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Life on Earth has evolved over millennia, establishing and fine-
tuning extremely complex and dynamic equilibria with nature 
– with countless natural chemical entities as well as with natural 
energy forms such as visible light and UV electromagnetic radiation 
(EMR).  Planet earth in the 21st century is an incredibly complex 
concoction of man-made chemicals and energies, on top of those 
naturally occurring ones, be they in their original form or modified 
by human action.  Non-ionising EMR from man-made sources due 
to the ever increasing electrification of human life, particularly with 
the rapid expansion of mobile/wireless/satellite communication and 
surveillance technologies over the last couple of decades, poses a 
new form of EMR energy living organisms have to cope with today, 
without an evolutionary adaptation.  A complex array of EMR 
from artificial sources blankets each and every one of us in modern 
human society.  This environmental phenomenon is called the 
'electro-smog' – virtual smog that engulfs cities and towns as these 
wireless networks rapidly expand. 

Exposure to man-made non-ionising EMR can take different forms 
(Figure 1).  This could be in the form of extremely low frequency 
electromagnetic fields (ELF-EMF) emitted by 50-60 Hz power 
lines (particularly high voltage power lines) and electrical appliances 
in our living environments.  Though domestic electrification started 
in 1879 or 135 years ago, much of the world remained without until 
after the mid-20th century making global human exposure to man-
made electricity only very recent in our evolutionary history.  These 
ELF-EMFs are localized and intensities drop rapidly with distance 
from the source.  With increased use of electric appliances over the 
past few decades, human exposure has certainly increased to these 
ELF-EMFs.  However the most rapidly increased exposures 
come with the higher frequency radiowaves and microwaves 
(the high frequency end of the radiowave spectrum) emanating 
from TV/radio broadcasting towers, mobile base stations and 
countless wireless communication systems and devices.  These 
higher energy radiofrequency radiation (RFR) waves propagate 
differently in the air and have much far-reaching fields. 

Figure 1. The electromagnetic spectrum arranges different types of 
electromagnetic waves according to their frequency. As the frequency 
increases the photon energy carried in the waves also increases whilst the 
wavelength decreases. Source: http://www.boredofstudies.org

The impact of EMR on human health, particularly on cancer risk, 
has been investigated in many studies over the last few decades 
and some have shown highly significant associations, although 
establishing causal relationships has been difficult1-18.  The 
BioInitiative Report19 by an international panel of scientists and 
clinicians is the most up-to-date scientific information source with 
collated peer-reviewed publications (www.bioinitiative.org) in the 
area of EMR research.  It lists a few thousand scientific papers that 
have demonstrated in vitro and in vivo biological effects induced by 
ELF-EMR and RFR and examines biological effects in light of their 
impact on human health.  In this review, we focus on RFR and omit 
negative studies (those that failed to show biological effects of RFR) 
as the purpose of this communique is to bring some of the positive 
studies to the attention of the clinical readership. 
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The WHO’s International Agency for Research on Cancer 
(IARC) classified RFR as a possible human carcinogen (2B) 
in 2011, in the same category as lead and DDT – agents that 
authorities actively try to minimize public exposure of.  Yet, there 
is clearly a large gulf between the available scientific data on 
biological effects of RFR and public policy as the recommended 
'Precautionary Principle' appears to be rather limited to paper 
in many parts of the world20 including here in Australia, where 
wireless networks are rapidly rolled out even in primary schools.  
Here, we briefly look at public exposure levels, regulation, 
biological effects and their potential impact on public health and 
also what we can do about it.

Public Exposure of RFR and its regulation

Up until a couple of decades ago, considerable RFR exposures 
were limited to individuals in certain occupations such as those 
working with defence radar and telecommunication systems and 
populations living near radio/TV/mobile/radar transmission 
towers.  In stark contrast, today, almost everyone has RFR 
emitters in their immediate living environment in the forms 
of mobile/cordless phones, countless wireless devices – WiFi-
enabled laptop/tablet computers to a variety of games consoles 
–Wii, X-Box etc., baby monitors, security systems, satellite 
navigation systems and so on.  Operating microwave ovens also 
leak a considerable amount of RFR – raising ambient levels even 
5m away.  

