
Health Effects of Microwave Radio Exposures

Paul Dart MD FCA
The current FCC Limits for Microwave RF Exposure were published in 1999.
These guidelines are only designed to protect the public against the thermal effects of microwave RF.
The FCC has explicitly stated that they do not make any regulations or assurances whatsoever regarding the 
“nonthermal” biological effects of lower level microwave RF exposures (other physiologic effect besides heat 
damage).
Many statements from industry spokesmen state that “not enough is known” about these exposures to identify risk, 
or that there is “insufficient” or “incomplete” evidence regarding such risks, or that there is “no scientific consensus” 
on this risk.
This implies that there isn’t much scientific information on this subject.  But actually, there is a great deal of research 
documenting adverse biological effects from low level RF exposures.
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In this presentation, we’re going to take a look at the current scientific evidence for adverse biological effects of RF 
exposures.
First, we’ll look at the evidence that RF exposures can produce acute symptoms in many individuals, a problem 
called Electrohypersensitivity Syndrome or “EHS”.
Then we’ll look at the evidence that RF exposures alter hormone physiology and increase oxidative stress in living 
systems.
Then we’ll review the evidence that such alterations in physiology can damage DNA, increase the incidence of some 
forms of cancer, and decrease fertility in animals and in human beings.



U.S. Embassy, Moscow (1953-1978)

Acute symptoms provoked by microwave radiation were first described by Russian medical researchers in the 1950’s.  They 
described a constellation of symptoms including headache, ocular dysfunction, fatigue, dizziness, sleep disorders, dermatographism, 
cardiovascular abnormalities, depression, irritability, and memory impairment.

In the years between 1953 and 1978 the Russian government harrassed the U.S. Embassy in Moscow by targeting it with radiation 
from a microwave transmitter positioned on the roof of a nearby building.  

Exposed embassy staff experienced a statistically significant excess of several problems, including:  depression, irritability, 
difficulty in concentrating, memory loss, ear problems, skin problems, vascular problems, and other health problems.  Symptom 
incidence increased significantly with accrued years of exposure.  Exposure levels inside the building were in the order of 2 to 28 μW/
cm2  (FCC Guidelines: 600 μW/cm2)
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Concern about health effects among Embassy personnel led to a detailed study by A.M. Lilienfeld, an epidemiologist at Johns 
Hopkins University. The abnormalities found in this study were an embarrassment to the U.S. government, since the levels of 
exposure experienced by embassy staff inside the building were in the order of 2 to 28 microwatts/cm2, a level dramatically 
below the described U.S. safety standards for microwave exposure.  It appears that the conclusions of the study were altered to 
soft-pedal any abnormal findings.
Lilienfeld AM LGM, Cauthen J, Tonascia S, Tonascia J. Evaluation of health status of foreign service and other employees from selected eastern European embassies. Foreign Service Health Status Study, Final 
Report; Contract No. 6025-619037 (NTIS publication P8-288 163/9) (1979); 1-447.
Liakouris AG. Radiofrequency (RF) Sickness in the Lilienfeld Study: An Effect of Modulated Microwaves? Archives of Environmental Health (1998); 53(3):236-238.
Goldsmith JR. Where the trail leads. Ethical problems arising when the trail of professional work leads to evidence of a cover-up of serious risk and mis-representation of scientific judgement concerning 
human exposures to radar. Eubios Journal of Asian and International Bioethics (1995b); 5(4):92-94.
Cherry N. Evidence of Health Effects of Electromagnetic Radiation, To the Australian Senate Inquiry into Electromagnetic Radiation (2000): 1-84. http://www.neil- cherry.com/documents 
90_m1_EMR_Australian_Senate_Evidence_8-9-2000.pdf



Norway (1998)

From:
Mild, K.H., Oftedal, G., Sandstrom, M., Wilen, J., Tynes, T., Haugsdal, B. and Hauger E., 1998: "Comparison of symptoms by users of analogue and digital 
mobile phones - A Swedish- Norwegian epidemiological study". National Institute for Working Life, 1998:23, Umea, Sweden, 84pp.



Norway (1998)

Figure 11: Prevalence of symptoms for Norwegian mobile phone users, mainly analogue, with various categories of length of calling time per day, from Mild 
et al. (1998).

In: 
Cherry N. EMF/EMR Reduces Melatonin in Animals and People. (2002):1-14.  http://www.neilcherry.com/documents.php
From:
Mild, K.H., Oftedal, G., Sandstrom, M., Wilen, J., Tynes, T., Haugsdal, B. and Hauger E., 1998: "Comparison of symptoms by users of analogue and digital 
mobile phones - A Swedish- Norwegian epidemiological study". National Institute for Working Life, 1998:23, Umea, Sweden, 84pp.



La Ñora, Spain (2001)

B
A

Town of 1900 inhabitants, with GSM cell phone tower.
Questionnaire distributed, 5% of inhabitants responded.  The questionnaire was composed of 25 different items 
mainly concerning health information about the respondents.
The respondents scored and marked from 0 to 3 the presence of the suffered health dysfunction: 0 never, 1 
sometimes, 2 often, 3 very often.
Power density of signal in bedrooms of respondents was measured.
Area A (< 150 meters from tower) = average power density  0.11 !W/cm2.
Area B (> 250 meters from tower) = average power density  0.01 !W/cm2.
Navarro E, Segura J, Portolés M, Gómez-Perretta C. The Microwave Syndrome: A Preliminary Study in Spain. Electromagn Biol Med (2003); 22(2-3):161-169.



(p < 0.01)(p < 0.02) (p < 0.02) (p < 0.02) (p < 0.05)

0

0.75

1.5

2.25

3

Discomfort Sleep Disturbance Depression Poor Concentration Dizziness BLANK

0.01 !W/cm2 (> 250 m distance) 0.11 !W/cm2 (< 150 m distance)

La Ñora, Spain (2001)
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Symptom score (0 – 3) vs Average Bedroom Exposure Levels to Microwave RF
FCC Guidelines: 600 - 1000 !W/cm2

Navarro E, Segura J, Portolés M, Gómez-Perretta C. The Microwave Syndrome: A Preliminary Study in Spain. Electromagn Biol Med (2003); 22(2-3):161-169.

Abstract
A health survey was carried out in Murcia, Spain, in the vicinity of a Cellular Phone Base Station working in DCS-1800 MHz. This survey contained health 
items related to “ microwave sickness ” or “RF syndrome.” The microwave power density was measured at the respondents' homes.  Statistical analysis 
showed significant correlation between the declared severity of the symptoms and the measured power density. The separation of respondents into two 
different exposure groups also showed an increase of the declared severity in the group with the higher exposure.
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Symptom score (0 – 3) vs Average Bedroom Exposure Levels to Microwave RF

Based on the data of this study the advice would be to strive for levels not higher than 0.02 V/m for the sum total, which is equal to a power density of 
0.0001 !W/cm2 or 1 !W/m2, which is the indoor exposure value for GSM base stations proposed on empirical evidence by the Public Health Office of the 
Government of Salzburg in 2002.

Oberfeld G, Navarro E, Portoles M, Maestu C, Gomez-Perretta C. The Microwave Syndrome -- Further Aspects of a Spanish Study. (2004):1-8. http://
www.powerwatch.org.uk/pdfs/20040809_kos.pdf



France (2002)

Questionnaire re multiple symptoms that have been described for “microwave syndrome”.

n = 530

Evaluated incidence of symptoms as a function of residential proximity in meters to a cell phone tower.

Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49.
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Y axis = percentage in exposure category answering “Often” or “Very Often” to a symptom query, in reference to total 
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* = statistically significant for this sample size.

Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49
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Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49



Santini et al.

Exposure to Other  Electromagnet ic  Factors

The presence of factors such as an electrical transfbrmer, very high tension electric
power lines, radio-television transmitters, the use of computers, or cellular phones has
linle influence on the frequency of symptoms reported by subjects living at a distance
of up to 300 m from base stations. However, a si,enificant decrease of sleep disturbance
for ceilular phone users, and significant increases of discomfort and dizziness with the
presence of an electrical transformer, and of difficulties in concentration with the
presence of a radio-television transmitter, are observed in comparison with subjects
livin-e at a distance of up to 300 m, but not exposed to those factors.

