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Radiation: Health risks and precautions

Anna Mastorakou’, Andreas Mastronikolis?

Abstract

Radiation is part of our daily life. Exposure to low-levels of ionizing radiation does not cause immediate health ef-
fects, but can cause a small increase in the risk of cancer over a lifetime (stochastic effect), because the human body
fails to repair cells and DNA mutations. Concerning non-ionizing electromagnetic radiation, epidemiological stud-
ies demonstrated an increase in childhood leukaemia associated with exposure to magnetic field above 0.3 to 0.4
pTesla. Tissue heating is the principal mechanism of interaction between radiofrequency energy, and the human
body. Epidemiological studies with 15-year follow-up of individuals show a small increase in statistical risk for brain
cancer (acoustic neuroma, meningioma, glioma) in the heavy use of mobile telephony, although there are potential
limitations from study design and selection bias. To date, research does not suggest any consistent evidence of
adverse health effects or induction of cancer from exposure to radiofrequency fields. The risks from all appliances
inside homes are greater than the risks from radiation coming from a source outside the home due to the physical
weakening of the exposure on a factor of distance. Analytical research states that 30cm distance from all electrical
or mobile phone devices provide a lower exposure ratio. Children and pregnant women should be protected and

away from potential sources of radiation.
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INTRODUCTION

Online conspiracy theories linking 5G wireless ser-
vices to the novel coronavirus COVID-19 outbreak had
some dangerous real-world consequences. In light of
recent events, the World Health Organization (WHO)
and the European Commission reacted to circulating
rumors and denied a possible connection between
the new mobile phone generation 5G and COVID-19.
WHO noted this situation as “infodemic”, namely an
over-abundance of information, some accurate and
some not. That makes it hard for people to find trust-
worthy and reliable sources when they need it. While
the majority of the general public might be insensitive
to conspiracy theories linking 5G to COVID-19, there
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are enough believers to burn down infrastructure.
The only way to combat conspiracy theories is educa-
tion and knowledge. The purpose of this report is to
provide a summary of our current understanding of
radiation risks (ionizing and non-ionizing radiation)
and a synopsis of recommendations and precautions
in our daily life.

RADIATION

Regarding physics, radiation is the emission or trans-
mission of energy in the form of waves or particles
through space or through a material medium. The field
of interest of this article is electromagnetic radiation,
which is distributed in a wide spectrum of energies.
Radiation is categorized as ionizing or non-ionizing
depending on the energy of the emitted particles. The
energy of electromagnetic radiation is determined by
its frequency; ionizing radiation is high frequency and
energy, whereas non-ionizing radiation is low frequency
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and energy. The ionizing part of the electromagnetic
spectrum includes gamma rays, X-rays and the higher
energy range of ultraviolet light. In the wide range of
the electromagnetic spectrum, the wave energy and
frequencies met on different sources tend to increase
as the wavelength shortens. Frequency is expressed in
Hertz (Hz), kilohertz (KHz), megahertz (MHz), gigahertz
(GHz), terahertz (THz), petahertz (PHz) and exahertz
(EHz). In Figure 1, the lonizing and non-ionizing zone of
electromagnetic spectrum are pictured, with frequency
and wavelength analysis.

I.IONIZING RADIATION

It is the high-energy radiation that carries more
than 10 eV, which is sufficient to remove electrons dur-
ing interaction with the matter and enough to ionize
atoms or molecules and break chemical bonds (directly
or indirectly), leading to harmful effects on the DNA
of living organisms. As stated in a review article [1]
published on November 2019, DNA ionization gener-
ates direct damage to the genetic macromolecule or
indirect lesions due to the formation of radicals which
react inevitably with the DNA constituents. Exposure
to high-energy radiation, such as x-rays, gamma rays,
alpha particles, beta particles, and neutrons, can dam-
age DNA and cause cancer. These forms of radiation
can be released in accidents at nuclear power plants
and atomic weapons tests or disaster.

The high energy ionizing radiation comes from
natural or artificial sources. About 85% of our daily life
radiation is natural and 15% artificial. 40-55% of natural
radiation is due to radon. Artificial radiation refers to
the radioactivity produced by medical sources, and
the nuclear industry. Certain medical procedures are
based upon ionizing radiation [x-rays, radiation therapy,
computed tomography (CT) scans, positron emission
tomography (PET) scintigraphy, etc] and can also cause
cell damage that leads to cancer. However, the risks of
cancer from these medical procedures are very small
as compared to the benefit from having them in some
medical conditions.