Our RFR exposure levels depends on many factors including 
the power output of the sources around us, the distance, 
shielding or augmenting materials around and of course the 
length of exposure.  A single wireless device can potentially 
increase RFR levels in one’s immediate environment by several 
folds of magnitude.  For example, we found a common cordless 
phone used in Australian homes to increase the RFR field in its 
immediate environment from the ambient power density level of 
0.00013 µW/cm2 to 43.2 µW/cm2 simply being switched on to 
standby mode – 3.3 x 105-fold increase instantly.  This appears 
to be typical for many models of cordless phones.  It should 
be noted that fields as low as 0.000001 µW/cm2 can sustain a 
functional mobile phone signal.  With multiple emitting devices, 
the fields get stronger and more complex due to different physical 
properties of EMR waves such as different carrier frequencies, 
modulation frequencies and the information embedded in the 
signal.

It is noteworthy that exposure standards vary between countries 
by several folds of magnitude.  For example Switzerland, Italy, 
China and Russia all have exposure standards with power 
densities 100 times lower (more stringent) than Australia21.  The 
Australian Radiation Protection and Nuclear Safety Agency 
(ARPANSA) sets the public exposure standards and the 
Australian Communications and Media Authrority (ACMA) 
regulates the adherence to the standards in Australia.  In 2002, 
ARPANSA relaxed the public exposure standard for RFR in 
the 3 kHz to 300 GHz frequency range, adopting the 1998 
guidelines of the professional advisory body International 
Commission on Non-Ionizing Radiation Protection (ICNIRP).  
The details of the standard are found at: www.arpansa.gov.au/
Publications/Codes/rps3.cfm.  

RFR standard setting for public exposure has been a controversial 
process and there is much criticism of the influence of the 
industry (being regulated by the standard) in setting it and lack 

of consideration of scores of scientific papers that have reported 
significant biological effects at low levels of exposure.  Dr. Don 
Maisch’s PhD dissertation22 addressed the complex issues in 
standard setting in detail (available at: www.emfacts.com).  The 
most critical issue is that the ICNIRP guidelines were based 
on acute thermal effects and therefore cannot confer protection 
against long-term effects nor non-thermal effects (biological 
effects that occur in the absence of tissue heating).  Further, more 
vulnerable populations such as children, the elderly and some 
chronically ill people may not be protected23.  

Exposure standards depend on different frequency bands.  For 
example, the current Australian standard allows for public 
exposure 450 µW/cm2 for 900 MHz and 1000 µW/cm2 for≥2 
GHz frequencies commonly used for mobile/cordless telephones 
and wireless (WiFi) data transmission.  So, should we be 
concerned about devices such as the above mentioned cordless 
phone creating an EMR field with power density 43.2 µW/cm2  
at homes, possibly near children when it is clearly well below the 
standard?  

Evaluation of the scientific literature clearly provides a rationale 
for concern as a wide range of biological effects are now known to 
occur at much lower levels of RFR.  For example, some healthy 
volunteers had increased heart rate and heart rate variability 
with just 3-8 µW/cm2  from a cordless phone in a US-Canadian 
study2.  Whilst exactly how the documented biological effects 
translate into health issues is far from being elucidated, an 
increasing number of independent experts are concerned about 
the current levels of public exposure.  The BioInitiative report 
concluded that the ICNIRP exposure standard is not adequate 
to protect public health and needs to be made more stringent by 
10,000 fold – to be biologically protective enough based on the 
current knowledge.  
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Biological effects of RFR and their 
implications in human disease

As we are complex electro-chemical beings, it should come as 
no surprise that the fields of EMR around us can impact on 
our basic biological functions.  It has been known for several 
decades that RFR readily penetrates biological tissue and is 
capable of inducing electrical fields that result in flow of ions and 
rotation of asymmetric charged molecules (dipoles) changing the 
electrochemical status of cells5, 24-26.  A few of the reported effects 
of RFR at permitted non-thermal levels include nuisance auditory 
sensations (microwave hearing) and headache27, 28, increased eye 
damage including cataract formation related to occupational 
exposure in Australian telecommunication workers29, 30 and 
increasing blood pressure31.  

