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Abstract:

With the advent of the rising telecom industry there is growth
in the usage of the mobile phones by manifold and when we
are in country like India, in order to cover one billion popula-
tion, several transmission towers have been installed to create
a jungle of such masts rising atop many buildings in the
densely populated parts of India. The erection of these towers
has lead to speculations that there may be increased incidence
of cancer after exposure to the RF emissions from mobile tele-
phone base stations. There are no high-quality epidemiologic
studies that can be used to evaluate health risks from RF ex-
posure. Laboratory studies in this area have been somewhat
confusing. Some animal studies suggest that RF fields acceler-
ate the development of sarcoma colonies in the lung, mam-
mary tumors, skin tumors, hepatomas, and sarcomas. In con-
trast, other studies conducted on large scale on the cell lineage
and people working in areas with high RF emissions have not
found carcinogenic effects. These conflicting results indicate
the need for more well-conducted studies. This paper provides
a review of the laboratory studies and indicates what conclu-
sions about RF-induced cancer can be drawn.
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Introduction:

There has been tremendous growth in the number of mobile
phone users in the world during the last five years. The reas-
ons point to easy access, affordability, fairly good reliability
and better geographical coverage by the service providers. Of
course, the need to communicate has always been there ever
since the evolution of mankind. Though other forms of com-
munication do help to serve the purpose but nothing beats the
excitement and the emotions involved in being able to contact
and converse with someone at the click of a few keys on the
mobile phone.

Technically, the growth in this sector has been much faster
and wider in India than in any other country. It would be prob-
ably correct to say that at any given moment, India would be
having the largest numbers of active mobile phone users in the
world. Quite naturally, to cover a population of almost a bil-
lion, several transmission towers have been installed to create
a jungle of such masts rising atop many buildings in the
densely populated parts of India. Each year, many such towers

are being added in order to ensure negligible loss in transmis-
sion and hence the retention of existing and multiplying clients
list. A fierce competition, even in this age of recession, contin-
ues to exist between multiple phone companies all of whom
seem to adopt aggressive marketing for their products while
working at ensuring commitment to the punch lines
like“wherever you go we will follow you”. No doubt, a large
part of the social and economic development in the country in
various sectors and efficiency in the work places is due to the
excellent communication. However, from time to time, this in-
dustry and its users have faced extremely scary reports on
harmful effects of electromagnetic radiations (EMR) on hu-
man health. There are many conflicting reports in the literature
citing definite damage as many as those reports which attempt
to convince the scientific community of no such effects with
the intensity of the EMR by either the mobile phone sets or the
transmission towers located in residential areas. There are sev-
eral petitions, where the residents, scared by the existing ambi-
guity, have requested the removal of such towers from the
thickly populated areas. Of the greatest concern to the scared
population is the fear of contracting cancers in any part of the
body due to the harmful effects of EMR used in and for mo-
bile phones receiving and transmission. There have been sev-
eral reports endorsing the finding that the incidence of brain
cancers is much higher in individuals using mobile phones for
a much longer period and more frequently in the course of the
day. There are several other health hazards quoted in the liter-
ature regarding the effect of EMR on melatonin secretion,
sleep alteration, stress induction, sensory neural deafness and
changes due to thermal effects. However there are almost
equal numbers of studies which vehemently insist that such
changes with the EMR frequency, power and SAR as used in
different mobile phone sets or those emitted by the roof top
masts are incapable of producing such effects. True or not, the
mobile user who considers it as a necessary evil is still con-
fused. Amidst all controversy, the ghost of cancer still looms
large in a common man’s mind.

Interestingly, several multinational companies are spending
millions in terms of bringing new products with fascinating
features which compel the user to use the equipment for enter-
tainment at almost all hours. The mobile phone has turned into
a gadget of indulgence and obsession. It is this development in
technology and addition of features, which is partly respons-



ible for enormous sale of the hand sets and penetration even to
the remotest part of the country. No mobile phone company,
including the one owned by the government has spent even a
fraction of the marketing budget in either educating the com-
munity about possible harmful effects, if there are any, or en-
suring the public that the equipment and the service provided
by them is completely hazard free. Except for one instance
where Motorola participated in a research, literature is silent
on involvement of any mobile phone company to initiate or
support the research on effects of EMR on various groups of
human population some of whom may not be using the phone
but may be living in the vicinity of the transmission tower in-
stallation

Perception of Radiofrequency Raditions and Cancer
Risks:

In the mobile technology there are 2 systems of working, the
Global System for Mobile Communication (GSM) and Code
Division Multiple Access (CDMA) standard. These services
operate within the frequency ranges 872-960 MHz(Mega-
hertz) and 1710-1875 MHz respectively and radiate an aver-
age power of 0.2- 0.6 W, 40 per cent of which is absorbed in
the hand and the head.[1] Over recent years the third genera-
tion of mobile phones, 3G or universal mobile telecommunica-
tion system (UMTS), using 1,900 MHz RF(Radiofrequency)
fields has been introduced worldwide The FCC (Federal Com-
munications Commission, USA) limits peak exposure to 1.6
W/kg of tissue averaged over any single gram of tissue (or 1.6
mW/g) though the European limits are less restrictive, specify-
ing 1.6 W/kg averaged over10 grams

