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Abstract — An overview of the latest research pertaining to
biological effects of mobile phone radiation is presented in this
paper. Having in mind the enormous popularity of mobile phone
use worldwide, a serious concern about the health risks has
appeared. Some research results in this area as well as recently
published alert of the World Health Organization (WHO) on the
biological effects of electromagnetic radiation are presented.
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I. INTRODUCTION

Mobile communication systems have experienced an
enormous expansion in recent years. The number of mobile
phone subscribers is estimated at 6 billion globally. Mobile
phones become more and more a necessary tool in our daily
life enabling an easy communication with everyone at any
place and any moment. Many surveys have shown, for
instance, that adolescents and young adults spend more than
an hour on the mobile phone every day on average [1].
Nowadays, with a growing range of multimedia features
(music, video, Internet capabilities), it is no wonder that many
people can be considered to be heavy or very heavy mobile
phone users. Having that in mind, there is a serious concern
about the effects of human exposure to electromagnetic fields
(EMFs) on health.

RF (radio frequency) radiation belong to so-called non-
ionizing radiation, that refers to any type of electromagnetic
radiation that does not carry enough energy per quantum to
ionize atoms or molecules, but has sufficient energy for
excitation, the movement of an electron to a higher energy
state [2]. The hazards of RF radiation depend on the ability to
penetrate the human body and the absorption characteristics of
different tissues. Namely, the propagation of EMF through
biological tissue differs from the propagation through free
space and depends on the frequency and on the
electromagnetic properties of tissue. The degree of penetration
of EMF into the body is described by the penetration depth,
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inversely proportional to the square root of frequency.
For instance, it is of the order of centimeter at GSM900
frequencies [3]. That means that at higher frequencies internal
organs are less exposed than the organs near the skin. At the
frequencies used by mobile phones, most of the energy is
absorbed by the skin and other superficial tissues, resulting in
slight temperature rise in some regions of the head or other
parts of the body.

The mobile phones, the most common sources of RF
radiation close to the human body, are low-powered RF
transmitters operating at frequencies between 450 and 2700
MHz with peak powers in the range of 0.1 to 2 W. Actually,
in the human history, a radiating device has never been closer
to the head than a mobile phone.

The effects of EMFs of different frequencies on biological
systems have been investigated for many years [4]-[7],
including epidemiological, in vivo, and in vitro research.
Because of widespread use of mobile phones, the most
research efforts have been done at frequencies of today’s
mobile communication systems around 900 MHz, 1800 MHz
and 2 GHz. In order to provide protection against known
adverse health effects, some guidelines for limiting EMF
exposure have been established [5], [8], defined as safety
standards. In establishing exposure limits, the results of
numerous laboratory and epidemiological studies, as well as
expert opinions were used, taking most often only the thermal
effects into account.

The main focus of this paper is on the state-of-the art
investigations whether health effects might occur at exposure
levels below established limits, especially in relation to long
term exposure at such low levels.

II. SAFETY STANDARDS

The limits for EMF exposure are usually given either in
terms of specific absorption rate (SAR), which is defined as
the radiation power absorbed per mass of tissue (and has units
of W/kg), either in terms of power density (PD), (usually
given in mW/cm®). While power density can be readily
measured in air, outside the body, SAR is usually calculated
by computational techniques like the Finite Difference Time-
Domain method (FDTD), the Finite Element Method (FEM),
Method of Moments (MoM), etc.

Thermal effects are well-understood effects of RF radiation,
where a living tissue is heated by rotations of polar molecules
induced by the EMF. At RF frequencies, heating is the major
effect of absorption of electromagnetic energy. For instance,
at the levels of absorbed electromagnetic energy that cause a
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body temperature increase in excess of 1-2°C, a large number
of physiological effects have been characterized in many
studies [5]. It has been proven that under conditions of a
partial-body exposure to intense EMF, a significant thermal
damage can occur in the sensitive tissue such as the eye and
reproductive system.

First attempts to investigate the effects of EMFs on living
tissues and to estimate danger EMF levels were done in the
1950s. It was assumed that heating was the only effect of
EMFs and the models were developed to represent the size
and presumed electrical characteristics of various animals.
Appreciable heating occurred in these models only at levels of
100 mW/cm? or above, therefore, incorporating a safety factor
of ten, an exposure limit of 10 mW/cm?® for humans was
proposed at that time. This level was accepted by the industry
and the military, and in 1960s the American National
Standards Institute (ANSI) recommended it as a guideline for
worker safety. Later, in the late 1980s and the early 1990s, the
models used for establishing safety standards became more
sophisticated, but the safety limits did not change much.