Table 3. Intluence of age on the percentages of complÀints
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lbr 16 Non Specific Health Symptoms experienced by 530 people (270 men + 260
women) in relation to theù distances from ceiluiar phone base stations (<300 m vs. >300 m
lrc]-erennc orntrnl)- , e e Y ) / .
*  -  P < 0.05 for levels of complaints 2+3 pooled.

Elderly people are more vulnerable

Influence of age on the percentage of complaints

--------------

Santini R, Santini P, Danze JM, Le Ruz P, Seigne M. [Investigation on the health of people living near mobile telephone relay stations: I/Incidence according to 
distance and sex]. Pathol Biol (Paris) (2002); 50(6):369-373.

Santini R SP, Le Ruz P, Danze J, Seigne M. Survey Study of People Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine 
(2003); 22(1):41-49.



Shebeen El-Kom, Egypt (2003)

Study of 85 inhabitants living near the first cell phone tower in the city (tower operational since 1998).
37 subjects lived in the building under the transmitters.
48 others worked in the building across the street.
A control group of 80 individuals worked in a building 2 kilometers away from the towers.
Controls were matched for age, sex, occupation, education level, and mobile phone use.

Abdel-Rassoul G, El-Fateh OA, Salem MA et al. Neurobehavioral effects among inhabitants around mobile phone base stations. Neurotoxicology (2007); 28(2):434-440.
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Vienna and Carinthia, Austria (2004)

Study of health effects around 10 cell phone towers (“base stations”) in urban and rural Austria.
Criteria:  

Towers operational for >2 years.
No local controversy.
No other towers nearby (when possible).
900 MHz transmission.
Random selection of households within the study areas.
Performance tests, symptom questionnaires, exposure measurements in the subject’s bedroom.

Hutter HP, Moshammer H, Wallner P, Kundi M. Subjective symptoms, sleeping problems, and cognitive performance in subjects living near mobile phone 
base stations. Occup Environ Med (2006); 63(5):307-313.
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Percentage of subjects reporting symptoms, stratified by RF exposure levels as measured in subject’s bedroom.
* = statistically significant for this sample size.

FCC Guidelines:  6000 mW/m2

Hutter HP, Moshammer H, Wallner P, Kundi M. Subjective symptoms, sleeping problems, and cognitive performance in subjects living near mobile phone 
base stations. Occup Environ Med (2006); 63(5):307-313.

BACKGROUND: The erection of mobile telephone base stations in inhabited areas has raised concerns about possible health effects caused by emitted microwaves. 
METHODS: In a cross-sectional study of randomly selected inhabitants living in urban and rural areas for more than one year near to 10 selected base stations, 365 subjects were investigated. Several cognitive tests were performed, and 
wellbeing and sleep quality were assessed. Field strength of high-frequency electromagnetic fields (HF-EMF) was measured in the bedrooms of 336 households. 
RESULTS: Total HF-EMF and exposure related to mobile telecommunication were far below recommended levels (max. 4.1 mW/m2). Distance from antennae was 24-600 m in the rural area and 20-250 m in the urban area. Average 
power density was slightly higher in the rural area (0.05 mW/m2) than in the urban area (0.02 mW/m2). Despite the influence of confounding variables, including fear of adverse effects from exposure to HF-EMF from the base station, 
there was a significant relation of some symptoms to measured power density; this was highest for headaches. Perceptual speed increased, while accuracy decreased insignificantly with increasing exposure levels. There was no 
significant effect on sleep quality. CONCLUSION: Despite very low exposure to HF-EMF, effects on wellbeing and performance cannot be ruled out, as shown by recently obtained experimental results; however, mechanisms of action at 
these low levels are unknown.



Akrotiri, Cyprus (2005)

Radar Antenna 

Evaluation of health concerns near a military radar antenna:

Measurement of average RF levels in two nearby communities:
Akrotiri [red circle] 
Asomatos [yellow circle]
And as a control, in another village > 20 km distant [blue circle]
Akrotiri also had a cell phone tower.

Preece AW, Georgiou AG, Dunn EJ, Farrow SC. Health response of two communities to military antennae in Cyprus. Occup Environ Med (2007); 64(6):402-408.
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On left, average RF readings in the three communities (in v/M).
On the right, percentages of four reported symptoms were significantly higher in the towns with higher RF 

exposures. 
Average power densities:
Akrotiri:  0.57 v/m = 0.863 !W/cm2

Asomatos:  0.46 v/m = 0.561 !W/cm2

Pano Kyvides:  0.001 v/m = 0.000001 !W/cm2

FCC Guidelines: 600-1000 !W/cm2

Preece AW, Georgiou AG, Dunn EJ, Farrow SC. Health response of two communities to military antennae in Cyprus. Occup Environ Med (2007); 64(6):402-408.



Selbitz, Bavaria (2009)
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General health survey sent to 1080 residents of the village of Selbitz, Bavaria (population 4644), with 251 responses 
(23% return).
Two cell tower transmitters in the center of town.
Exposure areas determined by concentric circles of 100 to 400 meters radius.
Field measurements stratified exposures into two regions:
Groups 1 and 2 (mean exposure 1.17 V/m)
Groups 3 and 4 (mean exposure 0.70 V/m)
Eger H, Jahn M. Specific Health Symptoms and Cell Phone Radiation in Selbitz (Bavaria, Germany) -- Evidence of a Dose-Response 

Relationship. umwelt-medizin-gesellschaft (2010); 23:1-20.
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Some sample data from the study.  Symptoms scored on 0 – 5 scale.

* = statistically significant (Groups 1 + 2 compared to Groups 3 + 4).

14 of 19 symptom categories showed statistically significant elevations in groups 1 and 2 as compared to groups 3 
and 4.

--------------

Eger H, Jahn M. Specific Health Symptoms and Cell Phone Radiation in Selbitz (Bavaria, Germany) -- Evidence of a Dose-Response 
Relationship. umwelt-medizin-gesellschaft (2010); 23:1-20.



Danish Birth Cohort Studies

Several studies done on large numbers of young children in the Danish National Birth Cohort.
Evaluating health status of children at age 7.

Significant changes found in three areas:
Behavioral problems.
Headaches.
Hearing Loss.



Cell Phone Exposure and Behavioral Problems in Young Children
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Association of prenatal and postnatal cell phone exposure and behavioral problems in young children, evaluated at 
age 7.
Two studies with the Danish National Birth Cohort:
Study 1 – (2006 data, n = 13,159)    OR=1.80 (95% CL=1.45-2.23)
Divan HA, Kheifets L, Obel C, Olsen J. Prenatal and postnatal exposure to cell phone use and behavioral problems in children. Epidemiology (2008); 19(4):

523-529.

Study 2 – (2008 data, n = 28,745)    OR=1.5 (95% CL=1.4-1.7)
Divan HA, Kheifets L, Obel C, Olsen J. Cell phone use and behavioural problems in young children. J Epidemiol Community Health (2010); 66:524-529



Cell Phone Exposure and Behavioral Problems in Young Children
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Association of prenatal and postnatal cell phone exposure and behavioral problems in young children, evaluated at 
age 7.
Study 1 – 2006 (n = 13,159)

Divan HA, Kheifets L, Obel C, Olsen J. Prenatal and postnatal exposure to cell phone use and behavioral problems in children. Epidemiology (2008); 19(4):
523-529.
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Association of prenatal and postnatal cell phone exposure and behavioral problems in young children, evaluated at 
age 7.
Danish National Birth Cohort:
Study 2 – 2008 cohort (n = 28,745)
1 = no increased risk

Divan HA, Kheifets L, Obel C, Olsen J. Cell phone use and behavioural problems in young children. J Epidemiol Community Health (2010); 66:524-529



Cell Phone Exposure and Headaches in Young Children
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Association of postnatal cell phone exposure and headaches in young children, evaluated at age 7.
52,680 children in the Danish National Birth Cohort:

Results—Our analyses included data from 52,680 children. Children with cell phone exposure had higher odds of migraines and headache-related symptoms than children 
with no exposure. The odds ratio for migraines was 1.30 (95% confidence interval: 1.01–1.68) and for headache-related symptoms was 1.32 (95% confidence interval: 1.23–
1.40) for children with both prenatal and postnatal exposure.

Sudan M, Kheifets L, Arah O, Olsen J, Zeltzer L. Prenatal and Postnatal Cell Phone Exposures and Headaches in Children. Open Pediatr Med Journal (2012); 
6(2012):46-52.