It has been known for a while that RFR is capable of changing 
binding affinity of cell membrane-embedded molecules and 
thereby interfere with signal transduction pathways influencing 
physiological responses to the environment – most notably with 
the involvement of Ca2+.  RFR exposure has been found to cause 
an increased intracellular influx of Ca2+ in a number of studies32-35, 

which would influence a wide range of cellular pathways changing 
expression of molecular products.  The ability of weak RFR fields 
to enhance the up-regulation of ornithine decarboxylase (essential 
for cell growth and DNA synthesis) by cancer-promoting phorbol 
esters was well document more than 25 years ago36.  Recently, 
Professor Martin Pall of Washington State University published 
a comprehensive review of EMR-induced Ca2+-mediated cellular 
effects in which he proposed biological effects of EMR to be 
primarily via voltage-gated calcium channels (VGCC)37.  

Genotoxic effects

Over the last two decades, concerning evidence of genotoxic 
effects of RFR such as single and double strand breaks and 
micronuclei formation has been accumulating.  Dr. Hugo 
Ruediger of the Medical University of Vienna in 2009 published 
a review of 101 studies that had investigated genotoxic effects of 
RFR.  Of those, 49 found genotoxic effects at low non-thermal 
levels of exposure while 43 did not. Further nine studies found 
RFR to enhance the action of other genotoxic agents38 making 
the case of RFR as a genotoxic environmental agent very strong.  
When researchers at Washington University found acute 
exposure (2 hr) of 2.45 GHz RFR (same as WiFi) at 2000µW/
cm2 could induce in vivo DNA strand breaks in exposed rat 
brains, they also found that pre- and post- exposure injection 
of either melatonin or spin-trapping compound N-tert-butyl-
µ-phenylnitrone (PBN) could block this effect.  As melatonin 
and PBN are powerful free-radical scavenging antioxidants, it 
appeared that RFR-induced DNA breaks were mediated by 
oxidative stress39, 40. 

Oxidative stress

An increasing number of cell in vitro studies and in vivo studies 
have shown increased levels of endogenous markers of oxidative 
stress and depleted antioxidant levels in various tissue and cell 
types upon exposure to RFR41-48.  Some studies have further 
demonstrated ameliorative effects upon supplementation with 
antioxidant preparations including vitamin C and E, melatonin, 

caffeic acid, gingseng and garlic extract43, 49-52.  These findings 
are complemented by limited human data where exposure to 
RF-EMR has shown increased oxidative stress and reduced 
antioxidant status.  For example, 15 minutes of mobile phone 
usage in healthy volunteers has shown to up-regulate salivary 
superoxide dismutase (SOD) enzyme which then started 
dropping off as the RFR exposure further progressed, indicating 
an underlying increase in superoxide radical production (oxidative 
stress) triggered and continued by RFR exposure53. 

Cytotoxic effects of RFR on reproductive tissue, particularly 
spermatozoa have been well documented and also appear to occur 
via oxidative stress mechanisms46, 54, 55. Declining sperm quality in 
reproductive age men, increased demand for assisted reproductive 
technologies (ART) and increasing incidence of testicular and 
prostate cancer could well be largely caused by RFR-transmitting 
devices such as mobile phones and laptop computers being held 
very closely to gonads for extended periods of time.

