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Introduction: 
 
I will show you evidence that I assess, using classic public health assessment methods, 
classifies electromagnetic radiation as causally associated with cancer, reproductive, 
neurological and cardiac illness and death. The dose-response relationships identify a 
consistent threshold, showing that the safe exposure level of zero exposure. This is 
expected from neurologically and cellularlly resonantly interactive substances and 
genotoxic substances. 
 
This issue has been so politicized. There are two major casualties, the truth and public 
health. 
 
We have natural EMR-based communication systems in our brains, hearts, cell and 
bodies. External natural and artificial EMR resonantly interacts with these communication 
systems altering hormone balances and damaging organs and cells. The brain and the 
heart are especially sensitive because they mediate and regulate primary biological 
functions that are vital to life, thinking and heart beat, using EMR signals, the EEG and 
ECG.  When EMR interferes with the EEG this is communicated to the body by 
neurotransmitters and neurohormones, including the serotonin/melatonin system. EMR 
reduces melatonin. Melatonin is vital for the health of the Immune System, the Brain, The 
Heart and every cell, because it is the most potent naturally produced antioxidant. It is a 
potent free radical scavenger that plays a vital protective role to protect the DNA in every 
cell. Reduced melatonin causes cancer, miscarriage, heart disease, neurological 
diseases, viral and bacterial diseases, etc… 
 
Both through reducing melatonin and through enhancing free radical activity EMR is 
genotoxic, damaging the DNA and chromosomes, enhancing oncogene expression and 
transforming cells to neoplastic cells and causing cancer in exposed populations. 
 
Intense chromosome damage of fetuses in the uterus by microwaves, causes prompt 
miscarriage. Less intense chromosome damage, largely but not totally repaired by the 
body's cell repair system, such as is caused by radio waves, causes fetal damage, 
congenital malformation, still birth, cot death, etc.. 
 
Neurological effects, such as headache, sleep disturbance, concentration disturbance, 
short-term memory loss, dizziness and nausea, are acute effects that can be experienced 
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over minutes, hours, days and months. However, cell damage in the brain causes 
significantly accelerated cell death. Over years this means long-term memory loss, and 
neurological diseases such as Epilepsy, Parkinson's Disease, Multiple Sclerosis, 
Alzheimer's Disease, and sudden death from violent epileptic seizures. 
 
The heart is similar with short-term problems with cardiac arrhythmia, missed heart beats, 
etc, sudden death from Heart Attacks and chronic illness and death from heart disease, 
especially arrhythmic diseases.  
 
Cancer is a chronic disease problem from accumulated genetic cell damage. Latencies for 
children and soft tissue cancers are as short as a few years, for most cancers they take 10 
to 40 years to develop. Cancer rates rise rapidly with age over 65 years because of the 
life-time of accumulated cell damage and the drastic reduction in melatonin that occurs 
after puberty. 
 

 
Figure 1: Melatonin production varies with age, Reiter and Robinson (1995). 

 
This shows how vulnerable very young children are because they have very low melatonin 
levels and undeveloped immune systems. It also shows how reduced melatonin makes 
older people more vulnerable and much more prone to disease and cancer. 
 
This also illustrates how useful and important it is to know about the natural systems when 
assessing health effects. Our bodies have developed strong natural protection and repair 
mechanisms. Many chemicals interfere with these natural systems and are therefore seen 
as toxic and dangerous. Xenoestrogens, such as organochlorines, act on the estrogen 
receptors on cells, especially breast cells, and, through altering the estrogen levels, 
enhance the occurrence of breast cancer. Melatonin reduction is similar because it is a 
neurohormone with receptors in cells and nuclei to control many cellular processes, 
including in breast cells. 
 
A large epidemiological study of female breast cancer over 24 States in the U.S., Cantor 
et al. (1995), identified several organic solvents, including organochlorines, that 
significantly increased the incidence of breast cancer, Table 1. 
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Table 1: Breast cancer from occupational exposures, Cantor et al. 
(1995) 

 
Substance Odds Ratio 95%Confidence Interval 
 
Carbon Tetrachloride 1.13 1.1 - 1.2 
Methylene chloride 1.15 1.1 - 1.2 
Styrene 1.18 1.1 - 1.3 
Metals and Oxides 1.13 1.0 - 1.3 
Ionizing Radiation 1.14 0.9 - 1.4 
Radiofrequency fields 1.15 1.1 - 1.2 

 
Radiofrequency fields are as dangerous as toxic chemicals and Ionizing Radiation. 
 
This is backed by over 10 other studies showing that EMR across the spectrum increases 
breast cancer incidence and 15 studies showing reduced melatonin, including three with 
dose-response relationships. These are sufficient to classify a causal relationship between 
EMR and breast cancer, with melatonin reduction is the biological mechanism. 
 
This conclusion and this evidence is strongly contrasted with the position of Dr Michael 
Repacholi from the WHO, ICNIRP (International Commission on Non-Ionizing Radiation 
Protection), the Australain Radiation Laboratory (whatever it is called now), and many 
other "authorities" around the world. 
 
This is because my background and my approach is very different from the "established 
authorities" nationally and internationally. This is also why I have been in strong demand 
internationally to explain this situation and to present what the scientific research actually 
shows, in the context of public health protection. 
 
Professional Background and Experience: 
 
As a meteorologist and biophysicist I have worked for over 20 years as an Agricultural 
Meteorologist. I took my B.Sc. (Hons) and Ph.D. in Physics, in solid state physics and 
atmospheric physics, respectively. At McGill University if researched and taught about the 
meteorology of thunderstorms and air pollution. I continued this at Auckland University 
and added wind energy. 
 
I was then appointed the lecturer in Agricultural Meteorology at Lincoln University. This 
took me into environmental physics and biophysics as I researched the effect of weather 
and climate on plants, animals and people.  This included aspects of plant, animal and 
human physiology and environmental epidemiology. I led research and teaching in three 
areas over a period of 20 years. This included wind and solar energy; climatology, climate 
change and seasonal weather forecasting; and human biometeorology. The statistical 
methods of climatology and environmental epidemiology are identical. 
 
I discovered that physical elements on the weather alter the melatonin/serotonin balance 
of people, leading to the Foehn Disease and Seasonally Affective Disorder. We showed 
that the Foehn Disease, a syndrome related to hot, dry winds, melatonin reduction and 
serotonin enhancement, is related to changes in the local oscillating electric fields. They 
are created by turbulence in the hot, dry wind with excess positive ions. They change the 
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ground level electric fields and produce symptoms that are totally consistent with reduced 
melatonin. The enhanced serotonin was identified in urine samples from people in Israel 
exposed to hot dry desert winds. 
 
In 1994 I was invited to a local primary school where Telecom proposed to install a cell 
site alongside the infant block. At a school meeting, an industrial and occupational health 
consultant Dr David Black, assured the parents and teachers that there would be no 
health effects because the microwave exposure that the children would experience was a 
small fraction of the standard. This was confirmed by the Technical Manager of Telecom 
who claimed, with Dr Black, credibility as members of the Standards Committee. Dr Black 
claims to be independent while he gains over 95% of his income from the 
telecommunication companies. 
 
I expressed caution, as a biophysicist. I was also an elected Regional Councillor who had 
to regulate the release of contaminants into the environment. This is under New Zealand's 
environmental law, the Resource Management Act (RMA), 1991. The Act has a level of 
evidence threshold of potential effects. It is evidence-based not standards-based. Dr Black 
said there was no evidence of effects below the standard. I confirmed that I did not know 
of any evidence at that time. However, I expressed caution because children were more 
vulnerable than adults, the technology was very new, and if effects were found it would be 
too late to reverse the problem. That is why the RMA is based on potential effects. Dr Ivan 
Beale, a Psychologist representing a community group on the Standards Committee, also 
expressed serious caution.  
 
The meeting voted by 84 % to reject the proposal. They did not respect Dr Black's position 
and were surprised that Telecom's manager and health consultant were on the Standards 
committee that was regulating Telecom's activities. The also discovered that the New 
Zealand, National Radiation Laboratory, was also a consultant to Telecom and BellSouth 
and the Director, Dr Andrew McEwan, was also one of the 8 people on the New Zealand 
part of TE/7. 
 
The very next day I went to the Medical School library and carried out a MEDLINE search 
and found hundreds of studies showing biological, animal, occupational and residential 
adverse effects. Dr Black was clearly wrong. 
 
Late in 1995 I was asked to form a scientific team to appeal a cell site that was proposed 
for a residential neighbourhood in Christchurch. In a powerlines case the court had 
discussed the potential effects evidence level. It stated that it required a plausible 
biological mechanism [in the absence of actual human studies]. In that case Dr Andrew 
McEwan (NRL) and Dr Michael Repacholi, appearing for the applicant company, 
Transpower, assured the court that there were no effects below the standard. 
 
Hence in the cell site appeal case, the McIntyre Case, our scientific evidence was based 
on Dr Richard Luben, biophysicist and endocrinologist, presenting evidence of biological 
effects, and Professor John Goldsmith, Epidemiologist, presenting evidence of human 
health effects. I gave the overview evidence and presented the exposure levels 
associated with the studies cited. In opposition, appearing for BellSouth, were Mr Martin 
Gledhill, NRL, and Dr Michael Repacholi, WHO consultant and chairman of ICNIRP. Dr 
Repacholi's evidence was that there were no adverse health effects unless the exposure 
raised the temperature by more than 1°C, and the standard protects everyone from that by 
a factor of 50, i.e. SAR = 0.08 W/kg. 
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Dr Repacholi was particularly critical of my evidence. For example, I had stated that for 
mean exposures of less than 1µW/cm2, U.S. physiotherapists had experienced significant 
increases in miscarriage. Dr Repacholi said that this was not plausible because it would 
mean that if 4 people stood around a pregnant woman she would miscarry. Since this did 
not happen my evidence could not be true. 
 
Dr Repacholi relied heavily on the WHO 1993 review, that he referred to as "The 
Consensus of Science". He had chaired the Task group and was the Technical Editor of 
the Report. The review report refers to a study that concludes that "In the RF range, the 
black body radiation" is "0.3µW/cm2, when integrated up to 300 GHz, Repacholi (1983)."  
 
Dr Repacholi's argument was that 4 x 0.3µW/cm2 = 1.2µW/cm2, is more than 1µW/cm2. 
Therefore 4 people would cause miscarriage if I was correct. Under cross-examination, he 
agreed that the microwave part of the spectrum is a very small part of the 0.3 µW/cm2. He 
also agreed that all objects radiated thermal radiation and that the net flow between 
people would be near zero if they had the similar temperatures. In backing down he 
described his criticism of my evidence as "only tongue in cheek". This was sworn evidence 
of a person promoted and presented to the court as a world expert. He swore to tell the 
"truth, the whole truth and nothing but the truth". I watched as he backed down on claim 
after claim. 
 
The court's decision rejected Dr Repacholi's assurance that the Standard was protective. 
The court set the public exposure limit for this case at 2µW/cm2. The court also said that 
this could be revised if there was new evidence. I set about finding the new evidence of 
effects below 2µW/cm2 by researching the published literature, and visiting many 
universities and laboratories around the world. I found that there was growing evidence of 
effects well below 2µW/cm2, even pointing to zero exposure as the level of no effect. 
 
During this experience I gained significant insights into the way that WHO and ICNIRP 
were being managed and chaired by Dr Repacholi. The very strongly held views that there 
were only thermal effects came through consistently and pervasively.  I had the 
confidence of a court decision to back me up that there was evidence of effects below the 
standard and that the court had rejected Dr Repacholi's position and evidence. I started at 
an exposure level of 1 % of the standard and worked my way down. 
 
How reliable is ICNIRP and the WHO's Dr Michael Repacholi ? 
 
On these matters I have no respect for the position of ICNIRP nor that of the WHO. The 
WHO position is taken solely by Dr Repacholi. ICNIRP is a small self-appointed, self-
promoted group that claims standing by having WHO recognition. In other words, a body 
formed in part and led by Dr Repacholi, claims its standing by being recognized by Dr 
Repacholi. 
 
I have seen more and more evidence of misrepresentation and deliberate misinformation 
from ICNIRP and Dr Repacholi. These are strong statements but they are documented. 
ICNIRP, under Dr Repacholi's chairmanship, prepared several statements during the mid-
1990's. They consistently misquote and misrepresent the published research results.  
They reject all epidemiological evidence because every single epidemiological study 
occurs with mean exposure levels orders of magnitude below their thermally-based 
standard. 
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They are highly selective, using only a small proportion of the available studies in order to 
construct and defend their own case. They prefer author's conclusions that there are no 
effects, even when the data and analysis in the paper clash with this and contradict it. 
They dismiss large, reliable and well defined studies as ill defined and unreliable. They 
state that studies don't show significant increases in CNS cancers when they actually do, 
even when the papers include significant dose-response relationships. Both the WHO and 
ICNIRP, under Dr Repacholi's leadership, have maintained the thermal view to the 
present, despite the large and ever growing body of scientific research that firmly and 
conclusively challenges this. 
 
At the recent conference at the European Parliament I noted several claims by Dr 
Repacholi that are not true. He claimed to be independent of industry and independent of 
ICNIRP. He said that he didn't go to China with industry representatives to try to persuade 
the Chinese to relax their standard. He also claimed that WHO conferences produced 
conclusions from the participants that he had no role in at all. In other forums he has 
claimed that there is no evidence that cell phones are dangerous and that there are no 
established non-thermal effects. 
 
Dr Repacholi does have close links with industry. He not only appeared in New Zealand in 
two court cases for industrial client, in Vienna he was taken to an industry sponsored 
press conference where he stated that there was no evidence that GSM cellphones were 
hazardous to health. At the conference he presented his paper on the Telstra funded 
project that showed that GSM cellphone radiation at quite low non-thermal levels, doubled 
the cancer in mice. When challenged by the conference chairman, Dr Michael Kundi, Dr 
Repacholi said that a study is not evidence until it is replicated. The conference rejected 
this. A study is evidence. Replication provides confirmation and establishment. 
 
After Dr Carl Blackman's paper on calcium ion efflux, which is a well documented 
phenomena which is well described and extended in over 8 laboratories, Dr Repacholi 
agreed with all the other scientists at the conference that this was an established non-
thermal effect of EMR exposure. However, he wouldn't sign the Vienna Resolution that 
stated this. He said be couldn't because it was not a WHO organized conference. Later in 
the year Dr Repacholi convened a WHO workshop on non-thermal effects and it 
concluded that there were none. Dr John Goldsmith was in the epidemiologic working 
group. He has published a paper that records the group's deep concern that Dr Repacholi 
pre-wrote and pre-circulated the conclusions of the workshop. The participants disagreed 
with the conclusions but Dr Repacholi would not change them. I personally discussed this 
with Dr Goldsmith and confirmed his experience. 
 
Dr Goldsmith died last year. It is a very sad loss for the public health protection efforts of 
the world. 
 
Dr Repacholi's trip to China has reported in Microwave News.  After his denial in Brussels 
about going with representatives from industry, I asked Dr Louis Slesin, the highly 
respected founder and editor of Microwave News about the accuracy of his sources. Dr 
Slesin replied that he had obtained the information about the trip from the three industrial 
representatives that went to China with Dr Repacholi. 
 
Dr Repacholi claims to be totally independent of ICNIRP are equally wrong. He assisted 
with the establishment of ICNIRP and became its second chairman. He is currently 
Chairman emeritus of ICNIRP. 
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Our experience of Dr Repacholi in New Zealand, is reinforced time and time again in the 
international arena.  I urge you to be extremely cautious about accepting any of Dr 
Repacholi's claims. 
 
He claims that I am not credible because I "re-analyse" the data in published papers. He 
made this claim in front of the Vienna Workshop. I was supported by the workshop 
because it was accepted that science relies most strongly on data and data analysis. 
When data and the analysis of data conflict with the published conclusions, then the more 
classical and appropriate scientific approach requires the use of the data rather than the 
original conclusions. 
 
A good example of this is given by the U.S. Physiotherapist study. Drs Hocking and 
Joyner from Telstra wrote a letter to the journal showing that shortwave RF penetrates the 
uterus and fetus much more strongly than do microwaves, Figure 2. 
 

 
Figure 2: A model developed by Telstra to estimate the penetration and absorption of 

RF/MW energy in humans. The zero point is the middle of a uterus for a woman 
exposed to 1 mW/cm2. The vertical scale is logarithmic. 

 
The model gives the maximum Specific Absorption Rate (SAR) for SW (27.12 MHz) of 
0.209 W/kg, for microwave (915 MHz) of 0.023 W/kg and for (2450 MHz) of 0.000027 
W/kg. 
 