Expressed in Sievert (unit of measurement of the
biological effect in the human body by ionizing radia-
tion levels), the whole-body population limit exposure
is TmSv / year. Average environmental exposure to
radiation is about 3mSv / year. It is crucial for public
to understand the radiation protection principles of
minimal time exposure, distance and shielding. The
basic rule of exposure to ionizing radiation is A.L.A.R.A.
(As Low As Reasonable Achievable).

The electromagnetic spectrum
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Figure 1. The electromagnetic spectrum: lonizing and non-ionizing
radiation. Different types of electromagnetic waves, frequencies,
and energy bands.

Abbreviations: DC: Direct Currents; ELF: Extremely Low Frequency; VLF:
Very Low Frequency; RF: Radio Frequency.

I.A. Radon: The invisible threat to homes

Radon (gsRn) is the world’s most important source of
exposure to ionizing radiation. Radon is a radioactive,
colorless, odorless, tasteless noble gas, which is the im-
mediate decay product of radium (**°Ra), derived as a
decay product of uranium (#**U). The isotope #2Rn has
a half-life of 3.8 days. Radon was classified as a human
carcinogen in 1988, by IARC (International Agency
for Research on Cancer), a branch of WHO. ??22Radon
is especially dangerous because it permeates soil and
rocks and concentrates inside buildings and uranium
mines. Radon was identified as a health problem by
the fact of observed high rates of lung cancer in un-
derground uranium miners who were exposed to it. At
high concentrations, gaseous **Rn may be inhaled and
decay to radioactive polonium (*'°Po) in the lungs, whose
high-energy alpha radiation bombards vulnerable lung
tissue and damages cells. Alpha radiation is produced
by alpha particles, which consist of two protons and
two neutrons, structurally identical to the nucleus of
the gas helium. Alpha radiation is a highly ionizing form
of particle radiation with a low penetration depth that
irradiates tissues, causing biological damage from chro-
mosome alterations and mutations.

Extended periods of exposure to 222Rn and its prog-
eny ultimately induce lung cancer, as is stated by WHO
[2] and EPA (U.S. Environment Protection Agency). Ac-
cording to WHO, the proportion of all lung cancers linked

ACHAIKI IATRIKI January - March 2021, Volume 40, Issue 1



Daily life radiation protection

51

to radon is estimated to be 3% to 14%, depending on
the average radon concentration status. The majority
of radon-induced lung cancers are caused by low and
moderate radon concentrations. Alternatively, radon
may enter the body through contaminated drinking wa-
ter, making radon diffusion one of the greatest dangers
of radium. Thus, ?22Rn is a carcinogen; in fact, Radon is
the second most important cause of lung cancer after
cigarette smoking in many countries [3, 4] and in the
United States, with over 20,000 deaths per year attrib-
uted to radon-induced lung cancer, according to EPA.
Similar findings are found worldwide. Residential radon
exposure is considered as the first cause of lung cancer
in never smokers [5, 6]. Exposure to the combination
of radon gas and cigarette smoke creates a greater risk
of lung cancer. WHO stated that radon exposure is a
major and growing public health threat in homes and
recommends that countries adopt reference gas levels
of 100 Bg/m? (Becquerel per cubic meter).

Radon is a pollutant that affects the quality of indoor
air worldwide. It typically moves upwards through the
ground and into the house through cracks and other
holes in the foundation (cracks in floors, walls, construc-
tion joints, around service pipes, etc). Radon gas enters
the house being trapped inside, especially in the winter
months, and in the night, when windows and doors are
kept closed. It is also found in thermal springs, caves,
mines, underground workplaces and well water. The
Greek Atomic Energy Commission (E.E.A.E.) has much
useful information about radon and an application in
its website that provides access to information about
radon concentrations (Bg/m?3) in different regions of
Greece. Measurements of the indoor radon level of a
home are accomplished by request to the Commission.

I.B. Radioactive polonium: invisible threat
inside tobacco

Smoke contains radioactive Polonium (?'°Po) with a
half-life of T1/2 = 138.4 days. Polonium has been found
in smoke from tobacco leaves grown with phosphate fer-
tilizers, which contains radium (?*°Ra), ancestor of 2'°Po.
210Pg is an important contaminant in the environment,
mainly affecting seafood and tobacco. As a result of its
intense radioactivity, it is extremely toxic to humans.
During smoking, '°Po is absorbed by the bronchial
system, and the lungs are exposed to alpha radiation
along with other toxins, creating a toxic / carcinogenic
mixture.