In Europe, the exposure limits were set by the International
Commission on Non-Ionizing Radiation Protection (ICNIRP)
in order to protect biological tissue from the temperature
increase [5], [9]. Two classes of guidance are presented:
“basic restrictions”, which are restrictions on exposure to
time-varying electric, magnetic, and electromagnetic fields
that are based directly on established health effects, and
“reference levels”, which are provided for practical exposure
assessment purposes to determine if there is a probability that
the basic restrictions will be exceeded. According to the
ICNIRP guidelines, the basic restrictions for general public
exposure to RF EMFs are: whole-body average SAR of
0.08W/kg, localised SAR for head and trunk of 2W/kg and
localised SAR for limbs of 4W/kg. Localized SAR averaging
mass is any 10 g of contiguous tissue. These values are given
for the general population involving individuals of all ages
and of different health status that are usually unaware of their
exposure to EMFs. On the other hand, less stringent exposure
restrictions (5 times higher limits) are valid for the
occupationally exposed population, comprising the adults who
are trained to be aware of potential risk and to take
appropriate precautions. However, the governments and
regulatory bodies in some countries in Europe, as Italy,
Austria, Poland, Russia, etc. have established more stringent
national exposure criteria than those recommended by
ICNIRP. For instance, concerning the power density, the
exposure limit in Salzburg is only 0.1pW/cm? at 900 MHz.

In Serbia, the Law on protection from non-ionizing
radiation was adopted in 2009, [10], where the basic
restrictions and reference levels are defined. The defined basic
limit exposures are identical as those set by ICNIRP
guidelines.

In Table 1, a comparison of the reference levels established
by the Serbian law on protection from non-ionizing radiation
with those given by ICNIRP standards at frequencies 900 and
1800 MHz, as well as over 2GHz, is presented. It can be seen
that comparing to ICNIRP more stringent exposure criteria is
established by the Serbian law.

TABLE 1

REFERENCE EXPOSURE LEVELS ESTABLISHED BY ICNIRP (SHADED)
AND BY SERBIAN LAW [9]

£(GHz) 0.9 1.8 2-300
165 233 244

E (V/im) 412 58.3 61.0
0.044 0.063 0.064

H (A/m) 0.110 0.160 0.160
0.0552 0.078 0.08

B (W) 0.1380 0.195 0.20

; 0.072 0.144 0.16

PD (mW/em?) 0.450 0.900 1.00

ITI. NON-THERMAL EFFECTS OF RF RADIATION

There are different theories about the mechanisms of the so-
called non-thermal effects which occur at the low levels of RF
radiation. Some researchers have argued that non-thermal
effects could be interpreted as a normal cellular response to an
increase in temperature, activating the production of heat
shock proteins to defend the cell against metabolic cell stress
caused by heat [11]. Some other researchers believe the stress
proteins are unrelated to thermal effects, since they occur for
both ELF and RF, which have very different energy levels. In
[7], the opinion is given that most probably the physical
mechanisms of the non-thermal effects must be based on
quantum-mechanical approach and physics of non-equilibrium
and nonlinear systems.

Over the last two decades, a large number of studies have
been performed to assess whether biological effects
(physiological, biochemical or behavioral changes induced in
an organism, tissue or cell) occur as a result of RF radiation at
low levels of the absorbed electromagnetic energy and a long-
term exposure and whether such kind of exposure pose a
potential health risk. It should be noted that the observation of
a biological effect does not necessarily suggest the existence
of a biological hazard or health effect. A biological effect only
becomes a safety hazard when it causes detectable impairment
of the health [2]. A number of recent studies have reported
DNA damage, cell damage, or cell death, induced by mobile
telephony or similar RF radiations at non-thermal intensity
levels like those presented in [12]-[14].

IV. RESULTS OF SOME STUDIES IN SERBIA

Several experimental studies concerning the influence of
RF EMFs on biological matter were conducted by a
multidisciplinary team of researchers at the University of Ni§
(Faculty of Occupational Safety, Faculty of Medicine, and
Faculty of Electronic Engineering). The biological effects of
EMF, generated by mobile phones on mice and rats, were
analyzed. Observed functional abnormalities of hepatic cell
membranes, accompanied by increasing lipid peroxidation,
support the hypothesis that the liver is one of the major organ
targets of EMF citotoxicity. The obtained results support the
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view that EMF stimulates oxidative stress response and that
the possible functional liver disorders during prolonged
exposure may be in part due to oxidative modification of
biomolecules [15].