The study had shown that microwaves significantly increased the incidence of miscarriage 
in a dose-response manner in the first trimester. Hocking and Joyner used thermal 
arguments to claimed that the result was wrong because the shortwave exposure of the 
fetus was far stronger than the microwave exposure. 
 
The original authors, Ouellet-Hellstrom and Stewart (1993) reply "The data are fixed but 
the explanations are not!" 
 
This is clearly not a thermal effect. Sandyk et al. (1992) state that melatonin reduction is a 
cause of miscarriage. 
 
I used the Hocking and Joyner data to argue with the ARL staff that the miscarriage was 
not caused by heating but was likely to be due to accumulated chromosome damage. 
They found this very hard to accept because they strongly hold the thermal view. They 
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finally reluctantly agreed that there was some support for my argument in the Hocking and 
Joyner data. 
 
The Thermal RF/MW approach is based on the post World War II U.S. Tri-Service 
program. This had the objective to determine the thermal threshold. It was assumed that 
the only hazard was burns. In the year 2000 this is not scientifically credible. If there is any 
available epidemiological studies showing human health effects then they should be the 
source of human standards. As Professor Abraham Lilienfeld said in 1983: 
 

"The proper study of man is man." 
 
I paraphrase this as: 
 

"Human health standards should be based on human health 
studies." 

 
 
My personal experience of the world situation: 
 
It is rare for an individual, such as myself, to be in a position to challenge world authorities. 
I was very surprised that I was able to show how wrongly they use scientific information 
and then to be invited into the world forums to present this information. I have done this 
several times, in stronger and stronger forms. The Europeans are especially concerned to 
get the best and most reliable information. Italy and Switzerland have recently reduced 
their standards to 10 and 5µW/cm2. The city and province of Salzburg has adopted 
0.1µW/cm2 for cell sites. 
 
I have spent a great deal of time and our own salary earned money, to try to determine the 
best and most reliable information about the health effects of EMR. I have collected, 
analysed, synthesized, integrated and summarized the available biological, animal and 
human health effects studies. I have received a great deal of supportive help from the 
world's leading independent EMR researchers, including Drs John Goldsmith, Richard 
Luben, Ross Adey, Henry Lai, Carl Blackman, Louis Slesin, Ollie Johansen, Lebrecht von 
Klitzing, Leif Salford, Michael Kundi, Gerd Oberfeld, and Theo Abelin. 
 
I am now an integral member of the independent international EMR research community. I 
have participated in over 20 international meetings as a speaker and keynote speaker. 
Some of these are listed below. This includes the two key Austrian meetings that resulted 
in the Vienna and Salzburg Resolutions, of which I am a signatory. You will see that these 
resolutions are supported by a large body of independent scientists. Together they form a 
group that is more than three times as big as ICNIRP. They state that there are 
established biological effects of low level exposure to RF/MW radiation (Vienna), and that 
cell site exposures should be limited to 0.1µW/cm2 (Salzburg). 
 
Chronological summary of my international activities in EMR health effects: 
 
June 1996 Poster presentation: "Electromagnetic radiation - Biophysics, Epidemiology, 

Health effects and Law - A New Zealand perspective. 
 



 9

1996/97 Study-leave international research tour (22 visits). 
 
Feb/Mar 97 Australian Lecture tour, Sydney, Canberra, Melbourne and Adelaide. 

Evidence of health effects from EMR. 
 
Mar 1998 United States Lecture tour, Boston, Golden Colorado, and San Francisco, 

Actual and potential effects of electromagnetic radiation below 2µW/cm2.  
 
Oct 1998 "Should cell phones have health warnings - the risk of brain tumours". 

Scientific Workshop and the Health Effects of EMF, University of Vienna, 
Vienna, Austria.  Signatory to the Vienna Resolution. 

 
Feb 1999 "Criticism of the proposal to adopt the ICNIRP Guidelines for cell sites in 

New Zealand". A peer-review report to the Ministries of Health and 
Environment. 

 
Apr 1999 "A new paradigm: the biological effects of EMR", Community Conference at 

Tiburon, California. 
 
Aug 1999 "EMR Effects on Breast Cancer". 2nd World Breast Cancer Conference, 

Ottawa, Canada. 
 
Nov 1999 "Setting EMR standards based on Epidemiology - ICNIRP Critique". Italian 

National Congress on EMR Health Effects, Trento, Italy. Followed by 2 
presentations in Rome, and one each in Avellino, Perugia and Florence. 

 
May 2000 Evidence that electromagnetic radiation is genotoxic: the implications for the 

epidemiology of cancer and cardiac, neurological and reproductive effects". 
Beehive Theatrette, NZ Parliament. 

 
June 2000 "Living near broadcast towers is hazardous to your health: Implications for 

cell sites." CODACOMS (Italian national consumer organisation) National 
Congress on EMR health effects, Rocarasso, Italy. 

 
June 2000 "Probable health effects associated with mobile phone base stations in 

communities: the need for health studies". Salzburg Cell site EMR 
Conference, Salzburg, Austria. Signatory to the Salzburg Resolution. 

 
June 2000 Evidence that electromagnetic radiation is genotoxic: the implications for the 

epidemiology of cancer and cardiac, neurological and reproductive effects". 
Public lecture and national media interviews, Dublin, Ireland. 

 
June 2000 Evidence that electromagnetic radiation is genotoxic: the implications for the 

epidemiology of cancer and cardiac, neurological and reproductive effects". 
European Parliament Conference, Brussels. 

 
It is now my pleasure to present to you the latest information that I have presented around 
the world, showing that we are closely tuned into the natural environment and this can be 
interfered with by natural and artificial EMR down to levels that are very close to zero 
exposure. I will also demonstrate the constructive dismissal approach of ICNIRP and 
WHO as they try to defend their thermal view at all costs. 
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Humans are tuned into the Natural EMR: 
 
In a very real and scientifically sound approach we can describe the internal 
communications systems of the human body in a parallel with a nationwide 
telecommunications system with local stations and local receivers. The brain in the central 
telecommunications centre. The heart and other muscles and organs are local centres, 
and cells are individual receivers. The central nervous system provides a "cable" system 
to carry electrical signals to body organs. The brain also uses first messengers that flow 
through the blood and other systems to communicate with cells. 
 
Cells have aerials (receptors), that receive the signal and amplify it by 100,000 to 1 million 
times, and then it communicates with the cell a particular message. Cells communicate 
with cells through external signals such as ions, and ion currents carrying FM encoded 
signals through the gap junctions that help muscles and other solid tissue to communicate 
and remain in harmony with each other. As is necessary for each heart beat or any muscle 
movement. Cells have ion oscillators that encode and decode AM, FM and digital signals, 
just like individual radios and TVs. These oscillators, encoders and decoders use ELF 
frequencies < 30 Hz. 
 
The brain is like a central computer, TV image processing centre and receiving centre. It 
receives external signals through the sensors, sights, sounds, smells, and feelings. The 
sensors send a stream of messages to the brain where they are converted to 
bioelectromagnetic signals, EEG, and processed and memorized. Reactions of happiness, 
sadness, excitement, embarrassment, etc are communicated to our heart, muscles and 
cells through the internal telecommunications system. 
 
The brain is also an FM radio receiver. The parallel is a shortwave radio receiver that is 
picking up the BBC on the other side of the world. This is happening even though the local 
EMR environment has a strong static geomagnetic field and powerful radio and TV 
stations and cell sites from local transmitters, together producing a local RF/MW field over 
a billion times higher than the shortwave signal. This remote SW signal can be tuned into 
using an oscillator that is tuned to the carrier frequency of the SW signal. Then resonant 
absorption occurs, the signal is received, decoded, amplified and heard as BBC World 
News, My Word or music. 
 
EEG-Schumann Resonance Frequency Matching: 
 
Our brain's EEG shares the same frequency range with the Schumann Resonance 
Spectrum, Figure 3. 
 
A basic feature of a receiver and its decoder is the ability to detect and absorb the 
incoming signal through frequency matching, tuned oscillators and decoding circuitry. 
Figure 3 shows a typical human EEG spectrum. 
 
The frequency ranges of the EEG and the Schumann Resonance Spectrum exactly 
coincide. This provides physical plausibility for resonant absorption. There is even a 
suggestion of direct coincidence of the four higher frequency peaks, especially if they 
were slightly higher. When it is noted that diurnal changes in the typical EEG pattern also 
follow diurnal changes in the Schumann Resonance Spectrum, it begins to look more like 
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"design" than coincidence. We have neurological frequency matching. Is there a tuning 
ability? 

 
Figure 3: Comparison of the frequency spectra of the human EEG from 260 young 

males showing the 5%, 50% and 95%ile bands, adapted from Gibbs and 
Gibbs (1951), and Schumann Resonance peaks, from Polk (1982). 

 
Brains have tuned circuits involving calcium ions and hormones. They also have 
bioelectrochemical phase-lock loop circuits to detect and respond to incoming ELF 
signals, Ahissar, Haidarliu and Zackerhouse (1997), just like FM radios, Motluk (1997). 
Such feedback loops were also identified in the dorsal giant interneurons of an insect, 
Libersat, Levy and Camhi (1989). 
 
Hence human and animal brains can detect and tune into incoming ELF signals. 
 
German research in the 1950's and 1960's proved that we do tune into these signals, 
detect them and react to them through reaction time change. We use them to synchronize 
our circadian rhythm, Konig (1974), Figure 4, and Wever (1974). 

 
Figure 4: Human reaction times as a function of Schumann Resonance 8-10 Hz Relative 

Intensity, for 49,500 subjects tested during 18 days in September 1953, at the 
German Traffic exhibition in Munich. Derived from data in Figure 3 of König 
(1974b). Trend: t = 10.414, 2-tailed p<0.001. 
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Konig (1974) found that human reaction times were extremely significantly related to the 
intensity of the Schumann Resonances and local sferics signals (from local 
thunderstorms). This was confirmed in laboratory experiments with human volunteers and 
independently confirmed in the U.S., Hamer (1965, 1969). They found that extremely 
small signals of 10 Hz speeds up the reaction time and 3 Hz slows it down. The signal 
used by Hamer in his laboratory was almost as small as the Schumann Intensity of 1 
mV/m. This converts to 0.3pW/cm2. A picoWatt (pW) is one millionth of a microWatt (µW). 
 
When there is a solar storm, a Geomagnetic Event is experienced on earth, with 
enhanced Geomagnetic Indices, enhanced ionospheric ion concentrations and enhanced 
Schumann Resonance Intensity, Figure 5. This shows the Schumann Resonance signal, 
measured at UC Berkeley, averaged over 24 GMA events during 1997. 

 
Figure 5: Superimposed epoch analysis of the impact of a Geomagnetic events, as 

defined by the Ap Index, for the anomaly in the Schumann Resonance 0-20 Hz 
intensity for 24 events in 1997. The solid line is a smoothed daily mean curve. 

 
The higher intensity, especially at night, will change the human reactions. One reaction 
could be seen by a reduction in melatonin. Burch et al. (1999) found an extremely 
significant dose-response reduction in human melatonin in association with GMA indices, 
Figure 6. 

 
Figure 6: Reduction in the melatonin metabolite 6-OHMS in urine from electric utility 

workers, as a function of the 36 hr global GMA aa-index, Burch et al. (1999). 
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This is a powerful set of strongly internally consistent, extremely significant, observations 
that show that human brains can and do detect and react to Schumann Resonance 
signals. When the signal increases then melatonin decreases. Therefore geomagnetic 
activity (GMA) is genotoxic and can produce all of the adverse health effects associated 
with melatonin reduction. This is confirmed by a large body of Studies summarised in my 
Schumann Resonance paper that is in Press in the Journal of Natural Hazards, Cherry 
(2000). I have shown that GMA is a natural hazard for human health. The plausible 
mechanism involves the Schumann Resonance signal that has a field strength of 1 mV/m 
and an intensity of 0.3 pW/cm2 on average. 
 
The data shows, in many studies, that vulnerable people get ill and die when GMA raises 
and lowers the Schumann Intensity. Hence there is an optimal level and too little and too 
much causes problems. The same is true of melatonin, temperature, food, minerals, etc.. 
It is a biological concept called Homeostasis. The natural electromagnetic environment 
helps to maintain the Homeostasis of the internal electromagnetic environment. This 
includes synchronization of the ELF EEG signals in the brain and ECG signals in the 
heart. GMA is associated with neurological and cardiac illness and death. 
 
One of the most important single studies involved cot death (Sudden Infant Death 
Syndrome) in Ontario, Canada. O'Connor and Persinger (1997) were investigating the 
GMA melatonin hypothesis by seeing if a melatonin-related syndrome (SIDS) varied with 
GMA. They found that SIDS incidence significantly increased when GMA >30 nT and 
GMA < 20 nT, - a homeostatic result. This confirms that GMA causes illness and death in 
vulnerable people, babies, and involves melatonin homeostasis. 
 
This shows that very young babies are sensitive to variations in the natural EMR at 
extremely low exposure levels. Thus we would expect the fetus to also be vulnerable. 
 
Ten epidemiological studies have found significant miscarriage from EMR exposure 
across the spectrum from ELF, SW, to RF/MW. The Scandanavian physiotherapist 
studies, Kallen et al. (1982) and Larsen et al. (1991) also found significant prematurity, 
congenital malformation, still birth and cot death. Ouellet-Hellstrom and Stewart (1993) 
confirm the causal relationship with a highly significant dose-response relationship. 
 

 
Figure 8: Microwave exposure associated first trimester miscarriage, Ouellet-Hellstrom 

and Stewart (1993). Exposure is monthly mean exposure based on 
treatments/month, 3 minutes/treatment at 600 µW/cm2. 
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Figure 8 shows, consistent with EMR being genotoxic and damaging the chromosomes 
cell by cell, that the threshold of effect is zero exposure. Note that one of the microwave 
frequencies, 915 MHz, is in the cellphone range. The difference is that the diathermy used 
constant signals while cellphones use modulated and pulsed signals that are generally 
much more damaging. 
 
A Greek study confirms the evidence that chronic low level exposure to RF radiation 
leads to reproductive problems. Magras and Xenos (1997) responded to health concerns 
among residents living in the vicinity of an RF transmission tower in Greece, by placing 
groups of mice at various locations in relation to the tower. The mice fertility was 
monitored over several generations and related to the RF exposure. Figure 9 shows the 
fertility rate of the two exposed groups. 
 

 
Figure 9: Multigenerational exposure of mice to low level RF leads to complete 

infertility, Magras and Xenos (1997). 
 

Where group A the “Low” exposure group, 0.168µW/cm2, became infertile after 5 
generations and B the “High” exposure group, 1.053µW/cm2, became infertile after only 3 
generations. This is a highly significant result because so few multi-generation studies 
have been done and the effects of this study occur at extremely low levels and the effect 
is total infertility. 
 
EMR Spectrum Principle: 
 
It is also important to note that if an effect is seen with low frequency signals, such as an 
ELF 50 Hz or 60 Hz signal, or the Schumann Resonance ELF signals, then it is more likely 
and likely to be worse for modulated or pulsed RF/MW. This is because an ELF signal has 
a very long wavelength and generally passes easily right through the body. Unless there is 
a resonant oscillator, such as for the Schumann Resonances, it induces quite small fields 
in the body. On the other hand the RF/MW signals have wavelengths closer to the 
dimensions of bodies and body parts, they are more strongly absorbed in human bodies 
through the aerial effect. They also couple more strongly into the tissues as shown by the 
nearly linearly decreasing dielectric constant. This is like the resistance for oscillating 
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signals. The following figure shows the induced current for a unit imposed field, as the 
carrier frequency increases. 
 

 
Figure 10: Induced tissue current from a unit applied field, as a function of the carrier 

frequency, Vignati and Giuliani (1997). 
 
I call this the EMR Spectrum Principle. It was confirmed by Adey (1989). He showed that a 
57 V/m ELF signal induced a tissue and electric field of 10-7 V/cm in a chick brain, and a 
57 V/m 147 MHz signal with ELF modulation induced a field of 10-1 V/cm, 1 million times 
higher. 
 
Public Health Assessment Approach: 
 
Bradford Hill Approach: 
 
The assessment of evidence approach used to evaluating the cause-and-effect 
association between Schumann Resonances, human reactions and health effects, is the 
classic assessment outlined by Sir Austin Bradford Hill, Hill (1965). 
 
Sir Austin outlines and describes nine "view points" to assist with this assessment. The 
effect must take place after the exposure. Strength of Association and Dose-Response 
Relationship give strong evidence but their absence is not a limitation. Consistency, 
Analogy and Experiment can contribute.  
 