Cell Phone Use and Hearing Loss in Young Children
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Association of postnatal cell phone exposure and headaches in young children, evaluated at age 7.
52,680 children in the Danish National Birth Cohort:
Three forms of statistical analysis showed this trend.
Results: Our analyses included data from 52 680 children. We observed weak associations between cell phone use and hearing loss at age 7, with odds ratios and 95% 
confidence intervals from the traditional logistic regression, MSM and DRE models being 1.21 [95% confidence interval [CI] 0.99, 1.46], 1.23 [95% CI 1.01, 1.49] and 1.22 
[95% CI 1.00, 1.49], respectively.

Sudan M, Kheifets L, Arah OA, Olsen J. Cell phone exposures and hearing loss in children in the Danish National Birth Cohort. Paediatr Perinat Epidemiol 
(2013); 27(3):247-257.



Wireless “smart meters” increase public RF exposure.

In the last ten years, networks of “smart meters” have been installed in residential areas in many parts of the world.

Many of these smart meter networks operate on a “mesh” network technology where the meters transmit brief but 
quite strong pulses multiple times per minute, 24 hours a day.

This produces a significant increase on the total load of microwave RF in residential communities.
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Onset of new symptoms after exposure to “smart meters”.
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This increased residential exposure to “smart meter” RF transmissions has lead to an increase in the number of 
individuals who report onset of symptoms of EHS.  

Data from a survey conducted by Richard Conrad PhD which was presented as testimony to the Maine Public Utilities 
Commission.

In February 2013, the expert testimony of Richard H. Conrad, PhD, and many other experts worldwide, was submitted to the Maine Public 
Utilities Commission when the Commission was considering the future of Smart Meters in that state. Dr. Conrad reported the results of a survey 
of 210 individuals who had experienced symptoms resulting from exposure to Smart Meters.  [Pre-Filed Testimony of Richard H. Conrad, Ph.D. 
Maine Public Utilities Commission Docket No. 2011-00262, Appendix 3 (http://www.mainecoalitiontostopsmartmeters.org/wp-content/
uploads/2013/01/Exhibit-9-Conrad-Web.pdf).]
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This chart shows the change in usage of or tolerance to wifi by respondents to Dr. Conrad’s questionnaire, before and 
after installation of the residential “smart meter” infrastructure.
Numbers are stated as percentages of 210 respondents.

Pre-Filed Testimony of Richard H. Conrad, Ph.D., Appendix 2 for worsened symptoms and Appendix 3 for new symptoms (http://
www.mainecoalitiontostopsmartmeters.org/wp-content/uploads/2013/01/Exhibit-9-Conrad-Web.pdf).
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ABSTRACT
Context • In 2006, the government in the state of Victoria, 
Australia, mandated the rollout of smart meters in 
Victoria, which effectively removed a whole population’s 
ability to avoid exposure to human-made high-frequency 
nonionizing radiation. This issue appears to constitute an 
unprecedented public health challenge for Victoria. By 
August 2013, 142 people had reported adverse health 
effects from wireless smart meters by submitting 
information on an Australian public Web site using its 
health and legal registers. 
Objective • The study evaluated the information in the 
registers to determine the types of symptoms that 
Victorian residents were developing from exposure to 
wireless smart meters. 
Design • In this case series, the registers’ managers 
eliminated those cases that did not clearly identify the 
people providing information by name, surname, postal 
address, and/or e-mail to make sure that they were 
genuine registrants. Then they obtained consent from 
participants to have their deidentified data used to compile 
the data for the case series. The author later removed any 
individual from outside of Victoria.
Participants • The study included 92 residents of Victoria, 
Australia.

Outcome Measures • The author used her medical 
experience and judgment to group symptoms into 
clinically relevant clusters (eg, pain in the head was 
grouped with headache, tinnitus was grouped with ringing 
in the ears). The author stayed quite close to the wording 
used in the original entries. She then calculated total 
numbers and percentages for each symptom cluster. 
Percentages were rounded to the nearest whole number.
Results • The most frequently reported symptoms from 
exposure to smart meters were (1) insomnia, (2) headaches, 
(3) tinnitus, (4) fatigue, (5) cognitive disturbances,  
(6) dysesthesias (abnormal sensation), and (7) dizziness. 
The effects of these symptoms on people’s lives were 
significant. 
Conclusions • Review of some key studies, both recent 
and old (1971), reveals that the participants’ symptoms 
were the same as those reported by people exposed to 
radiofrequency fields emitted by devices other than smart 
meters. Interestingly, the vast majority of Victorian cases 
did not state that they had been sufferers of electromagnetic 
hypersensitivity syndrome (EHS) prior to exposure to the 
wireless meters, which points to the possibility that smart 
meters may have unique characteristics that lower people’s 
threshold for symptom development. (Altern Ther Health 
Med. 2014;20(6):28-39.)
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Melbourne, Victoria, Australia.
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The Victorian Auditor-General’s November 2009 
report1 criticized the rollout of smart meters, which 
had commenced in 2009 under a previous 

government’s mandate from 2006. As a result, a freshly 
elected Victorian Premier announced in 2010 that his 
government would review the program. Following a number 
of reports, including those by Deloitte,2 EMC Technologies,3 
and Lockstep Consulting,4 the new Victorian government 
announced on December 14, 2011, that it would continue 
with the program. Although the program would result in an 
overall net cost to consumers of $319 million dollars (NPV at 
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Common reported symptoms from “smart meter” exposure.
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This is a list of the most common symptoms reported as provoked from “smart meter” exposure in the Victoria, 
Australia study, graphed as percent of 92 respondents who reported the symptom.

Lamech, F.  Self-Reporting of Symptom Development From Exposure to Radiofrequency Fields of Wireless Smart Meters in Victoria, Australia: A Case Series.  Alternative 
Therapies, 2014 (Nov/Dec) Vol. 20:6. 
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Common reported symptoms from “smart meter” exposure.

This is a list of the most common symptoms reported as provoked from “smart meter” exposure in the Victoria, 
Australia study, graphed as percent of 92 respondents who reported the symptom.

Lamech, F.  Self-Reporting of Symptom Development From Exposure to Radiofrequency Fields of Wireless Smart Meters in Victoria, Australia: A Case Series.  Alternative 
Therapies, 2014 (Nov/Dec) Vol. 20:6. 
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Common reported symptoms from “smart meter” exposure.

This is a list of the most common symptoms reported as provoked from “smart meter” exposure in the Victoria, 
Australia study, graphed as percent of 92 respondents who reported the symptom.

Lamech, F.  Self-Reporting of Symptom Development From Exposure to Radiofrequency Fields of Wireless Smart Meters in Victoria, Australia: A Case Series.  Alternative 
Therapies, 2014 (Nov/Dec) Vol. 20:6. 



Wifi networks also produce constant exposure to RF transmissions.

Wifi routers transmit constantly, whether or not they are being “used” by the computers in the network.

We are now in the process of putting this sort of constant RF exposure into all our schools, and all of our public 
spaces.



Exposure to microwave RF has increased dramatically.

Measurement of average levels of microwave RF signal (900 MHz – 2.5 GHz in urban areas in France, 2000–2012.

The green line is at 0.1 microwatt/cm2 = 1000 microwatts per meter squared ~ 0.6 V/m, which many researchers in 
Europe suggest as an appropriate limit for exposure to the public.

http://www.next-up.org
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In the previous studies, we saw that some symptoms are more common with higher exposure to microwave RF 
transmissions. 
The people who had those symptoms may or may not have been aware that RF was a factor.
But some people with symptoms triggered by microwave RF exposures are aware that this is happening to them.  
If these symptoms are sufficiently debilitating, the affected individual may consider themselves to be 
“electrohypersensitive”.

The above graph shows the percentage of the population that self-identified as having “EHS” in surveys done in 
various countries over the last two decades.



The prevalence of self-reported EHS is increasing.

