals (case 
group) and 20 (control group) 

-headache 
-dizziness 
-irritability 
-concentration difficulties 
-hypertension 

had various complaints. 
A majority of the study subjects had 
significantly lesser stimulated salivary 
secretion as compared to the control 
subjects. 
The effects of prolonged exposure to 
EMRs from mobile phone base stations 
on the health and well-being of the 
general population cannot be ruled 
out. 

30 
Y 
RS 

Premlal and 
Eldhose, 2017 
India 

14 Base station 
antennas 

Questionnaire survey (229 persons) 
and power density measurements 

Joint pain, sleep disorders, migraine 
related headaches and digestive 
problems 

For 32 different diseases, only 4 were 
found to have obvious relation to the 
cell tower radiation. Females are more 
prone to the bad effects of cell tower 
radiation. The current Indian standard 
for cell tower exposure is inadequate 
for the safe living. 

31 
Y 
CBP 

Taheri et al. (2017) 
Iran 

Base station 
antennas 

45 healthy individuals with their 
home 
near BTS antenna (exposed group) 
and 45 healthy subjects who were 
away from the antenna 

In the exposed group, the whole 
number of white blood cells, the level of 
hematocrit, percent of monocytes, 
eosinophils and basophils were 
significantly lower than the control 
group. The number of red blood cells, 
their average volume and the mean 
concentration of hemoglobin were 
notably higher than the controls. 
There was not observed a significant 
difference between the two groups in 
hemoglobin, its mean concentration, 
platelet count, percent of lymphocytes 
and neutrophils as well as serum levels 
of cytokines IL-4, IL-10 and interferon γ. 

The radiation of base station antennas 
influenced the blood and immune 
systems. 

32 
Y 
RS 
C 

Vijay and 
Choudhary (2017) 
India 

40 Base station 
antennas 
(900–1800 MHz) 

Questionnaire survey Effects found: 
- headache 
- depression 
- sleep disturbance 
- nausea 
- fatigue 
- asthma 
- cancer 
- Alzheimer’s disease 
- multiple sclerosis 
- brain tumor. 

The questionnaires show that people 
have some kind of physical or mental 
illness after the installation of mobile 
towers. 

33 
Y 
CBP 

Zothansiama et al. 
(2017) 
India 

6 Base station 
antennas 
(900–1800 MHz) 

Questionnaire survey. 
Blood sample collection and 
lymphocyte culture. 
Power density measurement. 
Exposed group (n = 40) Control 
group (n = 40) 
The study was envisaged to evaluate 
the effect of RFR on the DNA damage 
and antioxidant status in cultured 
human peripheral blood lymphocytes 
of individuals residing in the vicinity 
of mobile phone base stations and 
comparing it with healthy controls. 

Effects found: 
-higher frequency of micronuclei 
-decreased antioxidants 

The analyses of data from the exposed 
group residing within a perimeter of 
80 m of mobile base stations, showed 
significantly higher frequency of 
micronuclei when compared to the 
control group, residing 300 m away 
from themobile base station. The 
analysis of various antioxidants in the 
plasma of exposed individuals 
revealed a significant attrition in 
glutathione concentration, activities of 
catalase and superoxide dismutase and 
rise in lipid peroxidation when 
compared to controls. Multiple linear 
regression analyses revealed a 
significant association among 
decreased antioxidants and elevated 
miconuclei frequency with increasing 
RF power density. The persistence of 
DNA unrepaired damage leads to 
genomic instability which may lead to 
several health disorders including the 
induction of cancer. 

34 
Y 
RS 

Meo et al. (2019) 
Saudi Arabia 

Two different 
schools both 
situated nearby 
base station 
antennas (925 
MHz) 

Cognitive function, motor screening 
task and spatial working memory 
were tested, and also RF 
measurements were made. 

There was a statistically significant 
impairment in the motor screening task 
and spatial working memory among 
students who were exposed to high RF 
generated by base station antennas 
(School 2: 10.021 μW/cm2) compared 
to students who were exposed to lower 
levels of RF (School 1: 2.010 μW/cm2). 

High exposure to RF-EMF produced by 
base station antennas is associated 
with a decrease in fine and gross motor 
skills and spatial working memory and 
attention in school adolescents 
compared to students who had been 
exposed to low RF-EMF. 

(continued on next page) 
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4.1. Investigations with radar and radio/television antennas 

In studies carried out in the last century, occupational exposure of 
people to microwave radiation (RF) related to military, industrial and 
radio uses, as well as radio waves, showed several types of effects: an 
increase in spontaneous abortions, changes in red and white blood cell 
counts and an increase in childhood, testicular and other cancers. These 
findings suggest that RF exposures are potentially carcinogenic and have 
other health effects; the author recommends precautionary measures to 
avoid unnecessary exposure (Goldsmith, 1997). An analysis of particular 
locations of diagnosed neoplasms indicates significantly higher 
morbidity rates in the military exposed to RF for alimentary tract can
cers, skin tumours, neoplasms and cerebral and haematological/lym
phatic malignancies. For haematological/lymphatic malignancies, the 
difference in morbidity between exposed and unexposed military was 
the largest. This may suggest that spontaneous neoplasms develop faster 
in the exposed group, with a shorter latency period than in those not 
exposed. In fact, in exposed subjects, the disease occurs 5–10 years 
earlier (Szmigielski et al., 2001). On the other hand, children exposed to 
radar electromagnetic radiation had less developed memory and atten
tion, their reaction time was slower and their neuromuscular apparatus 
endurance was decreased (Kolodynski and Kolodynska, 1996). 

In several studies performed around radio and television antennas, 
there was a significant decrease in the risk of cancer and leukaemia with 
increasing distance to the antennas (Maskarinec et al., 1994; Dolk et al., 
1997a, 1997b; Hocking and Gordon, 2000; Michelozzi et al., 2002; Park 
et al., 2004). People exposed to a radio antenna shortwave broadcasting 
station in Schwarzenburg (Switzerland) had sleep disturbances, which 
were more frequent in exposed than in unexposed subjects (Altpeter 
et al., 2000). 

Thus, the coincidences of similar effects from studies with different 
sources of electromagnetic radiation (but with similar pulsed, polarized 
and modulated radiation), such as radar or radio/television antennas, 
reinforce the conclusions of this review. Non-ionizing EMF are among 
the fastest growing forms of environmental pollution, its increase 
around the world in recent years has been exponential (Bandara and 
Carpenter, 2018) and symptoms reported today may be classic micro
wave/RF sickness (Levitt and Lai, 2010). 

4.2. RF exposure incidents among diplomats (Havanna syndrome) 

From late 2016 through August 2017, US government personnel on a 
diplomatic mission in Havana, Cuba, reported neurological symptoms, 
including cognitive, balance, visual and hearing disturbances, sleep 

Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

35 
Y 
RS 

Ali et al. (2021) 
Iraq 

Base station 
antennas 
(900–1800 MHz) 

Questionnaire survey comparing two 
groups. The first group (n = 79) was 
located in a town with three cell 
phone towers with less than a 
hundred meters apart. The second 
study group (n = 79) was limited to 
the area almost empty from cell 
phone towers. Electric field 
measurements were made. 

There was a significant association 
between health problems (skin 
problem, hair loss issues, sleeping 
difficulties, and fertility issues) and 
distance to towers (less distance, more 
problems: P-value < 0.05). In regards to 
health problems (abnormalities, blood 
pressure issues, tumours cases, and 
memory and concentration difficulties), 
the obtained results were not 
statistically significant. 

The results showed an increase in both 
short- and long-term health problems 
near base stations antennas in general. 

36 
Y 
RS 
C 

López et al., 2021 
Spain 

9 Base station 
antennas 

Questionnaire survey on 268 persons, 
174 in exposed área and 94 in control 
área, and EMF measurements 

Effects found on -headache 
-dizziness 
-instability 
-tachycardias 
-nightmares 
No effects found on: 
-fainting 

People who are exposed to higher 
radiation values present more severe 
headaches, dizziness and nightmares. 
5.6% cancer cases in the study 
population, a percentage 10 times 
higher tan that of the total Spanish 
population. 

37 
N 
RS 

Martin et al. 
(2021) 
France 

Base station 
antennas 

Questionnaire survey in 354 residents 
from buildings located at a distance of 
250 m or less from the base station 
antennas in the main transmit beam 
of the antennas and home exposure 
measurements 

No significant association between RF- 
EMF exposure and the overall 
symptoms score, nor between RF-EMF 
exposure from MPBSs and insomnia- 
like symptoms. There was a significant 
association between RF-EMF exposure 
and insomnia-like symptoms only for 
participants who attributed their 
symptoms to radiofrequencies. 

The findings of the study do not 
support the hypothesis of an 
association between RF-EMF exposure 
and health outcomes, such as self- 
reported non-specific or insomnia-like 
symptoms in the general population. 
However, they may suggest a possible 
association between such exposure 
and insomnia-like symptoms among 
people reporting environmental 
concerns. 

38 
Y 
C 

Rodrigues et al. 
(2021) 
Brazil 

Base station 
antennas 

This is an ecological study using 
capitals as the unit of analysis. The 
authors collected information on the 
number of deaths by cancer, gender, 
age group, gross domestic product per 
capita, death year, and the amount of 
exposure over a lifetime and 
investigated all cancer types and 
some specific types (breast, cervix, 
lung, and esophagus cancers). 

For all cancers and for the specific types 
investigated (breast, cervix, lung, and 
esophagus cancers), the higher the 
exposure to RBS radiofrequency, the 
higher the median of mortality rate. 

The results indicates that the exposure 
to radiofrequency electromagnetic 
fields from an RBS increases the rate of 
mortality by all cancers and 
specifically by breast, cervix, lung, and 
esophageal cancers. These conclusions 
are based on the fact that the findings 
of the study indicate that, the higher 
the RBS radiofrequency exposure, the 
higher the cancer mortality rate, 
especially for cervix cancer. The 
spatial analysis showed that the 
highest radiofrequency exposure was 
observed in a city located in the 
southern region of Brazil, which also 
showed the highest mortality rate for 
all types of cancer and specifically for 
lung and breast cancers.  
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disturbances and headaches. These individuals appeared to have sus
tained injuries to generalized brain networks with no associated history 
of head trauma (Swanson et al., 2018). They complained of cognitive 
decline, fatigue and headache, especially after cognitive exertion, and in 
some cases tinnitus, nausea and balance problems (Dyer, 2018). This 
mysterious disease that affected US and Canadian diplomats in Cuba 
(and later also in China) has confused the FBI, the State Department and 
US intelligence agencies. 

The reported facts seem consistent with pulsed RF/microwave as the 
source of injuries to the affected diplomats (Golomb, 2018). The same 
conclusion was later reached by the National Academy of National 
Academies of Sciences (2020), who reported that many of the chronic or 
non-specific symptoms were consistent with known effects of RF, such as 
dizziness, headache, fatigue, nausea, anxiety, cognitive deficits and 
memory loss. In general, directed pulsed RF energy appears to be the 
most plausible mechanism to explain these cases. Such symptoms had 
already been described much earlier at the Moscow embassy (Lilienfeld 
et al., 1978; Johnson Lyakouris, 1998). 

