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The cellular phone microwave radiation can induce reversible unspecific
adaptive responses if it is short and the organism is very radiosensitive. A
long-term exposure (over one year) combined with the organism weakened
immune system may produce a cumulative effect in the form of stress
responses, various damages and, in some cases, even cancer. The ultimate
result of the microwave exposure depends on the balance between induced
damage and the organism reparative ability. Nevertheless, even a year of
operation of a powerful base transmitting station for mobile communication
reportedly resulted in a dramatic increase of cancer incidence among
population living nearby. In addition, model studies in rodents unveiled a
significant increase in carcinogenesis after 17-24 months of MW exposure
both in tumor-prone and intact animals. We conclude that recent data
strongly point to the need for re-elaboration of the current safety limits for
non-ionizing radiation using recently obtained knowledge. We also
emphasize that the everyday exposure of both occupational and general
public to MW radiation should be regulated based on a precautionary
principles which imply maximum restriction of excessive exposure.
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1. INTRODUCTION:
Cell phones and cancer are in the news all the time
now it seems. But almost everyone uses cell phones.
All over the world, tens of millions of people are
pressing them against their heads for hours every day.
Worldwide, Electromagnetic radiation (EMR)
became one of the most significant and fastest
growing environmental factors due to intensive
development of communication technologies during
the last decades. Currently, according to expert
estimations, the level of electromagnetic radiation
from artificial sources exceeds the level of natural
electromagnetic fields by thousand folds. The active
development of mobile communication technologies
over the world will only raise this level further. In
this connection the problem of possible adverse
effects of anthropogenic EMR on human health and
particularly strictest assessment of possible
carcinogenic effects of EMR is extremely important.

In March 2001, the Chairman of the Independent
Expert Group on Mobile Phones (IEGMP), Sir
William Stewart, gave oral evidence to a Trade and
Industry Select Committee Inquiry [Trade & Industry
2001, HC330], that included: "Overall the balance of
evidence to date -this is a carefully constructed
phrase-suggests that exposure to RF emissions below
the national guidelines do not cause adverse health
effects to the general population. However, we went
on to say that there was now scientific evidence that
there may be biological effects occurring at
exposures below those guidelines. Biological effects
do not necessarily translate into health effects, but
neither do they necessarily not translate."
In August 2002, Professor Michael Kundi and
colleagues at the University of Vienna collaborated
on producing an information booklet on Mobile
Phones and Children, discouraging their use. He
emphasised an aspect of cellular biology that he
believes has been omitted in discussions of RF
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radiation and its effect on developing brains "Achild's
skull is not only thinner and surely has different
dielectric properties because it has more blood
vessels -it also contains many more stem cells which
can form blood cells. Hence, if RF-MW radiation has
an influence on the development of cancer,its effects
will be greater for two reasons. First the most
vulnerable cells are only millimetres from the
antenna. (To my knowledge, nobody has calculated
the SAR within the bone marrow of the skull.) And
second, the earlier in life a malign transformation
occurs, the more likely it will result in a clinical
malignancy".
In August 2007 an international working group of
renowned scientists and public health experts
released a report on electromagnetic fields (EMF)
and human health [1]. It raised a serious concern
about safety limits for public electromagnetic
irradiation from power lines, cell phones, radars, and
other sources of EMF exposure in daily life. The
authors concluded that the existing public safety
limits were inadequate to protect public health.
Moreover, very recently a vast number of new
extremely important studies in this field have
published. Importantly, nowadays the problem is
discussed on highest political level over the world. It
appears that the most sound political document in
Europe is a European Parliament Resolution from
April 2, 2009 www.europarl.europa.eu), where the
direct appeals to activate the research and business
strategy for effective solving of the problem over the
member states were indicated.
In May 2010, the US President's cancer Panel
reported that ―the true burden of environmentally
induced cancers has been grossly underestimated‖
and named cell phones and other wireless
technologies as potential causes of cancer that
demand further research and precaution. In May
2011, after reviewing 21 scientific studies from 14
countries, the World Health organisation (WHO)
warned for the first time that mobile phones may
cause cancer (Baan 2011).
In this review we would like to
analyze the results of studies on specific biological
effects of microwaves (MW), both epidemiological
and experimental that deal with cancer promotion by
long term low intensity microwave irradiation of
human/animal beings. We will concentrate on
unequivocal studies and will not analyze ambiguous
data. For additional analysis of microwave risks we
can recommend recently published reviews [2—10].