One of Sir Austin's conclusions is that even a consistent set of observed non-significant 
associations can, under some circumstances, be assessed as causal. He makes it clear 
that in human studies of health effects, scientific proof is not the approach to apply. 
Rather, it is an assessment of evidence approach. He summarizes the approach as:  
 
"Here then are nine different viewpoints from all of which we should study association 
before we cry causation.  What I do not believe - and this has been suggested - is that we 
can usefully lay down some hard-and-fast rules of evidence that must be obeyed before 
we accept cause-and-effect. None of my nine viewpoints can bring indisputable evidence 
for or against the cause-and-effect hypothesis and none can be required as a sine qua 
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non.  What they can do, with greater or less strength, is to help us to make up our minds 
on the fundamental question - is there any other way of explaining the set of facts before 
us, is there any other answer equally, or more likely than cause-and-effect?", Hill (1965). 
 
The dose-response relationship gives the strongest conclusion of cause-and effect. Sir 
Austin says that "the clear dose-response curve admits of a simple explanation and 
obviously puts the case in a clearer light." That is, it is indicative of cause-and -effect. 
 
The ELF Public Health Context: 
 
Dose-response relationships for childhood leukaemia associated with living in the vicinity 
of high voltage powerlines identifies a threshold of about 0.1µT, Feychting et al. (1995). 
 
S-GMA activity is primarily associated with neurological and cardiac effects. This is 
reasonable because the brain and heart are electromagnetically controlled. 
 
A recent study, Savitz et al. (1999), shows that electric utility workers show dose-response 
increases in heart attack and arrhythmic heart disease mortality, based on cumulative µT-
yrs of occupational exposure. These have thresholds near zero exposure. 
 

 
Figure 11: Heart Attack (acute myocardial infarction) as a function of mean exposure for 

electric utility workers in the U.S., Savitz et al. (1999). 
 
A second study investigated the incidence of suicide in electric utility workers, Van 
Wijngaarden et al. (2000). Over 2800 people were personally monitored for magnetic field 
exposure. This showed an exposure-based significant dose-response increase in suicide 
in the current year and in the past 1-5 years. The lowest exposure group, with a 19% 
increase in suicide, were assessed to have annual mean exposures in the range 0-
0.029µT. There is a non-linear dose-response relationship that has a threshold at zero 
exposure.  
 
These show convincingly that the safe ELF exposure level is zero, whereas the ICNIRP 
guideline for the public is 100µT. The ELF guideline is based on avoiding electric shock  
form acute exposure. It does not protect from highly significant health effects such as 
cancer, heart attack or suicide from chronic, day-by -day and month-by-month exposures 
that damage cells in the body, heart and brain, interfering with the natural control signals 
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and causing illness and death with a threshold of zero exposure. A chronic exposure to 
0.1µT over a year is associated with a 60 % increase in suicide. 
 

 
Figure 12: Suicide in electric utility workers in the United States as a function of their mean 

ELF exposure over the year prior to their suicide, van Wijngaarden et al. 
(1999). 

 
Suicide is a result of deep clinical depression. High Voltage powerline exposure is 
associated with clinical depression, Verkasalo et al. (1997), and suicide, Perry et al. 
(1981). Baris and Armstrong (1990) found a highly significant increase in suicide among 
Telegraph radio operators in England and Wales. This is a melatonin reduction-related 
effect and the threshold is consistent with the studies cited here about S-GMA related 
effects with the Schumann Resonance signal involved as the proposed biophysical 
mechanism. 
 
These recently published studies identify dose-responses for arrhythmia related heart 
disease problem and a melatonin reduction related neurological effect. This gives strong 
support for a biological mechanism that relates to timing synchronization and melatonin 
reduction. They also give evidence supporting a threshold of effect near zero ELF intensity 
exposure. 
 
Evidence that EMR is Genotoxic: 
 
Many studies have shown that radiofrequency/microwave (RF/MW) radiation and 
extremely low frequency (ELF) fields cause increased DNA strand breakage and 
chromosome aberrations. This has been shown in cell lines, human blood, animals and 
living human beings. This means that epidemiological studies of people exposed to 
electromagnetic radiation (EMR) are likely to show increased cancer, miscarriage and 
reproductive adverse effects. In fact many epidemiological studies have shown these 
effects, Goldsmith (1995, 1996, 1997, 1997a), Szmigielski (1991, 1996). 
 
Two plausible biological mechanisms involving free radicals are involved in this effect. The 
first involves increased free radical activity and genetic damage as a response to 
exposure. The second involves increased free radical activity and genetic damage 
because of an induced reduction of a free radical scavenger, e.g. reduced melatonin, 
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Reiter (1994). It is clear however, that both mechanisms have the same effect of 
damaging the DNA and chromosomes. Another established biological mechanism, EMR-
induced alteration of cellular calcium ion homeostasis, Blackman (1990), is also involved 
in cell regulation, cell survival and apoptosis, DNA synthesis and melatonin regulation. 
 
Substances that damage cellular genetic material, such as DNA and chromosomes, are 
called “genotoxic”. Genotoxic substances cause cancer, reproductive health effects and 
neurological damage. Chromosome aberrations are visible through powerful microscopes. 
Chromosomes are formed from folded segments of DNA. Damage to chromosomes is 
therefore evidence of damage to DNA. 
 
DNA is frequently damaged by natural processes, such as oxygen free radicals. Gey 
(1993) comments that free radicals may be involved in the etiology of cancer and 
cardiovascular diseases. In epidemiological studies poor plasma levels of antioxidants 
(free radical scavengers) are associated with increased relative risks of cancer and 
ischemic heart disease. Cells have elaborate DNA repair mechanisms because DNA 
stability is vital for species survival. Uncorrected DNA damage is mutation, Alberts et al. 
(1994). Alberts et al. outline many DNA repair mechanisms, including Repair Enzymes. 
They also outline the way apoptosis can digest and destroy damaged cells by internal 
"programming" of the process. The Immune System has B lymphocytes that produce 
antibody proteins to protect against 'foreign' cells, such as mutated cells. Natural Killer 
(NK) cells kill some types of tumours and some virus-infected cells, Alberts et al. 
 
Enhanced DNA strand breakage leads to enhanced DNA repair. Hence enhanced DNA 
repair rates are also used as evidence of DNA damage, Meltz (1995). 
 
Direct measurements of Chromosome aberrations: 
 
Direct evidence that EMR induces significant increases in chromosome damage, with 
significant dose response relationships, is evidence of a causal effect when replicated or 
extended by independent laboratories. 
 
Chromosome damage from RF/MW exposure: 
 
The first identified study that showed that pulsed RF radiation cause significant 
chromosome aberrations was Heller and Teixeira-Pinto (1959). Garlic roots were exposed 
to 27 MHz pulsed at 80 to 180 Hz. for 5 min. They were examined 24 hrs later. They 
concluded that this RF signal mimicked the chromosomal aberration produced by ionizing 
radiation and c-mitotic substances. No increased temperature was observed. 
 
Blood samples were taken from the staff of the U.S. Embassy in Moscow. They had been 
chronically exposed to a low intensity radar signal. Significant increases in chromosome 
damage was reported, Tonascia and Tonascia (1966) cited in Goldsmith (1997a). 
 
Garaj-Vrhovac et al. (1990) noted the differences and similarities between the 
mutagenicity of microwaves and VCM (vinyl chloride monomer). They studied a group of 
workers who were exposed to 10 to 50 µW/cm2 of radar produced microwaves. Some 
were also exposed to about 5 ppm of VCM, a known carcinogen. Exposure to each of 
these substances (microwaves and VCM) produced highly significant (p<0.01 to p<0.001) 
increases in Chromatid breaks, Chromosome breaks, acentric and dicentric breaks in 
human lymphocytes from blood taken from exposed workers. The results were consistent 
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across two assays, a micronucleus test and chromosome aberration assay. Chromosome 
aberrations and micronuclei are significantly higher than the controls, (p<0.05, p<0.001, 
p<0.0001), for each of the exposure intensity. 
 
Garaj-Vrhovac, Horvat and Koren (1991) exposed Chinese hamster cells to 7.7 GHz 
microwave radiation to determine cell survival and chromosome damage. They assayed 
chromosome aberrations and micronuclei and found that microwaves increased these in a 
dose response manner, Figure 13, to levels that were highly significantly elevated (p<0.02 
to p<0.01). 

 
Figure 13: Chromosome aberrations in V79 Chinese hamster cells exposed to 7.7 GHz 

microwaves at 30 mW/cm2, Garaj-Vrhovac, Horvat and Koren (1991). 
 

An exposure level of 30 mW/cm2 is usually able to slightly raise the temperature over an 
hour. This experiment was undertaken under isothermal conditions, with samples being 
kept within 0.4°C of 22°C. The consistency of the time exposure and the survival assay at 
non-thermal exposure levels, confirms that this is a non-thermal effect. 
 
This is very strong evidence of genotoxic effects from RF/MW exposures. When 
chromosomes are damaged one of the primary protective measures is for the immune 
system natural killer cells to eliminate the damaged cells. Alternatively the cells can enter 
programmed cell suicide, apoptosis. Garaj-Vrhovac, Horvat and Koren (1991) measured 
the cell survival rates. They found that cell survival reduced and the cell death increased 
in a time dependent and exposure dose response manner, Figure 14. 
 
Figure 14 shows that cell death varies with time and intensity of exposure, down to very 
low exposure levels. An apparent 'saturation' at high levels also becoming evident. This is 
probably because of the lethal effect of high intensity microwaves. Since this is an 
isothermal experiment it raised important questions about the reasons for the cell death as 
acute genetic damage which is continuously related to microwave exposure down to non-
thermal levels. 
 
Note that the general public ICNIRP guideline for microwaves above 2 GHz is 1 mW/cm2, 
and for workers is 5 mW/cm2. Even at 100 times below the public exposure guideline a 60 
minute exposure kills 28% of the cells and 30 minutes kills 8 % of the cells. Garaj-Vrhovac 
et al. (1992) exposed human lymphocytes and showed that microwave radiation produced 
a dose response increase in chromosome aberrations, Figure 15. 
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Figure 14: Cell death percentage of Chinese hamster cells exposed to 7.7 GHz 

microwaves (CW) for 30 minutes and 60 minutes in an isothermal exposure 
system, Garaj-Vrhovac, Horvat and Koren (1991). 

 

 
Figure 15: The relation of total chromosome aberrations. micronuclei and specific 

chromosome aberrations for each cell in human lymphocyte cultures in 
the dose of microwave radiation in vitro, Garaj-Vrhovac et al. (1992). 

 
Having established that microwave exposure damaged chromosomes, this research group 
were asked to analyze blood samples from workers who had been exposed to pulsed 
microwaves generated by air traffic control radars while they were repairing them. Garag-
Vrhovac and Fucic (1993) analysed the chromosome aberration (CA) in 6 technical staff 
who had experienced accidental exposure to the radar. The initial CA percentage ranged 
from 3% to 33%, all being significantly higher than unexposed people. The repair rate over 
time was monitored. Figure 16 shows the man who had 33 % CA which was followed over 
30 weeks following this exposure. The repair rate follows a significant linear rate (r=0.98), 
dropping from 33% to 3% over 30 weeks, i.e. 1 %/week. 
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Figure 16: The time-dependent decrease in the number of chromosome aberrations 

for subjects with high numbers of chromosomal impairments, y = 0.318 
- 0.010x, r=0.98. Garaj-Vrhovac and Fucic (1993). 

 
Garaj-Vrhovac (1999) found that 12 workers occupationally exposed to microwave had 
significantly increased chromosome damage as well as disturbances in the distribution of 
cells over the first, second and third mitotic divisions. 
 
Quite independently, Maes et al. (1993) found highly significant (p<0.001) increases is the 
frequency of chromosome aberrations (including dicentric and acentric fragments) and 
micronuclei in human blood exposed to 2.45 GHz microwaves to 30 to 120 minutes in 
vitro. The micronuclei assay showed a dose response with time, Figure 17.  
 

  
Figure 17: Micronuclei in microwave exposed human lymphocytes, the average 

of 4 donors, Maes et al. (1993). Exposure was to 75 W/kg, 2.45 GHz 
microwaves pulsed at 50 Hz, under controlled isothermal conditions 

 
Timchenko and Ianchevskaia (1995), Balode (1996), Haider et al. (1994) and Vijayalaxmi 
et al. (1997) have reported significant chromosome aberrations from RF/MW exposures. 
In the Mar/Apr 1999 edition of Microwave News it is reported that Drs Tice, Hook and 
McRee showed chromosome damage from all cell phones tested, all being statistically 
significant and all but one highly significant with dose-response relationships up to a factor 
of three increase in chromosome aberrations. 
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Vijayalaxmi et al. (1997) chronically exposed cancer prone mice to 2.45 GHz CW 
microwaves at an SAR of 1 W/kg for 20 hr/day, 7 days/week for 18 months. Their aim was 
to determine whether microwaves were genotoxic through determining if there was 
significant chromosome damage. They found highly significant increases in micronuclei in 
peripheral blood, from 8 per 2000 cells in sham exposed mice to 9 per 2000 cells 
microwave exposed mice, and increase of 12.5 %, p<0.001. There was a significant 
increase of 6.6%, p<0.025, of micronuclei in the bone marrow. They also observed a 
significant 41 % increase in tumours in the exposed mice compared to the sham exposed 
mice. 
 
This was a totally unexpected result from this group. A great deal of effort was put into 
playing down the implications. They describe the increase in peripheral blood as a 0.05%, 
by dividing the increase of 1 by 2000. This is not a significant increase and this is not the 
right comparison. It is a deliberate attempt to disguise their true result that shows that 
microwaves are genotoxic. 
 
Multiple independent studies, in 15 papers, show significant increases 
in chromosome aberrations from RF/MW exposure. Four studies show 
dose-response relationships. This is more than adequate to classify 
RF/MW radiation as genotoxic. 
 
Chromosome damage from ELF exposure: 
 
El Nahas and Oraby (1989) observed significant dose-response dependent micronuclei 
increase in 50 Hz exposed mice somatic cells. Elevated CA have been recorded in a 
number of workers in electrical occupations. In Sweden Nordenson et al. (1988) found 
significant CA in 400 kV-substation workers and with 50 Hz exposures to peripheral 
human lymphocytes, Nordenson et al. (1984) and human amniotic cells, Nordenson et al. 
(1994). Significant CA in human lymphocytes exposed to 50 Hz fields are also reported by 
Rosenthal and Obe (1989), Khalil and Qassem (1991), Garcia-Sagredo and Monteagudo 
(1991), Valjus et al. (1993) and Skyberg et al. (1993). Skyberg et al. collected their 
samples from high-voltage laboratory cable splicers and Valjus et al. from power linesmen. 
 
Hence chromosome damage has been recorded from exposes across the EMR spectrum 
from ELF to RF/MW exposures, in plants, mammal and human cells, animals and human 
beings, and from many independent laboratories. This confirms that EMR does damage 
chromosomes and establishes EMR induced chromosome aberrations as a biological 
effect.  
 
Chromosome Aberrations Conclusions: 
 
Many studies, from independent laboratories, have shown that ELF, RF/MW and cell 
phone radiation, significantly increases chromosome aberrations in exposed cells, 
including cells taken from human beings who have been exposed to EMR in occupational 
situations. Even at very low intensity radar exposures that were experienced at the U.S. 
Embassy in Moscow, significant increases in chromosome damage was measured from 
human blood samples. This evidence shows conclusively that across the EMR spectrum, 
EMR is genotoxic. Hence it is carcinogenic and teratogenic. 
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Direct evidence of neoplasm in microwave exposed cells: 
 
For a neoplastic cell to survive it must have an altered genetic structure to store the 
damage and to hide this from the immune system so that NK cells do not kill the neoplasm 
transformed cells. Balcer-Kubiczek and Harrison (1991) observed a significant dose 
response increase of neoplastic transformation in a standard cell set (C3H/10T1/2) from a 
24 hr exposure to 2.45 GHz microwaves. The transformation was assayed after 8 weeks 
of exposure to a known cancer promoter chemical TPA, Figure 18. The method was 
confirmed with a positive control using X-rays. This also showed that 60Hz magnetic fields 
also significantly increased neoplastic transformation. 
 

 
Figure 18: Dose-response relationship for induction of neoplastic transformation in 

C3H/10T1/2 cells by a 24h exposure to 2.45 GHz microwaves at the 
specific absorption rate (SAR) with and without TPA post-treatment for 8 
weeks, Balcer-Kubiczek and Harrison (1991). 

 
Direct evidence of DNA strand breakage: 
 
Sarkar, Ali and Behari (1994) investigated the effect on DNA of exposures accepted a 
safe by the Non-ionizing Radiation Committee of IRPA (International Radiation Protection 
Association - the predecessor of ICNIRP). 
 