The prevalence (%) of people around the world who consider themselves to be electrosensitive, as reported in various 
research studies from 1997 to 2008, plotted over time in a normal distribution graph. 
The endpoint at 50% is an extrapolated value. 
Hallberg O, Oberfeld G. Letter to the editor: will we all become electrosensitive? Electromagn Biol Med (2006); 25(3): 189-191.
Stockholm County, Sweden, 1997:  1.5% of the population reported being hypersentive to electrical or magnetic fields.  (Hillert et al., 2002)
California, 1998:  3.2% of the adult population reported being sensitive to sources of EMF.  (Levallois et al., 2002)  
Switzerland, 2004:  5% of the population had symptoms attributable to EHS.  (Schreier et al., 2006)  
Austria, 2004:  2% of the population was estimated to have electrohypersensitivity.
Austria, 2008: 29.3% with some adverse response, 2.1% reported intense disturbance, and 3.5% had experienced enough difficulty that they had consulted a 
physician about the problem.  (Schrottner and Leitgeb, 2008)



Europe is ahead of us on the RF learning curve.

The evidence on acute effects and on long–term degenerative changes produced by chronic RF exposure will continue 
to build over the next few years.
Public concern is likely to continue to grow over time, especially as regards the exposure of children in an 
environment where their attendance is required by law.
These problems and concerns will have legal repercussions, down the line.

One way to get perspective on this problem is to observe what is happening in Europe, where the wireless 
revolution started, and the public has been exposed for a longer interval of time.



                                                                                                                                
 
 
 
 
 
 
 
 
 
 
 
 

LLa Bibliothèque Nationale de France renonce au WiFi.  
 
 
 
 

Paris 07 04 2008 - La  direction de la célèbre 
Bibliothèque Nationale de France  (BNF) vient de 
décider un moratoire sur les Hots Spots WiFi d’accès 
à l’internet qui devaient être installés par une société 
privée sur l’ensemble de la zone.  
Les motifs évoqués étant la recherche de la qualité 
du service, mais aussi l’application du principe de 
précaution afin de ne pas exposer son personnel et 
l’ensemble des visiteurs aux  risques des irradiations 
par les champs électromagnétiques de 2,4 GHz.   
 

Cette décision est fondée sur une argumentation qui 
s’appuie sur la littérature scientifique qui prouve les 
effets génotoxiques des ondes du WiFi, notamment : 
- l'étude scientifique américaine de l’université de 
Chicago de l’équipe du Pr S. Lee  concernant les 
modifications génétiques des cellules humaines 
exposées aux  champs des RadioFréquences  de 
2,45 GHz (fréquence du WiFi).  
[ Etude scientifique : NCBI.Gov – PubMed ] 

 

 
 
 

La  Bibliothèque Nationale de France en chiffres :
 

- la BNF comprend dans les 4 tours développant 
plus de 200 000 m! de surface un fond de quinze 
millions d’ouvrages divers en livres, manuscrits, 
estampes, dessins, photographies, etc . . . pour 

une fréquentation de plus d’un million de 
personnes/an avec un personnel comprenant plus 
de 2500 collaborateurs et un budget de 254 M"/an.

 

- Le rapport du Consortium Scientifique BioInitiative qui conclut à la révision immédiate des normes 
actuelles de l’exposition des populations aux ondes électromagnétiques,[ Pétition Internationale en 
cours], ainsi que l’étude scientifique de l’université Blaise Pascal de Clermont-Ferrand. 
 

Arnaud Beaufort, directeur général adjoint de la BNF  confirme le moratoire en ces termes :  
" … nous attendons les résultats d’études en cours et nous nous donnons le temps de choisir la 
technologie la plus adaptée."  
 
 

Dans un article du Parisien en date du 4 avril,  
"La BNF renonce à son tour au WiFi", la direction de 
la BNF confirme cette suppression du WiFi tout en 
rajoutant que les raisons sont multiples:  "le choix de 
la connexion filaire s’est imposée car c’est aussi la 
seule qui permet d’avoir un accès au très haut débit".   
 
 

Pour l’ensemble des chercheurs qui fréquentent la 
BNF cette option est importante car il est prévu une 
connexion d’environ 50 % des places pour fin 2008. 

 

Salle Bibliothèque Nationale de France à Paris 
 

Il n’en reste pas moins que la BNF qui est une des plus grande institution de France est aussi un 
symbole du modernisme dans la gestion, en conséquence l’impact de cette décision va bien au-delà du 
prestigieux site de Paris. C’est une spectaculaire et symbolique remise en cause de l’installation des 
liaisons WiFi au nom du principe de précaution. 
 

C’est aussi une grande première de part son ampleur qui démontre que l’alternative filaire promue par 
les Syndicats est une solution crédible au WiFi notamment applicable aussi pour l’ensemble des 
établissements ouverts au public et surtout ceux de l’Éducation Nationale. 
Cette décision vient juste après le moratoire de certaines bibliothèques de la Ville de Paris où le WiFi 
est remis en cause suite aux malaises de plusieurs membres du personnel.  
 

Le mouvement semble inexorablement faire tache d’huile après que le personnel de la bibliothèque 
Sainte-Geneviève demande lui aussi dans une pétition la déconnexion des bornes WiFi et que le 
Comité d’Hygiène, de Sécurité (CHS) de l’Université de Censier-Sorbonne de Paris qui vient de décider 
le débranchement d’un Hot Spot WiFi. 
 
 
 
 
 

Documents Associés :   
 
 

- Communiqué de Presse SUPAP- FSU :  "La BNF renonce au WiFi" 
 

- Par Amy Worthington." Les rayonnements électromagnétiques empoisonnent l’Amérique "  
 

2008 – French National Library removes WiFi.

The Bibliotheque Nationale de France eliminated WiFi from the library in 2008.
This came about in part because growing numbers of library staff were developing symptoms of EHS.
In 2009, three of the major university libraries in Paris followed suit.
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DANGER TELEPHONE PORTABLE et ANTENNES RELAIS - RISQUES pour la SANTE des ONDES du PORTABLE, WIFI, WIMAX, SANS FIL DECT, BLUETOOTH
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Outils d'action : le Pack
Robin + la "TROUSSE"
Comprendre et démontrer les
dangers du téléphone portable et
les antenne-relais GSM, UMTS
(3G), Wimax mais aussi Wi-fi,
Bluetooth et téléphone sans fil
DECT...
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Les preuves du danger pour
la santé du portable, Wi-fi,

Bluetooth, DECT...

1. Pourquoi une
alerte sanitaire ?

 Le danger pour ma santé
? (et de mon enfant, bébé,
foetus...)

 Les assurances et la
téléphonie mobile

 L'électrosensibilité : EHS
et SICEM

 Les lanceurs d'alerte sur
le danger du portable

 Les recommandations
officielles (France + Monde)

 2. Comment agir ?

 Que dire / que faire ? (à
la maison, au travail, à
l'école ...)

 ADHESION

 Nous contacter

 "Après les Bibliothèques et la RATP, c’est au tour
des policiers « d’en avoir par-dessus la tête » du Wifi
et des antennes-relais !" - L’indépendant de
Perpignan - 04/10/2012
De plus en plus de syndicats saisissent les CHS pour connaître l’impact des ondes sur la
santé

 Accueil  Envoyer à un ami  Version imprimable  Partager

Souvenons-nous : En 2007, un certain nombre de bibliothécaires parisiens se
plaignaient de maux de têtes, nausées… après l’installation massive de bornes Wifi
dans leurs établissements. Cet épisode avait abouti à un bras de fer entre la Mairie
de Paris et les syndicats (donnant lieu notamment à l’organisation d’une
Conférence de Citoyens sur la prolifération des ondes électromagnétiques à Paris). 

A la BnF, et plus récemment à la RATP, c’est dans les mêmes (mauvaises)
conditions que le débat a eu lieu entre syndicats et employeurs sur ces questions de
santé au travail, conséquence du déferlement des nouvelles technologies sans fil
dans l’entreprise. 

Récemment, c’est la CGT des Affaires Culturelles de la Mairie de Paris qui a mis à
l’ordre du jour du Comité Hygiène et Sécurité cette question de l’impact des ondes
au travail après avoir appris (dans la presse!) le projet d’implantation d’antennes-
relais sur les musées parisiens. (lire ici) Cette réunion se fera d’ailleurs en présence
du représentant de l’association « Robin des Toits », Etienne Cendrier, que la CGT
a invité pour l’occasion. 

C’est maintenant au tour des personnels de police d’être concerné. A Nancy les
représentants du personnel SGP-FO police ont obtenu du CHSCT l’annulation d’un
projet d’implantation d’antennes-relais sur les toits du commissariat central et

maintenant, ce sont les fonctionnaires de la police aux frontières (PAF) de
Perpignan relayés par Unité SGP-FO police, qui reprennent le flambeau de la lutte
contre ces antennes-relais « suspendues au-dessus de leur tête ». Tel que le
rapporte le journal « L’Indépendant de Perpignan » ci-après.