Immune effects

Immune effects of RFR is another area deserving attention of the 
clinical communities.  There is compelling evidence for RFR to 
elicit chronic immune responses as outlined in the BioInitiative 
Report.  For example, a large and stringently controlled in vivo 
study conducted at the Washington University (funded by the US 
Air Force) found low-level chronic exposure (21.5 hr/d for 13 
months) of 2.4GHz RFR - same as WiFi, to double the splenic 
B- and T-cells indicating stimulation of the lymphoid system in 
irradiated rodents.  Mitogen-stimulation studies found significant 
differences between irradiated animals and the sham-exposed 
controls in their responses to various B- and T-cell specific 
mitogens.  After 25 months, there was a near four-fold increase 
of primary malignancies in the exposed animals compared to the 
sham-exposed animals.  However, in the absence of a statistically 
significant increase in any particular type of malignancy, the 
authors trivialized this result claiming that an agent is not usually 
considered carcinogenic unless it induces a significant response 
in any one tissue type56.  Similarly, an Australian study using a 
transgenic strain of mice found a 2.4-fold increase in lymphomas 
in RFR-exposed animals with 900MHz RFR (commonly used 
with mobile phones), with two 30 min exposures per day up to 
18 months.  The exposed animals also developed lymphomas 
earlier24.  

In a human study investigating the immune effects of residential 
exposure levels of RFR in a case controlled group of healthy 
young women, a range of immune markers were found to be 
significantly different in women with the higher RFR exposures57.  
Higher RFR exposure group showed a statistically significant 
reduction in the cytotoxic activity in peripheral blood.  This 
effect in healthy young women could compromise their immune 
functions.  A recent review reported that in general, short-
term exposure to low level RFR may temporarily stimulate 
certain humoral or cellular immune functions, whilst prolonged 
exposure appear to inhibit the same functions58.  These and 
other experimental data indicate that prolonged low-level RFR 
exposure can cause immune derangement and could contribute to 
chronic immune disorders and cancer.  
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Effects on the central nervous system

Another key area of study is the impact of RFR on the CNS and 
in neurodevelopment32, 34, 56, 59-63. At a time when the prevalence 
of a spectrum of neurodevelopmental disorders in children is 
rapidly rising, implication of rapidly increased RFR exposure 
over the last couple of decades should be investigated as a 
priority.  Dr. Martha Herbert, a paediatric neurologist at Harvard 
Medical School and Cindy Sage MSc, a highly experienced EMR 
researcher and BioInitiative Report co-editor, have published 
two excellent reviews exploring plausible molecular mechanisms 
by which EMR could play a role in the pathobiology of 
neurodevelopmental  disorders64, 65. Moreover, Dr. Hugh Taylors 
research team at the Department of Obstetrics, Gynaecology 
and Reproductive Sciences at Yale University found that in 
utero exposure to RFR from mobile phones could affect the 
neurobehavioral development of mice.  The offspring of irradiated 
mothers showed impaired memory and hyperactivity reflective of 
children with attention deficit hyperactivity disorder (ADHD).  
The affected mice had impaired glutamatergic synaptic 
transmission onto layer V pyramidal neurons of the prefrontal 
cortex in a dose-responsive manner66.  Children with ADHD also 
have neuropathology of the prefrontal cortex.  Considering the 
highly aqueous environment of foetuses in utero that can readily 
absorb RFR, protection of unborn children from risky maternal 
RFR use such as mobile phones and WiFi-enabled computers 
near the pregnant belly is warranted.  

Effects on the CNS in the older population also demands 
attention as neurodegeneration underlies increasing prevalence 
of dementia, mainly due to Alzheimer’s disease.  Oxidative stress 
is implicated in the pathobiology of neurodegenerative disorders 
and RFR should be further investigated as a contributor to this 
process as pointed out in the BioInitiative Report.  Further, RFR 
at non-thermal levels has been found to make the blood brain 
barrier (BBB) more permeable in experimental rodent models67, 68.  
Similar effects in humans could render the brain more susceptible 
to circulating environmental toxins that are usually kept away by 
a tight BBB.  Moreover, biochemical and physiological changes 
in the brain induced by RFR via oxidative stress and affected 
melatonin production69 could directly contribute to psychological 
disturbance manifested as stress, anxiety, insomnia, depression, 
cognitive deficits and conditions such as schizophrenia70, 71.  
These are common symptoms reported by people living near 
RFR transmitters such as mobile base stations72-78.  In fact, RFR 
has been shown to induce stress and elevate salivary cortisol levels 
in healthy human volunteers under experimental conditions 
resembling living near mobile base stations79.  