 The exposure regime was a 2 hr exposure to 2.45 GHz CW microwaves at 1 mW/cm2, 
SAR = 1.18 W/kg. They observed significant alterations in the DNA from rat brains and 
testis in the 7 to 8 kb region of the DNA in the hybridization profile and in a densitometric 
analysis, Figure 19. 
 
The Comet Assay Method: 
 
A very advanced assay of DNA strand breakage has been developed by Dr N.P. Singh at 
the University of Washington. This is called the microgel electrophoresis or Comet Assay, 
Singh et al. (1994). The Comet Assay involves migration of segments of DNA down an 
electric field gradient, Figure 20.  
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Figure 19: Densitometric analysis of the brain DNA, a and b are control DNA, c to g are 

DNA from exposed animals. Peak 1 is present in both control and exposed 
animals while peak 2 appears only in all of the exposed animals. 

 

 
Figure 20: Photographs of double-strand break DNA migration pattern of individual brain 

cells from rats exposed to (a) bucking condition (0.1 mT), (b) magnetic fields of 
0.1 mT, (c) 0.25 mT and (d) 0.5 mT, Lai and Singh (1997a). The “bucking mode” 
is the condition to reverse the field to cancel the magnetic fields with all else 
remaining constant.  

 
The modified microgel electrophoresis assay or Comet Assay for single DNA-strand 
breaks, involves extraction of a sample of tissue, washing it several times to remove 
blood, snipping the tissue with sharp scissors to reduce the sample sizes and further 
washing to remove blood. Single cell suspensions are mixed with agarose to make a 
microgel on a slide that is cooled to form a gel. Slides are immersed in an ice-cold lysing 
solution and then stored in the dark at 4 °C.  
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DNA is closely associated with protein and RNA. They help to fold the DNA. To release 
DNA from these bonds, one has to use Proteinase K to digest proteins and RNAase A to 
digest RNA. Hence in the morning the slides were treated with DNAase-free proteinase K 
for 2 hr at 37 °C to remove the bound protein from the DNA. They were then places on the 
horizontal slab of an electrophoretic assembly. An electrophoresis buffer is added and the 
sample is left for 20 min to allow the DNA to unwind. The buffer includes antioxidants to 
counter the free radicals produced by electrophoresis. 
 
The electrophoresis was then carried out for 60 minutes with 0.4 V/m, 250 mA. During this 
process the fluid in the assembly is re-circulated at the rate of about 100 ml/min. The 
negatively charged segments of DNA migrate down the electric field gradient, forming a 
comet-like tail, the mass of which is proportional to the amount of damaged DNA material 
and the electric field gradient and time of exposure. 
 
For DNA double-strand breaks the microgel preparation is the same as above. Slides are 
then treated with ribonuclease A for 2 hr and then proteinase K for 2 hr. They are then 
placed in the neutral electrophoresis buffer (pH 9) for 20 mins and then electrophorezed 
for 1 hr at 0.4 V/cm. For both single- and double- strand assays the sample are stained 
with an intense florescent dye solution of YOYO-1 and then examined in a vertical 
florescent microscope.  
 
The proteinase K treatment is vital. It removes the bound protein from the DNA strands. 
DNA and protein have the opposite charge and so for the electric field to cause migration, 
the protein must be removed. Four slides were prepared for each animal, two for single 
and two for double-strand assays. Fifty representative cells were scored off each slide, 
giving 100 cells scored for each of the single and double-strand DNA breaks. Frequency 
distributions for the 100 assayed cells are presented, Figure 21, and the comet tail 
moment calculated. 
 

 
Figure 21: Single- and double-strand DNA breaks frequency distribution for 

percentage of cells of a given tail length from pulsed RFR and sham 
exposed brain cells, from 8 animals and 100 cells per animal, Lai and 
Singh (1996). 

 
Figure 21 clearly shows significant increases in single- and double-strand DNA breaks 
from the pulsed microwave exposed animal brains compared with the sham exposed 
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animals. The tail DNA fragments extend out to 250 microns. The Comet tails in the 
Malyapa et al. assay extend to less than 40 microns. This clearly documents how less 
sensitive their method is. 
 
Motorola Funded Counter Research on DNA breakage: 
 
Motorola funded Dr Joseph Roti Roti's group at Washington University, St Louis, to 
replicate the Lai/Singh DNA damage research and to extend it to cell phone frequencies. 
"Replication" requires the work to be very closely following the method and conditions of 
the earlier study. While both groups used 2.45 GHz microwaves for exposure, the follow 
up study used a cell line (C3H/10T1/2) compared to living rats, and they used a very 
different DNA damage assay based on Olive et al. (1992) not Singh et al. (1994). This 
follow up study used a much weaker fluorescent stain, an overall weaker electrophoresis 
field (0.6 V/cm for 25 mins c.f. 0.4 V/cm for 60 mins) and did not use proteinase K to 
separate the bound protein from the DNA strands. It is therefore understandable why they 
didn't observe DNA stand breakage from MW exposure. 
 

 
Figure 22: Frequency Distribution of Comet tail lengths for 2.45GHz exposed 

C3H10T1/2 cells, Malyapa et al. (1998). 
 
Differences between Lai and Singh and Malyapa et al.: 
 
There are five primary differences between the Lai and Singh Comet Assay method 
derived from Singh at al. (1994) used at the University of Washington and the Comet 
assay method used at Washington University by Malyapa et al, derived from Olive et al. 
(1992). 
 
The following factors make the Lai/Singh Assay more sensitive than that of Malyapa et al.: 
 
1. Complete lysis using highly concentrated salt and two detergents. 
 
2. The use of proteinase K to remove the positively charges bound protein from the 

negatively charged DNA stands so that the electrophoresis field produces more 
migration. 

 
3. The use of antioxidants during electrophoresis. 
 
4. Electrophoresis for a longer time to allow longer tails to form in the "Comet". Lai and 

Singh have 250 micron tails while Malyapa et al. have 40 micro tails. 
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5. The use of the YOYO-1 dye. YOYO-1 is 100-fold more sensitive when bound to DNA 
than propidium iodide. 

 
Hence there are basic practical scientific reasons why Lai and Singh observe EMR-
induced DNA strand breaks with RF/MW exposures, whereas Malyapa et al. don’t.  Two 
independent laboratories have shown that EMR, including cell phone radiation at 
extremely low intensities, causes DNA strand breaks. They are Verschaeve et al. (1994) 
and Phillips et al. (1998), who used the Lai/Singh method. 
  
The Comet Assay and EMR effects: 
 
Drs Lai and Singh have now shown that ELF and RF/MW radiation both cause single and 
double strand DNA breakage and are associated with free radical and reduced melatonin 
in living exposed rats. Lai and Singh (1995) observed a dose response increase in Single-
strand DNA breakage in the rat’s brain and hippocampus that increased significantly after 
4 hours, Figure 23.  
 

 
Figure 23: DNA single-strand breakage in cells from the rat brain and hippocampus, 

immediately after a 2 hr exposure to a whole body SAR of 0.6 and 1.2 W/kg to 
2.45 GHz microwave radiation, pulsed at 500 pps. N is the number of rats 
studied. Lai and Singh (1995). 

 
The increases in DNA single-strand breakage after 4 hrs is highly significant, p<0.001 and 
they show a dose-response relationship. 
 
The assay method was extended to measure DNA double-strand breakage. Lai and Singh 
(1996) reported that both continuous wave (CW) and pulsed microwaves caused 
significant (p<0.01) increased single-strand DNA breakage, and double-strand breakage, 
CW, p<0.05) and pulsed, p<0.01), Figure 24. 
 
This shows that both continuous and pulsed microwaves cause single and double DNA 
strand breakage, but pulsed microwaves cause more than continuous waves. Hence 
pulsed cell phone signals and radar signals are highly likely to cause DNA damage. This 
has been confirmed for radar and chromosome aberrations above and for cell phones by 
Phillips et al. (1998). 
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Figure 24: Single-strand (left) and double-strand (right) breaks in brain cells of rat after 

exposure to pulsed or continuous-wave RFR. Each bar represents data from 8 
rats, Lai and Singh (1996). 

 
In the mean time Lai and Singh (1997) investigated the mechanism which is involved with 
this genotoxic effect of RF/MW radiation. They treated the microwave exposed rats with 
melatonin and a spin-trap compound (PBN) to determine the role of free radicals. They 
showed that both melatonin and PBN eliminated the microwave induced DNA damage. 
Figure 25 shows the effect of melatonin for single- and double- strand DNA breaks and 
Figure 26 the same for PBN. 
 

 
Figure 25: Effect of treatment with melatonin for RFR-induced increase in DNA single-

strand (left) and double-strand (right) breaks in rats brain cells. Data was 
analysed using the one-way ANOVA, which showed a significant treatment 
effect (p<0.001) for both cases. "vehicle" involves injecting with the 
physiological saline without the active substance. Lai and Singh (1997) 

 
Lai and Singh (1997) conclude that if free radicals are involved in the RFR-induced DNA 
strand breaks in brain cells, the results of their study could have an important implication 
of the health effects of RFR exposure. Involvement of free radicals in human diseases, 
such as cancer and atherosclerosis, have been suggested. Free radicals also play an 
important role in aging processes, Reiter, (1995). They also point out that both melatonin 
and PBN can have other actions on cells in the brain that can decrease DNA damage. 
Therefore further support is necessary to interpret these results.  
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Figure 26: Effect of treatment with PBN for RFR-induced increase in DNA single-strand 

(left) and double-strand (right) breaks in rats brain cells. Data was analysed 
using the one-way ANOVA, which showed a significant treatment effect 
(p<0.001) for both cases. "vehicle" involves injecting with the physiological 
saline without the active substance. Lai and Singh (1997). 

 
Phelan et al. (1992) exposed B-16 melanoma cell line to pulsed 2.45 GHz, 100 pps, 1hr 
exposure SAR = 0.2 W/kg. This resulted in changes of membrane ordering. Their data 
indicated that a significant, specific alteration of the cell-membrane ordering followed 
microwave exposure and that the alteration was due at least part, to the generation of 
oxygen radicals. Hence there is independent support for the generation of free radicals by 
microwaves, as well as the Lai/Singh evidence that PBN and Melatonin reduce the RFR 
induced DNA damage. 
 
Two other laboratories have recorded RF/MW produced significant DNA stands breaks. 
Verschave et al. (1994), who used a GSM cell phone signal to expose human and rat 
peripheral blood lymphocytes, found significantly increased strand breaks at high, but non-
thermal exposure levels.  
 
Cellphone Radiation causally breaks DNA: 
 
Phillips et al. (1998) exposed Molt-4 T-lymphoblastoid cells the a range of cell phone 
radiation in the SAR range 0.0024 W/kg to 0.026 W/kg for both iDEN and TDMA signals. 
Using the basic equations, these SARs at the 813-836 MHz range [SAR = σE2/2ρ,  σ=1 
S/m, ρ=920 kg/m3, and S = E2/3.77 µW/cm2, E: the electric field gradient in V/m and S the 
exposure in µW/cm2]. Thus S = 488 SAR. This gives 1.2 to 12.7µW/cm2. A 2 hr exposure 
to these low levels of cell phone radiation extremely significantly increased (p<0.0001) or 
decreased (p<0.0001) the DNA damage. Decreased DNA damage is evidence of 
increased repair that is evidence of damage, Meltz (1995). These are extremely significant 
at the causal level. It also shows that even at 0.1µW/cm2 the DNA damage is likely to be 
extremely significant. This is so significant that it is causal. 
 
RF/MW  DNA breakage Conclusions: 
 
Hence RF/MW radiation has been confirmed to enhance DNA damage under RF/MW 
exposure from radar-like and cell phone exposures, including an exposure level which is 
0.22% of the ICNIRP guideline.  
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ELF Exposure and DNA strand breakage: 
 
Four independent laboratories have also published data on ELF induced DNA strand 
breaks confirming that ELF EMR damages DNA strands; Lai and Singh (1997a), 
Svedenstal et al. (1998), Phillips et al. (1998a), and Ahuja et al. (1997). Lai and Singh 
(1997a) also demonstrate the involvement of free radicals and the protective effect of 
melatonin.  With the evidence above that EMR reduces melatonin this confirms that 
reduced melatonin causes higher concentrations of free radicals which produce more 
DNA strand breaks from EMR exposure from ELF to RF/MW frequencies. Increased DNA 
strand breaks will result in increased chromosome aberrations. 
 
Multiple evidence from independent laboratories established that EMR from ELF to 
RF/MW causes DNA single- and double-strand breaks at very low, non-thermal exposure 
levels. This extends and confirms the genotoxic evidence from chromosome aberration 
studies. 
 
EMR Altered Gene Activity 
 
There is also evidence that EMR not only can damage chromosomes and DNA strands, 
but it is observed to alter cellular calcium ions and the activity levels of proto oncogenes 
(cancer genes). 
 
Blackman (1990) concluded that there was overwhelming evidence that EMR can alter 
normal calcium ion homeostasis and lead to changes in the response of biological 
systems to their environment. On of these changes is altered gene transcription and 
expression. The lowest published exposure level associated with significant EMR-induced 
alteration of cellular calcium ions occur is reported by Schwartz et al. (1990). It was 
0.00015 W/kg in a 30 min exposure to a 240 MHz signal modulated at 16 Hz. The medium 
was frog hearts. This is equivalent to an exposure level of about 0.08 µW/cm2. 
 
Calcium ion fluxes occur in “windows” of exposure parameter combinations. Two studies 
associate EMR exposure alteration of gene transcription with exposure windows. Litovitz 
et al. (1990) identified amplitude (intensity) windows, and Wei et al. (1990) frequency 
windows in the range 15 to 150 Hz. They observed a peak effect in c-myc gene 
transcription at 45 Hz. Liburdy et al. (1993) show that c-myc induction occurs in a direct 
sequence from calcium ion influx. Increased c-myc gene transcripts by 50/60 Hz fields has 
also been observed, Goodman et al. (1989, 1992) and Lin et al. (1994). Phillips et al. 
(1992, 1993) observed time-dependent changes in the transcription of c-fos, c-jun, c-myc 
and protein kinase C, from 60 Hz exposure and a linear reduction in ras p21 expression 
by a 72 Hz signal. 50/60 Hz signals altered c-jun and c-fos gene expression as observed 
by  and Lagroye and Poncy (1998) and c-fos expression by Rao and Henderson (1996) 
and Campbell-Beachler et al. (1998). The ppSom gene is very important in human 
neurological disorders, and is regulated by calcium ions Capone, Choi and Vertifuille 
(1998). 
 
Cell phone radiation (836.55 MHz) significantly altered c-jun transcript levels, Ivaschuk et 
al. (1997). Cell phone radiation significantly enhances the proto oncogene c-fos activity in 
C3H 10T 1/2 cells, from a 40 % (p=0.04) increase from a digital cell phone and a 2-fold 
increase (p=0.001) from an analogue cell phone, Goswami et al. (1999). 
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Hence proto oncogene activity is altered and enhanced in multiple independent 
experiments from ELF and RF/MW exposure, including cell phone radiation. 
 
Immune system impairment by EMR 
 
Impairment of the immune system is related to calcium ion efflux, Walleczek (1992) and to 
reduced melatonin, Reiter and Robinson (1995). Cossarizza et al. (1993) showed that ELF 
fields increased both the spontaneous and PHA and TPA- induced production of 
interleukin-1 and IL-6 in human peripheral blood. Rats exposed to microwaves showed a 
significant reduction in splenic activity of natural killer (NK) cells, Nakamura et al. (1997). 
 
Dmoch and Moszczynski (1998) found that microwave exposed workers had decreased 
NK cells and a lower value of the T-helper/T-suppressor ratio was found. Moszczynski et 
al. (1999) observed increased IgG and IgA and decreased lymphocytes and T8 cells in TV 
signal exposed workers. Quan et al. (1992) showed that microwave heating of human 
breast milk highly significantly suppressed the specific immune system factors for E.Coli 
bacteria compared with conventional heating. Chronic, 25 year, exposure to an extremely 
low intensity (<0.1µW/cm2) 156-162 MHz, 24.4 Hz pulse frequency, radar signal in Latvia 
produced significant alterations in the immune system factors of exposed villagers, 
Bruvere et al. (1998). 
 
EMR Reduces Melatonin in Animals and People 
 
DNA strand breaks, Chromosome Aberrations, impaired immune system competence and 
many other biological and health effects, are caused by reduced melatonin, Reiter and 
Robinson (1995).  Light-at-night and electromagnetic radiation, are proven to reduce 
melatonin and hence pose significant adverse health effects. 
 