2. MICROWAVES OF MOBILE COMMUNICATION
SYSTEMS

Microwaves are non-ionizing electromagnetic
radiation. That means MW is a type of
electromagnetic radiation which does not carry
enough energy for ionization of atoms and molecules
under normal conditions and unlike the ionizing
radiation this kind of radiation generally has not
enough energy for breaking the intermolecular bonds
or for breakaway of electrons from atoms or
molecules.MW comprise a part of radiofrequency
range. Radiofrequency radiation (RF) refers to
electromagnetic waves with a rate of oscillation of
electromagnetic fields in the range from 30 kHz to
300 GHz. As any other electromagnetic waves, the
radio waves are pulses of electric and magnetic
fields. These fields regenerate each other as they
move through the space at the speed of light. MW
have frequencies from 300 MHz to 300 GHz. As
MW have the highest frequency among other RF, it
carries the highest energy and produce most thermal
effect upon interaction with the matter.
Mobile communication systems are undoubtedly the
most source of MW in human environment over the
world nowadays. Starting from the first commercial
mobile phone networks in Japan, Europe and USA
since 1979—1983 the number of active users of
mobile telephony increased globally to over five
billion. In developed countries the number of cellular
phone users today is over the point of saturation. It
means that many people use more than one cell
phone. The initial age of youngest users of cell phone
is estimated as three years old [5]. Mobile
communication technology utilizes MW for
connection of cell phones and base transmitting
stations. Phone refers to as mobile because it is free
from wire connection and it refers to as cellular/cell
because technology utilizes cellular network
principle. All area is covered by many base
transmitting stations, each station operates in one cell
(part of area) and cell phone automatically changes
the station when moves from one cell to another. In
GSM (Global System for Mobile communication)
standard, which covers about 80% of all services over
the world the frequencies of electromagnetic waves
used are about 850; 900; 1850; or 1900 MHz, which
belongs to the microwave range. The useful
information (sounds or images) is transferred by
modulation of electromagnetic wave frequency. In
GSM standard TDMA (Time Division Multiple
Access) principle is realized. This means a part time
access of each consumer to the logical channel with
frequency of channel rotation about 217 Hz. Thus,
both base transmitting stations and cell phones emit
MW modulated according to the digital standard.
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3. SAFETY LIMITS FOR MICROWAVE
RADIATION
The
main
international
recommendations on safety levels of non-ionizing
electromagnetic radiation is Guidelines for Limiting
Exposure to Time-Varying Electric, Magnetic, and
Electromagnetic Fields (up to 300 GHz) of
International Commission on Non- Ionizing
Radiation Protection [11]. The document gives
recommended safety limits in all ranges of EMR both
for occupational and general public exposure. ―Basis
for limitation exposure‖ is dramatically important for
understanding the imperfection of this document.
Accordingly, the document directly states that
―Induction of cancer from long-term EMF exposure
was not considered to be established, and so these
guidelines are based on short-term, immediate health
effects such as stimulation of peripheral nerves and
muscles, shocks and burns caused by touching
conducting objects, and elevated tissue temperatures
resulting from absorption of energy during exposure
to EMF.‖ However, the basic assumption of that is
questioned nowadays by numerous data sources.
According to that document a few
parameters of EMR energy are recommended to be
restricted. Among them the two parameters are used
the most often:1) Specific Absorption Rate (SAR) in
W/kg, which indicates the EMR energy absorbed per
mass unit of human tissue per second; and 2) power
density or intensity of incident radiation in W/m2 (or
μW/ cm2) which indicates the amount of
electromagnetic energy which falls on a unit of
surface (under the right angle) per second. SAR
safety limit for general public exposure indicated in
Guidelines as 2 W/kg (for head and trunk) for the
microwave range. To that, this limit is accepted by
industry as mandatory for every commercial cell
phone over the world, and real value of SAR of each
cell phone model must be indicated in technical
specification of the model. Unfortunately, SAR is
rather sophisticated index for measurement.
Moreover, only models of adult human head are
currently used by industry for calculation of SAR,
while real SAR values depend on a geometry and
structure of tissues and, for example, was shown to
be much higher for a child head than for the adult one
[12—14].
Power density, or intensity of
radiation, is much more direct and simple index as
compared to SAR, although it does not estimate the
specificity of interaction of EMR and the matter.
Occupational exposure limits in microwave range
according to ICNIRP are 10–50 W/ m2. Public
exposure limits for microwaves according to ICNIRP
recommendation were set to 2–10 W/m2 (or 200—