There are objective pathophysiological changes and health effects 
induced by EMF exposure that can biologically damage the organism 
and are noxious agents in healthy people (Belpomme and Irigaray, 
2022). 

4.3. Important laboratory studies 

The United States National Toxicology Program (NTP) tested the two 
main modulation types used for mobile phones worldwide for GSM (2G) 
and UMTS (3G/4G), in a two-year rodent cancer bioassay under near- 
field exposure conditions; the experiments included additional assays 
for genotoxicity endpoints (Smith-Roe et al., 2020). They found clear 
evidence of carcinogenic activity, and more specifically malignant 
schwannomas of the heart, malignant gliomas of the brain and benign, 
malignant or complex pheochromocytomas (combined) of the adrenal 
medulla. They also found increased DNA damage (measured by the 
comet assay) in the frontal cortex of male mice, in the leukocytes of 
female mice and in the hippocampus of male rats, indicating that mobile 
phone EMF could cause DNA damage and consequent carcinogenesis. In 
a similar large carcinogenicity study by the Ramazzini Institute, Falcioni 
et al. (2018) examined far-field exposure to GSM 1800 MHz EMF and 
reported very similar results to the NTP study. Specifically, they also 
found increased incidence of tumours of the brain and heart in the 

mobile phone EMF-exposed Sprague-Dawley rats. Furthermore, these 
tumours are of the same histotype as those observed in some epidemi
ological studies on mobile phone users (Hardell et al., 2007). 

Kostoff et al. (2020) emphasizes that most of the laboratory experi
ments conducted to date were not designed to identify the more severe 
adverse effects reflective of the real-life operating environment in which 
wireless radiation systems operate, as many experiments do not include 
pulsing and modulation of the carrier signal and the majority do not 
account for synergistic adverse effects of other toxic stimuli. 

4.4. Importance of studies with biological parameters and those 
performed on animals and plants 

Despite the scientific evidence shown in the studies carried out in 
many countries by different teams of researchers that we have reviewed, 
several studies conclude that no effects are found and blame it on risk 
perception and the nocebo effect (Wiedemann et al., 2006; Kowall et al., 
2012; Freudenstein et al., 2015; Dieudonné, 2016; Klaps et al., 2016; 
Koh et al., 2020). However, the nocebo effect is not supported by 
objective data (Belpomme and Irigaray, 2022), by the results of cancer 
studies (Eger et al., 2004; Wolf and Wolf, 2004; Dode et al., 2011; Li 
et al., 2012; Rodrigues et al., 2021), by studies on changes in haema
tological parameters (Gandhi et al., 2015; Meo et al., 2015; Taheri et al., 
2017; Zothansiama et al., 2017), by hormonal changes after long-term 
exposure (Eskander et al., 2012), by salivary secretion (Singh et al., 
2016) and by effects on fertility (Al-Quzwini et al., 2016). Many reviews 
on the health effects of mobile phones have reached the same conclu
sions regarding their effects on male infertility (El-Hamd and Aboelda
hab, 2018). Unfortunately, the studies that allude to the nocebo effect 
seem to be the ones taken into account by the World Health Organiza
tion (World Health Organization, 2015). 

On the other hand, studies performed on animals or trees near base 
station antennas are especially important, because animals and plants 
cannot be aware of their proximity and therefore nocebo or psychoso
matic effects cannot be attributed (Balmori, 2005, 2010; Balmori and 
Hallberg, 2007; Hässig et al., 2012; Lázaro et al., 2016; Waldmann-
Selsam et al., 2016; Levitt et al., 2021). In fact, a similar result of this 
study for humans was found in a review on the significant ecological 
effects of RF EMF in 65% of the studies on vertebrates, birds and plants 
(Cucurachi et al., 2013). 

Moreover, for these effects, perfectly plausible mechanisms of action 

Fig. 1. Results on effects according to the study type considered.  
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have already been proposed. Plasma membrane calcium channels and 
other voltage-gated ion channels are irregularly activated/inactivated 
by man-made EMF in both animals and plants, increasing intracellular 
[Ca2+] and altering intracellular ion concentrations (Panagopoulos 
et al., 2002, 2021; Pall, 2016). 

Under the influence of non-thermal intensities of microwave radia
tion, often there are important signals of some hazardous changes in cell 
metabolism. A significant increase of reactive oxygen species and ni
trogen oxide generation in cells under non-thermal intensities has been 
detected both in vivo and in vitro (Yakymenko et al., 2011; Belpomme 
and Irigaray, 2022). Thus, the different findings clearly argue for a 
causal role of EMF in inducing free radical species, including over
production of reactive oxygen and nitrogen species or suppression of 
antioxidant defence in cells (Belpomme and Irigaray, 2022). Further
more, this exposure can result in DNA damage through oxidative stress 
with reactive oxygen species/free radical overproduction (Yakymenko 
et al., 2011; Kıvrak et al., 2017; Panagopoulos et al., 2021). 

5. The Precautionary Principle 

The International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) is a private organization that issues exposure guidelines that 
are then adopted by governments, but it has been accused of having 
conflicts of interest (Hardell and Carlberg, 2020; Hardell et al., 2021). 
The ICNIRP (2010, 2020) limits are thousands of times above the levels 
where effects are recorded for both extremely low frequency and RF 
man-made EMF and account only for thermal effects, whereas the vast 
majority of recorded effects are non-thermal. These existing guidelines 
for public health protection only consider the effects of acute intense 
(thermal) exposures and do not protect from lower level long-term ex
posures (Israel et al., 2011; Yakymenko et al., 2011; Blank et al., 2015; 
Starkey, 2016; Belpomme and Irigaray, 2022). The exposure duration is 
crucial to assess the induced effects. 

The Precautionary Principle is one of the fundamental principles of 
the European Union, governing policies related to the environment, 
health and food safety (Harremoes et al., 2013). This principle enables 
decision-makers to adopt precautionary measures when the scientific 
evidence regarding an environmental or human health factor is not 
certain regarding its safety. Therefore, despite the existing ample and 
rapidly increasing scientific evidence, no significant progress has been 
made over all these years, at least at the level of guidelines issued by the 
responsible authorities and official regulatory bodies. Some authors 
have pointed out that the source of funding correlates with study find
ings, and many systematic reviews and meta-analyses in this field have 
failed to correct for this source of funding bias, which has likely 
underestimated the evidence for causation (Carpenter, 2019). A growing 
number of scientists have been calling internationally on governments 
to raise their safety standards for RF-EMF (Blank et al., 2015; Hardell 
and Nyberg, 2020; Frank, 2021). Thus, there is an urgent need to adopt 
the Precautionary Principle and impose more restrictive levels (Zinelis, 
2010; Yakymenko et al., 2011; Blank et al., 2015; Starkey, 2016). 

6. Conclusion 

In the current circumstances, it seems that the scientific experts in 
the field are very clear about the serious problems we are facing and 
have expressed this through important appeals (Blank et al., 2015; 
Hardell and Nyberg, 2020). However, the media, the responsible orga
nizations (World Health Organization, 2015) and the governments are 
not transmitting this crucial information to the population, who remain 
uninformed. For these reasons, the current situation will probably end in 
a crisis not only for health but also for this technology itself, as it is 
unsustainable and harmful to the environment and the people. 
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von Mobilfunksendeanlagen auf die Krebsinzidenz. Umwelt-Medizin-Gesellschaft 17 
(4), 326–335. 

Eger, H., Jahn, M., 2010. Specific health symptoms and cell phone radiation in Selbitz 
(Bavaria, Germany)—evidence of a dose-response relationship. umwelt-medizin- 
gesellschaft 23, 130–139. 

El-Hamd, M.A., Aboeldahab, S., 2018. Cell phone and male infertility: an update. 
J. Integrat. Nephrol. Androl. 5 (1), 1. 

Elliott, P., Toledano, M.B., Bennett, J., Beale, L., De Hoogh, K., Best, N., Briggs, D.J., 
2010. Mobile phone base stations and early childhood cancers: case-control study. 
Bmj 340. 

Eltiti, S., Wallace, D., Ridgewell, A., Zougkou, K., Russo, R., Sepulveda, F., et al., 2007. 
Does short-term exposure to mobile phone base station signals increase symptoms in 
individuals who report sensitivity to electromagnetic fields? A double-blind 
randomized provocation study. Environ. Health Perspect. 115 (11), 1603–1608. 

Elwood, J.M., 2003. Epidemiological studies of radio frequency exposures and human 
cancer. Bioelectromagnetics 24 (S6), S63–S73. 

Eskander, E.F., Estefan, S.F., Abd-Rabou, A.A., 2012. How does long term exposure to 
base stations and mobile phones affect human hormone profiles? Clin. Biochem. 45 
(1–2), 157–161. 

Falcioni, L., Bua, L., Tibaldi, E., Lauriola, M., De Angelis, L., Gnudi, F., Belpoggi, F., 2018. 
Report of final results regarding brain and heart tumors in Sprague-Dawley rats 
exposed from prenatal life until natural death to mobile phone radiofrequency field 
representative of a 1.8 GHz GSM base station environmental emission. Environ. Res. 
165, 496–503. 

Foster, K.R., Trottier, L., 2012. Comments on" Mortality by neoplasia and cellular 
telephone base stations in the Belo Horizonte municipality, Minas Gerais state, 
Brazil" by AC Dode et al, 2011. In: Science of the Total Environment, vol. 409, 
pp. 3649–3665. The Science of the total environment, 450, 366-368.  

Frank, J.W., 2021. Electromagnetic fields, 5G and health: what about the precautionary 
principle? J. Epidemiol. Community Health 75 (6), 562–566. 

Frei, P., Mohler, E., Braun-Fahrländer, C., Fröhlich, J., Neubauer, G., Röösli, M., 2012. 
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Gómez-Perretta, C., Navarro, E.A., Segura, J., Portolés, M., 2013. Subjective symptoms 
related to GSM radiation from mobile phone base stations: a cross-sectional study. 
BMJ Open 3 (12), e003836. 

Ha, M., Lim, H.J., Cho, S.H., Choi, H.D., Cho, K.Y., 2003. Incidence of cancer in the 
vicinity of Korean AM radio transmitters. ArchivE Environ. Health 58 (12), 756–762. 

Ha, M., Im, H., Lee, M., Kim, H.J., Kim, B.C., Gimm, Y.M., Pack, J.K., 2007. Radio- 
frequency radiation exposure from AM radio transmitters and childhood leukemia 
and brain cancer. Am. J. Epidemiol. 166 (3), 270–279. 

Hansson, B., Thors, B., Törnevik, C., 2011. Analysis of the effect of mobile phone base 
station antenna loading on localized SAR and its consequences for measurements. 
Bioelectromagnetics 32 (8), 664–672. 
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Hardell, L., Carlberg, M., Söderqvist, F., Mild, K.H., Morgan, L.L., 2007. Long-term use of 
cellular phones and brain tumours: increased risk associated with use for > or =10 
years. Occup. Environ. Med. 64 (9), 626–632 submitted for publication.  

Hardell, L., Carlberg, M., Hedendahl, L.K., 2018. Radiofrequency radiation from nearby 
base stations gives high levels in an apartment in Stockholm, Sweden: a case report. 
Oncol. Lett. 15 (5), 7871–7883. 