There are various studies confirming the radiological
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risk from 2'°Po in a smoker of 20 cigarettes per day for a
year.Therisk is equivalent to the one deriving from 300
chest X-rays, with an autonomous oncogenic capabil-
ity of 4 lung cancers per 10.000 smokers. 2'°Po can also
be found in passive smoke surrounding environment
[7]. The U.S. International Commission on Radiation
Protection (ICRP) estimates of the lifetime probability
of developing lung cancer after a 1-Sv radiation dose,
is 121 cases per 100 000 population (1.21%) [8].

I.C. Artificial tanning carries a risk of skin cancer

Ultraviolet radiation (UVR) is a natural part of solar
radiation with wavelength from 10nm to 400nm, and
is released by tanning beds, black lights, and electric
arc lighting. Artificial tanning light bulbs emit UVR,
which is found at the borderline zone of ionizing and
non-ionizing radiation in the electromagnetic spectrum.
Modern light bulbs emit ultraviolet A (UVA) and ultra-
violet B (UVB) radiation, but UVA intensity can be up to
15 times stronger than solar radiation. In 2009, IARC has
described ultraviolet radiation (solar and artificial), as
“carcinogenic”to humans, because it causes skin cancer
and melanoma. Exposure to UVR from artificial tanning
beds devices leads to DNA damage in skin cells and is
associated with an increased risk of developing basal /
squamous cell carcinomas, and melanoma [9-11]. It has
also been associated with skin burns, accelerated skin
aging, ocular melanoma and immune suppression. Con-
sistent regulation of the intensity, and UV wavelength
emitted by indoor tanning devices is crucial. The use of
a tanning facility in early adulthood has been strongly
associated to high risk of skin cancer. Elevated vitamin
D levels associated with UV exposure have been sug-
gested to protect against various internal malignancies
and other diseases, but other sources of vitamin D are
easily available.

Artificial tanning devices exert their effect through
the emission of both UVA and UVB radiation. While UVB
is associated with direct DNA damages by the photo-
products, UVA exposure is associated with indirect DNA
damages through the production of reactive oxygen
species. While indoor tanning remains prevalent in
population, it is clear that artificial tanning bed repre-
sents an avoidable risk for skin cancer and a widespread
public health issue.

I.D. Medical diagnostic and therapeutic procedures

Even though the use of ionizing radiation in medicine
poses potential risks to patients, medical personnel, and
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the general public, however, it also offers enormous
benefits in selected cases. Modern medicine would
be impossible without the use of ionizing radiation.
As seen below in Table 1, radiation doses variability is
high, depending on the diagnostic medical procedure.

TYPICAL RADIATION DOSES FROM COMMON
MEDICAL IMAGING PROCEDURES

In recent decades, for dose limitation purposes, the
International Commission on Radiation Protection (ICRP)
has divided the diverse radiation effects into either
stochastic effects (cumulative low dose effect with no
apparent threshold) or tissue reactions (formerly termed
non-stochastic or deterministic effects, which do have a
threshold of visible injury). It is known that cancer risks

Table 1. The radiation exposure is high in several techniques
of cardiology imaging. Source: Greek Atomic Energy Commis-
sion (E.E.A.E.).

Effective dose

Medical procedure in Millisieverts

(mSv)
Dental X-Ray 0.005
Upper / lower extremity X-Ray 0.001
Chest X-Ray 0.02
Skull X-Ray 0.03
Mammogram 0.3
Lumbar spine X-Ray 1.0
Intravenous urography 3.0
Computer Tomography 24
(CT) of the head / brain
CT of the chest 9.0
CT of the abdomen and pelvis 18.0
Coronary angiography 14.0
Percutaneous transluminal 31.0
coronary angioplasty
Pacemaker implant 4.0
Nuclear bone scan with 3.8
Technetium 99m (99mTc)
Nuclear medicine myocardium 2.5
stress test with 99mTc
Nuclear medicine myocardium 15.0
stress test — Thallium201
Positron Emission Tomography (PET) / CT 6.6

increase almost linearly as exposure doses increase
above approximately 150 mSv. Relying on the uncer-
tainty of the stochastic risk from ionizing radiation asso-
ciated with medical imaging, it is impossible to describe
precisely the risks of a medical imaging procedure. The
estimated risk from a diagnostic or therapeutic medical
procedure should be compared to general statistical
risks of death from other common causes.