The evidence for EMR reduction of melatonin is summarized here. Rosen, Barber and 
Lyle (1998) state that seven different laboratories have reported suppression of nighttime 
rise in pineal melatonin production in laboratory animals. They show that a 50 µT, 60 Hz 
field with a 0.06µT DC field, over 10 experiments, averages a 46% reduction in melatonin 
production from pinealocytes. Stark et al. (1997) observed a significant increase in salival 
melatonin in a group of 5 cows when the short-wave radio transmitter at Schwarzenberg, 
Switzerland, was turned off for three days, compared to 5 cows that had much lower RF 
exposure. Hence there are now nine independent observations of melatonin reduction in 
animals from ELF and RF exposure. 
 
Fifteen studies from show that ELF and RF/MW exposure reduces melatonin and 
enhances serotonin in people. Evidence that EMR reduced melatonin in human beings 
commenced with Wang (1989) who found that workers who were more highly exposed to 
RF/MW had a dose-response increase in serotonin, and hence indicates a dose-response 
reduction in melatonin. Fourteen studies have observed significant EMR associated 
melatonin reduction in humans. They involve a wide range of exposure situations. This 
includes 16.7 Hz fields, Pfluger et al. (1996); 50/60 Hz fields, Wilson et al. (1990), Graham 
et al. (1994), Wood et al. (1998), Karasek et al. (1998), Burch et al. (1997, 1998, 1999a, 
2000), Juutilainen et al. (2000) and Graham et al. (2000a); combination of 60 Hz fields 
and cell phone use, Burch et al. (1997,1999a); VDTs ELF/RF exposures, Arnetz et al. 
(1996), and a combination of occupational 60Hz exposure and increased geomagnetic 
activity around 30nT, Burch et al. (1999b). 
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The fourteenth human melatonin reduction study is from 6.1-21.8 MHz SW RF exposure 
as reported during the shutting down process of the Schwarzenburg shortwave radio 
tower, Professor Theo Abelin (seminar and pers.comm.). Urinary melatonin levels were 
monitored prior to and following the closing down of the Schwarzenburg short wave radio 
transmitter. This showed a significant rise in melatonin after the signal was turned off. 
 
Fifteen studies is sufficient to establish that EMR reduces melatonin in people from 
exposures across the EMR spectrum, and at extremely low mean exposure levels. 
 
Genotoxicity Conclusions: 
 
There is more than sufficient evidence of chromosome aberrations, DNA strand breakage 
altered oncogene activity and neoplastic transformation of cells to conclude that EMR 
across the spectrum from ELF to RF/MW is genotoxic. This is independently confirmed by 
the established biological mechanisms of calcium ion efflux and melatonin reduction. 
 
This is also totally independent of over a hundred occupational groups showing elevated 
cancer from EMR exposure, scores showing significantly to extremely significantly 
elevated cancer incidence and mortality, and dozens of dose-response relationships. 
 
Epidemiological Evidence of Cancer: 
 
WHO 1993 reviews six cancer related studies and ICNIRP 1998 cites only 13 claimed 
cancer related studies. Two of them aren't so that leaves only 11 studies. Two of the 
primary studies they use to claim that RF/MW does not cause cancer in humans are 
Lilienfeld et al. (1978), the U.S. Embassy in Moscow Study and the Korean War Study, 
Robinette et al. (1980). Both of the conclusions of these studies are suspect because the 
conflict with the data contained in the papers and reports. Blood samples from the 
Moscow Study show significant chromosome aberrations. The following is a summary 
table from the tables in Lilienfeld et al. 
 
U.S. Embassy in Moscow Study: 
 
The all cause mortality rate for Moscow males as 0.42 (95%CI: 0.3-0.6) and for females 
1.1 (95%CI: 0.5-1.9). Hence males, primarily State Department employees, were much 
healthier and females were as healthy as the average U.S. residents. This is a good 
example of the "healthy worker" effect. State Department selection procedures rule out a 
range of unhealthy people and favour healthy people. 
 
The U.S. Embassy was chronically exposed to a radar signal from 1953 to 1976+. Up to 
1975 there was one radar pointed at the upper levels of the West Façade. The measured 
intensities on the outside walls gave a peak reading of 5 µW/cm2, over 9 hours/day. This 
averages 1.9µW/cm2, on the outside wall. It was far less inside. 
 
 From our knowledge of the effects of Geomagnetic Activity and ELF studies, we would 
expect cardiac and neurological effects, and, with reduced melatonin, many other 
illnesses. Two of the most significant results were the increase in illness in a significant 
dose-response manner with years of service in Moscow, Table 2. This included cardiac 
symptoms (Vascular System). Generally two or three comparisons are made. The rate of 
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health effects were compared with the U.S. population of similar ages, with comparative 
Eastern European Embassy people, and some exposed vs non-exposed groups. 
 
 
Table 2: Sickness rates increased in Moscow with years of service: (Table 6.18) 
 
 Under 2 yrs 2-3 years 4 + years p-value for trend 
Number of people 316 455 45 
Person-years 3709 5570 568 
 
Male Conditions (%) 
Present Health Summary 5.4 9.7 16.2 0.05 
Arthritis/rheumatism 4.3 6.5 8.8 0.02 
Back Pain 4.0 7.7 11.8 0.04 
Ear problems 3.8 5.6 14.7 0.02 
Vascular system 0.8 2.7 11.8 0.004 
Skin & Lymphatic 9.4 12.2 28.0 0.02 
 
Female Conditions (%) 
Vaginal discharge 4.2 13.8 17.5 0.04 
 
The sickness rates increased independent of the age of arrival and much faster than the 
influence of aging. 
 
The second was the neurological symptoms that were significantly elevated in female 
employees and highly significantly elevated in male employees. This difference between 
men and women is probably a consequence of sample size.  "Comparison" refers to other 
Eastern European Embassies. 
 
These symptoms are consistent with the "Microwave Syndrome" of the "Radiofrequency 
Radiation Sickness", Johnson-Liakouris (1998). Mild et al. (1998) identified significant 
dose-response relationships for the following symptoms from the use of mobile phones: 
Memory Loss, Difficulty in Concentrating, Headache, and Fatigue. 
 
Table 3: Neurological Symptoms per 1000 p-y, Male employees: (Table 6.31) 
 
 Moscow Comparison RR p-value 
Depression 1.3 0.73 1.78 0.004 
Migraine 1.8 0.97 1.86 
Lassitude 1.2 0.78 1.54 
Irritability 1.3 0.66 1.97 0.009 
Nervous Disorders 1.5 0.64 2.34 
Difficulty in Concentrating 1.4 0.52 2.96 0.001 
Memory Loss 1.6 0.50 3.20 0.008 
Dizziness 1.2 0.85 1.41 
Finger Tremor 1.3 0.71 1.83 
Insomnia 1.1 0.90 1.22 
Neurosis 1.3 0.76 1.71 
 



 34

Hence it is now shown and known that RF/MW exposure from extremely low but chronic 
exposure over many years, occupational exposure and cell phone use for minutes/day all 
produce significant and consistent neurological symptoms. The Risk Ratios for other 
symptoms were quite large but they were not quite significant because of the very small 
sample numbers. 
 
Chromosome Damage in blood samples: 
 
Table 4: Blood samples showed a high proportion of the staff had significantly altered 

red and white blood cell counts and well above average chromosome 
aberrations (CA). The CA data is set out in Goldsmith (1997), i.e. 

 
 Mutagenic Level Designator Subjects, No. 
 5 Extreme 0 
 4 Severe 6 
 3.5 Intermediate 5 
 3 Moderate 7 
 2.5 Intermediate 5 
 2 Questionable 5 
 1 Normal 6 
 
Patients with mutagenic level of 3 and above were advised not to reproduce until 6 
months after somatic levels had returned to 2 or 1. This warning applied to 68 % of the 
patients in this sample. Staff who had elevated chromosome aberration rates were 
advised not to have children for until six months after they had returned to near normal. 
 
Because of the vulnerability of children it is interesting to consider the observed health 
effects on childhood dependents. 
 
Table 5: Congenital Malformations of children after the first tour: 
 
Conditions Moscow Comparison RR Number of children 
 SMBR  SMBR 
Leukaemia and cancer 1.2 0.84 1.43 1 
Blood Disorders 1.7 0.42 4.05 7 
Mental, Nervous Condn. 1.8 0.36 5.0 8 
Behavioural Problems 1.4 0.68 2.06 7 
Chronic Disease 1.1 0.88 1.25 7 
 
A survey of cancer mortality rates is summarized in Table 6.  This shows that despite the 
extremely small sample size and the very significant exposure dilution in the years 
between residence in Moscow and the survey results, there are highly elevated and 
significantly elevated rates of mortality from cancer Lilienfeld et al. shows significantly 
increases chromosome aberration and cancer. This was recently also found in mice, 
Vijayalaxmi et al. (1997). 
 
The dominant cancers are brain tumor and leukaemia and reproductive organ cancer. But 
this study, like the Korean War Study, confirms that extremely low level chronic microwave 
exposure is associated which very significant increases in illness and mortality in organs 
across the whole body, consistent with widespread cellular chromosome damage. 
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Significantly elevated chromosome aberrations were measured in this case, Table 13, as 
well as significant alterations in white and red blood cell counts, Jacobson (1969). This 
would also be the expected result from reduced melatonin. 
 
Table 6: Cancer Mortality Rates: 
 
Male employees (Table 6.37)  Moscow Comparison RR 
  SMBR SMBR 
Skin Cancer 1.5 0.69 2.17 
Benign Neoplasms 1.4 0.75 1.87 
 
Female employees (Table 6.38) 
 
Malignant Neoplasm (Excl. skin) 1.7 0.63 2.86 (p=0.06) 
 
Adult Dependents: (Tables 7.12, 7.13) 
 Obs. Exp SMR  (95%CI) 
Live-in 
All malignant Neoplasms  5 1.53.3  (1.1-7.7) 
Digestive Organs Cancer  1 0.263.8 (0.1-21.2) 
Pancreas Cancer 1 0.0333.3  (0.8-185) 
Breast Cancer 1 0.42.5  (0.1-13.9) 
Ovarian Cancer   3.0 
Multiple Myeloma   1.5 
 
Arteriolosclerotic 2 0.59 3.4  (0.4-12.3) 
Heart Disease 
 
Live-out 
All malignant Neoplasms  7 3 2.3  (0.9-4.7) 
Brain tumor 2 0.120.0  (2.4-72.2) 
Lung cancer 1 0.442.3  (0.4-93) 
 
All Accidents 4 1 4.0  (1.1-10.2) 
Suicide 1 0.362.8  0.1-15.6) 
 
Children Living In (Table 7.16) 
 
All Malignant Neoplasms 2 0.53.8  (0.5-13.7) 
Leukaemia 1 0.25.3  (0.1-29.5) 
Suicide 1 0.293.4  (0.0-1.6) 
 
Children Living out 
 
All Malignant Neoplasms 2 0.832.4  (0.3-8.7) 
Leukaemia 1 0.33.4  (0.1-18.9) 
Suicide 1 0.33.3  (0.1-18.4) 
 
 
Overall summaries of morbidity experience for dependents were carried out. 
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For adult dependents it was concluded:  "Thus, those who lived in Moscow had more 
conditions with higher mortality ratios than other groups, particularly those who had not 
lived in any of these posts." Individual conditions were rather too small to achieve 
statistical significance but the overall effect, while small, is greater in Moscow. 
 
Female employees, Table 6.38, experienced 22 malignant neoplasms in 2557 PY 
compared to 17 in 4662 PY, i.e.8.6 /1000 PY vs 3.65 / 1000 PY, giving RR = 2.36, 95%CI: 
1.25-4.44. This is a highly significant result. 
 
The overall summary for dependent children showed: "The dependent children who has 
definitely lived in Moscow had more conditions with higher SMBRs (Specific Morbidity 
Ratios) in two out of three comparisons; however these differences were minimal." Thus 
the children showed a similar pattern to the adults, of a slightly higher mortality pattern in 
Moscow. 
 
The Health History Questionnaire (HHQ) results for male employees, when summarized 
concluded, p156: "There was a clear pattern of a higher frequency of symptoms reported 
by the Moscow Group than was reported by the Comparison Group. For males of the 20 
categories of symptoms, 17 of the SMBRs were higher in the Moscow Group and 4 of 
them (depression, irritability, loss of appetite and difficulty concentrating) were statistically 
significantly different. 
 
Attempts to classify people with the Moscow Embassy met with mixed success and mixed 
results. Comparisons with the Moscow and Comparison Groups yields a consistent 
pattern of increased morbidity in Moscow. Female cancer and male neurological 
symptoms were significantly elevated.  
 
Report conclusions challenged: 
 
It is stated by both Bradford Hill (1965) and Goldsmith (1992) that elevated Odds and Risk 
Ratios are also relevant to the public health protection basis in epidemiology,  
 
Professor Goldsmith, an eminent epidemiologist, was closely associated with the staff 
affected by the chronic radar exposure of the U.S. Embassy in Moscow and obtained 
information through the Official Information Act. This included the blood test results and 
minutes of meetings which record the fact that the State Department case officer, Dr 
Herbert Pollack, changed the conclusions of the final report compared with the draft 
report, to state that no effects could be associated with the radar exposure, Goldsmith 
(1997). The data and Dr Goldsmith show that this is not true. After reviewing this data Dr 
Goldsmith, Goldsmith (1995), referring to a “recent draft of criteria for health protection” 
which claims: “No effect on life span or cause of death of 1,800 employees and 3000 
dependents of the U.S. Embassy personnel”, states: 
 

“To ignore these findings on the basis of “No effect on life span or cause of 
death” in setting human exposure standards is wrong.  In the first place the 
criteria are two narrow; mortality is not the only relevant end-point. The 
positive or 'findings for concern' are ignored. Increased cancer incidence 
among dependents is a nontrivial endpoint.” 

 
This body cited was the predecessor of ICNIRP. 
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Allowing for the fact that several years had elapsed between the exposure and the health 
survey, allowing the opportunity for exposure dilution, the relatively short follow-up period 
and allowing for the very small sample sizes, these results are remarkable. 
  
A highly remarkable result is the dose-response relationship for a range of sicknesses, 
Table 10. The results must be very highly significant to survive the exposure dilution effect 
with the disease gradient intact and statistically significant.  As with Robinette et al. 
(1980), the data presented in the Lilienfeld contract report is contrary to that stated in the 
report’s stated (an altered) conclusions. Despite the small numbers, the lack of long 
latency period and dilutionary factors, the Lilienfeld data shows a significant increases in: 
 

• Cardiac symptoms 
• Neurological and psychological symptoms 
• Altered blood cell counts 
• Increased chromosome aberrations, and 
• Elevated cancer in children and adults 
• Sickness increasing in a dose-response manner with years of 

residence. 
 
These symptoms are associated with chronic exposure to very low intensity pulsed 
microwaves in the range < 0.04 to 0.2µW/cm2. 
 
In a sense too, the fact that the State Department case officer, Dr Herbert Pollack, altered 
the conclusions, attests to the significance of this study. The results would have been 
embarrassing to the U.S. Government, both in terms of workers compensation and in 
terms of the validity of the U.S. exposure standard. 
 
That the WHO (Dr Repacholi) and ICNIRP still claim that this study showed no adverse 
health effects strongly challenges their professionalism and objectivity. The data strongly 
challenges the altered conclusions. The effects are highly consistent with other studies. 
 
The Korean War Study: 
 
This is the second major study that is claimed by WHO and ICNIRP to show no adverse 
health effects from radar exposure. Robinette et al. (1980) studied the health effects of 
radar exposed naval technical personnel who had served on ships during the Korean War. 
This illustrates one of the major problems with cancer and morbidity health studies. The 
desirable situation is to have clearly separated exposure groups so that a highly exposed 
group is able to be compared with a non-exposure or very low exposure group. It is also 
very highly desirable to identify an intermediate group to determine if there is a dose-
response relationship. 
 
It takes decades for most cancers to develop after there initiation by a carcinogenic agent. 
In the time between the exposure and the health effects survey, a highly variable and 
probably random exposure regime will influence the subjects in the mean time, 
significantly reducing the dichotomy and, unless the effect is very strong, eliminating any 
initial exposure gradient. This is called exposure dilution and it significantly reduced the 
chances of observing any effects. 
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In this study the definition of low exposure groups was those operating radios and radars. 
The high exposure group was those repairing and maintaining the radios and radars. 
 
Three occupational groups were placed in the highly exposed group, Electronics 
Technician (ET), Fire control Technician (FT) and Aviation Electronics Technician (AT). 
When a 5% sample of servicemen in these three groups were surveyed using a job-matrix 
exposure survey, they found a gradient in mean exposure with ET being low, FT 
intermediate and AT being high. 
 