RF radiation cannot ionise atoms or molecules like far-ultravi-
olet radiation and X-rays. These non-ionising electromagnetic
radiations, however, is believed to be harmless at very low in-
tensities, although it can be damaging at high intensities. This
external electromagnetic field interacts with an internal biolo-
gical process through the action of free radicals. Research has
shown that magnetic fields increase the average concentration
of free radicals, lengthen their lifetime, and enhance the prob-
ability of radical reactions with cellular components[2,3] bio-
logic mechanism that could explain any possible carcinogenic
effect from radiofrequency radiation has not been identified. It
is generally agreed that the heating of tissue by radiofrequency
radiation from mobile phone use is negligible and that any car-
cinogenic effect would have to be mediated through a non
thermal mechanism. No studies to date have had an exposure
time long enough to properly address the potential adverse late
health effects of mobile phone use. So, this increasing use of
wireless telephone communication has raised concerns about
health risks, primarily increased risk for brain tumours, owing
to the proximity of the brain to the radiation antenna, with the
potential for absorbing a comparatively large amount of elec-
tromagnetic energy the emission at the head surface is typic-
ally 10,000 times stronger than that reaching the head of a user
standing within 30m of the base of a mobile phone relay
transponder mounted on a tower 30m above ground

A large proportion of research on incidence of cancer in mo-
bile phone users has taken place in Europe, followed by North
America, while Asian studies, mainly from Japan, are relat-
ively few. Studies have attempted to study a wide variety of
neoplastic phenomena affecting different body systems. The
most frequently studied malignancies include the intracranial
tumors, such as astrocytomas, gliomas and acoustic neuromas.
The studies have mostly been case-control studies using pa-
tient-reported usage information to correlate duration and in-
tensity of usage to the association with cancer.

Several studies have found a greater association of long-term
mobile phone usage with intracranial malignancies. It was
seen that there is a significant association between analog
phone use and brain tumors, with the greatest risk being for

grade III-IV astrocytoma after a latency period of >10 years
after first use. The association with tumors after a >10 year
latency was significant for analog, digital as well as cordless
phones.[4] Another study found the prevalence of various can-
cers amongst regular mobile phone users had a significant as-
sociation between acoustic neuromas and astrocytomas in
users of analog, digital and cordless phones. The same study
did not find significant associations for other tumors, such as
salivary gland tumors, non-Hodgkin lymphoma (NHL) or
testicular cancer.[5] Association of various cancers on expos-
ure of >2000 hours of cumulative usage of mobile phones has
also been quantified.[6] The same study also found that the
risk for developing high-grade astrocytoma was higher with
usage >10 years with analog phones and digital phones, but
not with cordless phones. Two recent meta-analyses showed
that long-term (>10 years) usage of mobile phones was associ-
ated with a greater risk of intracranial tumors,[7] with the
greatest risk being for ipsilateral gliomas and ipsilateral acous-
tic neuromas.[8] Significant association between the occur-
rence of benign or malignant parotid neoplasms and the use of
mobile phones was studied and it was found that individuals
with high exposure and non-hands-free users were an at-risk
group for developing these tumors on the side of predominant
usage.[9]

It is now widely accepted that cancer is initiated by alterations
in the genetic material (DNA) in the cell (genotoxic effects),
although some non-genotoxic chemicals and epigenetic carci-
nogens have been recognised. After initiation, the cell may
progress to full malignancy without any further external stim-
ulus but more often further events are required. An agent
which will cause this further progression towards malignancy
is often termed a promoting agent.

Role of Melatonin

When it comes to cancer promotion there are various agents,
but none such as melatonin. Melatonin is a hormone secreted
by the pineal gland, which controls our diurnal rhythm (Day—
night cycle). Peak levels are produced in people during the
night (in the dark period). It affects the mammalian reproduct-
ive system, as well as other physiological and biochemical
functions.[10] It is an efficient scavenger of free radicals,
which can damage cells, and there is evidence that melatonin
has a protective effect against cancer. Thus, changes in
melatonin secretion could conceivably alter tumour initiation
and promotion.[11,12] There have been various studies on
melatonin levels getting affected by the exposure to radiofre-
quency radiations. There are reports that extremely low fre-
quency (ELF) electromagnetic fields may affect pineal func-
tion, although the data are inconsistent. This has led to the
“melatonin hypothesis”, suggesting a link between ELF fields
and cancer.[13] This raises the question whether exposure to
RF fields might also have an effect on the pineal gland. Radi-
ofrequency photon energies are much higher than those at
ELFs, lying between the ELF and visible parts of the electro-
magnetic spectrum. In contrast to visible radiation, neither
ELF fields nor RF fields directly affect photopigments in
photoreceptors in the eye, and they are therefore very unlikely
to affect pineal function by the same anatomical pathway as
does visible radiation. It is conceivable that RF fields might
influence the synthesis or secretion of melatonin by the pineal
gland through a direct influence on either the suprachiasmatic
nucleus or the pineal gland itself, although there is no obvious
theoretical reason to expect such influences. Only a few stud-
ies testing effects of RF exposure on melatonin synthesis have
been conducted.