In the late 1990s, data was released by the Radiation
Effects Research Foundation of their longitudinal study
of 50.000 survivors of the atomic bombs in Hiroshima
and Nagasaki who were exposed to radiation doses of
less than 500 mSv. Analysis of solid cancer incidence
in these individuals was performed after a follow
up over 55 years [12]. The investigators found direct
and statically significant evidence of risk in the dose
range from 50-100 mSv. This linear no-threshold
hypothesis is questioned by a strong biologic argu-
ment. With doses up to 50 mSy, error-free DNA repair
is expected. With doses over 100 mSy, error-prone
repair is possible. At this level, some aberrant cells
may go on to become preneoplastic cells that may
then differentiate into invasive cancers. Tubiana et al.
[13] concluded there is no evidence of a carcinogenic
effect for acute radiation doses less than 100 mSv.
The International Atomic Energy Agency (IAEA) has
adopted a protection strategy with reference level of
20-100mSy, in order to reduce the risks of stochastic
effect. General principles of radiation protection from
the hazard of ionizing radiation in medicine are sum-
marized in three principles: justification of the proce-
dure, optimization of individual protection, and dose
limitation. The best approach on stochastic effects is
suggested by the consensus between the physician
who has the responsibility of evaluating the relevant
risks from a medical procedure and the patient who
has to accept those risks as possible outcomes in a
written informed consent [14].

Il. NON-IONIZING RADIATION

Electromagnetic fields (EMF) are fields of energy
produced by moving electrical charges. In the electro-
magnetic fields, the oscillations of electric and magnetic
fields can propagate in space in the form of a wave
and transmit energy at the speed of light. Electromag-
netic radiation is defined according to its wavelength
and frequency, which is defined as the number of cy-
cles of a wave from a reference point per second. Its
frequency is measured in Hz. Non-ionizing radiation

ACHAIKI'IATRIKI January - March 2021, Volume 40, Issue 1



Daily life radiation protection

53

sources include power lines, radio waves, microwaves,
lasers, infrared radiation, and visible light. Non-ionizing
electromagnetic radiation is a relatively low-energy
radiation that is not able to ionize atoms or molecules
but can produce kinetic energy which is converted to
heat. This heat can adversely affect health in a range
of ways. Non-ionizing radiation has sufficient energy
for excitation (movement of an electron to a higher
energy state), nerve stimulation (from 100 kHz to 10
MHz, adverse health effects (from 10MHz to 300 GHz),
disturbance of the electrochemical balance of the cell
membrane, and thermal effect.

Extremely low frequency (ELF) radiation is the
radiation produced by structure like power lines or
electrical wiring.

Radiofrequency (RF) and microwave (MV) ra-
diation. Electromagnetic fields in the radiofrequency
range are used for telecommunications applications,
including cell phones, televisions, and radio transmis-
sions. The human body absorbed energy from these
devices, is estimated by a measure called the specific
absorption rate (SAR), which is expressed in watts per
kilogram of body weight. The effects of non-ionizing
radiation depend on the intensity, frequency and de-
gree of exposure. Although considered less dangerous
than ionizing radiation, overexposure to non-ionizing
radiation can cause public health issues.

ILA. Extremely low frequency (ELF) radiation

Electric fields arisen from electric charges, are meas-
ured in volts per meter (V/m). Magnetic fields arisen
from the motion of electric charges are expressed in
tesla (T), millitesla (mT) or microtesla (uT). Electric fields
are produced independently of the device function,
whereas magnetic fields are produced only when a cur-
rent is flowing, and the device is functioning. Power lines
produce magnetic fields continuously, due to current
flowing through them. Electric fields are easily shielded
or weakened by the walls, wood, metal and other ob-
jects, whereas magnetic fields can pass through build-
ings, living things, and most other materials. In the past
years there is a public health concern and debate about
daily exposure to extremely low-frequency magnetic
fields (ELF-EMF) as possibly harmful to human health
(cancer, neurobehavioral disturbances, etc). Pooled
analyses of epidemiological studies suggested a pattern
of an increase in childhood leukaemia associated with
exposure to residential power magnetic field above 0.3
t0 0.4 UT [15, 16]. This has resulted in the classification of
ELF-EMF into category 2B, i.e., agents that are “possibly
carcinogenic to humans”by the International Agency for
Research on Cancer. The reference limit for electric fields
set by the International Commission on Non-lonizing
Radiation Protection (ICNIRP) is 5KV/m. Exposure to
electric field from home devices is far below this limit.