Hardell, L., Carlberg, M., 2020. [Comment] Health risks from radiofrequency radiation, 
including 5G, should be assessed by experts with no conflicts of interest. Oncol. Lett. 
20 (4), 1, 1.  

Hardell, L., Nyberg, R., 2020. [Comment] Appeals that matter or not on a moratorium on 
the deployment of the fifth generation, 5G, for microwave radiation. Mole. Clinic. 
Oncol. 12 (3), 247–257. 

Hardell, L., Nilsson, M., Koppel, T., Carlberg, M., 2021. Aspects on the international 
commission on non-ionizing radiation protection (ICNIRP) 2020 guidelines on 
radiofrequency radiation. J. Cancer Sci. Clinic. Therapeutics 5 (2), 250–285. 

Harremoes, P., Gee, D., MacGarvin, M., Stirling, A., Keys, J., Wynne, B., Vaz, S.G. (Eds.), 
2013. The Precautionary Principle in the 20th Century: Late Lessons from Early 
Warnings. Routledge, London.  
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a b s t r a c t

Exposure to low frequency and radiofrequency electromagnetic fields at low intensities poses a signif-
icant health hazard that has not been adequately addressed by national and international organizations
such as the World Health Organization. There is strong evidence that excessive exposure to mobile
phone-frequencies over long periods of time increases the risk of brain cancer both in humans and
animals. The mechanism(s) responsible include induction of reactive oxygen species, gene expression
alteration and DNA damage through both epigenetic and genetic processes. In vivo and in vitro studies
demonstrate adverse effects on male and female reproduction, almost certainly due to generation of
reactive oxygen species. There is increasing evidence the exposures can result in neurobehavioral dec-
rements and that some individuals develop a syndrome of “electro-hypersensitivity” or “microwave
illness”, which is one of several syndromes commonly categorized as “idiopathic environmental intol-
erance”. While the symptoms are non-specific, new biochemical indicators and imaging techniques allow
diagnosis that excludes the symptoms as being only psychosomatic. Unfortunately standards set by most
national and international bodies are not protective of human health. This is a particular concern in
children, given the rapid expansion of use of wireless technologies, the greater susceptibility of the
developing nervous system, the hyperconductivity of their brain tissue, the greater penetration of
radiofrequency radiation relative to head size and their potential for a longer lifetime exposure.

© 2018 Published by Elsevier Ltd.
1. Introduction

Electromagnetic fields (EMFs) are packets of energy that have no
mass. They vary in frequency and wavelength. At the high end of
the electromagnetic spectrum there are cosmic and X-rays that
have enough energy to cause ionization, and therefore are known
e by Payam Dadvand.
e Environment, University at

enter).

esearch Foundation, €Orebro,
as ionizing EMFs. Below in frequency and energy are ultraviolet,
visible light and infrared EMFs. Excessive exposure to ultraviolet
EMFs poses clear danger to human health, but life on earth would
not be possiblewithout visible light and infrared EMFs. Below these
forms of EMF are those used for communications (radiofrequency
or RF-EMFs, 30 kHz-300 GHz) and those generated by electricity
(extremely low-frequency or ELF-EMFs, 3 Hz-3 kHz). These EMFs do
not have sufficient energy to directly cause ionization, and are
therefore known as non-ionizing radiation. RF-EMFs at sufficient
intensity cause tissue heating, which is the basis of operation of the
microwave oven. However the question to be addressed here is
human health effects secondary to exposures to non-ionizing EMFs
at low intensities that do not cause measureable heating.
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In spite of a large body of evidence for human health hazards
from non-ionizing EMFs at intensities that do not cause measure-
able tissue heating, summarized in an encyclopedic fashion in the
Bioinitiative Report (www.bioinitiative.org), the World Health Or-
ganization (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. In
2001 the International Agency for Research on Cancer (IARC, 2002),
part of the WHO, declared ELF-EMFs to be “possibly carcinogenic to
humans”, and in 2011 they made a similar declaration for RF-EMFs
(Baan et al., 2011; IARC, 2013). The classification of RF-EMFs as a
“possible” human carcinogenwas 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 evi-
dence from animal studies for exposure leading to cancer. The US
National Toxicology Program has released preliminary results of a
study of long term exposure of rats to cell phone radiation which
resulted in a statistically significant increase in brain gliomas, the
same cancer found in people after long-term cell phone use, and
schwannomas, a tumor similar to the acoustic neuroma also seen
after intensive mobile phone use (Wyde et al., 2016). Similar results
in rats have been reported in an independent study at the Ram-
azzini Institute with exposures similar to those from a mobile
phone base station (Falcioni et al., 2018). This evidence, in
conjunction with the human studies, demonstrates conclusively
that excessive exposure to RF-EMF results in an increased risk of
cancer. In light of this new evidence for cancer in rodents in
response to prolonged exposure to mobile phone frequencies, the
IARC rating should be raised at least to “probable” (Group 2A) if not
“known” (Group 1).

Unfortunately the International EMF Project of the WHO, which
is part of the Department of Public Health, Environment and Social
Determinants of Health in Geneva, has consistently minimized
health concerns from non-ionizing EMFs at intensities that do not
cause tissue heating (WHO, 2014). In this regard WHO has failed to
provide an accurate and human health-protective analysis of the
dangers posed to health, especially to the health of children,
resulting from exposure to non-thermal levels of electromagnetic
fields. The Department of Public Health, Environment and Social
Determinates of Disease takes its advice on the issues related to
human health effects of non-ionizing EMFs from the International
Commission on Non-ionizing Radiation Protection (ICNIRP). Almost
all members of the core group preparing the new Environmental
Health Criteria (EHC) document for the WHO are members of
ICNIRP (Starkey, 2016; Hardell, 2017), a non-goverment organiza-
tion (NGO) whose members are appointed by other members. In
spite of recent efforts to control for conflicts of interest, ICNIRP has a
long record of close associations with industry (Maisch, 2006).
When queried as to why the WHO would take recommendations
from such a group, WHO staff replied that ICNIRP is an official NGO
which works closely with the WHO. Why this should exclude other
scientific research groups and public health professionals is un-
clear, particularly since most members of ICNIRP are not active
researchers in this field. We are particularly concerned that a new
WHO EHC document on RF-EMFs is scheduled to be released soon,
and that the members of the EHC Core Group and the individuals
whose assistance has been acknowledged are known to be in denial
of serious non-thermal effects of RF-EMFs in spite of overwhelming
scientific evidence to the contrary (Starkey, 2016; Hardell, 2017).

Others have dismissed the strong evidence for harm from ELF-
and RF-EMFs by arguing that we do not know the mechanism
whereby such low energetic EMFs might cause cancer and other
diseases. We have definitive evidence that use of a mobile phone
results in changes in brain metabolism (Volkow et al., 2011). We
know that low-intensity ELF- and RF-EMFs generate reactive oxy-
gen species (ROS), alter calcium metabolism and change gene
expression through epigenetic mechanims, any of whichmay result
in development of cancer and/or other diseases or physiological
changes (see www.bioinitiative.org for many references). We do
not know the mechanisms behind many known human carcino-
gens, dioxins and arsenic being two examples. Given the strength of
the evidence for harm to humans it is imperative to reduce human
exposure to EMFs. This is the essence of the “precautionary
principle”.

There are a number of reasons for our concern. In the past the
major exposure of the general population to RF-EMFs came from
radio and television signals. Now there are almost as many mobile
phones as there are people in the world, all of them being exposed
to RF-EMFs. There are mobile phone towers everywhere, and in
many developing countries there are no land-lines that allow
communication without exposure to RF-EMFs. There is rapid
movement in many developed countries to place small cell trans-
mitting devices (5G) operating at higher frequencies (24e70GHz)
every approximately 300m along sidewalks in residential neigh-
borhoods. There are other significant sources of exposure, coming
from WiFi, smart meters and soon from automobiles operating
without a human driver. Therefore human exposure has increased
dramatically in recent years, and continues to increase rapidly.
Whilewe already are seeing harm from these exposures, the degree
of harm will only increase with time because of the latency that is
known to occur between exposure and development of diseases
such as cancer.

Standards for protection of human health from EMFs vary
greatly around the world. Many countries set standards based on
the false assumption that there are no adverse health effects of RF-
EMFs other than those that are caused by tissue heating. This is the
case in North America, Australia and some European countries.
Many countries from the former Soviet Union have much more
restrictive standards. However information from cellular and hu-
man studies show biological effects that constitute hazards to hu-
man health at exposure levels that are often exceeded during daily
life.

This report follows a recent non-official meeting in Geneva with
WHO representives, where the authors urged WHO to acknowlege
low intensity effects of ELF-EMFs and non-thermal health effects of
RF-EMFs. This report does not attempt to present a complete
overview of the subject [see the Bioinitiative Report (www.
bioinitiative.org) for that] but rather to provide a holistic picture
of the processes explaining most or all of the adverse effects of EMF
exposures. It summarizes the evidence for cancer resulting from
exposure to EMFs, and identifies other diseases or pathological
conditions such as Alzheimer's disease and hypofertility that have
been shown to be associated with excesive exposure to low-
intensity EMFs. We also focus on electrohypersensitivity (EHS) in
both children and adults and cognitive and behavioural problems in
children resulting from the increasing exposure. Finally we discuss
what is known about the mechanisms whereby non-thermal EMF
radiation can cause disease with special reference to EMF-related
free radical production and epigenetic and genetic mechanisms.

2. Mobile phone use and the risk for glioma, meningioma
and acoustic neuroma

The brain is the main target for exposure to RF-EMF radiation
during use of handheld wireless phones, both mobile and cordless
phones (Cardis et al., 2008; Gandhi et al., 2012). An increased risk
for brain tumors has been of concern for a long time. The results of
the Swedish National Inpatient Register have documented an

http://www.bioinitiative.org
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increasing incidence of brain tumors in recent years (Carlberg and
Hardell, 2017). In May 2011 RF radiation in the frequency range
30 kHze300 GHz was evaluated to be a Group 2B, i.e. a “possible”
human carcinogen, by IARC (Baan et al., 2011; IARC, 2013). This was
based on an increased risk for glioma and acoustic neuroma in
human epidemiological studies. In the following an updated sum-
mary is given of case-control studies on brain and head tumors;
glioma, meningioma and acoustic neuroma. The Danish cohort
study on ‘mobile phone users’ (Johansen et al., 2001; Schüz et al.,
2006) is not included due to serious methodological shortcom-
ings in the study design, including misclassification of exposure
(see S€oderqvist et al., 2012a).
2.1. Glioma

Glioma is the most common malignant brain tumor and rep-
resents about 60% of all central nervous system (CNS) tumors. Most
of these are astrocytic tumors that can be divided into low-grade
(WHO grades I-II) and high-grade (WHO grades III-IV). The most
common glioma type is glioblastoma multiforme (WHO grade IV)
with peak incidence in the age group 45e75 years and median
survival less than one year (Ohgaki and Kleihues, 2005). Three
research groups have provided results in case-control studies on
glioma (Interphone, 2010; Coureau et al., 2014; Hardell and
Carlberg, 2015). Hardell and colleagues have published results
from case-control studies on use of wireless phones and brain tu-
mor risk since the end of the 1990s (Hardell et al., 1990; for more
discussion see Carlberg and Hardell, 2017).