Effect of continuos and intermittent radiations on dairy cattle
herds located in the vicinity of a short-wave (3—30 MHz) radio
antenna when studied showed no chronic effect on salivary
melatonin levels, although a short-term rise in melatonin was



noted when the antenna was energised after being turned off
for three days.[14] Similar studies on specifically the pineal
gland functions of rats and hamsters exposed to very low level
900 MHz fields for up to six hours,showed no effects on noc-
turnal melatonin production [15], since majority of these stud-
ies were conducted on animals so the relevance to the use of
mobile phones could, in any case, be assessed only through
laboratory studies of people because of species differences in
the pattern of circadian rhythms. It must also be emphasised
that the hypothalamus and pineal gland are much further from
the surface of the head in people than in animals. Therefore,
even if there were an effect on melatonin production in anim-
als resulting from a direct interaction of fields within the brain,
it would be much less likely to occur in people. Since the
function of melatonin is cancer protective, its altered levels are
linked with cancer incidence.

Role of Ornithine Deoxycarboxylase (ODC)

High ODC activity is characteristic of the unregulated growth
of tumor cells, Pulse-modulated RF fields from mobile phones
may cause a slight increase in ODC levels and activity, at non-
thermal levels and ODC activity has been shown to be sensit-
ive to both extremely low frequency magnetic fields and to ra-
diofrequency fields.[16,17] However, it is very unlikely that
these small changes could, on their own, have a tumour-pro-
moting effect. It is also unlikely that such effects act synergist-
ically with other environmental hazards and contribute to tu-
mour promotion.

DNA Damage

An increase in the number of single-strand and double-strand
DNA breaks was reported in the brain cells of rats exposed for
two hours to pulsed or continuous-wave 2.45 GHz radiation.
[18,19] Moreover, this effect was blocked by treatment, before
or after exposure, with melatonin or another free-radical scav-
enger.[20] Chromosomal aberrations are generally thought to
be due to damage to DNA or unusual interactions between
DNA and protein molecules. Their accumulation is evidence
of genotoxicity and is usually associated with cancer, but can
also result in developmental abnormalities or miscarriage, if
present in the tissue that generates eggs or sperm, or in the de-
veloping embryo or fetus. It was also described that there were
increased chomosomal aberration in human lymphocytes after
exposure to 167 MHz RF fields at 55 W/m2 for up to 72 h.
[21] Also chromosomal aberration in the lymphocytes of
people who had experienced occupational exposure to 30-300
GHz at 10-50 W/m2 were noticed.[22]

Effect of Genotoxic Agents

There are several published studies that suggest that RF radi-
ation can have an epigenetic effect in vivo, working to exag-
gerate the genotoxic influences of ionizing radiation or cancer-
inducing substances, or to potentiate other epigenetic factors.
However, the evidence for an epigenetic effect of RF exposure
is equivocal, with several failures to replicate positive results.
Latent transformation of a cultured cell line was also reported
on exposure t02.45 GHz radiation.[23,24] This RF radiation
potentiated the tumour-transforming effect of X-rays or the
carcinogenic substance benzo[a]pyrene, but only in the pres-
ence of TPA, a known epigenetic agent. Reports on the ampli-
fication of the genotoxic effects of the mitogenic substance
mitomycin-C, as judged by the presence of micronuclei in cul-
tured bovine lymphocytes in presence of RF radiations were
reported.[25] A small but statistically significant enhancement
of the effects of mitomycin-C on human lymphocytes after ex-
posure to 935.2 MHz radiation for two hours has been de-
scribed.[26]

Since from the above discussion it is not very confounding
whether the radiofrequency causes cancerous changes we will
like to review some studies which show the safety of these ra-
diations

Evidence of Safety of Radiofrequecy Radiations:

Current scientific evidence indicates that exposure to RF
fields, such as those emitted by mobile phones and their base
stations, is unlikely to induce or promote cancers. Several
studies of animals exposed to RF fields similar to those emit-
ted by mobile phones found no evidence that RF causes or
promotes brain cancer. The United Kingdom NRPB Advisory
Group on Non-ionising Radiation concluded that there is no
firm quantitative evidence of a carcinogenic hazard from elec-
tromagnetic field exposures for the general public and workers
in the electrical, electronics, and telecommunications indus-
tries.