Rechercher...

Recherche avancée

Recevoir la Newsletter
:

ABONNEZ-VOUS

Recevez, périodiquement,
les nouvelles les plus
importantes publiées sur le
site internet de Robin des
Toits.

Comment rendre la
téléphonie mobile
compatible avec la santé
publique :

Lire les 6 propositions de
Robin des Toits

Baisse des intensité à 0,6
V/m, moratoire sur la 3G et
arrêt définitif du Wi-fi, du
Wimax et reconnaissance de

l'électrosensibilité (EHS) par
l'Etat...

 Propositions_Robin.pdf
 (72.65 Ko) 

Nouvelles :

 "Tablettes pour enfants : la
mauvaise idée de cadeau de
Noël" - Le Point - 21/11/2013

 TABLETTES ET ENFANTS
: ATTENTION DANGER ! -
Robin des Toits - 14/11/2013

 Débat autour du rapport de
l'ANSES - Grand Soir 3 -
15/10/2013

France – Growing Concerns with WiFi in the Workplace.

In France, labor unions are more influential than they are in the United States.
Increasing concern is being expressed by labor unions regarding the health effects of WiFi in the workplace.
This started in the libraries in Paris, in 2007.
Then the labor unions in the municipal transit systems raised the issue.
By 2012, the unions of police and customs agencies were raising the same issues regarding microwave RF exposure 
from WiFi and cellular transmission towers located on the jobsite.



La loi sur les ondes
électromagnétiques en 5 questions
Le Monde.fr | 24.01.2014 à 16h14 • Mis à jour le 24.01.2014 à 18h46 |

Par Audrey Garric (/journaliste/audrey-garric/) et Pierre Le Hir (/journaliste/pierre-le-hir/)

Un an après un « enterrement de première classe » (/planete/article/2013/01/31/ondes-

electromagnetiques-le-projet-de-loi-renvoye-aux-oubliettes_1825766_3244.html) aux yeux des
écologistes, l'Assemblée a adopté, jeudi 23 janvier, une proposition de loi de
compromis pour limiter l'exposition aux ondes électromagnétiques générées par
les technologies sans fil – téléphones mobiles, tablettes, Wi-Fi.

Ce texte écologiste, fruit d'un an de travail avec les socialistes et le
gouvernement, apparaît comme un « compromis constructif » et « une première
réponse » aux préoccupations portant sur les ondes, selon le ministre de
l'écologie, Philippe Martin. Les opérateurs des télécoms, au contraire, craignent
qu'il n'entrave le développement de ce secteur, en faisant naître des « peurs
irraisonnées ».

Des antennes de télévision sur des toits. | REUTERS/© Marcelo Del Pozo / Reuters

French Parliament – January 23, 2014

On January 23, 2013, the French parliament passed a new law covering exposure to microwave RF.
This law prohibits the operation of WiFi in childcare settings for children of age 3 years or less.
It prohibits the telcom industry from directing any advertising to the demographic ≤ 14 years of age.
It requires vendors of cell phones to provide a hands-free option for the phone.
The French administration is also planning to make a proposal to parliament to address the possibility of creating 
zones of limited EMF exposure within French cities, to address the problems of individuals with EHS.
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Nachrichten aus Ihrem Ort

ALSTERUFER

Hamburg

1°C / 5°C

FLUGHAFEN FUHLSBÜTTEL

Kühne nennt Hamburger Fahrradstraßen „Albtraum“

Easyjet: Sechs neue Strecken ab Hamburg

MEHR AUS DIESEM ORT

LERNEN 2.0

Hamburg legt Pläne für WLAN an Schulen auf Eis

An sechs Hamburger Schulen sollte das digitale Zeitalter Einzug halten. Stadt und Schulbehörde rudern zurück: Nun
werde geprüft, ob das Funknetz WLAN zu gefährlich für die Gesundheit der Schüler ist.

vom 29. November 2014 Aus der Redaktion des Flensburger Tageblatts

1 von 1
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Lernen mit dem Tablet: Das wird es in Hamburg so bald nicht geben. Zu groß sind die Bedenken bezüglich der Gesundheit der Schüler.

HAMBURG | Die von der Schulbehörde für nach den Sommerferien angekündigten Maßnahmen, die Schüler dreier Hamburger Stadtteilschulen
und dreier Gymnasien jeweils mit Tablet und Notebook auszustatten, liegen vorerst auf Eis. Grund ist, dass der kabellose Internetzugang der
Endgeräte durch das Funknetz WLAN ermöglicht werden soll. Sowohl mögliche gesundheitliche Folgen sind ungeklärt, als auch gesetzliche
Rahmenbedingungen.

„Sechs Schulen ersetzen Tafel, Schulbücher, Hefte und Stifte durch Laptop und Tablet im Unterricht“, hieß es noch im Mai in einer von
Schulsenator Ties Rabe präsentierten Mitteilung. Im Laufe des zweijährigen Projektes sollten demnach bis zu 1300 Schülerinnen und Schüler und
damit rund 30 Prozent der Kinder und Jugendlichen dieser Schulen teilnehmen. Nun ruderte die Schulbehörde zurück. „Wir prüfen gerade, ob es
datenschutzrechtliche oder andere juristische Probleme gibt“, räumte ihr Sprecher Peter Albrecht ein.

Hohe Wellen hatte das Vorhaben vor allem geschlagen, weil der parteilose Bürgerschaftsabgeordnete Walter Scheuerl mit zwei Kleinen Anfragen in
der Bürgerschaft und diversen Gutachten das Vorhaben zu torpedieren versuchte. So würden über die kabellosen lokalen Funknetze mittels des
Ausstrahlens und Empfangens von extrem hoher Mikrowellenfrequenzen Daten übertragen.

289EmpfehlenEmpfehlen Kommentare 32

Foto: A. Gebert
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Hamburg, Germany has banned wifi from schools.

At six schools in Hamburg the digital age should find their way. City and school board now back row: The wireless 
network WLAN was too dangerous for the health of students.

http://www.shz.de/nachrichten/deutschland-welt/netzwelt/hamburg-legt-plaene-fuer-wlan-an-schulen-auf-eis-id8321086.html



Israeli Supreme Court Ordered Israeli Government to Investigate 
Number of Children Suffering From EHS 

 

Dafna Tachover, Jul 22, 2013 

 

On July 18, 2013, the Israeli Supreme Court ordered the Israeli Government to investigate 

how many children in Israel already suffer from electromagnetic hypersensitivity (EHS). The 

Government must submit the result of its investigation to the court by November 16, 2013. 

 

The Order was issued in response to a Petition to the Israeli Supreme Court to ban Wi-Fi in 

schools submitted in August, 2012. 

 

This order is the result of an extensive brief written by Attorney Dafna Tachover and 

submitted to the Court on June 13, 2013. A 65-page brief, supported by 640 pages of 

appendices, emphasized the problem of EHS and claimed that it is unreasonable to expose 

children to WiFi when it is proven to cause sickness. 

 

In the Supreme Court hearing, when the Govt. was asked what it would do if a child with 

EHS attended a school, the attorney for the Gov. answered: “The WiFi will be turned off in 

the school." 

 

The brief attempted to prove: (1) EHS is an existing illness, caused by EMF; (2) the thermal 

safety standard was proven false as early as 40 years ago; (3) it is unreasonable to rely on 

the WHO because it is corrupt; (4) the Govt’s evaluation on the issue was unprofessional 

and negligent; and (5) the industry intentionally misled the public 

 

Regarding the safety standards the brief claimed that the contention of the Govt. that the 

existing Israeli standard (1/10 of the Thermal Standard) “Protects with absolute certainty 

from known adverse health effects” is ridiculous as: 

 

· How can it be protective if people are sick with EHS? 

 

· How can it be protective when thousands of papers prove biological effects? 

 

· How can it be protective when even WHO declared RF a 2B carcinogen? 