A random effects model was used for meta-analyses of pub-
lished studies, based on test for heterogeneity in the overall group
(“all mobile”). Note that only the Hardell group also assessed use of
cordless phones. Thus their reference category included cases and
controls with no use of wireless phones in contrast to the other
studies investigating only mobile phone use. In Table 1 results for
highest cumulative use in hours of mobile phones is given. All
studies reported statistically significant increased risk for glioma
and the meta-analysis yielded an odds ratio (OR)¼ 1.90 [95% con-
fidence interval (CI)¼ 1.31e2.76]. For ipsilateral mobile phone use
the risk increased further to OR¼ 2.54 (95% CI¼ 1.83e3.52) in the
meta-analysis based on 247 exposed cases and 202 controls.

Carlberg and Hardell (2014) found shorter survival in patients
with glioblastoma multiforme associated with use of wireless
phones comparedwith patients with no use. Interestinglymutation
of the p53 gene involved in disease progression has been reported
in glioblastomamultiforme in patients with mobile phone use�3 h
per day. The mutationwas statistically significantly correlated with
shorter overall survival time (Akhavan-Sigari et al., 2014). Further
support for the increased risk of glioma associated with mobile
phone use has been obtained in additional analyses of parts of the
Interphone study (Cardis et al., 2011; Grell et al., 2016; Momoli
Table 1
Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence
hours of mobile phone use.

All

Ca/Co OR 9

Interphone 2010
Cumulative use �1640 h 210/154 1.40 1
Coureau et al., 2014
Cumulative use �896 h 24/22 2.89 1
Carlberg and Hardell, 2015
Cumulative use �1640 h 211/301 2.13 1
Meta-analysis
Longest cumulative use 445/477 1.90 1
et al., 2017).
2.2. Meningioma

Meningioma is an encapsulated, well-demarked and rarely
malignant tumor. It is the most common benign tumor and ac-
counts for about 30% of intracranial neoplasms. It develops from the
pia and arachnoid membranes that cover the CNS. It is slowly
growing and gives neurological symptoms by compression of
adjacent structures. The most common symptoms are headaches
and seizures. The incidence is about two times higher in women
than inmen. Meningioma develops mostly amongmiddle aged and
older persons (Cea-Soriano et al., 2012). Carlberg and Hardell
(2015) included meningioma in their case-control studies. The re-
sults of the meta-analysis for cumulative exposure in the highest
category are given in Table 2. In total there was an increased (but
not statistically significant) risk for cumulative exposure but the
increased risk was statistically significant for ipsilateral use of
mobile phones (OR¼ 1.49, 95% CI¼ 1.08e2.06).
2.3. Acoustic neuroma

Acoustic neuroma, also called vestibular schwannoma, is a
benign tumor located on the eighth cranial nerve from the inner ear
to the brain. It is usually encapsulated and grows in relation to the
auditory and vestibular portions of the nerve. It grows slowly and
due to the narrow anatomical space may give compression of vital
brain stem structures. First symptoms of acoustic neuroma are
usually tinnitus and hearing problems. Results for use of mobile
phones in Interphone (2011) and Hardell et al. (2013) are given in
Table 3. Statistically significant increased risk was found for cu-
mulative ipsilateral use �1640 h yielding OR¼ 2.71 (95%
CI¼ 1.72e4.28).

The study by Moon et al. (2014) was not included in the meta-
analysis because data on cumulative mobile phone use with
numbers of cases and controls were not given. Support of an
increased risk was seen in the case-case part of the study (Moon
et al., 2014) and also in the report by Sato et al. (2011). Pettersson
et al. (2014) made a case-control study on acoustic neuroma in
Sweden not overlapping the Hardell et al. (2013) study. An
increased risk for the highest category of cumulative use of both
mobile phone (�680 h OR¼ 1.46, 95% CI¼ 0.98e2.17) and cordless
phone (�900 h OR¼ 1.67, 95% CI¼ 1.13e2.49) was found.Petters-
son et al. (2014) was not included in the meta-analysis due to the
many scientific shortcomings in the study, e.g. laterality analysis
was not made for cordless phone, the numbers in the laterality
analysis for mobile phone are not consistent in text and tables and
the ‘unexposed’ reference category included subjects using either
mobile and cordless phone, which is clearly not correct (Hardell
and Carlberg, 2014).
interval (CI) for glioma in case-control studies in the highest category of cumulative

Ipsilateral

5% CI Ca/Co OR 95% CI

.03e1.89 100/62 1.96 1.22e3.16

.41e5.93 9/7 2.11 0.73e6.08

.61e2.82 138/133 3.11 2.18e4.44

.31e2.76 247/202 2.54 1.83e3.52



Table 2
Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence interval (CI) for meningioma in case-control studies in the highest category of
cumulative hours of mobile phone use.

All Ipsilateral

Ca/Co OR 95% CI Ca/Co OR 95% CI

Interphone 2010
Cumulative use �1640 h 130/107 1.15 0.81e1.62 46/35 1.45 0.80e2.61
Coureau et al., 2014
Cumulative use �896 h 13/9 2.57 1.02e6.44 6/4 2.29 0.58e8.97
Carlberg and Hardell 2015
Cumulative use �1640 h 141/301 1.24 0.93e1.66 67/133 1.46 0.98e2.17
Meta-analysis
Longest cumulative use 284/417 1.27 0.98e1.66 119/172 1.49 1.08e2.06

Table 3
Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence interval (CI) for acoustic neuroma in case-control studies in the highest category of
cumulative hours of mobile phone use.

All Ipsilateral

Ca/Co OR 95% CI Ca/Co OR 95% CI

Interphone 2011
Cumulative use �1640 h 77/107 1.32 0.88e1.97 47/46 2.33 1.23e4.40
Hardell et al., 2013
Cumulative use �1640 h 27/301 2.40 1.39e4.16 19/133 3.18 1.65e6.12
Meta-analysis
Cumulative use �1640 h 104/408 1.73 0.96e3.09 66/179 2.71 1.72e4.28
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2.4. In summary

Based on case-control studies there was a consistent finding of
increased risk for glioma and acoustic neuroma associated with use
of mobile phones. Similar results were found for cordless phones in
the Hardell group studies, although such use was not reported by
the other study groups. The findings are less consistent for me-
ningioma although somewhat increased risk was seen in the meta-
analysis of ipsilateral mobile phone use. A longer follow-up time is
necessary for this type of slow growing tumor.

The results on glioma and acoustic neuroma are supported by
results from animal studies showing co-carcinogenic and tumor
promoting effects from RF-EMF (Tillmann et al., 2010; Lerchl et al.,
2015). Recent results from the National Toxicology Program (NTP)
study showed genotoxicity of RF radiation in rats and mice exposed
to RF-EMF (Smith-Roe et al., 2017). That result supports previous
findings of DNA strand breaks in rat brain cells exposed to RF-EMF
(Lai and Singh, 1997).

Of importance also is that the results in the NTP and Ramazzini
studies both demonstrated an increased incidence of tumors of the
same type, glioma and malignant schwannoma, as has been seen in
humans with mobile phone use (Wyde et al., 2016; Falcioni et al.,
2018). Acoustic neuroma (vestibular schwannoma) is a similar
type of tumor as malignant schwannoma, although benign. In fact,
rates of brain tumors are increasing in Sweden and use of wireless
phones has been suggested to be the cause (Hardell and Carlberg.
2017).

3. Other diseases and pathological conditions attributed to
exposure to low-intensity EMFs

The evidence for harm from RF-EMF is strongest for cancer as a
consequence of intensive mobile phone use, especially gliomas,
glioblastomas and acoustic neuromas. But there is other evidence
for elevation in risk of leukemia among children living near to very
high intensity radio transmission towers (Michelozzi et al., 2002;
Ha et al., 2007). This is particularly interesting because leukemia is
the cancer most associated with elevated exposure to ELF-EMFs
arising from power lines (Ahlbom et al., 2000; Greenland et al.,
2000). There is some evidence for elevations in breast cancer risk
among women who wear their mobile phones in their bra (West
et al., 2013). Heavy use of a mobile phone was associated with
significantly elevated rates of ipsilateral parotid tumors in studies
from both Israel (Sadetzki et al., 2007) and China (Duan et al., 2011).
No increased risk was found in a Swedish study, but the results
were limited by low number of participants and lack of data on
heavy and long-term use of wireless phones (S€oderqvist et al.,
2012b).

There are other significant human health hazards of concern.
There is strong animal and human evidence that exposure to RF-
EMFs as well as ELF-EMFs reduces fertility in both males
(reviewed by McGill and Agarwal, 2014) and females (Roshangar
et al., 2014). An association between spontaneous abortion and
non-thermal EMF exposure including ELF-EMFs was reported in
several case-control studies (Dodge,1970; Juutilainen et al., 1993; Li
et al., 2017). The increased use of mobile phones and increased
exposure coming from WiFi, smart meters and other wireless de-
vices has been paralled in time with male hypofertility and sperm
abnormalities in semen (Rolland et al., 2013). These effects may be
related to holding an active wireless laptop in a man's lap or having
an active mobile phone on their belt, but more study is needed.
There is evidence that isolated human sperm exposed to RF-EMFs
are damaged by generation of reactive oxygen species (Agarwal
et al., 2009).

There are other diseases or physiologic alterations which have
been reported to be associated with exposure to non-thermal EMFs
in humans and in animals (Belyaev et al., 2016). Alzheimer disease
has been shown to be significantly associatedwith chronic ELF-EMF
occupational exposure in prospective epidemiological studies
(García et al., 2008; Davanipour and Sobel, 2009). Exposure to RF-
EMFs has been reported to increase neuropsychiatric and behav-
ioural disorders (Johansson et al., 2010; Divan et al., 2012), trigger
cardiac rhythm alteration and peripheral arterial pressure insta-
bility (Havas, 2013; Saili et al., 2015), induce changes in immune
system function (Lyle et al., 1983; Grigoriev et al., 2010; Sannino
et al., 2011, 2014) and alter salivary (Augner et al., 2010) and
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thyroid (Koyu et al., 2005; Mortavazi et al., 2009; Pawlak et al.,
2014) function. There is an urgent need for more study of these
diseases or biological alterations in relation to exposure to both
ELF- and RF-EMFs.

4. An emerging concern: cognitive and neurobehavioral
problems in children

Children, and especially fetuses, are more vulnerable than adults
for most environmental exposures (Sly and Carpenter, 2012). This is
because their cells are rapidly dividing and their organ systems are
not mature. As a result, events that perturb cellular function early in
life can result is abnormalities that last. There is a building body of
evidence indicating that exposure to RF-EMFs has adverse effects on
cognition and neurobehavior, especially in children and adolescents.
Concern about the particular sensitivity of children to RF-EMFs
emitted from mobile phone was first raised in 2000 by a British in-
dependent expert group (IEG, 2000) that noted that the increased
sensitivity to EMFs of children could be due not only to the natural
vulnerability of the developing nervous system, but also to the
smaller head size and thickness of the skull. These factors, plus the
higher conductivity of the young nervous system, result in greater
penetration of RF-EMFs into the brain (Gandhi et al., 1996). Of
concern is the fact that any adverse effects during development may
have life-long consequences and that young people, because they
will have a longer life span, will receive a greater cumulative expo-
sure than adults (Kheifets et al., 2005; Hansson Mild et al., 2006).