In addition, the animals exposed to the mobile phone
radiation showed more aggressive behavior with obvious
panic reactions, disorientation, and higher degree of anxiety.
Simultaneously, they had lower body mass increase and lower
level of gravidity in relation to non-exposed animals.

The currently available results suggest that some aspects of
cognitive functions and some direct measures of brain and
body physiology may be affected by the exposure to mobile
phone radiation. It remains to be seen whether repeated
exposure to EMFs could have long-lasting effects on brain
physiology and cognitive function [16].

Within the second experimental study, Wistar rats were
exposed to microwave radiation during 20, 40, and 60 days.
Four groups were formed: control group I- animals treated by
saline, intraperitoneally (i.p.) applied daily during follow-up,
group II — rats treated daily with melatonin (2 mg/kg body
weight i.p.), group IIl — rats exposed to microwaves, and
group IV— rats exposed to microwaves and simultaneously
treated with melatonin (2 mg/kg body weight ip.). A
significant increase in the brain tissue malondialdehyde
(MDA) and carbonyl group concentration was registered
during exposure. Decreased activity of catalase (CAT) and
increased activity of xanthine oxidase (XO) remained after 40
and 60 days of exposure to mobile phones. It was found that
mobile phones cause oxidative damage biochemically by
increasing the levels of MDA, carbonyl groups, and XO
activity, and by decreasing CAT activity. It was also
concluded that the treatment with melatonin significantly
prevents oxidative damage in the brain (it prevented the
increase in the MDA content and XO activity in the brain
tissue after 40 days of exposure), whereas it is unable to
prevent the decrease of CAT activity and increase of carbonyl
group contents [17].
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Fig. 1. SAR10g distribution in the head

In addition to the experimental studies on animals,
numerical techniques were applied by the same team of
researchers in order to simulate the absorbed EMF in the

human head. The models of the head and various types of
mobile phones as sources of RF radiation were developed and
an example of simulation is shown in Fig.1 [18], [19]. It
should be point out that the results were analysed by
combining the simulation of fields and energy penetrating
with magnetic resonance imaging (MRI) of the tissue, as
illustrated in Fig. 2 [18].

Type S8R (ras)
Haond tor ShR (F-00) [1] (18g)
Plane at x  -&.15115 :
00992533 Wrky at -7.739 7 1170868 £ 121,008
Freguency %08

Fig. 2. SAR10g with real structure of brain generated by MRI

V. EPIDEMIOLOGICAL STUDIES ON HEALTH
EFFECTS OF MOBILE PHONE RADIATION

Worldwide, the numerous scientific studies have
investigated possible health risks of mobile phone radiation.
Diverse effects (effects on brain electrical activity, cognitive
function, sleep, heart rate, blood pressure, etc.) have been
subject of research. Large epidemiological studies, examining
potential long-term risks from RF exposure, have mostly
looked for an association between brain tumors and mobile
phone use. This is not an easy task because many cancers are
not detectable until many years after the interactions that led
to the tumor, and since mobile phones were not widely used
until the early 1990s. For instance, a large Danish study about
the connection between mobile phone use and cancer
incidence was published in 2006 [20]. It followed over
420,000 Danish citizens for 20 years and found no evidence
for increased risk of cancer. After that, however, this report
has been considered as inconclusive by several authors and
bodies.

In response to public and governmental concern, the World
Health Organization (WHO) established the International
Electromagnetic Fields Project in 1996 to assess the scientific
evidence of possible adverse health effects from EMFs [21].
The published results of research are occasionally reviewed
by several scientific committees to assess overall risks. An
assessment was published in 2006 by the European
Commission Scientific Committee on Emerging and Newly
Identified Health Risks (SCENIHR) [6]. At that time it was
concluded that the three lines of evidence: animal, in vitro,
and epidemiological studies, indicate that "exposure to RF
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fields is unlikely to lead to an increase in cancer in humans".
However, since then, the findings have been updated as
advances are made in identifying the adverse health effects.
The new findings are mainly based on several large
multinational epidemiological studies that have been
completed or are ongoing.

The largest epidemiological study of this kind ever
undertaken is a 13 nation retrospective case-control study
Interphone [22] coordinated by the International Agency for
Research on Cancer (IARC). This large and rigorous study
was designed to determine whether there are links between the
use of mobile phones and head and neck cancers in adults.
There were several reports published by different study
groups. A Swedish Interphone study group reported in 2005
that the data do not support the hypothesis that mobile phone
use is related to an increased risk of glioma or meningioma,
the most common types of brain tumor [23]. In the same year,
a British Interphone group published the conclusion that there
is no substantial risk of acoustic neuroma, a type of benign
brain tumor, in the first decade after starting mobile phone use
[24]. However, they claim that increasing in risk after long-
term use could not be excluded. Regarding this type of brain
tumor, a Swedish scientific team suggested a little bit earlier
(2004) that regular use of a mobile phone over a decade or
more was associated with an increased risk of acoustic
neuroma, and that the increase was not noted in those who had
used phones for fewer than 10 years [25].