1000 μW/cm2) depending on frequency. For
example, for GSM—900 MHz standard ICNIRP
safety limit will be calculated as 450 μW/cm2 [11].
It is important to note that ICNIRP
recommendations have no legal validity, as it is only
a recommendation. Each country has their own
national legislation in the field of electromagnetic
safety, and national limits are rather different in
different countries. Some countries such as the USA
and Germany conformed national EMR limits to
ICNIRP recommendation. Other countries have much
tougher national limits as compared with ICNIRP
guidelines. For example, for GSM- 900 MHz
standard MW safety limits are: in Italy, Russia and
China ― 10 μW/cm2, in Switzerland ― 4 μW/cm2,
in Ukraine ― 2.5 μW/cm2 [1]. As we can see, some
countries, including Ukraine, have extremely strict
national safety limits. Such national positions are
explained first of all by long-term national research
traditions in a field of electromagnetic biology, and
on experience in studying the non-thermal biological
effects of this kind of radiation. On the other hand,
some countries like Switzerland follow a strict
precautionary principle (Better protect than sorry).
4.
RADIATION
FROM
MOBILE
COMMUNICATION SYSTEMS AND CANCER
PROMOTION
Cell phones. A significant increase of risk
of particular brain tumors in long-term (10 years or
more) users of cell phones and cordless phones has
been detected in series of epidemiological studies of
Swedish oncologist Prof. L. Hardell with colleagues
[27–33]. It is important that for a short-term use of
cell phones similar effects were absent or less evident
[4].
The risk of development of highgrade glioma has increased in more than 3 times (OR
3.1; 95 %) for bilateral users of cell phones and in
more than 5 times (OR 5.4; 95%) for ipsilateral users
after 10 years of using [34]. The risk of development
of acoustic neuroma for bilateral users of cell phones
was OR 2.9; 95% and OR 3.5; 95 % for ipsilateral
users after 10 years of using [29]. Notably, the
highest risk of brain tumors has been detected in the
youngest users of cell phones (20—29-yr) among all
analyzed age groups (20—80 years old), with OR
5.91; 95% for ipsilateral use of cell phones. The
highest risk was associated with more than 5-year
using period in the 20—29-yr age group for analog
cell phones (OR 8.17; 95%) [28].
International multiyear Interphone
project conducted under the management of the
World Health Organization and substantially
supported by industry, was an interview-based casecontrol study with 2708 glioma and 2409
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meningioma cases and matched controls, conducted
in 13 countries using a common protocol [35]. The
results of study were rather controversial. For
example, authors were forced to declare ―a reduced
odds ratio related to ever having been a regular
mobile phone users was seen for glioma (OR 0.81; 95
%) and meningioma (OR 0.79; 95 %),possibly
reflecting participation bias or other methodological
limitations.‖ However, significantly increased risks
of tumors development in ―heavy‖ users of cell
phones (with more than 1640 hours of using during
less than four years) have been revealed in this study:
for meningioma OR 4.8; 95 %, for glioma OR 3.77;
95% as compared with the matched controls [35].
One thousand and six hundred forty hours per four
years means about one hour per day of a cell phone
use. In this connection we can point to our data [36]
that indicates amount of time which Ukrainian
students (like students in other countries?) spend
talking via cell phones every day. Our findings
indicated that more than a half of them spend over
one hour per day, and more than a quarter of them
spend over two hours per day talking via cell phones
every day.
Parotid gland, like a human brain,
is another potential target for cell phone MW
radiation during cell phone talks without hands-free
devices. Thus, a study done by an Israeli team has
indicated an association between a cell phone use and
parotid gland tumors [37]. This study comprised 402
benign and 58 malignant cases of parotid gland
tumors diagnosed in Israelis at age over 18 years in
2001—2003. The risk of parotid malignant tumors in
intensive users of cell phones (for users with more
than 5,479 hours of a use during less than five years)
were OR 2.26; 95%. Recently new data have been
published that totally a 4-fold increase of parotid
malignant tumors in Israel during 1970—2006 took
place, whereas other salivary glands tumors had been
almost on a stable level during that period of time
[38]. Previously, a Finnish study has revealed the OR
5.0; 95% for salivary gland cancer among all Finland
digital cell phone subscribers compared with control
population after one-two years of a cell phone use
[39].
The odds ratio for NonHodgkin’s lymphoma of T-cell, cutaneous and
leukemia types has been found for analogue-cellphone users as 3.4; 95%; for digital-phone users 6.1;
95 %; and for cordless-phone users 5.5; 95% by L.
Hardell group [40]. An American study indicated OR
1.6; 95 % for NHL in users of cell phones with a
period of use over eight years [41]. Uveal melanoma
(in analysis of 118 cases with uveal melanoma and
475 controls in Germany) has been indicated to have
odds ratio 4.2; 95% for people probable/certain