Academic studies in New Zealand have recently shown that use 
of mobile and wireless device in adolescents are associated with 
headaches, sleep disruption and feeling tired at school80, 81.  In 
light of their findings and also data from brain cancer studies, 
authors suggested limiting usage of mobile/cordless phones to 15 
min/day for young people. 

Brain tumours

Much of the research on RFR from mobile phones has focused on 
brain tumours. The Interphone Study, coordinated by the WHO 
between 2000-2004 and partly funded by the industry included 

5,117 brain tumor cases in a set of case-controlled studies where 
participants were retrospectively questioned on their past mobile 
phone usage going back to 1990s and even late 1980s82.  The study 
reported contradicting and inconclusive findings attributed to biases 
and errors.  Although authors concluded with a general no effect, 
scrutiny of Appendix 2 Table in the supplementary data (separately 
presented online at: http://ije.oxfordjournals.org/content/
suppl/2010/05/06/dyq079.DC1/Interphone_Appendix2.pdf) 
showed doubling of gliomas (OR 2.18, 95% CI 1.43-3.31) in those 
who had at least 10 years of mobile phone usage and those with the 
highest cumulative call times in excess of 1640 hours (OR 1.82, 95% 
CI 1.15-2.89).  Intriguingly, those 'heaviest users' who had twice the 
risk of gliomas averaged their mobile phone usage to just 27 min per 
day – what we would call 'low usage' these days.  

Much of the criticism of the Interphone study is on the blatant 
flaws of the design including classification of subjects who had 
made at least one call per week on a mobile phone for a period 
of at least 6 months as 'regular users'.  They also did not question 
participants on their cordless phone usage which is likely to 
expose them to even more RFR as people tend to spend more 
time on cordless phones than on mobile phones and also because 
cordless phones emit much higher baseline RFR levels when in 
stand-by mode, often on bedside tables and work areas where 
people spend most of their day.  Both these errors in experimental 
design would introduce biases in favour of a no-effect outcome 
and this study further contributed to the continued controversy 
of this issue83, 84.  

Research studies into health effects of RFR have been found to be 
influenced by the funding source by a team of Swiss and British 
researchers85.  They found that industry-funded studies reported 
the largest number of outcomes, but were least likely to report 
a statistically significant result.  There is a clear need for making 
research and regulation of RFR independent from the industry 
that produces RFR.  

We see clearly that Interphone data cannot be used to give 
assurances to the public on currently allowed RFR exposure 
levels, as done by various parties including health authorities.  
In contrast, brain tumour studies by an independent Swedish 
group led by neurosurgeon Dr. Lennart Hardell in which both 
mobile and cordless phone usage have been taken into account, 
show consistent associations between astrocytomas, gliomas and 
acoustic neuromas and phone usage11, 17, 86-90.  Their results show 
worse outcomes (5 times increased risk) for younger patients 
who started usage before the age of 20 years.  The WHO’s 
Interphone study however did not include participants under 30 
years of age.  Using the well-established Bradford Hill criteria for 
cancer causality, the Hardell group has recently shown that RFR 
should now be upgraded as group 1 carcinogen by the IARC18.  
Their results were further affirmed by a French study recently 
that showed increased risk of gliomas and meningiomas in their 
'heaviest' mobile phone users who had ≥896 hour of cumulative 
usage91.

Around three TV/radio broadcasting towers in northern Sydney 
where ambient RFR levels were higher than in neighbouring 
areas, a statistically significant association between increased 
childhood leukaemia incidence and mortality and proximity 
to TV towers was found8.  Similarly, other studies have shown 
increased cancer around TV/radio transmitters92, mobile base 
stations93, 94 and also associated with occupational exposure to 
RFR16, 95-98.
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The scientific evidence from several lines 
indicate that cytotoxic effects of EMR 
contribute to a general pro-inflammatory 
scenario with chronic exposures, the 
extent of which would differ based on 
other environmental/dietary factors as 
well as one’s genetic and biochemical 
differences.