Table 2. Magnetic field strength around all appliances rapidly decreases with the distance. Normal operation distance is given in
bold. At a distance of 30 cm the magnetic fields surrounding most household appliances are much lower than the given guideline
limit of 100 uT for the general public (WHO). Source: WHO /Federal Office of Radiation Safety, Germany 1999.

Electrical appliance 3cm distance (uT)

Hair dryer 6-2000
Electric shaver 16 - 1600
Vacuum cleaner 200 - 800
Fluorescent light 40 - 400
Microwave oven 73-200
Portable radio 16-56
Electric oven 1-50
Washing machine 0.8-50
Iron 8-30
Dishwasher 3.5-20
Computer 0.5-30
Refrigerator 05-1.7
Colour TV 2.5-50

30cm distance (uT) 1m distance (uT)

0.01-7 0.01-0.03
0.08-9 0.01-0.03
2-20 0.13-2

05-2 0.02-0.25
4-8 0.25-0.6
1 <0.01
0.15-0.5 0.01-0.04
0.15-3 0.01-0.15
0.12-0.3 0.01-0.03
06-3 0.07-0.3
<0.01
0.01-0.25 <0.01
0.04-2 0.01-0.15
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The overall exposure to electromagnetic radiation
depends on the strength of the electromagnetic field,
the distance from the source of the field, and the length
of exposure time. The highest exposure occurs when
thereis short distance to a strong field for a long period.
Table 2 shows magnetic field (uTesla) derived from dif-
ferent house devices depending on the distance from
the source.

TYPICAL MAGNETIC FIELD STRENGTH OF
HOUSEHOLD APPLIANCES AT VARIOUS DISTANCES

I1.B. Radio frequency (RF)

Radiofrequency (RF) electromagnetic radiation (EMR)
is the transfer of energy by radio waves. The frequency
of radiofrequency electromagnetic radiation ranges
from 30 kilohertz (30 kHz) to 300 gigahertz (300 GHz).
Relatively high levels of exposure to RF fields can occur
to workers in the broadcasting, transport,and communi-
cations industries when workplace is in proximity to RF
transmitting antennas. Overall, the RF field background
level from household appliances is low.

Mobile phones are low-powered radiofrequency
transmitters, operating at frequencies between 450 and
2,700 MHz.The handset only transmits power when it is
turned on.The power and the radiofrequency exposure
fall off rapidly with the increasing distance from the
handset. A person using a mobile phone 30-40 cm
away from their body will have a much lower exposure
to radiofrequency fields compared to the contact point.
“Hands-free” devices will reduce exposure keeping
mobile phones distant from the head and body during
phone calls. Limiting the number and length of calls is
also a best practice.

Tissue heating is the principal interaction mechanism
between radiofrequency energy, and the human body.
In the case of frequencies used by mobile phones, most
of the energy is absorbed by the skin, and superficial
tissues, resulting in negligible temperature rise in the
contact point of the body. In relation to mobile phone
exposure, the SAR distribution in the head depends
on many factors including head size, frequency, and
exposure conditions. Thus, compared to adults, higher
SARs is expected to occur in children’s brain because of
thinner skin, and surrounding tissue [17].

The strength of the signal transmitted between a
mobile phone and base station would vary by distance
between both antennas, according to the inverse square
law. The use of Adaptive Power Control (APC) technique
in mobile phones enables customization of output pow-

ers, so that, the signal strength and synchronization to
base stations is constant and sufficient to produce good
quality reception. The maximum SAR depends critically
on the position of the phone and, in particular, on the
distance between the antenna and the brain. Using the
phone in areas of good reception also decreases expo-
sure to the operator, as it allows cell phone to transmit
at reduced power.

Several large multinational epidemiological stud-
ies have ended or are ongoing, including case-control
studies and prospective cohort studies. Epidemiological
studies with a 15-year follow-up of individuals show a
small increase in statistical risk for brain cancer (acous-
tic neuroma, meningioma, glioma) in the heavy use of
mobile telephony [18], although there are potential
limitations from study design and selection bias.