exposed to cell phone radiation [42]. Testicular
cancer (seminoma) risk had odds ratio 1.8; 95% for
men keeping a cell phone during ―stand by‖ in
ipsilateral trousers pocket [43]. The results have been
based on 542 cases of seminoma in Sweden.
Base transmitting stations. During
the last decades more than one and half million base
transmitting
stations for mobile communication have been
installed over the world. However, the World Health
Organization suggested a priority to study effects
mainly of cell phones, while discouraging studies on
the effects of transmitting stations (with an exception
of years 2003—2006 when WHO recommended
studies of possible effects of radiation of transmitting
stations as well) [44]. This is probably the main
reason why only a few publications on this particular
problem can be found to date [45—49].
The comparison of cancer cases
among people living up to 400 m from base
transmitting station and people living further than
400 m from station during 1994—2004 was carried
out in Germany [48]. A total increase of cancer cases
among people living nearby to transmitting station
over the control population was 1.26 times during the
first five-year period (1994—1998), and 3.11 times
during the second fiveyear period (1999—2004) of
operation of the station. Particularly, in the second
period the increase of cancer cases was statistically
significant both as compared with the population
from more distant area and with the expected
background incidence. Population (n=622) living in
the area nearby (up to 350 m) the cell phone base
transmitting station (850 MHz, 1500 watt of full
power) during one year of operation and matched
individuals (n=1222) from other area have been
compared In Israel [47]. There were 4.15 times more
cases of cancer in transmitted station area than in the
rest of a city. Relative cancer rates for females were
10.5 for close to station area, 0.6 for control area and
1 for the whole town. Like televisions, alarm
systems, computers, and all other electrical devices,
Cell phones (also called mobile phones) are radio
devices that use Radiofrequency (Rf) energy emit
electromagnetic radiation. They operate at low power
(less than 1 watt) by transmitting and receiving
electromagnetic radiation in the radiofrequency (RF)
end of the spectrum. Radiation which is called
"ionizing" can be absorbed by tissue and break
molecules apart, such as gamma rays and x-rays, are
known to cause cancer. The concern is that the cell
phone and it's antenna (the source of the radiation)
are held close against the head) fig no. 1
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Fig no. 1