A study showed that there was no increased glioma risk with
regular mobile phone use, even when analog or digital phones
were analyzed separately. However, ipsilateral tumor risk was
borderline for usage > 10 years, while risk for contralateral us-
age was not significant.[27] In-vitro studies of human glioma
cells (MO54), measuring phosphorylation of various heat-
shock proteins, showed no increased tumorigenic effects of
mobile phone radiation.[28] Several studies, however, have
not shown any association between intracranial malignancies
and mobile telephone usage. Some of these studies have in-
cluded exposures of >10 years, exposure from cordless phone
base-units, or even predominant unilateral use.[29-33] Two
time-trend analyses have been published highlighting the
change in incidence of various tumors since the introduction
of mobile phone technology. Both showed no significant rise
in the incidence of intracranial malignancies despite the expo-
nential growth of the mobile telephone industries.[34,35]
Studies on other cancers[36] found no association between
mobile phone usage and testicular cancers (seminoma and
non-seminoma tumors). On study of lifetime exposures to mo-
bile phone radiation as <10 hours, 10-100 hours and >100
hours and found no associations, for any of the groups, with
incidence of NHL.[37] A study of malignant parotid tumors
by[38] showed no association with mobile phone exposure,
even when exposures exceeded 10 years.

A large-scale in vitro study was conducted focusing on low-
level radiofrequency (RF) fields from mobile radio base sta-
tions employing the International Mobile Telecommunication
2000 (IMT-2000) cellular system to test the hypothesis that
modulated RF fields induce apoptosis or other cellular stress
response that activate p53 or the p53-signaling pathway.[39]
Human glioblastoma A172 cells were exposed to W-CDMA
radiation at SARs of 80, 250, and 800 mW/kg, and CW radi-
ation at 80 mW/kg for 24 or 48 h. Under the RF field exposure
conditions described above, no significant differences in the
percentage of apoptotic cells were observed between the test
groups exposed to RF signals and the sham-exposed negative
controls, as evaluated by the Annexin V affinity assay. No sig-
nificant differences in expression levels of phosphorylated p53
at serine 15 or total p53 were observed between the test groups
and the negative controls by the bead-based multiplex assay.
Moreover, microarray hybridization and real-time RT-PCR
analysis showed no noticeable differences in gene expression
of the subsequent downstream targets of p53 signaling in-
volved in apoptosis between the test groups and the negative
controls. This results confirm that exposure to low-level RF
signals up to 800 mW/kg does not induce p53-dependent ap-
optosis, DNA damage, or other stress response in human cells.

Another study was conducted to demonstrate the effect of the
RF on the molecular level that is DNA structural configura-
tion. In this exposed human glioblastoma A172 cells and nor-
mal human IMR-90 fibroblasts from fetal lungs to mobile
communication frequency radiation to investigate whether
such exposure produced DNA strand breaks in cell culture.
Under the same RF field exposure conditions, no significant
differences in the DNA strand breaks were observed between
the test groups exposed to W-CDMA or CW radiation and the



sham exposed negative controls, as evaluated immediately
after the exposure periods by alkaline comet assays.[40] There
have been earlier studies to investigate cytogenetic damage in
human blood lymphocytes after exposure to 2450 MHz RF ra-
diation conducted[41], immediately after the RF-radiation ex-
posure; the lymphocytes were cultured to determine the incid-
ence of chromosomal aberrations and micronuclei. The incid-
ences of chromosomal damage, exchange aberrations and
acentric fragments in the lymphocytes exposed to RF radiation
(continuous or intermittent) were not significantly different
from those in sham-exposed cells. Comparison of micronuclei
in the lymphocytes exposed to RF radiation was not signific-
antly different from that in the sham-exposed cells. When the
continuous and intermittent exposures were compared, there
were no significant differences in any of the cytogenetic para-
meters investigated. Another study conducted[42] found no
chromosomal aberrations in antenna maintenance workers
who had been exposed to various RF fields at least one hour
each day for more than a year. Studies on bacteria, plant and
animal cells exposed in vitro, where thermal effects can be dir-
ectly observed and/or controlled, have failed to reveal direct
evidence of DNA damage or repair, even at power densities up
to 100 W/m2 and SARs up to 20 W/kg.[43-49] Same results
were obtained[50] that there was no cell transformation in
similar experiments involving 836.55 MHz radiation. Even in
the presence of cancer promoting agents, it was found that no
epigenetic influence of RF radiation on the production of chro-
mosomal aberrations by mitomycin-C or another mitogen, ad-
riamycin.[51,52] A number of other studies have failed to
demonstrate enhancement of the mutagenic action of chemical
carcinogens.[53-55] It was reported that the chronic exposure
to 2.45 GHz RF radiation had no effect on the incidence or
size of colon cancers induced in mice by dimethylhydrazine.
[56] No effect of exposure at the Japanese cellular phone fre-
quency of 1.439 GHz for six weeks using the standard medi-
um-term rat liver tumour promotion model, in which neo-
plastic foci are induced in the liver by diethylnitrosamine and
partial hepatectomy were found.[57] Similar results for 929.2
MHz radiation had been reported previously.[58]

