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Abstract

Humans live and breathe every day in an environment full of natural and
artificial radiation. Radiation's nature is energetic particles and/or electromagnetic
waves. The damage to tissue from ionizing radiation is being studied decades ago. In
contrast, concerns, about the potential health risk associated with unprecedented
exposure to non-ionizing radiation, emerge nowadays. Scientists expect objective
results to be revealed after few decades of extended use of many low frequency
devices or equipment, as well as wireless net and mobile phones. This paper reviews
the sources and the most recent results of the effects of radiation, focusing however on
the non-ionizing part and, especially, the radiation from radio waves and mobile
phones.
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Introduction

Radiation is classified according to its effects on matter, namely into (a) ionizing or
(b) non-ionizing. In brief, ionizing radiation has the power to ionize atoms. It includes
cosmic rays that reach Earth from outer space, radioactivity from atmosphere, human
body interior, food, drinks, ground and building materials, as well as X and gamma
rays and other types of radiation from radioactive materials. On the contrary, non-
ionizing radiation has not enough energy to ionize atoms. It includes wavelengths in
the optical, ultraviolet and infrared regions, microwaves and radio waves.

Radiation, from another point of view, is classified according to its origin, into (a)
natural or (b) artificial. Natural radiation is due to natural sources. It exists in the
environment since the earth’s formation, viz., long before life appeared. Radon is the
dominant source of environmental radiation. On the contrary, artificial radiation is
induced by human activity. It emerges as a result of medical, nuclear, other industrial
uses, as well as electric power transfer, cable and wireless communication.

In terms of physical processes, radioactivity is the spontaneous transformation
of unstable nuclei in matter towards a more stable structure. Alpha and beta radiation
are particles, whereas gamma is electromagnetic radiation. For this reason, radiation
can also be classified according to its nature as (a) particles with mass or (b) as
electromagnetic waves (photons). It is worth noting that the decay of natural
radioactive materials is responsible for Earth's internal heat with major heat-producing
isotopes being potassium-40, uranium-238, uranium-235 and thorium-232 (EPA,
2013; UNSCEAR, 2000; IAEA, 2004; Wahl, 2010).

Non-lonizing Radiation
Humans are being constantly exposed to electromagnetic radiation (EMR), including
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sunlight, cosmic rays and terrestrial radiation. However, a substantial increase in
exposure to non-ionizing radiation and especially to low frequency electromagnetic
radiation (LF-EMR), started in the early 20th century with the generation of artificial
electromagnetic fields and continued with the development of power stations, radios,
radars, televisions, computers, mobile phones, microwave ovens and numerous
devices used in medicine, industry and at home. These technological advances have
aroused concerns about the potential health risks associated with unprecedented levels
of EMR exposure (Ahlbom et al., 2008; HPA, 2004a,b; NRPB, 2003; SCENIHR,
2007, 2009; Valberg et al., 2007).

The amount of energy deposited by non-ionizing EMR and the nature of its absorption
are determined by the frequency and type of incident radiation and by the type of
tissue that absorbs it. Exposure to multiple sources of non-ionizing radiation (Table
1), including residential exposure to high-voltage power lines, transformers, and
domestic electrical installations, varies in duration and depends on the distance from
the source. Exposures to extremely low-frequency electric and magnetic fields
emanating from generation, transmission and uses of electricity constitute a
ubiquitous part of modern life (CENELEC, 2008; EU, 1999). In contrast to ionizing
radiation, where natural sources contribute the largest proportion to population
exposure, man-made non-ionizing sources tend to dominate the human exposure to
electromagnetic fields. In all cases of non-ionizing EMR, exposure depends not only
on the strength of the field but also on the distance from the source and, in the case of
directional antennas, on the proximity to the main beam. The field strength often
decreases rapidly with distance (IEC, 2005; IEEE, 2004, 2005a,b; WHO, 2002, 2006,
2010, 2011).

Table 1. Frequencies and sources of non-ionizing radiation

Frequency Type of radiation Sources
Low frequency tOElectrical  fields  of  devices,
0 Hz—300 kHz extremely low  frequencyqonyentional electrical network, video

(LF-ELF) electromagnetic

radiation monitors, sections of AM radio

Sections of AM radio, FM radio,
3 kHz-300 MHz Radio frequencies (RF) medical short-wave, nuclear magnetic

resonance (NMR)

Domestic microwave devices, mobile
telephones, microwave for medical

300 MHz-300 GHz  Microwave (MW)

microwave communications

3 *1011 — 3*1014 Hz Infrared (IR)

devices
1 o Solar light, phototherapy, laser
10 -10 Hz Visible light gng, p Py,
10° 10" Hz Solar light, fluorescent tubes, food/air

Ultraviolet (UV) sterilization, radiotherapy, etc.

physical therapy, radar and other

Solar light, heat and laser therapy
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In the everyday environment, RFs are emitted by numerous sources operating in
different frequency bands (Table 2). These sources can be subdivided in two broad
categories: (a) ambient sources, such as broadcast transmitters (radio, TV), or mobile
phone base stations and (b) personal sources, such as mobile phones, in-house bases
for cordless phones (DECT - Digital enhanced cordless telephony), microwave ovens,
wireless networks. Consequently, exposure to RF varies considerably across persons,
space and time (Viel et al., 2009; Frei et al., 2009a,b). There are, therefore, significant
challenges in assessing the sources of variation and related uncertainty, but also in
identifying exposure relevant factors (Ahlbom et al., 2004; Joseph et al., 2009,
2010a,b, 2012; Mann et al., 2005; Roosli et al., 2008, 2010; Viel et al., 2009; Vrijheid
et al., 2008).