The damage to the DNA molecules is thought to be
the cause. The radiation that a cell phone uses is also
part of the same electromagnetic spectrum, but is not
ionizing. Cancer incidence of women in close to base
station area was significantly higher (p<0.0001) as
compared with the control area and the whole city.
Keeping in mind that very significant increase in a
number of cancer cases took place during only one
year period, the authors of the study suggested that
MW could provoke latent cases of cancer in
inhabitants of the area nearby transmitting station.
French and Spanish researchers also revealed that
inhabitants living near base station for mobile
communication (up to 300 m) developed significantly
higher rates of many subjective symptoms of health
like headache, fatigue, sleep disorder, depression as
compared with the matched control from distant area
[49, 50].
5.
RODENT
MODEL
OF
CANCER
PROMOTION BY MICROWAVES
A highly representative research
has been carried out at the University of Washington,
Seattle commissioned by US Air Force [51]. The
experimental rats (100 animals) were exposed during
24 months
at 21.5 hours per day to 2,450-MHz pulsed
microwaves at 800 pps with a 10 μs pulse width. The
pulsed microwaves were square-wave modulated at 8
Hz. An average SAR was 0.4 W/kg for a 200-g rat. It
was a model of long-term irradiation of Air Force
pilots to pulsed microwaves of radar systems. Totally
155 indexes of metabolisms were checked out during
the study. As a result, the most expressive effect of
long-term MW irradiation of animals was a dramatic
increase in a level of cancer cases. In total, 3.6 folds
more cancer cases were detected in irradiated animals