Case control study carried out in US[59], involving 782 cases
of intracranial tumours of the nervous system identified
between 1994 and 1998, and 799 hospital based controls. Use
of mobile phones was by self report of type of mobile phone,
start and end of time of use, duration of “regular” use, fre-
quency of use, and hand used to hold the phone. Results when
adjusted for socioeconomic variables and history of medical
exposure to ionizing radiation showed no association between
ever use or regular use of a cell phone and risk of any of the
types of brain tumour (OR = 1.0 overall; 0.7 for high exposed
group); nor was a higher risk identified for those with longer
use, increasing duration or frequency or total cumulative use
of cellular phones. No association was seen between laterality
of tumor and laterality of phone use. A study of nearly
200,000 Motorola employees representing 2.7 million person-
years of possible exposure between 1976 and 1996 was done.
The investigators concluded that their findings "do not support
an association between occupational RF exposure and brain
cancers or lymphoma/leukemia. Also there are reviews con-
ducted by number of authorities of the potential health risks
associated with exposure to RF fields.[60]

The advice of the U.S. Health Physics Society (a professional
society of specialists in radiation safety) is that there is no
reason to believe that cellular base station towers could consti-
tute a potential health hazard to nearby residents or students.
[61]

Several groups in Great Britain have evaluated potential health
effects of RF. The Advisory Group on Non-lonizing Radiation
(2003) updated the year 2000 report of the Independent Expert
Group on Mobile Phones (2000) and concluded that “expos-

ures due to living near to base stations are extremely low, and
the overall evidence indicates that they are unlikely to pose a
risk to health.[62]

Even in mice exposed to 800 MHz RF radiation for 2 h/day, 5
days/week, for 35 weeks. When checked for end points in-
cluded erythrocyte and leukocyte count, hemoglobin level,
hematocrit, activity level, body weight and life span. No signi-
ficant differences between the RF-radiation-exposed and
sham-exposed groups were seen for any of these measures.
[63] The mean life span of the exposed group (664 days) was
slightly but not significantly longer than that of the sham-ex-
posed group (645 days)

Conclusions:

The epidemiological evidence currently available does not
suggest that RF exposure causes cancer. This conclusion is
compatible with the balance of biological evidence, which
suggests that RF fields below guidelines do not cause muta-
tion, or initiate or promote tumour formation. However, mo-
bile phones have not been in use for long enough to allow
comprehensive epidemiological assessment of their impact on
health, and we cannot, at this stage, exclude the possibility of
some association between mobile phone technology and can-
cer. In view of widespread concern about this issue, continued
research is essential. There is a pressing need for case—control
studies to examine whether leukaemia and cancers of the
brain, acoustic nerve and salivary gland are caused by mobile
phone use.

We propose that large case—control studies of brain cancer,
acoustic neuroma, salivary gland cancer, and leukaemia
should be funded. We further recommend that this programme
be financed by the mobile phone companies and the public
sector (industry departments, health departments and the re-
search councils)

The baffling evidence swaying in either direction of the pre-
vailing controversy regarding relationship between EMR and
mobile phone users is quite remarkable. With increasing num-
ber of users of this facility which is expected to increase 1.5
times in the next couple of years, the urgency to solve the
puzzle should take a priority. It has been observed that the ma-
jor fear lies with the populations residing in close proximity to
the transmission base stations or EM towers which emit EMR
continuously to power levels from a few watts to 100 watts de-
pending on the “cell size” or area of coverage. If there are any
risks, these are maximum for those living in the vicinity of lar-
ger cell size base stations.

The need to reconsider international guidelines developed by
International Commission on Non-lonizing Radiation Protec-
tion (ICNIRP) or by International Agency for Research on
Cancer (IARC) becomes relevant on the basis of phenomenal
increase in the number of service providers, mobile phone
users, installations of new base stations near dense populations
as also the fact that the population at risk has increased due to
ever escalating population in almost every country.

In India and other countries where this facility is accessed by
significantly higher population, there is a need to raise the
level of understanding about this technology and EMR, to re-
duce any real or perceived threats. More research is required at
the cellular and molecular level to critically and accurately as-
sess the effects of different levels and duration of exposure of
EMR. Based on such data and with an effective coordination
between scientists, health authorities, industry and the public,
revised public health information on this subject needs to be
evolved. The time to clear the mist over this cancer contro-
versy couldn’t be any better than now when some of the ser-
vice providers may be willing to join hands with the scientific
community to observe safety measures or to reassure the user.
The curiosity over the controversy may generate enough
stress. It may not be the EMR but the stress related to the mys-



tery that may eventually kill. After all, don’t they say, curios-
ity kills the cat!

References:

10.

11.

12.

14.

15.

16.

17.

Kuster N, Balzano Q, Lin J ( Eds.) (1997) Mobile
Communication Safety. New York: Chapman and
Hall.