The largest retrospective case-control study to date
on adults, Interphone [18], coordinated by IARC, was
designed to determine whether there are links between
the use of mobile phones and brain cancers in adults.
The international pooled data analysis gathered from
13 participating countries found no increased risk of
glioma or meningioma with mobile phone use of more
than 10 years. There are some indications of an increased
risk of glioma for those who reported the highest 10%
of cumulative hours of cell phone use. The researchers
concluded that biases and errors limit the strength of
these conclusions. Moreover, no association or possible
indication between heavy mobile phone use and brain
tumours, were concluded on Danish study [19], Million
Women Study [20], Cerenat study [21] and Cefalo study
[22].1ARC has found limited evidence that RF radiation
causes cancer in animals and humans, and classified RF
radiation as “possibly carcinogenic to humans” (Group
2B).This was based on the finding of a possible link in at
least one study between cell phone use, and a specific
type of brain tumour. IARC considers the evidence overall
to be limited and inconclusive because of the meth-
odologic limitations and conflicting findings in some
studies. The U.S. Food and Drug Administration (FDA)
stated that based on the current information, the current
safety limits for cell phones are acceptable for protecting
the public health. A large prospective cohort study of
cell phone use, and its possible long-term health effects
was launched in Europe in March 2010. This ongoing
study, known as COSMOS, has enrolled approximately
290,000 cell phone users’aged 18 years or older to date
and will follow them for 20 to 30 years [23][24].

A number of studies have investigated the effects
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of radiofrequency fields on heart rate, brain electrical
activity, sleep, cognitive function, and blood pressure
in volunteers. To date, research does not suggest any
consistent evidence of adverse health effects from expo-
sure to radiofrequency fields. Further, research has not
been able to provide support for a relationship between
exposure to electromagnetic fields and self-reported
symptoms of “electromagnetic hypersensitivity” [25].

11.C. Wireless local area networks

Most Wi-Fi devices operate at radiofrequencies that
are broadly similar to cell phones, typically 2.4 - 2.5 GHz,
although, in recent years Wi-Fi devices with higher fre-
guencies (up to 5.8 GHz) have appeared. Radiofrequency
radiation exposure from Wi-Fi devices is considerably
lower than that from cell phones. Both sources emit
levels of radiofrequency radiation that are far below
the guideline of 10 W/m2 as specified by the ICNIRP.
According to a 2019 review, there is no noticeable in-
crease in everyday EMF exposure since 2012, despite the
increasing use of wireless communication devices [26].

I.D. 5G

5G is the 5th generation of mobile networks. Due
to the increased bandwidth and the higher frequency
of the new network, the download speed is expected
to reach up to 10 Gigabits/sec. In Figure 2, 5G band is
showed in electromagnetic spectrum as compared to
existing cellphones technology.

5G technology uses millimetre waves (MMW), in
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addition to the microwaves that have been used to
date in previous “2G, 3G, 4G" networks. The increased
frequency of 5G does not necessarily mean increased
user exposure, as this depends on the distance, dura-
tion of exposure and the degree of attenuation of the
radiation.

Regarding physical characteristics, the non-ionizing
high-frequency electromagnetic radiation of 5G has a
small penetration range in the body. The skin acts as
a barrier shielding the internal organs from exposure
to 5G radiation. This is a fact also for sunlight and ul-
traviolet light which have a higher frequency than 5G.
Furthermore, there is a significant weakening of 5G
radiation from building materials, which explains why
a denser network of base stations is required for the
acquirement of stable signal.

In recent years, a growing appeal [27] from hundreds
of scientists worldwide states that the increasingly
extensive use of wireless technology, especially with
the use of 5G technology, would expose population to
constant EMF radiation because of the large number of
5G transmission stations suitable for billions of connec-
tions. In addition, the appeal points to a large number
of scientific publications that illustrate EMF harmful
exposure effects. They urge “the EU to follow Resolu-
tion 1815 of the Council of Europe and demand a new
assessment by an independent task force”.

The 5G radio emission fields are quite different to
those of previous generations because of their complex
beamformed transmissions which produce a focused
wireless signal towards a specific receiving device. The
beam modifies vary rapidly with time and movement
and so are unpredictable, as the signal levels and pat-
terns seem to interact as a closed loop system. This
has yet to be mapped reliably for real world situation,
outside laboratory conditions. Along with the mode and
duration of exposures, characteristics of the 5G dense
signal pulse seem to increase the biologic and health
impacts of exposure [28]. A 2018 review concludes that
“evidence of the biological properties of radiofrequency
EMF (including 5G) are accumulating progressively and
preliminary studies point to the existence of multi-level
interactions between high-frequency EMF and biologi-
cal systems” [29].