than in matched control. Lymphoma cases were
diagnosed in the irradiated animals 4.5 times more
often than in the control group. In addition, benign
tumors of adrenal were detected seven folds more
often in the irradiated animals than in the control.
In the next study under US Air
Force contract, 200 female C3H/HeJ mice were
exposed for 21 months (22 h/day, 7 days/week) to a
horizontally polarized 435 MHz pulse-wave (1.0 ps
pulse width, 1.0 kHz
pulse rate) RF radiation environment with an incident
power density of 1.0 mW/cm2 (SAR 0.32 W/kg),
while
200 mice were sham-exposed [52]. Although under
the conditions of this study, an exposure of mice
prone to mammary tumors did not affect the
incidence of mammary tumors, when compared with
the controls, some other tumor cases increased
markedly. For example, bilateral cases of ovary
epithelial stromal tumor raised by five folds; multiple
cases of hepatocellular carcinoma, raised 3 folds, and
adrenal gland tumor cases (total) raised 1.63 folds.
In the third published study of
this series [53] the same prone-mammary tumor mice
were irradiated during 20 months to continuous wave
2450 MHz MW radiation with SAR from 0.3 to 1
W/kg (20 h/day, 7 days/week). A hundred mice were
exposed, while 100 mice were used as sham-exposed.
As a result, the exposed mice had higher level of
mammary tumors (1.27 folds), and higher total level
of all types of tumor (1.38 folds) as compared with
sham-exposed; the difference between groups was
statistically insignificant. Meanwhile, multiple
mammary tumor cases occurred in exposed mice
twice more frequently than in sham exposed.
In other study mice with high
incidence of spontaneous breast cancer and mice
treated with 3,4-benzopyrene (BP) were irradiated to
continuous wave 2,450 MHz microwaves in an
anechoic chamber at 5 or 15 mW/cm2 (2 hours daily,
6 sessions per week, 3 months) [54]. Irradiation with
MW at either 5 or 15 mW/cm2 resulted in
acceleration of development of BP-induced skin
cancer. Microwaves-exposed mice with high
incidence of spontaneous breast cancer developed
breast tumors earlier than control. Authors indicated
that the promotion of cancer development and
lowering of natural antineoplastic resistance was
similar in mice exposed to MW at 5 mW/cm2 and
chronically stressed by confinement, but level of
cancer cases in animals exposed to 15 mW/cm2 was
significantly higher as compared to chronically
stressed by confinement control.
And in well-known study of M.
Ripacholi et al. (1997) transgenic mice moderately
predisposed to develop lymphoma spontaneously
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have been used for exposure to MW of 900 MHz,
with pulse repetition frequency of 217 Hz, incident
power densities of 2.6—13 W/m2, and average SAR
of 0.13—1.4 W/kg [55]. One group of mice (101
females) has been exposed for two 30- min periods
per day during 18 months. Another group of mice
(100 females) has been a sham-exposed control.
Lymphoma risk was significantly higher, more than
twice, in the exposed mice than in the matched
control (OR 2.4; 95 %). In particular, follicular
lymphoma was the major contributor to the increased
tumor incidence.
6. MICROWAVES AND CELL METABOLISM
Free radical species, including
reactive oxygen species (ROS), is an intrinsic feature
of cell metabolism [56–58]. But disturbance of redox
balance, uncontrolled activation of free radical
processes, overproduction of ROS and/or suppression
of antioxidant defense in cell often are the important
signals of some hazardous changes in cell
metabolism [59, 60]. That is why data indicated
oxidative effect of some factor is extremely important
in risk assessment research. A significant increase of
ROS and nitrogen oxide generation in cells under
non-thermal intensities of MW has been detected
both in vivo [61—67] and in vitro [68—72].
Possibilities of mitochondrial and membrane NADH
oxidase dependent ways of ROS generation in
exposed cells have been suggested [71, 72].
Accordingly, it was found that the first step in MW
(875 MHz, 0.07 mW/cm2) interaction with model
cells (Rat1 and HeLa) was mediated in the plasma
membrane by NADH oxidase, which can rapidly
(during the minutes) generate ROS [72]. ROS
directly stimulate matrix metalloproteinases and
allow them to cleave and release heparin binding
epidermal growth factor (EGF). This secreted factor
activates the EGF receptor, which in turn activates
the extracellularsignal- regulated kinase (ERK)
cascade and thereby induces transcription and other
cellular pathways. On the other hand, on the model of
purified human spermatozoa exposed to MW (1.8
GHz, SAR from 0.4 W/kg to 27.5 W/kg) a significant
overproduction of ROS in mitochondria was
detected, along with a significant reduction in
motility and vitality of spermatozoa [71]. All
observed effects were significantly correlated with
SAR levels, suggesting that significant effects of
MW exposure occurred under non-thermal levels of
MW. Therefore, MW can induce cellular oxidative
stress, which in turn can cause cancer stimulation
[57, 59]. To that, it is known nowadays that in
addition to damage via oxidative stress, ROS in cells
can play a role of a secondary messenger for certain

intracellular signaling cascades which can induce
oncogenic transformation [60].
DNA damage in cells exposed to low-intensive
microwaves both in vivo and in vitro was
demonstrated during the last years in more than 50
independent studies [73]. The most often method
used for detection of DNA damage after the MW
exposure was alkaline Comet Assay. A statistically
significant increase of both single strand and/or
double strand breaks of DNA has been detected in
humans [74, 75], animal models
[76—79] and cell cultures [76, 80—83] exposed to
low intensity microwaves. Recently, an oxygen
damage of DNA in human spermatozoa through
formation of 8-hydroxi-2-deoxyguanosine (8-OHdG) under non-thermal microwaves irradiation in
vitro has been demonstrated [71]. Consequently, as
DNA mutation is a critical step in carcinogenesis and
increased level of 8-OH-dG takes place in many
tumors [60], the possibility of MW to initiate
oxidative damage of DNA is extremely dangerous
signal for risk-assessment studies.
Ornithine
decarboxylase
(ODC) significantly changes its activity under
conditions of non-thermal microwave exposure [84—
88]. It was one of the first markers of carcinogenesis
revealed to be activated under the low intensity
microwaves exposure. ODC is involved in processes
of cell growth and differentiation, and its activity is
raised in tumor cells. Although overexpression of
ODC is not sufficient for transformation of normal
cells into tumorigenic ones, an increased activity of
the enzyme was shown to promote the development
of tumors from pre-tumor cells [89].