Scaiano JC, Cozens FL, McLean J. Model for the ra-
tionalization of magnetic field effects in vivo Applica-
tion of the radical-pair mechanism to biological sys-
tems. Photochem Photobiol .1994 Jun 59; 6:585-589.
Brocklehurst B, McLauchlan KA .Free radical mech-
anism for the effects of environmental electromagnetic
fields on biological systems. Int J Radiat Biol. 1996
Jan; 69(1):3-24.

Mild KH, Hardell L, Carlberg M .Pooled analysis of
two Swedish case-control studies on the use of mobile
and cordless telephones and the risk of brain tumours
diagnosed during 1997-2003. Int J Occup Saf Ergon .
2007 ; 13(1):63-71.

Hardell L, Carlberg M, Hansson Mild K. Pooled ana-
lysis of two case-control studies on use of cellular and
cordless telephones and the risk for malignant brain tu-
mours diagnosed in 1997-2003. Int Arch Occup En-
viron Health .2006 ; 79:630-639.

Hardell L, Mild KH, Carlberg M, Soderqvist F. Tu-
mour risk associated with use of cellular telephones or
cordless desktop telephones. World J Surg Oncol.
2006; 4:74.

Kan P, Simonsen SE, Lyon JL, Kestle JR.Cellular
phone use and brain tumor: a meta-analysis. J
Neurooncol .2008; 86:71-78.

Hardell L, Carlberg M, Séderqvist F, Hansson Mild K.
Meta-analysis of long-term mobile phone use and the
association with brain tumours. Int J Oncol .2008;
32:1097-1103.

Sadetzki S, Chetrit A, Jarus-Hakak A, Cardis E,
Deutch Y, Duvdevani S. Cellular phone use and risk of
benign and malignant parotid gland tumors—a nation-
wide case-control study. American J Epidemiology .
2008; 167:457-67.

Reiter R J. Pineal melatonin: cell biology of its syn-
thesis and of its physiological interactions. Endocrino-
logy Review .1991; 12(2):151.

NRC (National Research Council) .Possible Health Ef-
fects of Exposure to Residential Electric and Magnetic
Fields. Washington DC, National Academy Press.
1997

NIEHS (National Institute of Environmental Health
Sciences).Working Group Report. Assessment of the
Health Effects from Exposure to Power-line Fre-
quency Electric and Magnetic Fields (C J Porter and M
S Wolfe, Eds).Research Triangle Park, NC, US Na-
tional Institutes of Health.1998;NIH Publication No.
98-3981: 311.

Stevens R G.Electric power use and breast cancer: a
hypothesis.American J Epidemiology .1987 ; 125:556.
Stark K D C, Krebs T, Altpeter E, Manz B, Griot C
and Abelin T. Absence of chronic effect of exposure to
short-wave radio broadcast signal on salivary melaton-
in concentrations in dairy cattle. J Pineal Research.
1997; 22:171.

Vollrath L, Spessert R, Kratzsch T, Keiner M and
Hollmann H. No short-term effects of high frequency
electromagnetic fields on the mammalian pineal gland.
Bioelectromagnetics .1997; 18:376.

Byus CV, Pieper SE, Adey WR.The effects of low-en-
ergy 60-Hz environmental electromagnetic fields upon
the growth-related enzyme ornithine decarboxylase.
Carcinogenesis .1987 Oct 8; 10:1385-1389.

Byus CV, Kartun K, Pieper S, Adey WR. Increased or-
nithine decarboxylase activity in cultured cells ex-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

posed to low energy modulated microwave fields and
phorbol ester tumor promoters.Cancer Research .1988
Aug 1; 48(15):4222-4226.

Lai H and Singh N P. Acute low-intensity microwave
exposure increases DNA single-strand breaks in rat
brain cells.Bioelectromagnetics .1995; 16:207.

Lai H and Singh N P. Single- and double-strand DNA
breaks in rat brain cells after acute exposure to radi-
ofrequency electromagnetic radiation. Int J Radiat Bio-
logy. 1996; 69: 513.

Lai H and Singh NP. Acute exposure to a 60 Hz mag-
netic field increases DNA strand breaks in rat brain
cells. Bioelectromagnetics.1997; 18:156-165.

Khalil A M, Qassem W F and Suleiman M M . A pre-
liminary study on the radiofrequency field-induced
cytogenetic effects in cultured human lymphocytes.
Dirasat.1993; 20:121.

Garaj-Vrhovac V, Horvat D and Koren Z. Comparison
of chromosome aberration and micronucleus induction
in human lymphocytes after occupational exposure to
vinyl chloride monomer and microwave radiation.
Periodicum Biologorium.1990b; 92: 411.
Balcer-Kubiczek E K and Harrison G H. Evidence for
microwave carcinogenesis in vitro.
Carcinogenesis.1985; 6:859.

Balcer-Kubiczek E K and Harrison G H. Neoplastic
transformation of C3H/10T1/2 cells following expos-
ure to 120-Hz modulated 2.45 GHz microwaves and
phorbol ester tumor promoter. Radiat
Res.1991;126:65.