The individuals who were surveyed were used for a dose-response analysis, they were 
shown to have a significant dose-response increase in Total Mortality and Respiratory 
Cancer as a function of exposure level as assessed by the Hazard Number. Figure 27 
shows the dose-response relationships for these mortalities with the lowest exposure 
range used as a reference with RR=1.0. 
 

 
Figure 27: Dose-response relationships of mortality from all causes and respiratory 

cancer for radar exposure assessed personnel, Robinette et al. (1980). 
 
This is an amazing result given the dilution factors. Several other symptoms showed 
dose-response increases, including Malignant Neoplasms, Lymphatic and Hematopoietic 
cancers, other malignant neoplasms and disease of the circulatory system. 
 
Using the originally identified occupational groups a problem arises. The authors, on Navy 
advice, have placed the high mortality group, Aviation Electrician's Mate (AE), which is 
clearly a repairers' group, in the operators' group. This is the smallest group by far and so 
the simplest solution is to remove it altogether. Taking the Radarman (RD) and Radioman 
(RM) as the low exposure group, ET + FT as the intermediate exposure group and AT as 
the high exposure group, then data in Robinette et al.'s table 5, for mortality from all 
causes yields Figure 28. 
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Figure 28: Naval occupations grouped by exposure category, showing dose response 

increases in mortality for all mortality, all disease, cancer and 
Lymphatic/Leukaemia. Low exposure (RM+RD), Intermediate exposure 
ET+FT), High exposure (AT). 

 
Grouping occupational groups according to exposure levels also reveals dose-response 
increases for Total Death, All Disease, All Cancer and Lymphatic/hematopoietic Cancer, 
Figure 28. This strengthens the 5 % group survey result. It shows that radar exposure is 
strongly correlated with increased total mortality, mortality from disease, cancer and 
lymphatic/hematopoietic cancer, Table 7. 

Table 7: Number of deaths from disease and mortality ratios by Hazard Number: 
US enlisted Naval personnel exposed to microwave radiation during the 
Korean War period, from Table 9, Robinette et al. (1980). The Rate Ratio 
is calculated as the ratio of the Mortality ratio for Hazard Number 5001+ 
exposure and 0 Hazard Number exposure. 

 
Cause of Death Hazard Number  Trend 
 No. 0 1-5000 5001+ p-value RR 95%CI 
  
All diseases 3090.82 0.91 1.23 0.03 1.50 1.08-2.08 
 
Malignant Neoplasms 960.99 0.90 1.44 N.S. 1.45 0.83-2.52 
Digestive Organs 201.49 1.14 0.78 N.S. 0.52 0.13-2.08 
Respiratory Tract 240.82 0.86 2.20 <0.05 2.68 0.84-8.55 
Lymphatic and hematopoietic 261.09 1.04 1.64 N.S. 1.50 0.52-4.32 
System 
Other Malignant neoplasms 260.78 0.70 1.17 N.S. 1.50 0.52-4.32 
 
Disease of Circulatory System 1500.94 0.83 1.17 N.S. 1.24 0.79-1.94 
Other Disease 630.30 1.13 1.08 N.S. 3.60 1.14-9.20 
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Given the exposure dilution factors, all but digestive organs would probably have RR>2 
and be significantly be increased.  This small sample analysis shows a significant dose 
response trend for mortality from all diseases (p=0.03) and for Respiratory Cancer 
(p<0.05). This is remarkable given the exposure dilution. The analysis also shows that for 
every disease cause but one there is an elevated risk of mortality due to a range of 
cancers, Circulatory Disease and Other Disease. 
 
 The mean Hazard Number for each group is calculated using a mean hazard number of 
0, 1000, 3500 and 6000 for the defined ranges. The mean exposure estimate also shows 
a gradient and suggests that the best dichotomy will be achieved by comparing AT as a 
high exposure group to ET as a low exposure group. This was not done by Robinette et 
al. who preferred to compare ET with the FT and AT groups combined (FT+AT). This 
maintains larger numbers in the high exposure group by reduces the exposure 
separation.  
 
The mortality dose-response gradient persists when the total mortality rate is calculated 
for the ET, FT and AT groups: MR (ET) = 1.0; MR(FT) = 1.29; and MR(AT) = 1.79. 
 
Having identified that the FT and AT groups had higher hazard numbers than the ET 
group, Robinette et al. combined FT + AT and compared their mortality rates with ET, 
Table 8. Table 8 shows elevated mortality rates compared with the ET group, for all 
causes of death listed. The text records that they are significantly elevated for All Disease 
(p<0.01) and Other Diseases (p<0.01). 
 
Table 8: Mortality rates, Risk Ratios and Confidence Intervals between the ET 

group and AT group of US enlisted personnel exposed to microwave 
radiation during the Korean War. 

 
Cause of death No.(FT+AT) ET FT+AT RR 95%CI 
 
All diseases 140 0.83 1.19 1.43 1.14-1.79 
Malignant Neoplasms 40 0.95 1.18 1.24 0.83-1.86 

Digestive Organs 8 1.10 1.19 1.08 0.44-2.65 
Respiratory Tract 9 1.13 1.15 1.02 0.45-2.33 
Lymphatic and Hematopoietic 11 1.06 1.40 1.32 0.61-2.87 
System 
Other malignant neoplasms 12 0.68 1.06 1.56 0.72-3.37 

Diseases of the Circulatory System 64 0.85 1.08 1.27 0.92-1.75 
Other disease 36 0.61 1.46 2.39 1.45-3.94 
 
Their Table 5 sets out the mortality data by cause of death for each occupational group, 
giving the opportunity to compare AT rates with ET rates of mortality. The results are 
shown in Table 6. In Table 5 where exposures are more dichotomized, mortality due to 
Malignant Neoplasms and Lymphatic/Hematopoietic cancers are both significantly 
elevated but when FT and AT are combined these results are no longer significantly 
different. It is interesting too that in the dose-response analysis using the individual's 
hazard number, respiratory cancer shows a significant trend, but in these occupational 
group comparisons this cancer is elevated but not significantly elevated. The comparisons 
between Tables 9 and 10 clearly show the effect of dilution through combining the FT and 
AT groups. 
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Table 9: Mortality Incidence per 1000 and Risk Ratio AT/(RD+RM) as an indication 

of the high exposure (AT) to low exposure (RD+RM) difference. 
 Exposure 
 Low High Risk Ratio  95 % CI p-value 
Causes of Death 
  All Deaths     31.9   60.5    1.94    1.65 -  2.28<0.00001 
  Accidental Death              10.0   29.6    2.97    2.33 -  3.80<0.00001 
  Motor Vehicle Death            6.5    6.1    0.95    0.59 -  1.52 - 
  Suicide, Homicide, Trauma      3.8    6.1    1.60    0.98 -  2.62 0.06 
  Suicide                        2.5    2.8    1.11    0.54 -  2.26 - 
  All Diseases                  16.8   23.5    1.40    1.09 -  1.79 0.007 
  Malignant Neoplasms            4.4    8.3    1.86    1.21 -  2.86 0.004 
    Digestive and Peritoneum     0.8    1.2    2.59    1.07 -  6.29 0.03 
    Respiratory                  0.8    2.1    1.75    0.72 -  4.25 - 
    Eye, Brain, CNS     FT/(RD+RM)    0.4    0.9    2.54    0.66 - 9.81 - 
    Skin                         0.3    0.6    1.97    0.40 - 9.77 - 
    Lymphatic and Hematopoietic   1.0    3.1    2.96    1.39 -  6.32 0.003 
  Circulatory System Disease     8.8    9.5    1.08   0.74 -  1.58 - 
  Digestive System Disease       1.2    2.8    2.22    1.03 -  4.77 0.03 
  Other Diseases                 2.1    2.8    1.30    0.63 -  2.67 - 
This shows elevated Risk Ratios for all causes of death except motor vehicle and suicide.  
Highly to extremely significant increases in mortality were found for All Diseases, 
Malignant Neoplasms, Cancer of the Digestive and Peritoneum systems, Lymphatic and 
Hematopoietic cancer and from diseases of the Digestive System. Extremely significant 
increases were found for All Causes of death and Accidental Death.  
 
Morbidity Data: 
 
Robinette et al. obtained two morbidity data sets. The first was from the periods 1952-54 
and 1956-59 for admissions to naval hospitals. This is very close to the period of 
exposure and allows little time for cancers to develop. The second data set was from 
Veterans' Administration Hospitals for the period 1963-76. 
 
For the immediate post-war data set the following significant increases in sickness were 
identified by Robinette et al.: 
 
 Diseases of the ears, nose and throat (p<0.01), 
 Acute respiratory disease (p<0.01), 
 Other respiratory disease (p<0.02), 
 Diseases of the urinary and male genital organs (p<0.05), and 
 Accidents, poisonings and violence (p<0.001). 
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Table 10: Number of hospitalizations and hospitalization rates per 10,000 per year, 
in VA hospitals, 1963 -1976, by diagnosis and exposure class: US enlisted 
Naval personnel exposed to microwave radiation during the Korean War 
period. The significance p-value is calculate from the Mantel-Haenszel Chi-
squared estimate. 

  High exposures 
VA diagnostic class  Total  ET FT + AT  
  No. Rate No. Rate No. Rate  RR 95% CI p-value 
 Infective, parasitic 42 1.5 24 1.3 18 1.9 1.46 0.79-2.69 0.26 
 Neoplasms, malignant 34 1.2 17 1.0 17 1.8 1.80 0.92-3.53 0.04 
 Neoplasms, other 26 0.9 9 0.5 17 1.8 3.60 1.60-8.08<0.001 
 Allergic, endocrine system, 
    metabolic and nutritional dis. 77 2.8 41 2.3 36 3.8 1.65 1.05-2.58 0.01 
 Blood, blood-forming organs 17 0.6 5 0.3 12 1.3 4.33 1.53-12.3 0.001 
 Alcoholism 105 3.8 45 2.5 60 6.3 2.52 1.71-3.71<0.001 
 Other mental disorders 27610.1 166 9.3 11011.61.25 0.98-1.58 0.02 
 Nervous system, sense org. 106 3.9 58 3.2 48 5.1 1.59 1.08-2.33 0.009 
 Circulatory 123 4.5 68 3.8 55 5.8 1.53 1.07-2.18 0.007 
 Respiratory 80 2.9 43 2.4 37 3.9 1.63 1.05-2.53 0.014 
 Digestive 255 9.3 132 7.4 12313.01.76 1.38-2.25<0.001 
 Genitourinary 82 3.0 45 2.5 37 3.9 1.56 1.01-2.41 0.02 
 Skin, cellular 61 2.2 33 1.8 28 2.9 1.61 0.97-2.66 0.04 
 Bones, organs of movement 80 2.9 36 2.0 44 4.6 2.30 1.48-3.57<0.001 
 Trauma 108 3.9 53 3.0 55 5.8 1.93 1.32-2.81<0.001 
 Symptoms, ill-defined cond., 
 special exams and other 151 5.5 85 4.8 66 6.9 1.44 1.04-1.99 0.007 
 
 Person-years (1000) 27.39 17.89 9.50 
 
Table 10 gives a more detailed description of the results of the later morbidity data set. It 
is not inconsistent with the significant results cited by Robinette et al. but it does show a 
wider range of significant adverse health effects. 
 
In the later VA compensation data Robinette et al. found significantly increase in sickness 
for Musculoskeletal system and other organs, including: 
 

Loss of part extremities, osteomyelitis and neoplasms of bone or muscle (p<0.001); 
Organs of special sense which includes eye cataracts (p<0.05); 
Respiratory system, excluding pulmonary tuberculosis (p<0.01); 
Cardiovascular system (p<0.001); and 
Mental disorders, including psychoses, psychoneurotic disorders 
 and so-called "psychophysiologic disorders"  (p<0.05). 

 
The Table 11 shows all of the diagnosis groups detailed in Robinette et al. Table 12. For 
VA compensation claims up to December 1976.  Again the vast majority of symptoms 
(apart from Nerves, and Genitourinary) are marginally significant to very significantly 
greater for the higher exposed FT+AT group compared to the lower exposed ET group. 
Except for "Nerves" all symptoms are elevated and some, as also identified by Robinette 
et al., are significantly and highly significantly elevated. 
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Table 11: Number of men receiving VA compensation and pension, December 
1976 and rates per 1000 men per year by diagnosis and exposure class, 
and Risk Ratio (FT+AT)/ET, Robinette et al. Table 12. 

 
 ET  FT+AT Risk Ratio Significance 
 No. Rate No. Rate RR 95% CI p-value 
Diagnosis: 
Musculoskeletal 115 8.8 119 16.9 1.93 1.49-2.49 <0.001 
Organs of special sense 49 3.7 42 6.0 1.62 1.07-2.45 0.010 
Systematic conditions 3 0.2 5 0.7 3.50 0.84-14.65 0.080 
Respiratory 55 4.2 51 7.3 1.74 1.19-2.55 0.001 
Cardiovascular 43 3.3 47 6.7 2.03 1.34-3.07 <0.001 
Digestive 74 5.7 55 7.8 1.37 0.97-1.94 0.02 
Genitourinary 31 2.4 10 2.7 1.13 0.55-2.30 0.32 
Skin 83 6.3 58 8.2 1.30 0.93-1.82 0.052 
Endocrine 15 1.1 11 1.6 1.45 0.67-3.16 0.86 
Neurological 21 1.6 16 2.3 1.44 0.75-2.76 0.29 
Nerves 15 1.1 3 0.4 0.36 0.10-1.24 0.14 
Mental Conditions 51 3.9 46 6.5 1.67 1.12-2.49 0.003 
 
Discussion of Results: 
 
This project was conducted with the objective of determining whether radar exposure to 
service personnel during the Korean War produced health hazards. Despite significant 
time delay dilution, the data still contains significant dose response relationships and may 
significant to extremely significant increases in mortality and illness. This data shows that 
radar exposure is (through extremely significant increases and significant dose-response 
relationships) causally related increased mortality and illness, including cancer and 
diseases in many body organs. Radar exposes the whole body and causes sickness 
across the whole body. 
 
Hence the WHO, ICNIRP and authors conclusions are wrong. 
 
 
Global Leukaemia dose response for RF/MW exposure: 
 
Leukaemia is frequently significantly raised in RF/MW exposed populations. Table 12 
summarizes several studies that are ranked in mean exposure order. Military, 
occupational and residential studies shows a global dose response relationship for 
increased adult leukaemia and RF/MW exposure with a global dose-response relationship 
and a threshold close to zero. 
 
The Polish Military Study, Szmigielski (1996),  contrary to the comments in ICNIRP (1998), 
is a very large and well defined study, carefully designed and executed by Dr Stanislaw 
Szmigielski and his team at the Polish Center for Radiobiology and Radiation Safety at the 
Military Institute of Hygiene and Epidemiology. To be classified as exposed the exposure 
must be recorded and assessed. The extremely significant leukaemia increases in 
p<0.001, are adequate to show a causal relationship. This is confirmed by the many other 
studies showing that RF/MW radiation is significantly associated with leukaemia. The 
study also shows elevated to significantly elevated cancer across many body organs 
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When actual residential exposures are considered, dose-responses for residential cancer 
are also shown by Selvin et al. (1992), Hocking et al. (1996), Dolk et al. (1997 a,b) and 
Michelozzi et al. (1998). These strongly confirm a causal relationship with adult and 
childhood leukaemia because the radial RF/MW exposure and cancer rates match and 
produce highly significant dose-response relationships. The Sutton Coldfield Study also 
supports the evidence that RF exposure causes cancer in many body organs.  
 
Table 12: A summary of epidemiological studies involving adult leukaemia mortality 

or incidence, ranked by probable RF/MW exposure category. 
 
Study Reference Exposure  Leukaemia Risk  95% Confidence 
  Category Type Ratio  Interval 
 
Polish Military Szmigielski (1996) High ALL 5.75 1.22-18.16 
(Mortality)   CML 13.90 6.72-22.12 
   CLL 3.68 1.45-5.18 
   AML 8.62 3.54-13.67 
   All Leuk. 6.31 3.12-14.32 
 
Korean War Robinette et al. (1980) High/Low Leuk/Lymp2.96 1.39-6.32 
Radar Exposure (Mortality) AT/(RD+RM) 
 
Radio and TV Milham (1985) Moderate Acute Leuk.3.44 
Repairmen   Leuk. 1.76 
    
Amateur Radio Milham (1988) Moderate AML 1.79 1.03-2.85 
(Mortality) 
 
UK Sutton Dolk et al. (1997a) Moderate Leuk 1.83 1.22-2.74 
Coldfield <=2km  
 
North Sydney  Hocking et al.(1996) Low All Leuk. 1.17 0.96-1.43 
TV/FM towers   ALL+CLL 1.39 1.00-1.92 
(Mortality)   AML+CML1.01 0.82-1.24 
   Other Leuk1.57 1.01-2.46 
 
UK TV/FM Dolk et al. (1997b) Low Adult Leuk.1.03 1.00-1.07 
(Incidence) 
 
Note: ALL : Acute Lymphatic Leukemia; CLL: Chronic Lymphatic Leukaemia; AML Acute 
Myeloid Leukaemia; CML: Chronic Myeloid Leukaemia; and All Leuk.: All Adult 
Leukaemia.  
 