7. DISCUSSION AND CONCLUSIONS:
While a few epidemiologic studies concluded
increased risk for brain cancer with cell phone use,
evidence behind this correlation is contradictory.
Physics demonstrates that cell phones do not have
enough energy to produce the ionizing radiation that
causes carcinogenic mutations in DNA, although
there may be other reasons for the described
increased cancer risk in these studies. The behavioral
effects of cell phone use, such as social, cognitive,
sleep, eating, and exercise patterns; thermal effects
and cranial heating; and confounding factors for these
types of studies, such as recall or publication bias, are
future areas to look into as possible reasons behind
these epidemiologic findings.
Radiofrequency energy is a form
of electromagnetic
radiation.
Electromagnetic
radiation can be categorized into two types: ionizing
(e.g., x-rays, radon, and cosmic rays) and non-
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ionizing (e.g., radiofrequency and extremely lowfrequency or power frequency).A recent study
showed that when people used a cell phone for 50
minutes, brain tissues on the same side of the head as
the phone’s antenna metabolized more glucose than
did tissues on the opposite side of the brain [96].
Children have the potential to be at
greater risk than adults for developing brain cancer
from cell phones. Their nervous systems are still
developing and therefore more vulnerable to factors
that may cause cancer. Their heads are smaller than
those of adults and therefore have a greater
proportional exposure to the field of radiofrequency
radiation that is emitted by cell phones. And children
have the potential of accumulating more years of cell
phone exposure than adults do.
In this review we presented
evidences for carcinogenic effects of low intensity
microwaves. Both epidemiological and experimental
data led us to a conclusion that at least under certain
conditions the exposure to long term low intensity
MW can lead to tumorigenesis. Supporting evidences
come from statistically significant epidemiological
data based either on long-term analysis, e.g., on
mortality of US Navy personnel in 20 years after
expose during the Korean War [15], or on relatively
short, one year exposure, e.g., by base transmitting
station for mobile communication in Israel [47]. In
the latter case we fully agree with the authors that
MW exposure most likely results in acceleration of
pre-existed cancer development. It is of note here that
the same conclusion was drawn in epidemiological
research on fast increase cancer incidence among
adult population in Colorado exposed to extremely
low frequency radiation [90].
The main shortcoming of the most
epidemiological data, both in military studies and in
mobile communication risk assessment, is a lack of a
strict dose measurement of exposure. We strongly
suggest that in the forthcoming epidemiological
studies the correct measurement of intensity and
dosage of exposure should be obligatory. The
example of a large-scale epidemiological research
employing personal MW dosimeters can be found in
recent studies in Germany [91—94]. On the other
hand, we also realize that the levels of the MW
exposure in contemporary epidemiological studies, at
least in those which deal with mobile communication
systems, were within the official ―safety limits‖ set
by appropriate national standards and ICNIRP
recommendations. Therefore, taking into account the
reviewed data, we conclude that the relatively longterm (e.g., 10 years) exposure to microwaves emitted
from mobile communication devices operating within
―safety limits‖ set by current regulating bodies can be
considered as a potential factor for promotion of