There are several reasons to be concerned. Animal studies have
shown that in utero RF-EMF exposure from mobile phones affects
fetal programming and leads to alteration in neurodevelopment
and behavior of offsprings (Aldad et al., 2012; Zhang et al., 2015).
Exposure of young rats to non-thermal intensities impairs learning
and spatial memory secondary to a deleterious impact of EMFs on
hippocampal, pyramidal or cortical neurons. Similar detrimental
cognitive and behavioural defects were also observed in adult an-
imals exposed to low-intensity.

EMFs (Bas et al., 2009; Deshmukh et al., 2015; Kumari et al.,
2017; Shahin et al., 2017). The exposure induces markers of
oxidative stress and inflammation in the brain (Dasdag et al., 2012;
Megha et al., 2015).

There are human data consistent with these animal studies.
Divan et al. (2008) reported that prenatal and to a lesser degree
postnatal exposure to cell phones is associated with emotional and
hyperactivity problems in 7-year old children. This finding was
confirmed in a second replicative study involving different partic-
ipants (Divan et al., 2012). Birks et al. (2017) used data from studies
in five cohorts from five different countries (83,884 children) and
concluded that maternal mobile phone use during pregnancy
increased the risk that the child will show hyperactivity and inat-
tention problems. A meta-analysis involving 125,198 children
(mean age 14.5 years) reported statistically significant associations
between access to and use of portable screen-based media devices
(e.g. mobile phones and tablets) and inadequate sleep quality and
quantity and excessive daytime sleepiness (Carter et al., 2016). Early
life exposure to lead has long been known to cause a reduction in
cognitive function and shortened attention span (Needleman et al.,
1979). Two studies have shown that prenatal (Choi et al., 2017) or
postnatal (Byun et al., 2017) mobile phone exposure results in
greater neurobehavioral effects in children with elevated lead
levels than those seen with elevated lead alone. These results raise
concern that EMFs may have synergistic actions with other envi-
ronmental contaminants known to cause a reduction in intelligence
quotient (IQ) and attention, such as polychlorinated biphenyls,
methyl mercury, environmental tobacco smoke and probably
others (Carpenter, 2006).
Finally the problem should be considered at the societal,
worldwide level. Many adolescents (Lenhart, 2015) and even very
young children and infants (Kabali et al., 2015) use cordless devices
immoderately, to such a point that the common intensive use of
devices in children and adolescents has been ascribed as an
addiction (Paz de la Puente and Balmori, 2007; Roberts et al., 2014).

The specific absorption rate (SAR)-based ICNIRP safety limits
were established on the basis of simulation of EMF energy ab-
sorption using standardized adult male phantoms, and designed to
protect people only from the thermal effects of EMFs. These as-
sumptions are not valid for two reasons. Not only do they fail to
consider the specific morphological and bioclinical vulnerabilities
of children, but also they ignore the effects known to occur at non-
thermal intensities. The same criticisms apply to other so called
“independent” advisory groups or agencies, such as the Advisory
Group of Non-Ionizing Radiation in the UK (AGNIR, 2012), the
French Agency for Food, Environmental and Occupational Health &
Safety in France (ANSES, 2013), and the Scientific Committee on
Emerging Newly Identified Health Risk (SCENIHR, 2009), all of
whom deny the detrimental health effects of low intensity, non
thermal EMF exposure and make recommendations based only on
thermal SAR considerations.

Although several scientific authorities, such as the US American
Academy of Pediatrics (AAP, 2013), and the Russian National
Committee on Non-Ionizing Radiation Protection (RNCNIRP, 2011)
have made specific recommendations to not allow the use of mo-
bile phones by children and to limit their use by adolescents, un-
fortunately these age categories remain a target for marketing of
mobile phone devices [http://www.who.int/peh-emf/project/
mapnatreps/RUSSIA%20report%202008.pdf]. The RNCNIRP has
warned that if no rational, health-based safety limits are adopted
for children and adolescents and no measures are taken to limit the
use of cordless devices, we can expect disruption of memory, de-
creases in learning and cognitive capabilities, increases in irrita-
bility, sleep disturbance, and loss of stress adaptation in this
population. There will also be long-term effects, including an in-
crease in brain cancer, infertility, EHS, Alzheimer disease and other
neurodegenerative diseases (RNCNIRP, 2011; Markov and Grigoriev,
2015). National and international bodies, particularly theWHO, will
bear major responsiblity for failing to provide specific science-
based guidance and recommendations so as to avoid such global
health threats.

5. Electrohypersensitivity, microwave illness or idiopathic
environmental intolerance attributed to electromagnetic
fields

There is a segment of the human population that is unusually
intolerant to EMFs. The term “electromagnetic hypersensitivity” or
“electrohypersensitivity (EHS)” to describe the clinical conditions
in these patients was first used in a report prepared by a European
group of experts for the European Commission (Bergqvist et al.,
1997). Santini et al. (2001, 2003) reported similar symptoms
occurring in users of digital cellular phones and among people
living near mobile phone base stations.

In 2004, because of the seemingly increasing worldwide preva-
lence,WHO organized an international scientificworkshop in Prague
in order to define and characterize EHS. Although not acknowledging
EHS as being caused by EMF exposure, the Prague working group
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”
(www.who.int/pehemf/EHS_Proceedings_June2006.pdf). Following
this meeting, WHO acknowledged EHS as an adverse health condi-
tion (WHO, 2005).

http://www.who.int/peh-emf/project/mapnatreps/RUSSIA%20report%202008.pdf
http://www.who.int/peh-emf/project/mapnatreps/RUSSIA%20report%202008.pdf
http://www.who.int/pehemf/EHS_Proceedings_June2006.pdf
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According to the Prague Workshop recommendations, it was
proposed to use the term “idiopathic environmental intolerance
(IEI) attributed to electromagnetic fields” (IEI-EMF) because of the
lack of a proven causal link with EMF exposure (HanssonMild et al.,
2006). This pathological disorder is identical to what has been
previously described under the term “microwave illness”
(Carpenter, 2015).

This syndrome is characterized by fatigue, chronic pain and
impaired cognitive function (see the Paris appeal, http://appel-de-
paris.com/?lang¼en). The precise mechanism(s) whereby envi-
ronmental exposure to either ELF- or RF-EMFs can cause the
development of this syndrome are still uncertain. However several
lines of experimental and clinical data are sufficiently strong so as
to indicate that ELF-EMFs and RF-EMFs exposure is associated with
adverse biological and clinical health effects in humans as well as
animals (Rea et al., 1991; McCarty et al., 2011; Belpomme et al.,
2015; Hedendahl et al., 2015; Irigaray et al., 2018a). The preva-
lence of EHS has been estimated to range 1e10% in developed
countries (Hallberg and Oberfeld, 2006) but appears today to be
around 3% (Huang et al., 2018).

Since WHO official reports on mobile phone exposure and
public health (WHO, 2014) and more particularly on EHS (WHO,
2005), much clinical and biological progress has been made to
identify and objectively characterize EHS, as was summarized
during the international scientific consensus meeting of the 5th
Paris Appeal Congress that took place inMay 2015 in Brussels at the
Royal Belgium Academy of Medicine (ISD, 2015). EHS has many
characteristics in common with other IEI pathological disorders,
including chronic fatigue syndrome, fibromyalgia, Gulf War Illness
and especially the syndrome of multiple chemical senssitvity
(MCS), which Belpomme et al. (2015) have shown to be associated
with EHS in many patients who report being electrohypersensitive.

5.1. Bioclinical identification and characterisation of
electrohypersensitivity

In a prospective study involving systematic face-to-face ques-
tionnaire-based interviews and clinical physical examinations of
nearly two thousand patients who self-reported having EHS or EHS
and MCS, Belpomme and colleagues reported that EHS is a well-
defined clinico-biological entity, characterized by the progressive
occurrence of neurologic symptoms, including headache, tinnitus,
hyperacusis, superficial and/or deep sensibility abnormalities, fi-
bromyalgia, vegetative nerve dysfunction and reduced cognitive
capability. These symptoms are repeatedly reported by the patients
to occur each time they are exposed to EMFs, even of weak in-
tensity. They result in chronic insomnia, fatigue, emotional lability
and depressive tendency (Belpomme et al., 2015; Irigaray et al.,
2018b).

Table 4 presents the detailed symptomatic picture which was
obtained during face-to-face interviews with subjects with EHS in
comparison to those with both EHS and MCS and to a series of
apparently healthy control subjects that showed no evidence of
EHS and/or MCS. As shown in the Table, the symptoms reported are
consistent with those in other published questionnaire-based
studies of EHS patients (Dodge, 1970; Johansson et al., 2010;
Nordin et al., 2014; Medeiros and Sanchez, 2016; R€o€osli, 2008). The
clinical symptoms observed in EHS or EHS/MCS patients are sta-
tistically significantly much more frequent that those in apparently
normal controls. Although many of these symptoms are non-
specific, the general clinical picture resulting from their associa-
tion and frequency strongly suggests that EHS can be recognized
and identified as a specific neurological disorder.

Because of the multiple and relatively common symptoms and
the lack of recognized objective diagnosis criteria, studies on EHS
were left with only the patient's self-reported interpretation for
many years. As a result, EHS has unfortunately been considered to
be a psychiatric disease of unknown origin. This helps explain why
most mainstream public health and societal bodies claim there is
not sufficient data proving that the clinical symptoms experienced
and reported by EHS patients are caused by EMF exposure. There-
fore they refuse to acknowledge EHS as a true neuropathological
disorder. This negative point of view was supported by some blind
or double blind studies showing that most individuals who report
they suffer from EHS were not able to identify when they were
exposed to either EMFs or sham controls (Rubin et al., 2011; Eltiti
et al., 2015). However other studies have found that EHS subjects
can identify EMF exposure in a statistically significant manner
when they are blinded to whether or not the exposure was on (Rea
et al., 1991; McCarty et al., 2011).

To account for these seemingly negative results a nocebo effect
was suggested (ANSES, 2017). However there is presently no
consensus on a biological mechanism through which a nocebo ef-
fect could occur (Medeiros and Sanchez, 2016; Chrousos and Gold,
1992; Jakovljevic, 2014). Moreover, results obtained in a carefully
designed psycho-clinical study in self-reporting EHS patients are
not consistent with an initial nocebo response to perceived EMF
exposure, even though it is plausible that after the onset of the
disease such phenomena may intervene secondarily through an
acquired learning and conditioning process (Dieudonn�e, 2016). In
addition, a meta-analysis of cross sectional studies has documented
a 38% greater risk of development of headaches among mobile
phone users than non-users, and an increasing risk of headache
with longer daily call duration (Wang et al., 2017).