 

EHS 

 

The brief emphasized the EHS issue to indicate that the damage already exists. Affidavits 

from 7 professionals with EHS were provided, including an affidavit of a mother both 

Israeli Supreme Court – 2013 

http://wifiinschools.org.uk/resources/Israeli+Supreme+Court+July+2013.pdf



 

TEN/559 – EESC-2014-05117-00-00-APA-TRA (ES) 1/11 

EN 
Rue Belliard/Belliardstraat 99 — 1040 Bruxelles/Brussel — BELGIQUE/BELGIË 

Tel. +32 25469011 — Fax +32 25134893 — Internet: http://www.eesc.europa.eu 

 
European Economic and Social Committee 

 
 

TEN/559 
Electromagnetic 
hypersensitivity 

 
 

Brussels, 28 November 2014 
 
 
 
 

PRELIMINARY DRAFT OPINION  
of the  

Section for Transport, Energy, Infrastructure and the Information Society  
on  

Electromagnetic hypersensitivity  
(own-initiative opinion) 

_____________ 
 

Rapporteur: Bernardo Hernández Bataller 
_____________  

  
 

  
  
To the members of the Study Group on Electromagnetic hypersensitivity  
(Section for Transport, Energy, Infrastructure and the Information Society)   
  
  
 
N.B.: This document will be discussed at the meeting on 5 December 2014 beginning at 9.30 a.m.  

  
 

Document submitted for translation: 24 November 2014.  
  
 

Administrator: Martin Schneider 
 

The EU is beginning to address EHS as a public health problem.

European Economic and Social Committee – TEN/559 Electromagnetic Hypersensitivity
 “Electromagnetic hypersensitivity syndrome is a complex problem which has to be solved through a combination of 
legislative and other measures. In terms of fundamental rights, there is a conflict between the rights of sufferers, their 
physical integrity and health, on the one hand, and the right to freedom of communication, on the other hand. These 
rights need to be taken into account before legislation can be adopted on this issue. The EESC is in favour of adopting 
binding legislation that reduces or mitigates exposure to electromagnetic fields. 
 “The EU should assist currently affected groups and limit exposure fields in light of the recommendations set out in 
this opinion, especially with respect to recognising this exposure as a cause of functional disability. Steps should also be 
taken to prevent the number of sufferers from gradually increasing in the future due to the expansion of devices using 
these technologies.” 



Alterations 
in Hormone 
Physiology

Now we turn to a discussion of the research showing e%ects of microwave RF on hormone physiology.



Rimbach, Bavaria (2004 - 2005)

In spring of 2004 a GSM cell tower was installed near Rimbach, Bavaria (population ~ 2000).
Prior to activation of the antenna, the town residents were asked to participate in a mass screening.
Urine levels of the stress hormones adrenaline, noradrenaline, dopamine, and phenylethylamine were measured in 
January/February 2004, and again in July 2004, January 2005, and July 2005.
A medical history and symptom questionnaire was also administered.
-----------
Buchner K EH. Changes of Clinically Important Neurotransmitters under the Influence of Modulated RF Fields--A Long-term Study under Real-life 

Conditions. Umwelt-Medizin-Gesellschaft (2011); 24(1):44-57.



Rimbach, Bavaria (2004 - 2005)
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Here we see some symptom scores before tower activation (blue) and after a year of tower transmission (red)
Some health complaints increased over the course of the study.

Buchner K EH. Changes of Clinically Important Neurotransmitters under the Influence of Modulated RF Fields--A Long-term Study under Real-life Conditions. 
Umwelt-Medizin-Gesellschaft (2011); 24(1):44-57.

Abstract:  This follow-up of 60 participants over one and a half years shows a significant effect on the adrenergic sys- tem after the installation of a new cell phone 
base station in the village of Rimbach (Bavaria). After the activation of the GSM base station, the levels of the stress hormones adrenaline and noradrenaline 
increased significantly during the first six months; the levels of the precursor dopamine decreased substantially. The initial levels were not restored even after one 
and a half years. As an indicator of the dysregulated chronic imbalance of the stress system, the phenylethylamine (PEA) levels dropped significantly until the 
end of the study period.  The effects showed a dose-response relationship and occurred well below current limits for technical RF radiation exposures. Chronic 
dysregulation of the catecholamine system has great relevance for health and is well known to damage human health in the long run.



Adrenaline levels

Results were stratified by in-home exposure levels (mW/m2) in three cohorts.
Hormone levels graphed for each exposure cohort.
Levels of the stress hormone adrenaline rose after the transmitter became active.
In the highest exposure cohort  adrenaline levels never returned to pre-exposure baseline.
-------

Fig. 3: Median adrenaline levels for all participating citizens of Rimbach whose cell phone base station exposure was above 100 μW/m2, between 60 and 100 
μW/m2, or up to 60 μW/m2. The power density levels refer to peak values of the GSM radiation exposure in front of a given residence.



Noradrenaline levels

Noradrenaline levels also rose after the transmitter became active.
They never returned to pre-exposure baseline.

------

Fig. 7: Median noradrenaline levels in all participating citizens of Rimbach as a function of GSM power density levels (peak values)



Effect of cordless DECT phones. 

Fig. 8: Median noradrenaline values for subjects who had a DECT phone or other wireless devices at home, for those without indoor wireless devices, as well as 
for subjects without indoor wireless devices and with a GSM radiation exposure up to 60 μW/m2 (peak value measured in front of residence)

Buchner K EH. Changes of Clinically Important Neurotransmitters under the Influence of Modulated RF Fields--A Long-term Study under Real-life Conditions. 
Umwelt-Medizin-Gesellschaft (2011); 24(1):44-57.

Abstract:  This follow-up of 60 participants over one and a half years shows a significant effect on the adrenergic sys- tem after the installation of a new cell phone 
base station in the village of Rimbach (Bavaria). After the activation of the GSM base station, the levels of the stress hormones adrenaline and noradrenaline 
increased significantly during the first six months; the levels of the precursor dopamine decreased substantially. The initial levels were not restored even after one 
and a half years. As an indicator of the dysregulated chronic imbalance of the stress system, the phenylethylamine (PEA) levels dropped significantly until the 
end of the study period.  The effects showed a dose-response relationship and occurred well below current limits for technical RF radiation exposures. Chronic 
dysregulation of the catecholamine system has great relevance for health and is well known to damage human health in the long run.



Melatonin

The pineal gland secretes melatonin.  Ambient light suppresses melatonin secretion.  So melatonin secretion is high during the night-time 
hours, peaking shortly after midnight.  Higher melatonin levels are part of what makes us feel “sleepy” at night.  

Exposure to light during the night-time hours will lead to a rapid suppression of melatonin secretion by the pineal gland, and this can 
cause disruption of sleep and derangement of the circadium rhythm.

Melatonin is one of the most potent anti-oxidant molecules in the human body, and acts to reduce reactive oxidative processes in the body.  
Melatonin can quench the damaging free radical activity produced by inflammation.   The presence of elevated melatonin at night is therefore 
a key factor in the healing and rejuvenating functions that we associate with “a good night’s sleep”.



Melatonin lowers risk of breast cancer.

[Figure 1. Smoothing spline plot for aMT6s level (ng/mg creatinine) in relation to breast cancer risk among postmenopausal women. 95% CIs are indicated 
by dotted lines.]

Melatonin is also protective against the growth of cancer cells, and disruption of the circadian melatonin cycle has been shown to 
lead to increased tumor growth in a variety of cancer types.

Women who have lower levels of nocturnal melatonin are at greater risk for developing breast cancer. 

In 2007 the International Agency for Research on Cancer declared night shift work to be a probable carcinogen due to increased 
breast cancer risk..
Schernhammer ES, Hankinson SE. Urinary melatonin levels and postmenopausal breast cancer risk in the Nurses’ Health Study cohort. Cancer Epidemiol 

Biomarkers Prev (2009); 18(1):74-79.



Schwarzenburg Short Wave Radio Broadcast Tower – 1998

RF exposure can also lower melatonin levels.
Schwarzenburg experiment:  Decommissioning the Swiss national short-wave radio transmitter of Schwarzenburg, about 
20 km south of the Swiss Capital city of Berne, transmitting since 1939. It operated at frequencies of 3 to 30 MHz, with a 
maximum power of two times 150 kW.