cancer growth. Indeed, in the most studies on rodents
the intensity of MW exposure was appropriately
measured, and in majority of them the MW intensity
was below ICNIRP safety limits. Nevertheless,
majority of these studies to a greater or lesser extent
demonstrated obvious carcinogenic effects after long
term exposure (up to 24 months). This further
emphasizes that at least under certain conditions the
exposure to both pulsed and continuous MW with
intensities below the current official ―safety limits‖
can indeed promote cancer development.
In
addition,
experimental
evidences of involvement of typical markers of
carcinogenesis like overproduction of reactive
oxygen species or formation of 8-OH-dG under
conditions of MW exposure further indicate potential
danger of this type of radiation for human health. It is
important to emphasize here that experimental data,
especially obtained in studies in vitro often reveal
significant biological effects even after short-term
(e.g., only a few minutes) [72] and/or extremely weak
intensity of exposure to MW (by several orders of
magnitude lower than in ICNIRP recommendations)
[95]. Taking these data into account we strongly
suggest that currently used ―thermal‖ assessment of
potential hazards of MW exposure is far from being
appropriate and safe.
Taken together, we state here
that nowadays there is enough convincing data to
appropriately assert that the long-term exposure to
low intensity electromagnetic microwaves can indeed
promote cancer development. To that, the official
recommendations by ICNIRP and safety limits set by
many national regulatory bodies for technical devices
emitting microwave radiation, first of all for mobile
communication systems, must be re-assessed
according to the recent alarming data; and additional
studies for unprejudiced risk assessment
must be carried out. At present, we strongly suggest
for a wide implementation of precautionary principle
for everyday microwave exposure that implies
maximum restriction of excessive exposure.
7. Sugessions:
Mobile Handsets : 1. Adoption of SAR level for mobile handsets
limited to 1.6 Watt/Kg, averaged over a 6 minutes
period and taken over a volume containing a
mass of 1 gram of human tissue as per the FCC
norms of United States.
2 SAR value information is to be embossed and
displayed in the handset.
3 . Information on SAR values for mobile handsets
should be readily available to the consumer at the
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point of sale so that one can make sure of the
SAR value of the handset while buying a cell
phone.
4. Government may consider amendments in the
Indian Telegraph Act 1885 & rules notified
there under and necessary legislations if any so
that only mobile handset satisfying radiation
standards should be permitted for import /
manufacture or sold in the country.
5. Mobile hand set manufactured and sold in India or
Imported from other countries should be checked
for compliance of SAR limit and no hand sets of
SAR value above the prescribed standard adopted
in India should be manufactured or sold in the
country.
6.

SAR data information of the mobile handsets
should be available on the manufacturer’s web
site and in the manufacturer’s handset’s manual.

7.

To bring awareness, the manufacturer’s mobile
handset booklet should contain the following for
safe use :

a.

presently being done, the mobile service
providers should also measure the radiation
level of certain prominent places and display it
for information of the general public. They
should also have mobile unit for its measurement
wherever necessary
.
11 . DOT should create a national data base with the
information of all the base station, their
emission levels and display on public domain for
public information.
12. Impose restrictions on installation of mobile
towers near high density residential areas,
schools, playgrounds and hospitals.
13

14. To conduct the long term scientific research
related to health aspect of EMF radiation
exposure and associated technologies in India in
the following areas :

Use a wireless hands-free system (headphone,
headset) with a low power Bluetooth emitter to
reduce radiation to the head.





b. When buying a cell phone, make sure it has a
low SAR.
c.

Either keep your calls short or send a text
message (SMS) instead. This advice applies
especially to children, adolescents and
pregnant women.

d. Whenever possible, use cell phone when the
signal quality is good.
e . People having active medical implants should
keep their cell phone at least 30 cm away from
the implant.
8. The Information is made available on Government
website with list of SAR values of different
mobile phones.
9.

10.

To provide static continuous testing / measuring
centers for online monitoring of radiation level
at prominent places in metro/cities and the data
to be sent to the central server for information.
Apart from self certification for compliance of
radiation norms on EMF exposure as is

For the future expansion of telecom network in
the country use low power micro cell
transmitters with in-building solutions in place
of the present trend of using high power
transmission over mobile towers / high rise
buildings.

Health effect of RF exposure in children.
Health effect of RF exposure in Foetus,
mothers and elderly persons.
Combined electromagnetic field radiation
effect exposure from multiple antennas of
a shared infrastructure sites

15.

It is recommended for use of hands free and ear
phone technologies such as blue tooth handsets
and ear phone so as to minimize the contact of
head with cell phone.

16.

Department of Telecom may create a document
―Radio waves and safety in our daily life‖
indicating various Dos and Don’ts related to
mobile users clarifying various myths regarding
deployment and use of radio waves and
mandate each operator to print and issue the
same to their customer at the point of sale for
enhanced customer awareness. This will help
in facilitating the right inputs and creating an
environment where everyone can use the radio
waves safely.
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