Table 2. Personal exposure meter frequency bands (EME SPY 120, Satimo, France)

Band name Active sources Range (MHz)
FM VHF broadcast radio 88-108
TV 3 Digital audio broadcasting 174-223
Tetrapol Terrestrial trunked radio 380-400
TV 4&5 UHF broadcast television 470-830
GSMa Txb GSM mobile phones (900 MHz) 880-915
GSM RxC GSM base stations (900 MHz) 925-960
Dcsd Tx DCS mobile phones (1800 MHz) 1710-1785
DCS Rx DCS base stations (1800 MHz) 1805-1880
DECT® Digital enhanced cordless telephony 1880-1900
uMTsf Tx 3 G mobile phones 1920-1980
UMTS Rx 3 G base stations 2110-2170
WiFi Wireless networks and microwave ovens 2400-2500

% Global System for Mobile Communications

® Transmitted radio signal from the point of view of a mobile phone
° Received radio signal from the point of view of a mobile phone

9 Digital Communication System

® Digital Enhanced Cordless Telephone

Universal Mobile Telecommunication System

Exposure to non-ionizing EMR sources is commonly described by the electric and
magnetic field strengths, which are however measured in the space around the subject.
Any biological effects would be the result of the exposure within the body and this is
difficult to be measured directly. The nature of the field and the characteristics of the
source differ considerably from each other (HPA, 2004a,b,c, 2012; Frei et al.,
2009a,b).

At frequencies below 100 kHz, the physical quantity associated with most biological
effects is the electric field strength in tissue (ICNIRP, 1998, 2009). The more
appropriate quantity at higher frequencies is the specific absorption rate, SAR, which
is related to the second power of the electric field strength in tissue (IEC, 2005;
NRPB, 2003; SAR Database, 2012). At frequencies above about 1 MHz, the
orientation of the body with respect to the incident field becomes increasingly
important, because the body behaves as an antenna, absorbing energy in a resonant
manner (for standing adults the maximum absorption occurs when frequency varies
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between 70-80 MHz, a value that depends on the isolation status relative to the
ground). As the frequency increases above the resonance region, energy absorption
becomes confined to the surface layers of the body, limited to the skin when
frequency reaches a few tens of GHz (NRPB, 2003; SCENIHR, 2007, 2009; ICNIRP,
2009; Ahlbom et al., 2004, 2008; HPA, 2012).

Studies to evaluate internal exposure are carried out either by using computational
methods or by making measurements in phantoms. The computational methods rely
on the detailed anatomical information, in addition to information on the electrical
properties of the different tissues for each frequency regime. The electric field at
various points inside simple phantoms is usually measured via a robotically
positioned probe, small enough to minimise the changes in the fields produced by its
presence. In simple cases, estimation of the inside exposure can rely on measurement
of the field outside the body accompanied by reasonable approximations (NRPB,
2003; HPA, 2012; WHO, 2002, 2006, 2010, 2011).

The power density of an electromagnetic wave is equal to the product of the electric
and magnetic fields, although this is not true in near-field regions, i.e. when the
distance from the source is comparable to the wavelength. In the near-field region the
electric and magnetic fields are neither perpendicular to each other nor in phase. In
general, the fields can be divided into two components: radiative and reactive (NRPB,
2003). The radiative component is that part of the field which propagates energy away
from the source, while the reactive component can be thought of as relating to energy
stored in the region around the source. The reactive component dominates close to the
source and the stored energy can be absorbed by people standing in the near-field
region. Distances of about one-sixth of a wavelength from the source define
approximately the near-field boundary (NRPB, 2003; ICNIRP, 2009; HPA, 2012;
Valberg et al., 2007; Lauer et al., 2013).

The average magnetic flux density (in uT) is, generally, considered to be below the
maximum exposure limits established by different organizations, such as the
International Council of Non-lonizing Radiation Protection (ICNIRP, 1998) or the
National Radiological Protection Board (NRPB, 2003).

The International Commission on Non-lonizing Radiation Protection and the National
Radiological Protection Board, together with the Health Protection Agency (HPA), the
Institute of Electrical and Electronics Engineers (IEEE), the International
Telecommunication Union Recommendation (ITU-R, 2005) and European Union
committees, reviewed many relevant studies and recommended guidelines on
restrictions for exposure to electromagnetic fields.