   Figure 1.! Map of the Schwarzenburg area showing the location of the transmitter, the H-field measurement points and the location of the zones A, B, C and R. The 
diameters of the circles around the measurement points indicate the 24 hour average magnetic field strengths, as measured between August 1992 and August 1993. 
(Reproduced with approval from swisstopo (BA046633.)
Abelin T, Altpeter E, Roosli M. Sleep Disturbances in the Vicinity of the Short-Wave Broadcast Transmitter Schwarzenburg. Somnologie (2005); 9:203-209.
Altpeter ES, Roosli M, Battaglia M, Pfluger D, Minder CE, Abelin T. Effect of short-wave (6-22 MHz) magnetic fields on sleep quality and melatonin cycle in humans: the 

Schwarzenburg shut-down study. Bioelectromagnetics (2006); 27(2):142-150.
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Microwave RF 
Interacts with 

Molecular 
Structures

(Original art by Raychel Ciemma, Springfield, Oregon, for Paul Lee DO FAAO's book Interface, used with permission.)

The molecules in our bodies vary in size and in total electric charge.
These molecular structures of our body can resonate with fluctuating electromagnetic fields.
Any charged particle has a resonant frequency.
This frequency varies depending on the total mass and charge of the particle.



Molecules resonate in fluctuating electromagnetic fields.

(Original art by Raychel Ciemma, Springfield, Oregon, for Paul Lee DO FAAO's book Interface, used with permission.)(Original art by Raychel Ciemma, Springfield, Oregon, for Paul Lee DO FAAO's book Interface, used with permission.)

The molecules in our bodies vary in size and total electric charge.
These molecular structures of our body resonate with fluctuating electromagnetic fields.



Resonance Frequency

When you push something at its resonant frequency,  
a small force can produce a lot of motion.



Resonance Frequency

Placing the particle in an electromagnetic field that fluctuates at the resonant frequency will amplify the motion of the 
particle.
This is how a cyclotron works, and the frequency is often referred to as the “Ion Cyclotron Resonance”  or ICR 
frequency.
Magnetic fields that fluctuate at the resonant frequency of an ion like calcium, or of a specific enzyme, can have 
dramatic effects on biochemical processes in the body.



Resonance Effect 

Unexposed

Exposed

Planaria exposed to a magnetic field fluctuating at the calcium ion’s ICR frequency take far longer (48 hours) to 
regenerate than those that are not exposed.

Liboff A. Weak low-frequency electromagnetic fields are biologically interactive. In: Giuliani L, Soffritti M, eds. Non-Thermal Effects and Mechanisms of 
Interaction Between Electromagnetic Fields and Living Matter -- An ICEMS Monograph. Fidenza, Italy: Mattioli, (2010): 51-61.  http://www.ramazzini.it/
ricerca/publications.asp



“frequency window”

Some effects of fluctuating EMF occur at specific frequencies, called “frequency windows”.
The peak in IGF-II expression for human osteosarcoma bone cells exposed to combined magnetic fields occurs when 
the field is tuned to the calcium ion’s ICR frequency

Liboff A. Weak low-frequency electromagnetic fields are biologically interactive. In: Giuliani L, Soffritti M, eds. Non-Thermal Effects and Mechanisms of 
Interaction Between Electromagnetic Fields and Living Matter -- An ICEMS Monograph. Fidenza, Italy: Mattioli, (2010): 51-61.  http://www.ramazzini.it/
ricerca/publications.asp



“power window”

At a given frequency, some power levels may have a different effect than others.  This is a “power window”
In this illustration, the odds ratio for childhood onset of Acute Lymphoblastic Leukemia is significantly higher if they 
are exposed to 60 cycle magnetic fields at a magnitude of 0.4 to 0.499 microtesla.
Lower and higher field magnitudes do not show the same effect.
Liboff A. Weak low-frequency electromagnetic fields are biologically interactive. In: Giuliani L, Soffritti M, eds. Non-Thermal Effects and Mechanisms of 

Interaction Between Electromagnetic Fields and Living Matter -- An ICEMS Monograph. Fidenza, Italy: Mattioli, (2010): 51-61.  http://www.ramazzini.it/
ricerca/publications.asp

Fig. 1. Odds ratios for childhood ALL, determined by Linet et al 6, as a function of residential magnetic field. The large ratios seen for fields between .4 and .
499 μT, although having many less participants, are nevertheless statistically significant.



“power window”

Mice with Ascites Ehrlich carcinoma 33,
exposed to a fluctuating EM field tuned to the ICR frequency for aspartic acid and glutamic acid ions.
Survival varies with the AMPLITUDE (magnitude) of the field.
Liboff A. Weak low-frequency electromagnetic fields are biologically interactive. In: Giuliani L, Soffritti M, eds. Non-Thermal Effects and Mechanisms of 

Interaction Between Electromagnetic Fields and Living Matter -- An ICEMS Monograph. Fidenza, Italy: Mattioli, (2010): 51-61.  http://www.ramazzini.it/
ricerca/publications.asp

Fig. 5. Survival curve for mice infected with Ascites Ehrlich carcinoma33, under ICR conditions corresponding to mean tuning (4.4 Hz) for aspartic acid and 
glutamic acid ions. In contrast to Fig. 2 where the frequency is varied, a resonance (or window) peak is observed as the AC magnetic field intensity is varied



What does this 
mean? ?

(Original art by Raychel Ciemma, Springfield, Oregon, for Paul Lee DO FAAO's book Interface, used with permission.)

There are thousands of enzymes and other molecules in the human body.
Each has its own mass, charge, and resonant frequency.
This means that different electromagnetic frequencies will resonate with different molecules.
Which means that the biological effects of EMF on molecular physiology are probably much more complex than is 
generally assumed to be the case.



Microwave RF 
Produces 
Oxidative 

Stress in Cells



Electromagnetic 
Spectrum

Ionizing radiation from the high energy end of the electromagnetic spectrum can directly break DNA molecular 
bonds, causing mutations.
But photons of microwave RF do not have enough energy to directly break covalent molecular bonds.
Industry advocates often make the statement that since RF cannot break molecular bonds, there is no way that it can 
cause cancer.
Such statements sound like good physics.  But they reflect a poor understanding of biology.
Tobacco can cause cancer.  Genital warts can cause cancer.  Asbestos can cause cancer.  There are many ways to 
cause cancer besides ionizing radiation.   



Free Radicals

Free radicals are oxidizing agents.

They take electrons from other atoms or molecules, which can break molecular bonds.



Life cycle of a free radical.

Precursor molecule (AB) splits to form two free radicals.

Free radicals then can produce chain reactions, causing oxidative damage.



Peroxizomes (yellow) in a cell – packages of free radicals stored in cells.

Cells are making free radicals all the time. 
Our bodies release them in inflammation to combat bacteria, remove diseased tissue, etc.
The free radicals release by the inflammatory process can break covalent bonds and fragment macomolecules.
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Abstract

The direct targets of extremely low and microwave frequency range electromagnetic fields (EMFs) in producing non-thermal effects have not
been clearly established. However, studies in the literature, reviewed here, provide substantial support for such direct targets. Twenty-three
studies have shown that voltage-gated calcium channels (VGCCs) produce these and other EMF effects, such that the L-type or other VGCC
blockers block or greatly lower diverse EMF effects. Furthermore, the voltage-gated properties of these channels may provide biophysically
plausible mechanisms for EMF biological effects. Downstream responses of such EMF exposures may be mediated through Ca2+/calmodulin
stimulation of nitric oxide synthesis. Potentially, physiological/therapeutic responses may be largely as a result of nitric oxide-cGMP-protein
kinase G pathway stimulation. A well-studied example of such an apparent therapeutic response, EMF stimulation of bone growth, appears to
work along this pathway. However, pathophysiological responses to EMFs may be as a result of nitric oxide-peroxynitrite-oxidative stress path-
way of action. A single such well-documented example, EMF induction of DNA single-strand breaks in cells, as measured by alkaline comet
assays, is reviewed here. Such single-strand breaks are known to be produced through the action of this pathway. Data on the mechanism of
EMF induction of such breaks are limited; what data are available support this proposed mechanism. Other Ca2+-mediated regulatory changes,
independent of nitric oxide, may also have roles. This article reviews, then, a substantially supported set of targets, VGCCs, whose stimulation
produces non-thermal EMF responses by humans/higher animals with downstream effects involving Ca2+/calmodulin-dependent nitric oxide
increases, which may explain therapeutic and pathophysiological effects.