Scarfi M R, Lioi M B, d’Ambrosio G, Massa R, Zeni
0, De Pietro R and De Berardino D. Genotoxic effects
of mitomycin-C and microwave radiation on bovine
lymphocytes. Electro-Magnetobiology.1996;15:99.
Maes A, Collier M, Van Gorp U, Vandoninck S and
Verschaeve L. Cytogenetic effects of 935.2-MHz
(GSM) microwaves alone and in combination with mi-
tomycin C. Mutat Research.1997; 393:151.

Lahkola A, Auvinen A, Raitanen J, Schoemaker MJ,
Christensen HC, Feychting M, Johansen C, Klaeboe L,
et al. Mobile phone use and risk of glioma in 5 North
European countries. Int J Cancer.2007; 120(8):1769-
1775.

Miyakoshi J, Takemasa K, Takashima Y, Ding GR,
Hirose H, Koyama S. Effects of exposure to a 1950
MHz radio frequency field on expression of Hsp70
and Hsp27 in human glioma cells. Bioelectromagnet-
ics.2005; 26:251-257.

Takebayashi T, Varsier N, Kikuchi Y, Wake K, Taki
M, Watanabe S. Mobile phone use, exposure to radi-
ofrequency electromagnetic field, and brain tumour: a
case-control study. Br J Cancer.2008; 98:652-659.
Klaeboe L, Blaasaas KG, Tynes T. Use of mobile
phones in Norway and risk of intracranial tumours.
Euro J Cancer Prev.2007; 16:158-164.

Takebayashi T, Akiba S, Kikuchi Y, Taki M, Wake K,
Watanabe S, Yamaguchi N. Mobile phone use and
acoustic neuroma risk in Japan. Occup Environ
Med.2006; 63:802-807.

Schiiz J, Boéhler E, Schlehofer B, Berg G, Schlaefer
K,Hettingerl.Radiofrequency electromagnetic fields
emitted from base stations of DECT cordless phones
and the risk of glioma and meningioma (Interphone
Study Group, Germany). Radiat Res.2006; 166:116-
119.

Loénn S, Ahlbom A, Hall P, Feychting M. Swedish In-
terphone Study Group. Long-term mobile phone use
and brain tumor risk. Am J Epidemiology .2005;
161:526-535.

Ro66sli M, Michel G, Kuehni CE, Spoerri A. Cellular
telephone use and time trends in brain tumour mortal-
ity in Switzerland from 1969 to 2002. Eur J Cancer
Prev.2007; 16:77-82.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Muscat JE, Hinsvark M, Malkin M. Mobile telephones
and rates of brain cancer. Neuroepidemiology.2006;
27:55-56.

Hardell L, Carlberg M, Ohlson CG, Westberg H,
Eriksson M, Hansson Mild K. Use of cellular and
cordless telephones and risk of testicular cancer. Int J
Androl.2007; 30:115-122.

Linet MS, Taggart T, Severson RK, Cerhan JR, Cozen
W, Hartge P, Colt J. Cellular telephones and non-
Hodgkin lymphoma. Int J Cancer.2006; 119:2382-
2388.

Lonn S, Ahlbom A, Christensen HC, Johansen C,
Schiiz J, Edstrom S, et al. Mobile phone use and risk
of parotid gland tumor. Am J Epidemiology. 2006;
164:637-643.

H. Hirose et al. Bioelectromagnetics.2006; 27:494-
504.

Sakuma N, Komatsubara Y, Takeda H, Hirose H,
Sekijima M, Nojima T, Miyakoshi J. DNA strand
breaks are not induced in human cells exposed to
2.1425 GHz band CW and W-CDMA modulated radi-
ofrequency fields allocated to mobile radio base sta-
tions. Bioelectromagnetics .2005; 27(1):51-57.
Vijayalaxmi, N. Mohan, M. L. Meltz and M. A. Wit-
tler . Proliferation and cytogenetic studies in human
blood lymphocytes exposed in vitro to 2450-MHz ra-
diofrequency radiation. Int. J. Radiat. Biol.1997;
72:751-757.

Maes A, Collier M, Slaets D and Verschaeve L. Cyto-
genetic effects of microwaves from mobile communic-
ation frequencies (954 MHz). Electro-Magnetobio-
logy. 1995; 14: 91.

Dutta S K, Nelson W H, Blackman C F and Brusick D
J. Lack of microbial genetic response to 2.45-GHz CW
and 8.5- to 9.6-GHz pulsed microwaves. J Microwave
Power Electromag Energy.1995; 14: 275.

Meltz M L, Walker K A and Erwin D N. Radiofre-
quency (microwave) radiation exposure of mammalian
cells during UV-induced DNA repair synthesis. Radiat
Res.1987; 110:255.

Meltz M L, Eagan P and Erwin D N. Proflavin and mi-
crowave radiation: absence of a mutagenic interaction.
Bioelectromagnetics.1990; 11:149.