A certain degree of concern can be seen in some other
reports. For instance, a German Interphone study group stated
(2006) that no overall increased risk of glioma or meningioma
was observed among these cellular phone users, however, for
long-term cellular phone users, the results would need to be
confirmed before firm conclusions can be drawn [26].
Similarly, a joint study conducted in northern Europe presents
the conclusion that, although their results overall do not
indicate an increased risk of glioma in relation to mobile
phone use, the possible risk in the most heavily exposed part
of the brain with long-term use needs to be explored further
before firm conclusions can be drawn [27].

A comprehensive review of published epidemiological
papers was published by Swedish authors in 2007 [28]. Some
of these studies were part of the Interphone investigation and
two publications included results from different studies. It is
found: that cell phone users had an increased risk of malignant
gliomas, that there is a link between cell phone use and a
higher rate of acoustic neuromas, that tumors are more likely
to occur on the side of the head where the cell handset is used,
and finally that one hour of cell phone use per day
significantly increases tumor risk after ten years.

Some publications in 2009 and 2010 presented conclusions
that current mobile phones are not safe for long-term exposure
[29] - [31]. Especially, it was emphasized that the use of cell
phones before age 20 increased the risk of brain tumors by
5.2, compared to 1.4 for all ages [29].

In 2010, the International Journal of Epidemiology
published an international pooled analysis of data gathered
from participating countries in the Interphone project, related
to the case-control study of glioma and meningioma, [32]. The
published results show that overall no increased risk of glioma

or meningioma with mobile phone use of more than 10 years
was observed. However, there are some indications of an
increased risk of glioma for those who reported the highest
10% of cumulative hours of cell phone use, although there
was no consistent trend of increasing risk with greater
duration of use. The researchers concluded that biases and
errors limit the strength of these conclusions and prevent a
causal interpretation. It is pointed out, that the observations at
the highest level of cumulative call time and the changing
patterns of mobile phone use since the period studied by
Interphone, particularly in young people, mean that further
investigation of mobile phone use and brain cancer risk is
merited [33].

VI. RECENT FINDINGS ON THE
CARCINOGENICITY OF RF FIELDS

In May 2011, a working group of 31 scientists from 14
countries coordinated by IARC in Lyon, France, assess the
potential  carcinogenic  hazards from exposure to
radiofrequency electromagnetic fields. IARC (International
Agency for Research on Cancer) is a specialized research
agency of the WHO with a mission to coordinate and conduct
research on the causes of human cancer, the mechanisms of
carcinogenesis, and to develop scientific strategies for cancer
control. International experts shared the complex task of
tackling the exposure data, the studies of cancer in humans,
the studies of cancer in experimental animals, and the
mechanistic and other relevant data.

The working group members considered hundreds of
scientific articles which were reviewed carefully and critically
[34], [35]. They found the evidence to be limited for
carcinogenicity of RF EMFs, based on positive associations
between some brain tumors and exposure [21]. Finally, on
May 31, 2011, TARC classified radiofrequency
electromagnetic fields as possibly carcinogenic to humans
(Group 2B), based on an increased risk for glioma, a
malignant type of brain cancer associated with wireless phone
use. Group 2B, a category used when a causal association is
considered credible, but when chance, bias or confounding
cannot be ruled out with reasonable confidence. The IARC
categorizes agents, mixtures and exposures into five
categories: The highest category is Group 1: carcinogenic to
humans. It is followed by Group 2A: probably carcinogenic to
humans and Group 2B: possibly carcinogenic to humans. Next
is Group 3: not classifiable as to its carcinogenicity to
humans, and, finally, Group 4: probably not carcinogenic to
humans.

The conclusion of the IARC was mainly based on the
Interphone study, which found an increased risk for glioma in
the highest category of heavy users (30 minutes per day over a
10-year period), although no increased risk was found at the
lower exposure. The evidence for other types of cancer was
found to be "inadequate".