Belpomme, Irigaray and colleagues recently identified several
biomarkers in EHS and/or MCS patients which allow physicians to
identify and objectively characterize EHS as a true somatic patho-
logical disorder, discounting the hypothesis of a causal psychoso-
matic or nocebo-related process. These came in part from a
prospective clinical and biological analysis of a series of several
hundred consecutive cases of individuals who self-reported that
they suffered from EHS or both EHS and MCS (Belpomme et al.,
2015) and more recently from the prospective anlaysis of an addi-
tional series of EHS patients (Irigaray et al., 2018a). Table 5 sum-
marizes the different biomarkers that have been measured in the
peripheral blood of these patients and the results which have been
obtained based on the EHS and EHS/MCS patient groups. Note that
among the different markers, the 6-hydroxymelatonin sulfate/
creatinine ratio in urine appears to be the best marker to be used in
medical practice since it has been found to be decreased in all cases
evaluated to date (Belpomme et al., 2015).

By measuring different major oxidative stress-related bio-
markers, such as thiobarbituric acid reactive substances (TBARS),
oxided glutathione (GSSG) and nitrotyrosine (NTT) in EHS patients,
Irigaray et al. (2018b) have recently shown that near 80% of the EHS
patients present with detectable oxidative stress biomarkers
(Fig. 1). More than 40% of EHS patients present with at least one
positive biomarker, 20% with two and 15% will all three of the
biomarkers investigated. This indicates that in addition to the
inflammation-related biomarkers previously associated with EHS,
EHS patients are also characterized by exhibiting biomarkers of
oxidative stress (Belpomme et al., 2015; Irigaray et al., 2018a,b).

The significance of the different biomarkers measured in the
peripheral blood of EHS and EHS/MCS patients is that these results
imply that these patients present with some degree of oxidative/
nitrosative stress, inflammation and autoimmune response.
Increased levels of several of these markers (notably protein S100B
and NTT) may reflect hypoxia-associated oxidative stress-induced
blood brain barrier (BBB) opening. It has been previously hypoth-
esized that opening of the BBB can be caused by environmental

http://appel-de-paris.com/?lang=en
http://appel-de-paris.com/?lang=en
http://appel-de-paris.com/?lang=en


Table 4
Clinical symptom occurrence in EHS and EHS/MCS patients in comparaison with normal controlsa.

EHS EHS/MCS pb Normal controls pc pd

Headache 88% 96% 0.065 0% <0.0001 <0.0001

Dysesthesia 82% 96% 0.002 0% <0.0001 <0.0001
Myalgia 48% 76% <0.0001 6% <0.0001 <0.0001
Arthralgia 30% 56% <0.001 18% 0.067 <0.0001

Ear heat/otalgia 70% 90% <0.001 0% <0.0001 <0.0001
Tinnitus 60% 88% <0.0001 6% <0.0001 <0.0001
Hyperacousis 40% 52% 0.118 6% <0.0001 <0.0001

Dizziness 70% 68% 0.878 0% <0.0001 <0.0001
Balance disorder 42% 52% 0.202 0% <0.0001 <0.0001

Concentration/Attention deficiency 76% 88% 0.041 0% <0.0001 <0.0001
Loss of immediate memory 70% 84% 0.028 6% <0.0001 <0.0001
Confusion 8% 20% 0.023 0% 0.007 <0.0001

Fatigue 88% 94% 0.216 12% <0.0001 <0.0001
Insomnia 74% 92% 0.001 6% <0.0001 <0.0001
Depression tendency 60% 76% 0.022 0% <0.0001 <0.0001
Suicidal ideation 20% 40% 0.003 0% <0.0001 <0.0001

Transitory cardiovascular abnormalities 50% 56% 0.479 0% <0.0001 <0.0001

Occular deficiency 48% 56% 0.322 0% <0.0001 <0.0001

Anxiety/Panic 38% 28% 0.176 0% <0.0001 <0.0001
Emotivity 20% 20% 1 12% 0.176 0.176
Irritability 24% 24% 1 6% <0.001 <0.001

Skin lesions 16% 45% <0.0001 0% <0.0001 <0.0001
Global body dysthermia 14% 8% 0.258 0% <0.0001 <0.007

a This data results from the clinical analysis of the 100 first clinically evaluated cases issued from the already published series of EHS and/or MCS patients who have been
investigated for biological markers [Belpomme et al., 2015]. It has been compared symptomatically with data obtained from a series of 50 apparently normal subjects matched
for age and sex, used as controls.

b Significance levels (p values) obtained for compararison between the EHS and EHS/MCS groups.
c Significance levels (p values) obtained for compararison between the EHS and normal control groups.
d Significance levels (p values) obtained for compararison between the EHS/MCS and normal control groups.

Table 5
Patient mean values and standard deviations of biomarker levels in comparisonwith normal reference values as well as the percentage of patients with abnormal values in the
peripheral blood in subjects with EHS or both EHS and MCS (Belpomme et al., 2015).

Biomarker and Normal reference values Patients groups

EHS Mean± SD % Above normal EHS/MCS Mean± SD % Above Normala

hs-CRP < 3mg/l 10.3± 1.9 15% 6.9 þ/1.7 14.3%
Vitamine D> 30 ng/ml 20.6± 0.5 69.3% 14.5± 1.3 70.1%
Histamine< 10 nmol/l 13.6± 0.2 37% 13.6± 0.4 41.5%
IgE< 100 UI/ml 329.5± 43.9 22% 385± 70 24.7%
S100B < 0.105 mg/l 0.20± 0.03 14.7% 0.17± 0.03 19.7%
Hsp 70< 5 ng/ml 8.2± 0.2 18.7% 8± 0.3 25.4%
Hsp 27< 5 ng/ml 7.3± 0.2 25.8% 7.2± 0.3 31.8%
Anti-O-myelin auto-antibodiesb Positive 22.9% Positive 23.6%
24-h urine 6-OHMS/creatinine ratio >0.8c 0.042± 0.003 100% 0.048± 0.006 100%

hs-CRP, high-sensitivity C-reactive protein; IgE, Immunoglobulin E; S100B, S 100 calcium binding protein B; Hsp 27, heat shock protein 27; Hsp 70, heat shock protein 70; anti-
O-myelin auto-antibodies, auto-antibodies against O-myelin; 6-OHMS, 6-hydroxymelatonin sulfate.

a There is no statistically significant difference between the two groups of patients for the different biomarkers analyzed, suggesting that EHS and MCS share a common
pathological mechanism for genesis.

b Qualitative test.
c Data restricted to those not on neuroleptic medication as the simultaneous use of several psychotherapeutic drugs may also be associated with a decrease of this 24-h

urine ratio by modifying melatonine metabolism.
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stressors, be they chemicals or EMFs. This may have occurred in
these patients, as has been shown to occur in several (but not all)
animal experiments involving EMF exposure (Oscar and Hawkins,
1977; Persson et al., 1997; Eberhardt et al., 2008; Sirav and
Seyhan, 2009). Comparable data using metabolic and genetic bio-
markers were also obtained in another large series of EHS patients
(De Luca et al., 2014). Overall these data indicate that the clinical
use of biomarkers allows the objective characterisation and iden-
tification of EHS and MCS as two etiopathologic facets of a unique
pathological disorder, and also allows insight into the genesis of
these two diseases.

The development of new imaging techniques has also greatly
increased our ability to objectively characterize EHS and MCS. Us-
ing ultrasonic cerebral tomosphygmography (UCTS) (Parini et al.,
1984), EHS- and EHS/MCS-patients were found to have a statisti-
cally significant decrease in mean pulsometric index in several
middle cerebral artery-dependant portions of the temporal lobes,
especially in the capsulo-thalamic area, which is part of the limbic



Fig. 1. Percentage of EHS self-reporting patients having positive TBARs, GSSG and/or NTT oxidative stress biomarkers measured in the peripheral blood. “Positive” biomarkers
correspond to marker levels above the upper normal limit; “total” corresponds to the patients with one or more positive biomarker levels. Black bars show the percentage of
patients with one, two or all three of the biomarkers for TBARS, GSSG and NTT. The white bars show the percentage of patients with either TBARs or GSSG or both oxidative stress
markers.
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system and the thalamus. This suggests that EHS and EHS/MCSmay
be associated with a brain blood flow (BBF) deficiency and/or
neuronal dysfunction in these brain structures (Belpomme et al.,
2015; Irigaray et al., 2018a,b). Irigaray et al. (2018c) have recently
confirmed that UCTS is the best imaging technique to diagnose EHS
and to follow patients treated for EHS and/or MCS.

In addition, using positron emission tomography (PET) it has
been shown that short term exposure to pulse-modulated RF-EMF
causally affects regional BBF in normal subjects using a mobile
phone (Aalto et al., 2006; Huber et al., 2005), a finding that may
account for the modifications observed in the sleep and waking
EEG (Huber et al., 2002). By use of functional MRI (fMRI) in EHS
patients exposed chronically to ELF-EMFs, regional BBF changes
have been reported in the frontal lobes, such as abnormal default
mode network and more particularly a decrease in BBF and ce-
rebral metabolism. These observations indicate that fMRI may also
be a tool for diagnosis of EHS and clinical follow up of patients
(Heuser and Heuser, 2017). A decreased BBF-associated pulso-
metric index decrease in both hemispheres was also recently
observed by the Belpomme group by using transcranial Doppler
ultrasound (TDU) (Purlauastja and Sorond, 2012) applied to the
middle cerebral artery in a study involving 120 EHS and/or MCS
patients. This study revealed a decrease in pulsatility index and an
increase in diastolic flow velocity in 70% of the 120 cases inves-
tigated to date.

In summary it is the strong opinion of the authors that there is
presently sufficient clinical, biological and radiological data
emanating from different independent international scientific
research groups for EHS, whatever its causal origin, to be
acknowledged as a well-defined, objectively characterized patho-
logical disorder. As a result, patients who self-report that they
suffer from EHS should be diagnosed and treated utilizing presently
available objective biological tests, among which are the concen-
tration of peripheral blood biomarkers and the use of imaging
techniques such as PET, fMRI and TDU and, when available, UCTS.
Whatever its etiological origin and mechanism of action, EHS
should be acknowledge by the WHO as a real and distinct neuro-
logical and pathological disorder (McCarty et al., 2011; Hedendahl
et al., 2015) and thus be included in the International Classifica-
tion of Diseases.
5.2. Possible etiopathogenic processes involved in genesis of electro-
hypersensitivity

EMFs, both RF-EMFs at non-thermal intensities and ELF-EMFs,
have been found to cause persistent adverse biological effects in
microorganisms (Fojt et al., 2004), plants (Roux et al., 2008; Maffei,
2014), birds (Balmori, 2005; Balmori and Hallberg, 2007; Frey,
1993), and mammals. Therefore the effects observed in humans
cannot be due to only a nocebo or psychosomatic effect. These
biological effects may be due both to the pulsed and polarised
characteristics of man-made EMFs emitted by electric or wireless
technologies as opposed to the terrestrial non-polarised and
continuously emitted natural EMFs (Blackman, 2009; Belyaev,
2015; Panagopoulos et al., 2015).