Residential Cancer Studies: 
 
Mean Personal Exposures: 
 
Personal exposures will be somewhat less than the direct peak exposure at a given 
location. McKenzie, Yin and Morrell (1998): On the Roof: 3.0 µW/cm2; At Street Level: 
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0.066 µW/cm2; and In the House: 0.017 µW/cm2. This gives a reduction factor of 1: 45 : 
176.  This is reduced further to 1 : 20 : 50 for the following estimate. 
 
By estimating the time spent inside and outside, at home and away, a mean residential 
exposure factor is obtained. Of 168 hours/week the Ratio is estimated as: 
exposed:outside:away:inside is 6: 20: 12: 130 . This gives a residential exposure factor 
(REF) of 0.061. This is rounded up to REF = 0.075. 
 
Exposure Dilution: 
 
All observed Odds and Rate Ratios will be significantly reduced because of a number of 
dilution factors, including: 
 

• EMR is Ubiquitous 
• Reference Group is also exposed 
• Randomization over intervening decades; 
• Migration around Towers. 

 
The migration factor results from exposed people moving away and unexposed people 
moving into the study area. 
 
Horizontal antenna patterns: 
 
The vital feature of residential studies is the complex horizontal and radial RF exposure 
patterns. In multiple studies these patterns match the cancer patterns, confirming the 
causal relationship, even at the very low residential exposure levels. 
 

 
Figure 29: Horizontal antenna pattern for an 8-element dipole array for a 98 

MHz FM transmission 
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Figure 30 : Horizontal VHF antenna pattern from a North Sydney transmitter. 
 
McKenzie at al. (1998) criticize Hocking et al. (1996). They provide estimated exposures 
for the centroid of each municipality and childhood leukaemia incidence rates for each 
municipality. They are unaware of the horizontal radiation patterns that bias the signals 
towards the major population areas to the SW of the towers, Figure 30. This puts the 
highest signal over Lane Cove (L), a middle strength signal over North Sydney (N) and a 
weaker than average signal over Willoughby. By adjusting the McKenzie estimated by 
the horizontal pattern (in dB) the exposure levels are L = 1.46, N = 0.29 and W = 
0.27µW/cm2. The cancer rates are  L = 16.7, N = 9.6 and W = 6.1 per 100,000, a dose-
response. 
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Figure 31: Horizontal antenna radiation patterns showing the relative filed strength 
for, (a) UHF Digital TV (linear scale) from the Sutra Tower. 

 
Vertical Antenna Patterns: 
 

 
Figure 32: A typical vertical antenna pattern for a 4-element dipole array at about 

98 MHz.(VHF), Units in dB.  This produces peaks close to the tower. 
 

 
Figure 33: A UHF relative field factor (RFF) for the vertical antenna pattern from 

Hammett and Edison (1998). 
 
 
Radial Exposure Patterns:  
 
UHF - Type A pattern, Low, elevated undulating, low to 10 km. 
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Figure 34: Ground level exposure for a typical UHF TV broadcast signal, from 

an antenna pattern from Hammett and Edison (1997), for a 20 MW 
EIRP transmitter at 450m AGL, for a flat surface. 

 
VHF - Type B pattern, high near the tower and declining in an undulating fashion 
with distance. 

 
Figure 35: A typical VHF (44 MHz) exposure pattern from the Empire State Building, New 

York, Jones (1933). 
 
Sutro Tower Study: 
 
Selvin et al. (1992) studied the spatial distribution of 4 childhood cancers in relation to the 
Sutra Tower in San Francisco. When measured and practical radial exposure patterns are 
compared with the radial cancer rates a highly significant dose response relationship 
results, Figure 36. 
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Figure 36: The measured and estimated power density (exposure in µW/cm2) with 

distance from the Sutra Tower. Circles show measurements. The line 
follows measurement points and the radial pattern of a typical UHF 
transmission beyond 3 km. From Hammett and Edison (1997) and readings 
taken by the author in 1999. 

 

 
Figure 37: Spatial map of white childhood (<21 years) leukaemia for San Francisco, 1973-

88, from Selvin et al. (1992).  
 
Because of the complex nature of residential radial broadcast tower exposure patterns, 
Figure 36, the chance of confounding effects are extremely small. Thus this indicates a 
causal relationships Plotting the radial residential mean exposure and the "All Cancer" 
Risk Ratio gives the pattern in Figure 38. The match shows that no other factor can 
explain this result than the RF exposure from the Sutra Tower. 
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Figure 38: The radial All Cancer Risk Ratio and the mean residential RF exposure 

(times 20 to fit on the scale). 
 

 
Figure 39: All Cancer Risk Ratio for Childhood Cancer as a function of estimated radial 

group mean personal exposure to RF/MW radiation from the Sutra Tower, San 
Francisco, using the spatial childhood cancer data presented in Selvin et al. 
(1992). The dose-response relationship is extremely significant (p<0.001). 

 
Figure 40: Brain Tumour Risk Ratio as a function of estimated radial group mean personal 

exposure to RF/MW radiation from the Sutra Tower, San Francisco, using the 
spatial childhood cancer data presented in Selvin et al. (1992). The linear dose-
response relationship is extremely significant (p<0.001). 
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Within the data uncertainty, the dose-response threshold is zero. Hence RF/MW is 
causally associated with adult and childhood cancer, including leukaemia with a dose-
response relationship with a zero exposure threshold. 
 
United Kingdom Regional TV Tower Study: Dolk et al. (1997) 
 
The Study Context: 
 
Dr Helen Dolk and her colleagues responded to concerns about a cluster of seven cases 
of leukaemia and lymphoma who were patients of a Birmingham GP, Dr Mark Payne, and 
who lived near the Sutton Coldfield Transmitter. They obtained data from the cancer 
registry and found a high incidence of adult leukaemia near the tower, which declined with 
distance. They assumed that this was a dose-response relationship that was following an 
inverse square law for exposure decline with distance from the transmitter. Before they 
published this result they decided to extend the study to 20 other regional TV towers 
throughout the United Kingdom. 
 
At these individual sites, and for all the 20 sites combined, the adult leukaemia rate was 
found to be low near the tower, rose to form a broad variable peak between about 1 km 
and 5 km, and then declined with distance. Over all distance It didn't follow an inverse 
square law and therefore it failed to confirm the result found at Sutton Coldfield, Figure 41. 

 
Figure 41: Radial adult leukaemia patterns for the 21 site UK study, Dolk et al. 

 
Thus Dolk et al. (1997b) concludes that the follow-up study "at most gives very weak 
support to the Sutton Coldfield findings."  ICNIRP accepts this conclusion and states that 
the results of these U.K. studies "are inconclusive". 
 
There are two types of radial transmission signals and two types of radial cancer patterns: 
 
Type A : UHF signals that are low near the tower, rise to a broad peak between 2 and 6 

km and then decline with distance, Figure  33. 
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Type B: VHF signals have a peak within 1 km and decline with distance in an undulating 

fashion, Figure 34. 
 
For a high cancer rate to be detectable near a tower three factors are necessary: 
 
1. There must be a large population. This requires a high population density 

because there is only a small area within 1 km radius of the tower and a high 
proportion of this is likely to be the open field in which the tower itself is sited. 

 
2. There needs to be a high radiation exposure for the radiation to be able to 

elevate the cancer rate. This occurs for the lower frequency, VHF, FM 
signals, Figures 34. 

 
3. The cancer type needs to be RF-radiation sensitive to assist in raising the 

cancer incidence above the background level. Leukaemia and Lymphoma are 
very RF-sensitive cancers, Szmigielski (1996), Milham (1985, 1988), Hocking 
et al. (1996). 

 
These factors completely explain these results. Sutton Coldfield is the only tower 
that has these three factors. All other towers lack at least one factor and therefore 
cannot show a high cancer rate near the tower.  In fact they all follow a Type A 
pattern which is a dose response relationship of cancer rate as a function of mean 
exposure. This for all radial cancers outlined in the Tables they follow a dose 
response relationship appropriate to their radiation patterns. 
 
The data in Dolk et al. is internally consistent, shows elevated 
childhood leukaemia and brain tumor, and a set of dose-response 
relationships which are likely to be highly significant, if related to 
realistic radial RF patterns, for cancer at a wide range of body sites 
including All Cancer, Leukaemia, Non-Hodgkin's Lymphoma, Brain 
Cancer, Bladder Cancer, Prostate Cancer, Skin Melanoma, Male and 
Female Breast Cancer and Colorectal Cancer. This is also consistent 
with Robinette et al. (1980), Szmigielski (1996) and Milham (1985, 1988). 
 
 
Sleep Disturbance near a Shortwave Radio Tower, 
Schwarzenburg, Switzerland: 
 
The Schwarzenburg Study, Alpeter et al. (1995) and Abelin (1999) showed a causal 
relationship of sleep disturbance with exposure to a short wave radio signal. The effect is 
assessed as causal because of the significant dose response relationship, the variation of 
sleep disturbance in two experiments, one involving changing the beams and one turning 
the transmitter off, and the identification of significant melatonin reduction. Professor 
Abelin told seminars in Christchurch that they had measured a significant increase in 
melatonin after the tower transmission was turned off permanently compared to the levels 
while it was on. Measurements of salival melatonin in two herds of 5 cows revealed a 
significant rise in melatonin in the exposed cows when the tower was turned off for three 
days, Figure 42.  
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Figure 42: Salival melatonin from two herds of 5 cows, one exposed at 500 m, 

0.095µW/cm2,  (solid line) and one "unexposed" at 4000 m, 0.00022µW/cm2, 
(dashed line). 

 
On average the exposed herd had lower melatonin, but not significantly so because of the 
very small sample size. The same difference with about twice as many cows would have 
been significant. 
 
Figure 42 also reveals that when the tower was turned on the "unexposed" herd showed a 
drop in melatonin. Under normal tower operation the exposed cows had a delay in their 
nocturnal peak by 2 to 3 hours. 
 
When the tower was turned off the sleep quality improved significantly for the three groups 
being monitored at that time. Figure 43 shows the results for the highest and lowest 
exposed groups, Group A and Group C. 
 

 
Figure 43: Sleep disturbance in people exposed to a short-wave radio stations which 

was turned off for three days, Altpeter et al. (1995), showing the highest 
exposed Group A, and lowest exposed Group C. 

 
Both Groups show a delayed improvement in sleep of one to two days. The reduced 
wakening averaged over days 4 to 6 compared with days 1 to 3 are highly significantly 
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reduced, p<0.001. Thus the lowest exposed group, 0.0004µW/cm2 also shows a 
significant effect of the RF exposure on sleep disturbance. 
 
Thus turning the tower off revealed significant rises in bovine melatonin and human sleep 
quality. Human melatonin increased significantly when the tower was turned off 
permanently. Groups B, R and C are all exposed to a mean RF signal of less than 
0.1µW/cm2 and they experienced highly significant sleep disturbance and reduced 
melatonin. 

 
Figure 44: Adult Sleep Disturbance with RF exposure at Schwarzenburg, 

Switzerland, Abelin (1999). 
 
 
Sleep disruption occurs in a dose-response manner with a threshold below 0.1nW/cm2,  
i.e. very close to zero, Figure 45. 
 

 
Figure 45: Dose-response relationship for Sleep Disturbance at Schwarzenburg with 

exposure in nW/cm2. Note: 1nW/cm2= 0.001µW/cm2 
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Since sleep disturbance, Mann and Roschkle (1995), and melatonin reduction, Burch et 
al. (1997), has been observed with cell phone exposure. Hence these observations also 
apply to cell phones and cell sites. 
 
Broadcast Tower Conclusions: 
 
The Swiss researchers in the Schwarzenburg Study concluded that there was a causal 
relationship with sleep disruption and exposure to RF radiation.  This shows the exquisite 
sensitivity of the brain to RF radiation, reduction in a vital neurohormone, melatonin, which 
is related to sleep quality, chronic fatigue and cancer. The Schwarzenburg study also 
identified a suite of symptoms that they referred to as Chronic Fatigue. In the U.K., 
Australia, San Francisco, Hawaii and Italy residential studies above show significant 
increases in adult and childhood leukaemia and multiple significant dose response 
relationships for a range of cancers, especially leukaemia and brain tumour and all cancer 
at residential exposure levels. 
 
This forms a coherent, consistent, integrated set of studies showing a causal relationship 
between sleep disturbance, chronic fatigue and cancer in association with extremely low 
mean RF exposure levels experiences in residential situations in the vicinity of radio and 
TV transmission towers. 
 
Summary of ICNIRP's assessment: Critique 
 
The cancer assessment, ICNIRP (1998) p 504, references one review (UNEP/WHO/IRPA 
1993), WHO (1993), and 13 papers covering 11 studies. The WHO (1993) review, is 
limited by citing only 6 epidemiological studies and, by not reviewing the actual results, 
contains errors, which are propagated through to the ICNIRP assessment. 
 
In ICNIRP (1998), only 13 papers are cited directly: 
 
1. Barron and Baraff (1958): The study group is too small (226) and the follow up 

period (4-13 years from first exposure) is too short to detect cancer.  Cancer is not one 
of the paper’s studies chosen outcomes. It is grossly dishonest and misleading to 
include this paper in a cancer assessment and to cite it as showing that there are no 
cancer risks from exposure to radar. 

 
2. Robinette et al. (1980): Is widely claimed to show no effects when its data does show 

many significant adverse human health effects, including a significant dose-response 
relationship for all mortality, cancer, leukaemia and respiratory cancer. 

 
3. Lilienfeld et al. (1978): Is widely claimed to show no effects when its data does show 

significant adverse human health effects, including neurological, cardiac and cancer 
effects and includes a significant dose-response relationship for rates of sickness as a 
function of years in Moscow. 

 
4. Selvin et al. (1992): Is widely claimed to show no effects when it was aiming to 

develop an epidemiological method relating to spatial clustering.  Its data does show 
significant adverse human health effects, including significant dose-response 
relationships when radial cancer rates are related to radial exposure measurements. 
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5. Beall et al. (1996): Is quoted by ICNIRP as failing to show significant increases in 
nervous system tumours, when it does, and includes a significant dose-response 
relationship between years of exposure and rates of brain tumor for computer 
programmers. 

 
ICNIRP (1998) claims that this study showed no significant increases in nervous 
system tumours. This is factually wrong.  The overall results of Beall et al. (1996), as 
presented in their abstract is: There was elevated ORs: 
 
“For 10 or more years of employment in engineering/ technical jobs (OR = 1.7, 
95% CI: 1.0-3.0) or in programming jobs (OR = 2.8, 95% CI: 1.1-7.0). The OR for 
glioma for all subjects who had accrued 5 years of programming work 10 
years before the case’s death was 3.9 (95% CI: 1.2-12.4).” 
 
For engineers/technicians the dose-response has p=0.07. For computer 
programmers, those most using computers, the dose-response is significant, p = 
0.04. 
 

6. Grayson (1996) Is quoted by ICNIRP as failing to show significant increases in 
nervous system tumours, when it does show a significant increase in brain tumor for 
RF/MW exposed personnel. 
 
Grayson carried out a job title-time-exposure matrix utilising potential intensity scores 
for both ELF and RF/MW EMR exposures. Data on ionizing radiation exposure was 
also available. 
 
“Although the present study has its limitations, particularly in exposure 
estimation, it does suggest that there is a small association between potential 
EMF exposures and brain tumor risk among Air Force members, especially for 
personnel potentially exposed to Radiofrequency/microwave EMFs.”  
 
The results for the three types of radiation exposure, after adjustment for: Age-race-
senior military rank, were: 
 

Ionizing Radiation OR = 0.58 95%CI: 0.22-1.52 
ELF Radiation OR = 1.28 95%CI: 0.95-1.74 
RF/MW radiation OR = 1.39 95%CI: 1.01-1.90 

 
The RF/MW exposure gives a significant 39% increase in brain tumor. 

 
7. Rothman et al. (1996a): ICNIRP acknowledges that it is still too early to observe an 

effect of cancer incidence and mortality from mobile telephone use as yet. 
 