Although the TARC working group reviewed a lot of
scientific articles, the most influential role in the working
group conclusion played the following papers: the Interphone
study [32], [36], Swedish pooled analysis [37], and an
acoustic neuroma study from Japan [38]. The Interphone

20



August, 2012

Microwave Review

study reported increased risks of 40% for gliomas, and the
risks tended to be greater in subjects who reported usual
phone use on the same side of the head as their tumor than on
the opposite side of heavy users. A 270% increase in risk was
found in Swedish pooled analysis [37] for the most common
type of glioma, astrocytoma, for mobile phone use longer than
ten years. A similar conclusion was reached from these two
studies for acoustic neuroma, although the case numbers were
substantially smaller than for glioma. Evidence of an
increased risk (from 10 to 300%) for acoustic neuroma
associated with the use of mobile phones on the same side of
the head is found in the study from Japan [38].

The announcement of IARC working group caught a great
attention of the public and researchers and there were lots of
responses and comments after that. Some other groups of
epidemiologiests, reviewing the same data or papers, have
concluded that the increased risk was entirely explicable by
various biases or errors, believing that there is little possibility
that mobile phone use could increase the risk of glioma or
acoustic neuroma in users. For example, a month after the
IARC conclusion, the International Commission for Non-
Ionizing Radiation Protection (ICNRP) Standing Committee
on Epidemiology, which includes two members from the
Interphone group, published a lengthy commentary on the risk
of gliomas [39]. They concluded that within about 10-15
years after the first use of mobile phones there is unlikely to
be a material increase in the risk of gliomas in adults. It is
important to recall from brain tumor incidence trends that the
latency of brain tumor development is considerably longer
than 10-15 years.

Shortly after publication of the ICNIRP commentary, two
separate and different reports appeared, written by different
members of the Interphone study group, [40], [41]. The
objective of both analyses was to evaluate whether gliomas
occur preferentially in the areas of the brain having the
highest RF energy absorption from mobile phone exposure.

The analysis [40] included 888 gliomas between 2000 and
2004 from seven European Interphone study countries:
Denmark, Finland, Germany, Italy, Norway, Sweden, and
Southeast England. The tumor midpoints were defined by
neuroradiologists on a three-dimensional grid based on
radiological images obtained from computerized X-ray
tomography or magnetic resonance imaging. The obtained
results did not indicate that gliomas in mobile phone users are
preferentially located in the part of the brain with the highest
deposition of RF fields from mobile phones.

The other analysis [41] included patients with brain tumors
from the Australian, Canadian, French, Israeli, and New
Zealand components of the Interphone study. Brain tumors
localized by neuroradiologists were analyzed. The analysis
included 553 glioma cases and 1762 controls. The mean age
of glioma cases was 47.2 years, and 62% were men. An
increased risk of glioma was seen at higher specific RF
absorptions, above 3,500 J/kg, corresponding to individuals
with long-term and heavy uses of mobile phones. The relative
risk for glioma was 1.35 in subjects with a localized tumor
and 1.66 in subjects with tumor centers estimated by a
neuroradiologist. These results are suggestive of an increased

risk of glioma in long-term mobile phone users with high RF
exposure.

Although there are methodological differences in the
analyses [40] and [41], the obtained results are very
perplexing. It seems likely that the interval of observation of
about 10 years between the subjects’ use of mobile phones
and the occurrence of tumors is too short to allow detection of
an effect, if there is one, since brain tumors are known to have
latencies longer than 10 years and maybe as long as 30 years.
Therefore, having in mind large number of mobile phone
users worldwide, and the enormous popularity of mobile
phone use particularly among young people, and therefore a
potentially longer lifetime of exposure, WHO has promoted
further investigations. For instance, several international
studies investigating potential health effects in children and
adolescents are underway. Further research efforts in this area
should provide a significant contribution of scientific
knowledge on this very important public health issue.

VII. CONCLUSION

A large number of studies have been performed over the
last two decades, part of them in Serbia as well, to assess
whether mobile phones pose a potential health risk.
Epidemiological research examining potential long-term risks
from RF exposure has mostly looked for an association
between brain tumors and mobile phone use. However,
because many cancers are not detectable until many years
after the interactions that led to the tumor, and since mobile
phones are widely used for only 15 years, epidemiological
studies at present can only assess those cancers that become
evident within shorter time periods. The Interphone study
(coordinated by the International Agency for Research on
Cancer, a WHO specialized agency), being the largest
retrospective case-control study to date on adults, has
classified RF electromagnetic fields as possibly carcinogenic
to humans (Group 2B), based on an increased risk for glioma,
a malignant type of brain cancer, associated with wireless
phone use. The increasing use of mobile phones and the lack
of data for long-term mobile phone use warrant further
research of mobile phone use and brain cancer risk.

WHO promotes further research activities in this area,
especially those investigating potential health effects in
children and adolescents.
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