The inflammatory and oxidative/nitrosative states that have
been documented in EHS patients are remarkable since they
confirm the data obtained experimentally in animals exposed to
non-thermal EMFs (Esmekaya et al., 2011; Burlaka et al., 2013), and
especially in the brain (Megha et al., 2015; Kesari et al., 2011). The
limbic systemeassociated capsulo-thalamic abnormalities that the
Belpomme group has observed by using UCTS in EHS and/or MCS
patients (Belpomme et al., 2015; Irigaray et al., 2018a,c) may likely
correspond to the hippocampal neuronal alterations caused by EMF
exposure in the rats (Bas et al., 2009; Furtado-Filho et al., 2015;
Deshmukh et al., 2013). Fig. 2 summarizes our hypothesis regarding
the inflammation and oxidative stress-related mechanisms which
may account for EMF- and/or chemically-related health effects in
the brain and consequently for EHS genesis.

6. Mechanisms whereby low intensity electromagnetic fields
cause biological effects and harm

Arguments used in the past to attempt to discount the evidence
showing deleterious health effects of ELF-EMFs and RF-EMF expo-
sure at non-thermal SAR levels were based on the difficulties
encountered in understanding the underlying biological effects and
the lack of recognized basic molecular mechanisms accounting for
these effects. This is no longer the case. There are a number of well-
documented effects of low intensity EMFs that are the mechanistic
basis behind the biological effects documented above (www.
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bioinitiative.org). These include induction of oxidative stress, DNA
damage, epigenetic changes, altered gene expression and induction
including inhibition of DNA repair and changes in intracelluar cal-
cium metabolism. Both low-intensity ELF-EMF and non-thermal
RF-EMF effects depend on a number of physical parameters and
biological variables and physical parameters, which account for the
variation in health outcomes (Belyaev, 2015; Belyaev et al., 1999).
Importantly, the most severe health effects are observed with
prolonged chronic exposures even when intensities are very low
(Belyaev, 2017). The physics of non-equilibrium and non-linear
systems and quantum mechanics are at least in part the basis of
the physical mechanisms responsible for the non-thermal molec-
ular and biological effects of non-thermal EMF radiation (Belyaev,
2015), although a detailed report on these actions is beyond the
scope of this review.

Lower RF-EMF intensity is not necessarily less bioactive or less
harmful. Non-thermal EMF effects can be observed at intensities
which are very close to ordinary background levels and quite
similar to intensities emitted by mobile phone base stations. There
are time windows for observation of non-thermal EMF effects
which may be dependent upon the endpoint measured, the cell
type and the duration and power density of exposure. Non-thermal
RF-EMF effects are affected by static magnetic fields and electro-
magnetic stray fields, which result in the variation of non-thermal
EMF effects from mobile phones because of adjacent electrical
appliances, power lines and other sources of ELF and static mag-
netic fields, including changes in the geomagnetic field (Gapeev
et al., 1999a and b).

Cell-to-cell interactions potentiate the response to non-thermal
EMFs (Belyaev et al., 1996). Biological responses to EMFs have been
shown to be influenced by sex and age (Zhang et al., 2015; Sirav and
Seyhan, 2016). Physiological parameters such as the stage of cell
growth, oxygen, divalent ions and temperature are important
Fig. 2. Hypothetical EHS/MCS common etiopathogenic model based on neuro-
inflammation and oxidative/nitrosative stress-induced blood brain barrier disruption
(Belpomme et al., 2015).
variables affecting cellular responses to EMFs (Liburdy and Vanek,
1987; Sannino et al., 2011).

6.1. Combined exposures

EMFs at non-thermal intensities may interfere with other
environmental stressors, showing an interplay of molecular path-
ways and resulting in either beneficial or detrimental health effects,
depending on the nature and conditions of co-exposures
(Novoselova et al., 2017; Ji et al., 2016). One example is the
demonstration that RF-EMF exposure modulates the DNA damage
and repair induced by ionizing radiation (Belyaev et al., 1993).
Another example is the synergistic of exposure to lead and EMFs on
cognitive function in children described above (Choi et al., 2017;
Byun et al., 2017). These co-exposure factors should be considered
when assessment of detrimental effects, including carcinogenicity,
is performed.

Not all of the effects of EMFs on the nervous system and other
organs are necessarily harmful. The best example of a positive ef-
fect is the well-documented and clinically useful benefit of applied
magnetic fields to promote bone healing (Bassett, 1994). Both ELF-
EMF (Zhang et al., 2015) and RF-EMF (Arendash et al., 2010) have
been reported to slow cognitive decline in rodent models of Alz-
heimer's disease. Some human studies report a facilitating effects of
cognitive performance (Lee et al., 2001) while Koivisto et al. (2000)
reported an increase in response time and vigilance tasks but a
decrease in mental arithmetric tasks. These studies clearly show
that EMFs have biological effects at non-thermal intensities, but
suggest that not all biological effects are necessarily harmful.

6.2. Duration of exposure and dose intensity

Such parameters as power density, dose, and duration of
exposure have been analyzed for development of reliable safety
standards, which would protect against the detrimental health ef-
fects of chronic exposure to RF-EMFs at non-thermal intensities.
Some studies show no effect under fixed short-term exposures, but
this does not imply that there are no effects from longer-term ex-
posures (Choi et al., 2014). Exposure in studies showing RF-EMF
effects was on average twice the duration as those with no signif-
icant effects (Cucurachi et al., 2013). The response to non-thermal
EMFs depends on both power density and duration of exposure.
Importantly, the same response is observed with lower power
density but prolonged exposure as at higher power density and
shorter exposure (Nordenson et al., 1994). While SAR is a good
surrogate for thermal RF effects from acute exposures, many
studies have shown that SAR should be either replaced by “dose-
specific absorption” or power density complimented by duration of
exposure for description of non-thermal RF effects (Belyaev, 2015).
Recent studies have provided more evidence for the greater
importance of dose and duration of exposure than SAR alone for
biological and health effects from long-term exposures to non-
thermal RF-EMFs (Furtado-Filho et al., 2015).

6.3. Oxidative stress

Non-ionizing radiation does not have sufficient energy to
directly break chemical bonds, and therefore the DNA damage that
occurs with non-ionizing EMF exposures is primarily a conse-
quence of generation of reactive oxygen species (ROS), resulting in
oxidative stress. There are numerous animal experiments which
clearly demonstrate that non thermal EMFs can cause oxidative
stress (Esmekaya et al., 2011; Burlaka et al., 2013), particularly in
the brain (Shahin et al., 2017; Dasdag et al., 2012; Megha et al.,
2015; Furtado-Filho et al., 2015). Oxidative stress is known to
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play a central role in development of cancer and aging and serves as
a signaling agent in the inflammatory response (Holmstrom and
Finkel, 2014).

The brain is a particularly important organ for sensitivity to
EMFs. Brain cancer resulting from EMF exposures is a serious
concern, and EHS is a disease of the central nervous system. Several
mechanisms at the cellular and molecular levels have been re-
ported that may be the basis of these non-thermal RF-EMF effects
on brain function. ELF- and/or RF-EMF exposure at embryonic or
early postnatal stages can alter in vivo synaptic efficacy and plas-
ticity of neurons (Balassa et al., 2014), a finding which was further
supported by in vitro studies showing a significant decrease in the
differentiation of neural stem cells into neurons (Eghlidospour
et al., 2017), the alteration of transcript levels of neuronal
differentiation-related genes and impairment of neurite outgrowth
of embryonic neural stem cells exposed to ELF- or RF-EMFs (Ma
et al., 2014). These observations support the conclusion that low-
intensity but prolonged exposure to non-thermal EMFs may have
adverse effects on neurogenesis during development and indicate
how important it is to protect the fetus and young child from
excessive exposure to all mobile devices.

Animal studies have documented that 900MHz or 2.45 GHz non
thermal RF-EMF exposure in rats, either short term or chronic, can
trigger neuronal dysfunction and even apoptosis of hippocampal
pyramidal cells (Bas et al., 2009; Shahin et al., 2017) and cerebellum
Purkinje cells (Sonmez et al., 2010) through induction of oxidative
stress. Exposure of pregnant dams elicited EMF oxidative stress-
induced neuronal pathologic changes in offspring (Odaci et al.,
2016). Such pathological changes could be due to ROS-induced
opening of the BBB (Nordal and Wong, 2005) and/or to ROS-
associated brain hypoxia caused by a decrease in EMF-induced
BBF and/or EMF-induced hemoglobin deoxygenation (Mousavy
et al., 2009; Muehsam et al., 2013). The resulting hypoxia may
induce metabolic neuronal dysfunction as in the case of EHS pa-
tients (Belpomme et al., 2015) but also neuronal cell death by either
apoptosis or necrosis as in the case of Alzheimer's disease and other
forms of dementia (Bell and Zlokovic, 2009).

While some consider the laboratory data on EMFs as being
inconsistent, showing either detrimental or no effects and on
occasion even beneficial effects, the vast majority still show detri-
mental effects. For example Henry Lai in the Bioinitiative Report
Research Summaries Update of November 2017, Chapter 6 on
Genotoxic Effects, reported that i) of 46 studies on ELF genotoxicity
with the comet assay as the end point, 34 studies (74%) showed
detrimental effects, ii). Of 189 total studies on ELF and oxidative
stress, 162 (87%) showed a positive correlation, and iii) of 200
studies on RF and free radicals, 180 (90%) showed detrimental ef-
fects. One reason for variability between laboratory studies is the
strong dependence on low-threshold EMF effects on a number of
physical and biological variables (Belyaev, 2010).

6.4. Genetic and epigenetic mechanisms

Genetic effects are the most direct cause for carcinogenicity.
This is true both for genotoxic changes caused by exposure to
EMFs and existing polymorphic genetic differences within a
population that increase susceptibility to cancer. DNA can no
longer be considered to be unaffected by environmental EMF
levels, as many studies have shown that DNA can be activated and
damaged by EMFs at levels that have been considered to be safe
(Blank and Goodman, 1999).

The primary mechanism through which low-intensity EMFs can
alter DNA is through ROS production. Lai and Singh (2004) first
reported that a 2 h exposure of rats to 60 Hz EMFs at 0.1e0.5mT
resulted in DNA strand breaks in neurons, and provided evidence
that this effect was mediated by free radical formation and blocked
by free radical scavengers. Vijayalaxmi and Prihoda (2009) in a
meta-analysis of 87 publications found a biologically small but
statistically significant difference between DNA damage in ELF-
EMF-exposed somatic cells as compared to controls, and reported
evidence for epigenetic changes for some outcomes. For ELF-EMFs
this breakage effect was stronger when exposure was intermittent
rather than continuous (Nordenson et al., 1994).

Yang et al. (2008) have reported an OR¼ 4.31 (95% CI ¼
1.54e12.08) for leukemia in children living within 100m of a high
voltage powerline if they had a certain polymorphism of a DNA
repair gene.