8. Rothman et al (1997b) ICNIRP acknowledges that it is still too early to observe an 

effect of cancer incidence and mortality from mobile telephone use as yet. However 
the study does show a significant increase in the mortality of old whole body exposing 
mobile phone users compared with smaller, hand held, head exposing portable 
phone users, RR = 1.38, 95%CI: 1.07-1.79, p=0.013. 
 

9. Szmigielski et al. (1988): finds significant increases in cancer across the body, 
especially leukaemia incidence and mortality among Polish Military personnel 
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exposed to radio and radar. ICNIRP says is difficult to interpret because neither the 
size of the population nor the exposure levels are clearly stated. In fact the Polish 
Military microwave exposure regime is presented and the group is described by the 
authors as “large and well controlled”. 

 
10. Szmigielski (1996): ICNIRP acknowledges that Szmigielski found significant 

increases in leukaemia but criticizes the exposure assessment and the description of 
the population.  Again, the overall group exposure regime is well described, but as in 
all large population studies, individual exposures are not monitored but group 
exposures can be well classified. The Leukaemia results are so extremely significant 
as to be considered as causal. 

 
11. Hocking et al. (1996), (12.) Dolk et al. (1997a) and (13.) Dolk et al. (1997b) are 

acknowledged as “suggesting a local increase in leukaemia incidence” in populations 
living in the vicinity of TV/FM transmission towers, but ICNIRP calls the results 
“Inconclusive”. The UK studies of Dolk et al., show a causal relationship with radial 
distance and Hocking strongly supports this with a dose-response increase. 

 
ICNIRP's  overall cancer assessment conclusion that: "Overall, the results of the small 
number of epidemiological studies published provide only limited information on cancer 
risk." 
 
This conclusion is mistakenly based on flawed previous assessments, WHO (1993),  
inappropriate inclusion of (1) and (7), failure to review the data on effects (2, 3, and 4), 
incorrect claims of no significant effects when such effects are reported (5 and 6), failure 
to analyse the data in (8), inappropriate dismissal of significant well conducted studies (9 
and 10) and inappropriate devaluing of residential studies (11, 12 and 13). 
 
All of the six appropriately included studies that ICNIRP claims to show no effects, in fact 
do show significant effects and five show significant to highly significant dose-response 
relationships. The five studies that ICNIRP agreed do show effects, but seeks to dismiss 
them, are all wrongfully dismissed. They also contain highly significant effects and 
significant dose-response relationships for residential RF/MW exposures. 
 
A systematic and independent analysis of the data in these papers reveals a consistent 
and significant increase in cancer with many dose response realtionships in this set of 
studies.  Also, many other studies exist which add considerable weight to the conclusion 
that there is a causal relationship between RF/MW and brain cancer, leukaemia and 
cancer across many organs in the body. The no-effects threshold is zero exposure. 
 
Cellphone radiation Mimics RF/MW Effects: 
 
Because cellphone radiation is also genotoxic, causes brain tumours, cardiac and 
neurological effects, including sleep disturbance and melatonin reduction, all of these 
effects will be associated with cell sites. 
 
The Issue: 
 
Thousands of people are using cell phones for hours each day. They are exposing a very 
sensitive organ, their brain, to higher mean intensities than military personnel are exposed 
to when repairing radar. The military personnel show significant increases in cancer and a 
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wide range of illnesses.  Even at the very low mean levels that people experience living 
within 10 km of radio and TV towers, significant increases in cancer has been observed. 
 
Analogue cell phones emit an analogue modulated RF/MW signal similar to an FM radio 
or TV signal. The digital cell phones radiate a pulse RF/MW signal similar to a radar.  
Biological and epidemiological effects from EMR exposure across the spectrum show the 
same or similar effects. 
 
Many people continue to drive while talking on their cell phones. Attention deficit and 
neurological effects on the user's brain make accidents much more likely. 
 
Very young children and teenagers are becoming regular to heavy users of cell phones 
while their brains and bodies are in a much more vulnerable state than elderly people. 
With cancer and neurodegenerative disease latencies of decades, the possible adverse 
effects will take some time to become evident. By which time it will be too late for 
thousands of people. 
 
There is growing concern about cell phone interference with cardiac pacemakers. If cell 
phone signals can interfere with an electronic pacemaker, then it is likely to also interfere 
with human hearts that are arrhythmically unstable. 
 
Effects shown for electromagnetic radiation, especially radio and radar signals: 
 
Such signals have been shown to: 
 
• Alter brain activity, including EEG and reaction times, memory loss, headaches, fatigue 

and concentration problems, dizziness (the Microwave Syndrome), Gordon (1966), 
Deroche (1971), Moscovici et al. (1974), Lilienfeld et al. (1978), Shandala et al. (1979), 
Forman et al. (1982), Frey (1998). 

 
• Impair sleep and learning, Altpeter et al. (1995), Kolodynski and Kolodynska (1996) 
 
• Increase permeability of the blood brain barrier (a mechanism for headache), Frey et 

al. (1975), Alberts (1977, 1978) and Oscar and Hawkins (1977). 
 
• Alter GABA, Kolomytkin et al. (1994). 
 
 
• Increase neurodegenerative disease including Alzheimer's Disease, Sobel et al. (1995, 

1996), Savitz et al. (1998a,b) 
 
• Highly significant Increased permeability of the blood brain barrier for 915 MHz 

radiation at SAR =0.016-0.1 (p=0.015) and SAR = 0.1-0.4 (p=0.002); Salford et al. 
(1994). 

 
• Alter blood pressure and heart rhythm (heart rate variability) and Heart Disease, 

Forman et al. (1986), Hamburger, Logue and Silverman (1983), Bortkiewicz et al. 
(1995, 1996, 1997) and Szmigielski at al (1998), Savitz et al. (1999) 

 
• Increase the Suicide Risk, Baris and Armstrong (1990), Perry et al. (1991), Van 

Wijngaarden et al. (2000). 



 59

 
• Impair the immune system Quan et al. (1992), Dmoch and Moszczynski (1998), 

Bruvere et al. (1998) 
 
• Reduce sperm counts, Weyandt et al. (1996) 
 
• Increase miscarriage and congenital abnormalities, Kallen et al. (1982), Larsen et al. 

(1991), Ouellet-Hellstrom and Stewart (1993). 
 
• Reduce melatonin and alter calcium ions, Abelin (1999), Burch et al. (1997, 1999) 

Bawin and Adey (1976), Blackman et al. (1988, 1989, 1990). 
 
• Enhances heat shock proteins at extremely low exposure levels in a highly 

reproducible manner showing that they are not stimulated by heat but in reaction to a 
'toxic' protein reaction, Daniells et al. (1998), and down to 0.001W/kg (0.34µW/cm2) 
using 750MHz microwaves, de Pomerai (2000). 

 
• Break DNA strands, damage chromosomes, alter gene transcription activity, and 

neoplastically transform cells. Lai and Singh (1995, 1996, 1997), Garaj-Vrhovac et al. 
(1990, 1991, 1992, 1993, 1999), Vijayalaxmi et al. (1997), Phillips et al. (1992, 1993), 
and Balcer-Kubiczek and Harrison (1991). 

 
• Enhances cell death in a dose response manner for signal intensity and exposure time, 

Garaj-Vrhovac et al. (1992). 
 
• Enhances cell proliferation in a dose-response manner for exposure time, Mattei et al. 

(1999). 
 
• Enhances Ornithine Decarboxylase (ODC) activity, a measure of cell proliferation rate, 

Byus et al. (1988), Litovitz et al. (1997). 
 
• Enhances free radicals, Phelan et al. (1992) 
 
• Increase the incidence of many types of cancer, including leukaemia, brain tumor, 

testicular cancer, genitourinary and breast cancer, Robinette et al. (1980), Milham 
(1985, 1988), Szmigielski (1996), Hocking et al. (1996), Dolk et al. (1997 a, b), Beall et 
al. (1996), Grayson (1996), Thomas et al. (1987), Lilienfeld et al. (1978), Zaret (1989), 
Davis and Mostofl (1993), Hayes et al. (1990), Tynes et al. (1996), Cantor et al. (1995). 

 
These biological and health effects are consistent with the biological understanding that 
brains, hearts and cells are sensitive to electromagnetic signals because they use 
electromagnetic signals for their regulation, control and natural processes, including those 
processes monitored by the EEG and ECG. There is overwhelming evidence that EMR is 
genotoxic, alters cellular ions, neurotransmitters and neurohormones, and interferes with 
brain and heart signals, and increases cancer. 
 
Cell Phone Radiation Research: 
 
For years the cell phone companies and government authorities have assured us that cell 
phone are perfectly safe.  They state that the particular set of radiation parameter 
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associated with cell phones are not the same as any other radio signal and therefore 
earlier research does not apply. They also mount biased review teams who falsely dismiss 
any results that indicate adverse biological and health effects and the flawed pre-
assumption that the only possible effect is tissue heating. There is a very large body of 
scientific research that challenges this view. Now we have published research, primarily 
funded by governments and industry that shows that cell phone radiation causes the 
following effects: 
 
• Alters brain activity including EEG, Von Klitzing (1995), Mann and Roschkle (1996), 

Krause et al. (2000). 
 
• Disturbs sleep, Mann and Roschkle (1996), Bordely et al. (1999) 
 
• Alters human reaction times, Preece et al. (1999), Induced potentials, Eulitz et al. 

(1998), slow brain potentials, Freude et al. (1998), Response and speed of switching 
attention (need for car driving) significantly worse, Hladky et al. (1999). Altered reaction 
times and working memory function (positive), Koivisto et al. (2000), Krause et al. 
(2000). 

 
• Weakens the blood brain barrier (p<0.0001): Persson, B.R.R., Salford, L.G. and Brun, 

A., 1997. 
 
• A Fifteen minute exposure, increased auditory brainstem response and hearing 

deficiency in 2 kHz to 10 kHz range, Kellenyi et al. (1999). 
 
• While driving, with 50 minutes per month with a cell phone, a highly significant 5.6-fold 

increase in accident risk, Violanti et al. (1996); a 2-fold increase in fatal accidents with 
cell phone in car, Violanti et al. (1998); impairs cognitive load and detection thresholds, 
Lamble et al. (1999). In a large Canadian study Redelmeier and Tibshirani (1997) the 
risk of collision when using a cellphone was 4 time higher, RR = 4.3, 95%CI 3.0-6.5. 
Calls close to the time of collision has RR =4.8 for 5 minutes and RR = 5.9, p<0.001, 
for 15 minutes. 

 
• Significant changes in local temperature, and in physiologic parameters of the CNS 

and cardiovascular system, Khdnisskii, Moshkarev and Fomenko (1999). 
 
• Cardiac pacemaker interference: skipped three beats, Barbaro et al. (1996); showed 

interference, Hofgartner et al. (1996); significant interference, p<0.05 Chen et al. 
(1996); extremely highly significant interference, p=0.0003, Naegeli et al. (1996); 
p<0.0001, Altamura et al. (1997); reversible interference, Schlegal et al. (1998); 
significantly induced electronic noise, Occhetta et al. (1999); various disturbances 
observed and warnings recommended, Trigano et al. (1999) 

 
• Increases blood pressure, Braune et al. (1998). 
 
• Decreases in sperm counts and smaller tube development in rat testes, Dasdag et al. 

(1999). 
 
• Increases embryonic mortality of chickens, Youbicier-Simo, Lebecq and Bastide 

(1998). 
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• Causes memory loss, concentration difficulties, fatigue, and headache, in a dose 
response manner, (Mild et al. (1998)). Headache, discomfort, nausea, Hocking (1998). 

 

 
Figure 46: Prevalence of symptoms for Norwegian mobile phone users, mainly analogue, 

with various categories of length of calling time per day, Mild et al. (1998). 
 

 
Figure 47: Prevalence of symptoms for Swedish mobile phone users, mainly digital, with 

various categories of length of calling time per day, Mild et al. (1998). 
 

These are the same symptoms that have frequently been reported as "Microwave 
Sickness Syndrome" or "Radiofrequency Sickness Syndrome", Baranski and Czerski 
(1976) and Johnson-Liakouris (1998). 

 
• Reduces the pituitary production of Thyrotropin (Thyroid Stimulating Hormone, TSH): 
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Figure 48: A significant reduction in Thyrotropin (Thyroid Stimulating Hormone) 

during cell phone use, de Seze et al. (1998). 
 
• A reported but yet to be published Australian Study, EMRAA News, June 2000, used a 

Clot Retention Test on blood samples to detect hormonal changes. A group of 30 
volunteers used a Nokia 6150 cellphone for 10 minutes on each of two consecutive 
days. The CRT test showed significant changes in the thyroid, pancreas, ovaries, 
testes and hormonal balance. 

 
• Reduces melatonin, Burch et al. (1997, 1998). 
 
• Breaks DNA strands (Verschaeve at al. (1994), Maes et al. (1997), which is still 

extremely significant p<0.0001, at 0.0024W/kg (1.2 µW/cm2), Phillips et al. (1998)). 
 
• Produces an up to three-fold increase in chromosome aberrations in a dose response 

manner from all cell phones tested, Tice, Hook and McRee, reported in Microwave 
News, April/May 1999. 

 
• Doubles c-fos gene activity (a proto oncogene) for analogue phones and  increases it 

by 41 % for digital phones, Goswami et al. (1999), altered c-jun gene, Ivaschuk et al. 
(1997), Increased hsp70 messenger RNA, Fritz et al. (1997). 

 
• Increases Tumour Necrosis Factor (TNK), Fesenko et al. (1999). 
 
• Increases ODC activity, Penafiel et al. (1997). 
 
• DNA synthesis and cell proliferation increased after 4 days of 20 min for 3 times/day 

exposure. Calcium ions were significantly altered, French, Donnellan and McKenzie 
(1997). Decreased cell proliferation, Kwee and Raskmark (1997), Velizarov, Raskmark 
and Kwee (1999) 

 
• Doubles the cancer in mice, Repacholi et al. (1997). 
 
• Increases the mortality of users of older mobile phones that exposed the whole body, 

compared with users of more modern hand-held cellphone that primarily expose the 
head, RR = 1.38, 95%CI: 1.07-1.79, p=0.013, Rothman et al. (1996b). 

 
• Increases human brain tumor rate by 2.5 times (Hardell et al. (1999a)).  
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• Associated with an angiosarcoma (case study), Hardell (1999b). 
 
• Gandhi (1999) showed that cellphone radiation penetrated children's heads much 

more than adults. 
 
• Muscat et al. (1999) found a significant increase of ganglioneuromas/ 

ganglioneuroblastomas in 14 out of 34 cellphone users. 
 
• Hardell et al. (2000), for analogue phones OR = 2.62, 95%CI: 1.02-6.71, with higher 

tumour rates at points of highest exposure. 
 
• Carlo and Jenrow (2000) report WTR research that shows micronuclei damage in 

human blood and an increase in brain tumor mortality among hand-held cellphone 
users compared with car phone users. 

 
Conclusions: 
 
To date 53 studies have shown adverse biological or human health effects specifically 
from cell phone radiation. These research results to date clearly show that cell phones 
and cell phone radiation are a strong risk factor for all of the adverse health effects 
identified for EMR because they share the same biological mechanisms.  The greatest risk 
is to cell phone users because of the high exposure to their heads and the great sensitivity 
of brain tissue and brain processes. DNA damage accelerates cell death in the brain, 
advancing neurodegenerative diseases and brain cancer. Brain tumour is already an 
identified risk factor.  Cell phones are carried on people's belts and in breast pockets. 
Hence liver cancer, breast cancer and testicular cancer became probable risk factors. 
 
Altered attention and cognition, as well as the diversion of talking on a phone while driving 
is a significant risk factor for accidents and fatal accidents. 
 
Some cardiac pacemakers are susceptible to active cell phone signals, recommending 
keeping cell phones away from hearts and pacemakers. 
 
Because the biological mechanisms are shown and EMR has been observed to 
significantly increase the following effects, there is extremely strong evidence to conclude 
that cell phones are a risk factor for breast, liver, testicular and brain cancer. It is also 
probable that we will observe a very wide range of other effects including cardiac, 
neurological and reproductive illness and death. Since cell phone radiation cause many 
cell damages including interference with the brain's EEG and cardiac pace-makers, DNA 
and chromosome damage, all of these effects will also be caused by cell sites. 
 
Recommendations: 
 
Since the threshold level for no-effects is zero exposure, and since buildings can shield 
RF/Microwaves by at least a factor of 10, if a maximum exposure level at the boundary of 
a property is set at 0.1µW/cm2, then the indoor exposure will be less than 0.01µW/cm2, or 
10 nW/cm2. This reduces the health risk to less from outside than using a computer or a 
being in a kitchen with the microwave oven on. Hence I recommend an outdoor public 
exposure limit at the boundary of properties of 0.1µW/cm2, the Salzburg cell site limit. 