Recommended restrictions are based on biological data relating to thresholds for
adverse direct and indirect effects of acute exposure. As compliance with the basic
restrictions cannot be easily determined, ICNIRP recommends reference levels as
values of measurable field quantities for assessing whether compliance with the basic
restrictions is achieved (ICNIRP, 1998; NRPB, 2003). Table 3 summarises the
reference levels for electric field intensity (in V/m), magnetic flux density (in uT) and
power density (in W/m?). Corresponding values for occupational exposure are about
five times higher (ICNIRP, 1998; NRPB, 2003; HPA, 2012).
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Table 3 ICNIRP reference levels for general public exposure to time-varying electric and magnetic
fields (rms values). ‘f” stands for frequencies as indicated in the column of frequency range

E-field intensity B-field intensity Wave Power
Frequency range

(V/m) (uT) Density (W/m?)

0-1 Hz - 4x10% -

1-8 Hz 10,000 4 % 10*/ 2 -
8-25 Hz 10,000 5000/ f -
0.025-0.8 kHz 250/ f 5/ f -
0.8-3 kHz 250/ 6.25 -
3-150 kHz 87 6.25 -
0.15-1 MHz 87 0.92/f -
1-10 MHz 87 / {2 0.92/f -
10-400 MHz 28 0.09 2
4002000 MHz 1.375 x {2 0.0046 x {2 f /200
2-300 GHz 61 0.2 10

1. Radiofrequency Exposure

The relative contribution of radiofrequencies (RFs) to exposure depends on individual
home and workplace circumstances. For a given source, the actual exposure to RF
depends on a number of factors. Regarding mobile phones, the characteristics of a
certain phone (particularly type and location of the antenna), the way the phone is
handled, the distance from the base station, the frequency of handovers and RF traffic
conditions are of prime importance (Ahlbom et al., 2004, 2008; Briggs et al., 2012;
Inyang et al., 2008). Similarly, RF fields from mobile phone base stations also exhibit
a complex pattern, influenced by numerous factors, such as, the output power of the
antenna, the direction of transmission, the attenuation due to obstacles or walls, and
any existing scattering from buildings and trees (Neubauer et al., 2007; Joseph et al.,
2009, 2010a,b, 2012; Mann et al., 2005). There are, therefore, significant challenges
in assessing the exposure of individuals in the general population to RF signals,
including the number and range of sources involved and the effect of the environment
on signal strength as people move around. In principle, two different types of radio
frequency electromagnetic fields (RF-EMF) exposure sources can be distinguished:
(a) sources which are applied close to the human body usually causing high and
periodic short-term exposure mainly to the head (e.g. mobile phones) and (b)
environmental sources which, in general, cause lower but relatively continuous
whole-body exposure (e.g. mobile phone base stations). While exposure from mobile
phones can be assessed using self-reported mobile phone use or operator data
(Vrijheid et al., 2008), valid assessment of exposure to environmental fields is more
challenging.

Frei et al studied temporal and spatial variabilities of personal exposure to radio
frequency electromagnetic fields. They concluded (Frei et al., 2009a) that exposure to
RF-EMF varied considerably between persons and locations but was fairly consistent
within persons. Mobile phone handsets, mobile phone base stations and cordless
phones were important sources of exposure in urban Switzerland. Their results
revealed mean weekly exposure values to all RF-EMF sources equal to 0.13 mW/m?
(0.22 V/m) with the range of individual means between 0.014-0.881 mW/m?).
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Exposure was mainly due to mobile phone base stations (32.0%), mobile phone
handsets (29.1%) and digital enhanced cordless telecommunications (DECT) phones
(22.7%). Mean values were highest in trains (1.16 mW/m?), airports (0.74 mW/m?)
and tramways or buses (0.36 mW/m?) and higher during daytime (0.16 mW/m?) than
night-time (0.08 mW/m?). However Frei et al in a later publication (2010) claim that
“exposure to radio frequency electromagnetic fields (RF-EMF) in everyday life is
highly temporally and spatially variable due to various emitting sources like broadcast
transmitters or wireless local area networks (W-LAN).

Joseph et al reported their research (2012) about in situ electromagnetic radio
frequency exposure to existing and emerging wireless technologies by using spectrum
analyzer measurements at 311 locations (68 indoor, 243 outdoor), subdivided into six
different categories (rural, residential, urban, suburban, office and industrial),
geographically spread across Belgium, The Netherlands and Sweden. The maximal
total value was measured in a residential environment and found to be equal to 3.9
vm™, mainly due to the GSM900 signal (11 times below the ICNIRP reference
levels).

Conclusion

Any man would receive significant radiation dose if radiotherapy was
necessary. Considerable care is required to deliver accurate doses: too low or too high
doses may lead to incomplete treatment or unacceptable side effects respectively.

As far as exposure to non-ionizing radiation is concerned, absorbed energy
from human body is very low, but becomes significant if it is continuous for very long
periods of time accounting the fact that the related effects are not yet well known.

The environmental radiation, ionizing or non-ionizing, is unambiguous.
However, people should protect themselves by avoiding spending time in regions
‘rich’ with radon and its products, as well as regions with any kind of antennas.
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