Electro-hypersensitivity in 
chronically ill people

Electro-hypersensitivity (EHS) at present 
is largely a self-diagnosed condition 
affecting people who claim to have 
various symptoms, from headaches, 
anxiety, chronic fatigue, fibromyalgia to 
skin rashes associated with exposure to 
certain EMR sources.  Interestingly it has 
been described as an accelerated aging 
syndrome2, 99-101.  Many of these diagnosed 
with idiopathic environmental sensitivities 
could be sufferers of EHS.  Whilst it 
is an officially recognized functional 
impairment in Sweden now, in most of 
the Western world recognition and care of 
EHS appears to be limited to integrative 
medical practices.  EHS sufferers often 
report receiving disappointing treatment 
from the mainstream medical system that 

usually attribute a psychosomatic basis to 
their symptoms rather than physiological.  

Perhaps the well reported increase in the 
use of complementary and alternative 
medications (CAM) in the last couple 
of decades in Australia and many other 
parts of the Western world102 is reflective 
of increasing prevalence of chronic 
conditions affecting people’s health 
and wellbeing and insufficient support 
from the mainstream health system in 
alleviating those conditions. In this regard, 
EHS emerges as a new environmental 
disease1, 103-105 requiring urgent attention of 
the medical system.  Instead of assuming 
that the current public exposure standards 
that are based on acute thermal effects can 
effectively protect public health against 
chronic non-thermal effects, the medical 
community must objectively investigate 
the role of EMR in the pathophysiology 
of human disease.

Public Health in the wireless 
age

There is enough scientific evidence to 
postulate the rapidly increased exposure 
of human populations around the globe 
to RFR as a cause for increased incidence 
of chronic inflammatory diseases and 
cancer.  Considering the well-established 
contribution of oxidative stress in many 
pathogenic pathways and the evidence 
that RFR can increase oxidative stress, it 
is important that clinicians assess patients’ 
exposure to RF-EMR through mobile/
cordless phones and various wireless 
devices as well as their residential and 
occupational exposure through proximity 
to radio/TV transmission towers/mobile 
base stations and WiFi routers.  This may 
be particularly relevant for people affected 
by neurodegenerative, neurobehavioural, 
atopic, autoimmune, metabolic and 
endocrine disorders.  

Clinicians need to carefully monitor 
subjective and objective symptoms 
following intervention in the form of 
reduction of exposure.  Existing data 
suggest that effects on more vulnerable 
paediatric populations and foetuses 
in utero need to be investigated as a 
priority, and in the meantime, prudent 
avoidance ought to be exercised in order 
to reduce long-term impact of RFR on 
public health.  Current public exposure 
standards exclude radiation absorption 
patterns of children and Prof. Om 
Gandhi, a pioneering former chairman 
of the IEEE standard setting committee, 

has shown that currently used models 
severely underestimate EMR absorption 
by children106.

A range of genetic and epigenetic factors 
may modify one’s susceptibility to EMR.  
Those who are affected by conditions such 
as iron overload in haemochromatosis 
for example may be more susceptible to 
exacerbated oxidative stress through the 
Fenton reactions.  Similarly, those with 
impaired antioxidant defences, for example 
those who cannot readily synthesize 
powerful antioxidant glutathione (GSH) 
due to defective methylation pathways 
could also be at an increased risk.  Further, 
individuals on diets low in antioxidants 
or with digestive problems as well as 
those exposed to chemical environmental 
pollutants such as tobacco smoke and 
vehicle exhaust, could also be at increased 
risk due to synergistic action of RFR 
adding to the total allostatic load.  
Concurrent dietary supplementation 
with antioxidants while actively reducing 
exposure levels may be required in the 
clinical management of patients. 

Understanding how EMR exerts its 
biological effects, its interactions with 
other dietary and environmental factors 
as well as how to modulate those effects 
pose a clear challenge for clinical medicine 
in the 21st century when RFR is an 
inescapable reality.
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