Data from a pragmatic review that analyzed 94
relevant publications performing in vivo or in vitro in-
vestigations about the health impact of MMW, led to the
conclusion that“regarding the health effects of MMW in
the 6-100 GHz frequency range at power densities not
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exceeding the exposure guidelines the studies provide
no clear evidence, due to contradictory information from
the in vivo and in vitro investigations” [30].

On March 2020, the European Parliament Research
Service (EPRS), by author Karaboytcheva M, issued a
briefing about “Effects of 5G wireless communication
on human health”. According to the 2019 European
Parliament study “5G deployment: State of Play in Eu-
rope, USA and Asia’, long-term technology research is
essential. One key problem is the unusual propagation
phenomena, especially measuring radio frequency EMF
exposure at MMW frequencies for the handset and the
base station. The study states that the main problem
seems to be that it is not currently possible to accurately
simulate or measure 5G emissions in the real world.

In a recent statement named “Scientific Evidence for
Cell Phone Safety”, FDA declared no new implications for
the band of 5G maintaining the existing exposure limits
and guidelines. The ICNIRP RF EMF guidelines 2020 has
made a number of changes to ensure that new technolo-
gies such as 5G will not be able to cause harm.“These
changes include the addition of whole-body average
restrictions for frequencies >6 GHz, restrictions for brief
(<6 minutes) exposures and the reduction of the averag-
ing area for frequencies >6 GHz". The Australian Radiation
Protection and Nuclear Safety Agency (ARPANSA) stated
that “the operating frequencies of the 5G network are
considered within the limits and no health effects are
expected from radio frequency exposures below the
limits set in the ARPANSA standard”.

I1l. PROTECTION AND PRECAUTIONS INSTRUCTIONS
TO PUBLIC

 To protect public against exposure to radon, it is
necessary to check and isolate the foundation of
the buildings and ventilate the interior environment
so the gas escapes outside and the exposure inside
the house or workplace is reduced. Radon measure-
ment is carried out by request to the Hellenic Atomic
Energy Commission. Smoking should be stopped
inside home.

The full implementation of the anti-smoking law
is mandatory to avoid exposure to the radioactive
polonium (210Po) contained in cigarette smoke,
especially in the case of passive smoking indoors.
Special attention must be given to young children
and pregnant women.

People should avoid exposure to artificial light de-
vices - artificial tanning as strong exposure to ultra-

violet radiation is classified as carcinogenic.

General principles of radiation protection from the

hazard of ionizing radiation and the safety issues by

medical radiological or nuclear medicine equipment
are summarized in three principles: justification of
the procedure, optimization of individual protec-
tion, and dose limit [31, 32]. In radiation therapy,
the predominantissue is the avoidance of accidents.

It is recommended to restrict time using mobile

phones and to remove the device far away from

the user’s head and body (hands-free, Bluetooth,

etc.). The safety distance must be greater than 30-

40 cm [33].

In areas with bad radiofrequency signal, the exposure

to operator increases, because mobile phone emits

with increased power levels. It is recommended to
avoid using a mobile phone in basements, enclosed
spaces, elevators and on a vehicle. Metal mobile
phone cover should be avoided because it leads to
mobile phone operation status with maximum power.

Mobile phone should be put in flight mode when-

ever is possible and especially in the case of children

dealing with games [33].

Schools and homes should give preference to wired

internet connections and regulate strictly the use of

mobile phones by the children.

» The wi-fi device or other devices should not be near
a bed or desk where the user’s exposure may be
long. Devices that are not used at night should be
turned off [33].

 The use of electric blanket should be avoided during

sleep. Sleeping close to iron materials is not recom-

mended [33].

Safety distances must be kept from electrical appli-

ances to 30 cm to weaken the exposure to electro-

magnetic radiation [33].

» The Hellenic Atomic Energy Commission is respon-
sible for the installation, and operation of mobile
telephony and radio frequency antennas. There
are annual reports for compliance to security limits,
mapping of mobile phone antenna measurements
nationwide and information material on the EEAE
website (https://eeae.gr/).
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