Phillips J L, Ivaschuk O, Ishida-Jones T, Jones R A,
Campbell-Beachler M and Haggren W. DNA damage
in Molt-4 T-lymphoblastoid cells exposed to cellular
telephone radiofrequency fields in vitro. Bioelectro-
chem Bioenergetics.1998; 45:103.

Verschaeve L and Maes A. Genetic, carcinogenic and
teratogenic effects of radiofrequency fields. Mutat Res
.1998; 410:141.

Royal Society of Canada Expert Panel Report. A re-
view of the potential health risks of radiofrequency
fields from wireless telecommunication devices. An
Expert Panel Report prepared at the request of the
Royal Society of Canada for Health Canada. Ottawa,
Royal Society of Canada;1999: RSC.EPR 99-1.
Vasquez M V, Clancy C J, Blackwell D B, Donner M
D, Tice R T, Hook G H et al. Genotoxicity of radio
frequency radiation fields generated from analog,
TDMA, CDMA and PCNA in human blood cells eval-
uated using single gel (SCG) electrophoresis and the
cytochalasin B micronucleus assay. Environ Mol
Mutagen. 1999; 33(30):66.

Cain C D, Thomas D L and Adey W R. Focus forma-
tion of C3H/10T1/2 cells and exposure to a 836.55
MHz modulated radiofrequency field. Bioelectromag-
netics.1997; 18:237.

Ciaravino V, Meltz M L and Erwin D N. Effects of ra-
diofrequency radiation and simultaneous exposure
with mitomycin C on the frequency of sister chromatid
exchanges in Chinese hamster ovary cells. Environ
Mutagen.1987; 9:393.

Ciaravino V, Meltz M L and Erwin D N.Absence of a
synergistic effect between moderate-power radiofre-

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

quency electromagnetic radiation and Adriamycin on
cell-cycle progression and sister-chromatid exchange.
Bioelectromagnetics .1991; 12:289.

Meltz M L, Eagan P and Erwin D N. Absence of muta-
genic interaction between microwaves and mitomycin
C in mammalian cells. Environ Mol Mutagen.1989;
13:294.

Meltz M L, Eagan P and Erwin D N. Proflavin and mi-
crowave radiation: absence of a mutagenic interaction.
Bioelectromagnetics .1990; 11:149.

Kerbacher J J, Meltz M L and Erwin D N. Influence of
radiofrequency radiation on chromosome aberrations
in CHO cells and its interaction with DNA-damaging
agents. Radiat Res .1990; 123, 311.

WuR'Y, Chiang H, Shao BJ, Li N G and Fu Y D. Ef-
fects of 2.45 GHz microwave radiation and phorbol es-
ter 12-O-tetradecanoylphorbol-13-acetate on dimethyl-
hydrazine-induced colon cancer in mice. Bioelectro-
magnetics.1994; 15:531

Imaida K, Taki M, Yamaguchi T, Ito T, Watanabe S,
Wake K, et al. Lack of promoting effects of the elec-
tromagnetic near-field used for cellular phones (929.2
MHz) on rat liver carcinogenesis in a medium-term
liver bioassay. Carcinogenesis.1998a; 19, 311.

Imaida K, Taki M, Watanabe S-i, Kamimura Y, Ito T,
Yamaguchi T, et al. The 1.5 GHz electromagnetic
near-field used for cellular phones does not promote
rat liver carcinogenesis in a medium term liver bioas-
say. Jpn J Cancer Res.1998b; 89, 995.

Inskip Peter D, Tarone Robert E, Hatch Elizabeth E. P,
Timothy C. Wilcosky, William R. Shapiro, Robert G.
Selker, et al. Cellular Telephone Use and Brain Tu-
mors. The New England journal of Medicine.2001;
344(2):79-86.

Morgan RW, Kelsh MA, Zhao K, Exuzides KA,
Heringer S, Negrete W. Radiofrequency exposure and
mortality from cancer of brain and lymphocytes/hema-
topoietic systems. Epidemiology.2000; 11:118-127.
Health Physics Society. Cellular Phones and Base Sta-
tions. Available at
http://hps.org/publicinformation/ate/faqs/cell-
phoneqa.html [accessed 7 October 2006].

Advisory Group on Non-Ionizing Radiation. Health
Effects from Radiofrequency Electromagnetic Fields.
Report of an Advisory Group on Non-ionizing Radi-
ation. 2003; Documents of the NRPB 14(2): Advisory
Group on Non-lonizing Radiation. Available at
http://www.hpa.org.uk/radiation/publications/docu-
ments_of nrpb/abstracts/absd14-2.htm

Spalding JF, Freyman RW and Holland LM. Effects of
800- MHz electromagnetic radiation on body
weight, activity, hematopoiesis and life span in mice.
Health Phys.1971; 20, 421-424


http://hps.org/publicinformation/ate/faqs/cellphoneqa.html
http://hps.org/publicinformation/ate/faqs/cellphoneqa.html