Exposure to RF-EMFs can also induce DNA damage under spe-
cific conditions (Markova et al., 2005). Tice et al. (2002) and
Vijayalaxmi et al. (2013) reported DNA damage and micronuclei
formation in cultured human leukocytes and lymphocytes upon
exposure to RF-EMF signals of at least 5W/kg. Not all cell types
showed similar responses. Schwartz et al. (2008) reported micro-
nucleus changes in fibroblasts but not lymphocytes exposed to
1950MHz EMFs. Kesari et al. (2014) also demonstrated DNA strand
breaks in the brains of rats exposed for 2 h per day for 60 days to a
3G mobile phone. Changes in DNA secondary structure (Semin,
1995; Diem et al., 2005) and chromosome instability (Mashevich,
2003) have been observed upon exposure to RF-EMFs emitted by
mobile phones.

Epigenetic changes, rather than genetic changes in DNA, may
underlie many or evenmost of the biological effects of non-thermal
EMFs (Sage and Burgio, 2017). Non-thermal EMFs are epigenetic
stressors which can alter gene expression by acting through
physical or biochemical processes and be reflected as chromatin
remodeling (Belyaev et al., 1997), histone modification (Wei et al.,
1990) or altered microRNA (Dasdag et al., 2015) at intensities far
below those that cause measureable tissue heating.

Chromatin plays a key regulatory role in controlling gene
expression and, more particularly, the access of transcription fac-
tors to DNA. It has been shown that extremely low intensity RF-EMF
exposure, i.e. at intensities comparable to that of mobile phone and
towers, results in changes in chromatin conformation and gene
expression (Belyaev et al., 1997; Belyaev and Kravchenko, 1994;
Belyaev et al., 2006; Belyaev et al., 2009). In a large number of cells
and tissues, compaction of chromatin in specific loci may lead to
gene silencing, loss of histone regulatory effects and DNA repair
capacity (Wei et al., 1990). Belyaev and collaborators (Markova
et al., 2005; Belyaev et al., 2009) have shown that exposure to
RF-EMFs emitted by GSM mobile phone alters chromatin confor-
mation in human lymphocytes and inhibits formation of p53-
binding protein 1 (53BP1) and phosphorylated histone H2AX (g-
H2AX) DNA repair foci.

EMFs in both the ELF and RF ranges may epigenetically affect
DNA by inducing the expression of stress response genes and
consequently the synthesis of chaperone stress proteins (Blank and
Goodman, 2011a and b). A specific gene sequence has been iden-
tified that acts as a sort of antenna, specifically sensitive and
responsive to EMFs (Blank and Goodman, 2011b). This is a gene
sequence coding for HSP70, a protein belonging to a family of
conserved, ubiquitously expressed “heat shock proteins” that sense
danger signals and protect cells from the most disparate stress
conditions. This is an unambiguous demonstration that EMF
exposure even at non-tissue heating intensities has the potential to
be harmful to cells and organisms. The HSP70 promotor contains
different DNA regions that are specifically sensitive to diverse
stressors, thermal and non-thermal. The EMFs are specifically
perceived by the sequences sensitive to non-thermal stimuli. Dur-
ing the process of HSP70-response induction, EMFs can activate
directly the HSP70 gene promoter (Rodrequez-De la Fuente et al.,
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2010) which contains a magnetic field-responsive domain (Lin
et al., 1999, 2001).

EMF-related HSP70 and HSP27 stress responses have been
detected in the hippocampus of rats exposed to non-thermal EMFs
(Yang et al., 2012). Shahin et al. (2017) reported that mice exposed
to 2G mobile phones continuously for four months showed
elevated ROS, lipid peroxidation, total nitrate and nitrite concen-
trations and malondialdehyde levels in homogenates of different
tissues, and decreased levels of several antioxidant enzymes. These
observations justify the use of these markers to characterize EHS in
patients who report that they are sensitive to EMFs.

The EMF effects have been suggested to be mediated by the
mitogen-activated protein kinase (MAPk) cascades, which is a
central signaling transduction pathway which governs all stress-
related cellular processes occurring in response to extracellular
stimuli (Friedman et al., 2007). It has been shown that long term
exposure of cells to mobile phone frequencies or to ELF-EMFs
(Goodman et al., 2009) activates the extracellular-signal regulated
kinase (ERK), which is one of the four MAPk cascades so far
identified.

Non-thermal RF-EMFs may also alter expression of other genes.
As long ago as Byus et al., 1988 showed that 450MHz RF increased
ornithine decarboxylase activity in hepatoma cells. Markova et al.
(2005) exposed human fibroblasts and mesenchymal stem cells
to mobile phone RF-EMFs with analysis of tumor suppressor p53
binding protein 1. Formation of 53BP1 foci was inhibited in both
cells types, but the stem cells always showed a greater response.
Fragopoulou et al. (2011) exposed mice to either a typical mobile
phone or a wireless DECT base station and analyzed the brain
proteome. They found significant alteration in 143 specific proteins
(ranging from a 0.003 fold downregulation to up to a 114-fold
overexpression.) Luo et al. (2013) exposed pregnant women un-
dergoing a first trimester abortion to a mobile phone applied to the
abdomen and performed a proteomic analysist of placental villous
tissue. They report 15 proteins which were significantly altered by
at least 2- to 2.5-fold in exposed women as compared to control
women. Twelve of these proteins were identified. Yan et al. (2008)
exposed rats to mobile phones 6 h per day for 126 days, and found
upregulation of specific mRNAs that regulated several proteins,
including calcium ATPase, neural cell adhesion molecule, neural
growth factor and vascular endothelial growth factor. EMFs at non
thermal levels may not only alter the expression of many proteins
but also may directly affect protein conformation (Fragopoulou
et al., 2011; Bohr and Bohr, 2013; Beyer et al., 2013) and modify
enzyme activity (Vojisavljevic et al., 2010), so altering the regu-
lating capacity of the epigenome. These are epigenetic, not genetic,
effects (Sage and Burgio, 2017).

Non-thermal EMF exposure can epigenetically interfere with
the differentiation and proliferation programs of stem cells in fetal
and adult tissues through ROS production (Wolf et al., 2007; Falone
et al., 2007; Ayşe et al., 2010; Park et al., 2014). Stem cells are the
most sensitive cells to EMF exposure (Eghlidospour et al., 2017;
Markova et al., 2010) and this is particularly the case for neural stem
cells of the hippocampus (Leone et al., 2014).

The endogenous natural ionic currents and electrical fields in
the human body (Jaffe and Nuccitelli, 1977) are vulnerable to the
oscillary properties of non-thermal EMFs. These consequently may
cause detrimental effect on cell differentiation and proliferation in
adult tissues (Levin, 2003) in addition to the effects on cell differ-
entiation, proliferation andmigration in the fetus (Wolf et al., 2007;
Ayşe et al., 2010; Leone et al., 2014). Fetal programming cannot be
reduced to only genetic programs. Developmental processes are
essentially epigenetic (Leone et al., 2014), and exposure to epige-
netic stressors such as non-thermal EMFs are much more
dangerous for the fetus than for the adults.
6.5. Calcium regulation

There has long been evidence that EMFs alter several aspects of
calcium function. This is important because calcium regulatesmany
different aspects of cell function. Bawin and Adey (1976) reported
that very weak ELF-EMFs trigger efflux of calcium from isolated
chick brain, although the implications of this observation were not
clear. Later they reported a similar action of RF-EMFs (Adey et al.,
1982). Pulsed low-frequency EMFs promote bone healing and
promote calcium uptake into bone (Spadaro and Bergstrom, 2002)
and osteoblasts (Zhang et al., 2010). 50 Hz EMFs increase the
number of voltage-gated calcium channels in neuroendocrine cells
(Grasso et al., 2004) and presynaptic nerve cell terminals (Sun et al.,
2016). Wei et al. (2015) found that ELF-EMFs also altered the fre-
quency of calcium transients in cardiomyocytes and decreased
calcium concentrations in sarcoplasmic reticulum. These changes
in calcium in heart muscle may be the basis for the cardiovascular
effects reported in humans on exposure to EMFs (Havas, 2013). In
spite of numerous studies reporting altered calcium metabolism
upon exposure to both ELF- and RF-EMFs, the overall implications
of these effects are still not clear. However, some have suggested
(Ledoigt and Belpomme, 2013) that calcium activation of proteins
could be the initial event that results in altered protein configura-
tion, leading to generation of ROS and ultimately activating the
molecular pathways to cancer.

7. Public Health Implications of Human Exposure to EMFs

The incidence of brain cancer in children and adolescents has
increased between 2000 and 2010 (Ostrom et al., 2015). Gliomas
are increasing in the Netherlands (Ho et al., 2014), glioblastomas
are increasing in Australia (Dobes et al., 2011) and England (Philips
et al., 2018) and all brain cancers are increasing in Spain
(Etxeberrua et al., 2015) and Sweden (Hardell and Carlberg, 2017).
The latency period between initial exposure and clinical occurrence
of brain cancer is not known but is estimated to be long. While not
all reports of brain cancer rates show an increase, some do. The
continually increasing exposure to EMFs from all sources may
contribute to these increases. The prevalence of EHS is unknown,
but various reports suggest that it is between 1 and 10% of the
population (Hallberg and Oberfeld, 2006; Huang et al., 2018). Male
fertility has been declining (Geoffroy-Siraudin et al., 2012; Levine
et al., 2017). EMFs increase the risk of each of these diseases and
others. Alzheimer's disease is increasing in many countries
worldwide and its associationwith ELF-EMF occupational exposure
has been clearly demonstrated through several independent
epidemiological studies (Davanipour and Sobel, 2009; Sobel et al.,
1996; Qiu et al., 2004) and a meta-analysis of these studies
(García et al., 2008). A recent meta-analysis (Huss et al., 2018) has
reported an increased risk of amyotrophic lateral sclerosis in
workers occupationally exposure to ELF-EMFs.

Safety limits for RF exposure have been based (until today) on
the thermal effects of EMFs. But these standards do not protect
people, particularly children, from the deleterious health effects of
non-thermal EMFs (Nazıro�glu et al., 2013; Mahmoudabadi et al.,
2015). Each of these diseases is associated with decrements in
health and quality of life. Brain cancer patients often die is spite of
some improvement in treatment, while EHS patients present with
increased levels of distress, inability to work, and progressive social
withdrawal. The ability for humans to reproduce is fundamental for
the maintenance of our species.

The scientific evidence for harm from EMFs is increasingly
strong. We do not advocate going back to the age before electricity
or wireless communication, but we deplore the present failure of
public health international bodies to recognize the scientific data
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showing the adverse effects of EMFs on human health. It is
encouraging that some governments are taking action. France has
removedWiFi from pre-schools and ordered Wi-Fi to be shut off in
elementary schools when not in use (http://www.telegraph.co.uk.
news/2017/12/11/france-ipose-total-ban-mobile-phones-schools/).
The State of California Department of Public Health has issued a
warning on use of mobile phones and offered advice on how to
reduce exposure (State of California, 2017). There are many steps
that are neither difficult nor expensive that can be taken to use
modern technology but in a manner that significally reduces
threats to human health.

It is urgent that national and international bodies, particularly
the WHO, take this significant public health hazard seriously and
make appropriate recommendations for protective measures to
reduce exposures. This is especially urgently needed for children
and adolescents. It is also important that all parts of society,
especially the medical community, educators, and the general
public, become informed about the hazards associated with expo-
sure to EMFs and of the steps that can be easily taken to reduce
exposure and risk of associated disease.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.envpol.2018.07.019.
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