Keywords: intracellular Ca2+! voltage-gated calcium channels! low frequency electromagnetic field exposure! nitric
oxide! oxidative stress! calcium channel blockers

Introduction

An understanding of the complex biology of the effects of electromag-
netic fields (EMFs) on human/higher animal biology inevitably must
be derived from an understanding of the target or targets of such
fields in the impacted cells and tissues. Despite this, no understand-
ing has been forthcoming on what those targets are and how they

may lead to the complex biological responses to EMFs composed of
low-energy photons. The great puzzle, here, is that these EMFs are
comprised of low-energy photons, those with insufficient energy to
individually influence the chemistry of the cell, raising the question of
how non-thermal effects of such EMFs can possibly occur. The author
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This recently published article reviews published evidence that EMF can produce physiologic effects by altering the 
function of voltage gated calcium channels in cell walls.

Pall ML. Electromagnetic fields act via activation of voltage-gated calcium channels to produce beneficial or adverse effects. J Cell Mol Med 
(2013); 



Table 1 EMF responses blocked or lowered by calcium channel blockers

Ref. no. EMF type Calcium channel Cell type or organism Response measured

2 Pulsed magnetic
fields

L-type Human lymphocytes Cell proliferation; cytokine
production

3 Static magnetic
field (0.1 T)

L-type Human polymorphonuclear
leucocytes

Cell migration; degranulation

5 ELF L-type Rat chromaffin cells Differentiation; catecholamine release

6 Electric field L-type Rat and mouse bone cells Increased Ca2+, phospholipase A2, PGE2

7 50 Hz L-type Mytilus (mussel) immunocytes Reduced shape change, cytotoxicity

8 50 Hz L-type AtT20 D16V, mouse pituitary
corticotrope-derived

Ca2+ increase; cell morphology,
premature differentiation

9 50 Hz L-type Neural stem/progenitor cells In vitro differentiation, neurogenesis

10 Static magnetic
field

L-type Rat Reduction in oedema formation

11 NMR L-type Tumour cells Synergistic effect of EMF on anti-tumour
drug toxicity

12 Static magnetic field L-type Myelomonocytic U937 cells Ca2+ influx into cells and anti-apoptotic
effects

13 60 Hz L-type Mouse Hyperalgesic response to exposure

14 Single nanosecond
electric pulse

L-type Bovine chromaffin cells Very rapid increase in intracellular Ca2+

15 Biphasic electric current L-type Human mesenchymal stromal cells Osteoblast differentiation and cytokine
production

16 DC & AC magnetic
fields

L-type b-cells of pancreas, patch clamped Ca2+ flux into cells

17 50 Hz L-type Rat pituitary cells Ca2+ flux into cells

18 50 Hz L-type, N-type Human neuroblastoma IMR32 and
rat pituitary GH3 cells

Anti-apoptotic activity

19 Nanosecond pulse L-type, N-type,
P/Q-type

Bovine chromaffin cells Ca2+ dynamics of cells

20 50 Hz Not determined Rat dorsal root ganglion cells Firing frequency of cells

21 700–1100 MHz N-type Stem cell–derived neuronal cells Ca2+ dynamics of cells

22 Very weak electrical
fields

T-type Sharks Detection of very weak magnetic fields
in the ocean

23 Short electric pulses L-type Human eye Effect on electro-oculogram

24 Weak static magnetic
field

L-type Rabbit Baroreflex sensitivity

25 Weak electric fields T-type Neutrophils Electrical and ion dynamics

26 Static electric fields,
‘capacitive’

L-type Bovine articular chondrocytes Agrican & type II collagen expression;
calcineurin and other Ca2+/calmodulin
responses

EMF: electromagnetic field; ELF: extremely low frequency.
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These are some of the 23 published studies documenting that EMF can increase flow through these calcium channels, 
producing biological effects.

In all these studies, the effects of EMF on increased cellular calcium levels could be blocked by calcium channel 
blocking drugs.

Pall ML. Electromagnetic fields act via activation of voltage-gated calcium channels to produce beneficial or adverse effects. J Cell Mol Med 
(2013); 
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In all these studies, the effects of EMF on increased cellular calcium levels could be blocked by calcium channel 
blocking drugs.

Pall ML. Electromagnetic fields act via activation of voltage-gated calcium channels to produce beneficial or adverse effects. J Cell Mol Med 
(2013); 



EMF Activation of VGCCs Increases Free Radical Production 

Ca++

Ca++

CELL

Nitric oxide 
synthetase 

Normally, Calcium concentrations are much higher outside of cells than inside them.
Influxes of calcium into cells act as chemical signals to alter cellular physiologic activity.
Here we have a diagram of a cell, with high levels of calcium outside, and lower levels of calcium inside.
The green arrow is a voltage-gated calcium channel, that can open to allow more calcium to enter the cell.
Inside the cell, we can see an enzyme (nitric oxide synthetase).

As discussed by Pall ML. Electromagnetic fields act via activation of voltage-gated calcium channels to produce beneficial or adverse effects. J 
Cell Mol Med (2013); 



EMF Activation of VGCCs Increases Free Radical Production 

Nitric oxide 
synthetase 

Ca++

Ca++

CELL

EMFEMF

An electromagnetic field arrives at the cell wall.



EMF Activation of VGCCs Increases Free Radical Production 

Ca++

CELL

EMFEMF
Nitric oxide 
synthetase 

Ca++

The electromagnetic field stimulates opening of voltage-gated calcium channels (VGCCs) in the cell membrane.

This increases Ca++ entry into the cell.



EMF Activation of VGCCs Increases Free Radical Production 

Ca++

CELL

EMFEMF
Nitric oxide 
synthetase 

Nitric oxide

Ca++

Increased intracellular calcium levels stimulate the activity of nitric oxide synthetase,

Which leads to increased production of nitric oxide in the cell.



EMF Activation of VGCCs Increases Free Radical Production 

Ca++

CELL

EMFEMF
Nitric oxide 
synthetase 

Nitric oxide

Peroxynitrite

Ca++

Increased nitric oxide leads to increase in peroxynitrite, a potent non-radical oxidant.



EMF Activation of VGCCs Increases Free Radical Production 
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Nitric oxide

*HO
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CELL

EMFEMF
Nitric oxide 
synthetase 

Ca++

Peroxynitrite

Peroxynitrite produces free radicals, including hydroxyl radical and NO2.
This increase in free radicals then leads to inflammation, oxidant stress, and damage to cell structures, including 
DNA.

The EMF doesn’t directly damage the cell.  It just deranges cellular metabolism.
The free radicals that are produced by this change in metabolism are what causes the damage.



Oxidative 
Stress From 

Microwave RF 
Damages DNA

The mechanisms of how RF increases free radical activity and oxidative stress are still being explored.

But the fact that RF does do this has been CLEARLY ESTABLISHED by many research studies.

This increase in free radical levels can and does lead to DNA damage.



Comet assay:  Unexposed control

The Comet assay is one way to measure DNA damage.
This is a study of DNA extracted from normal rat brain cells (unexposed controls).
Electrophoresis:  DNA molecules of given mass and charge placed in a diffusion medium.
Preparation placed in a static electric field.
DNA molecules migrate towards a charged pole. 
DNA molecules that are the same size, so they migrate at the same rate, will stay in a clump. 

Kesari KK, Behari J, Kumar S. Mutagenic response of 2.45 GHz radiation exposure on rat brain. Int J Radiat Biol (2010a); 86(4):334-343.



RF exposure:  2.45 GHz @ 0.34 mW/cm2, 2 hours per day x 35 days

DNA from brain cells of exposed rats.  Here, some of the DNA molecules are broken.
The broken parts vary in mass and total charge, so they migrate through the gel at different rates
This leaves a “comet tail” of lighter fragments behind the main body of intact DNA.
The length of the tail can be measured.
This is a very sensitive assay for DNA damage.

Kesari KK, Behari J, Kumar S. Mutagenic response of 2.45 GHz radiation exposure on rat brain. Int J Radiat Biol (2010a); 86(4):334-343.



RF exposure:  2.45 GHz @ 0.34 mW/cm2, 2 hours per day x 35 days
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Comet Assay:  Measure of DNA fragmentation in rat brains, produced by prolonged exposure to microwave RF.

In this study, exposure was 2 h a day for 35 days an exposure level of one third of the FCC exposure limit.

FCC exposure limit = 1 mW/cm2

Kesari KK, Behari J, Kumar S. Mutagenic response of 2.45 GHz radiation exposure on rat brain. Int J Radiat Biol (2010a); 86(4):334-343.



RF exposure:  2.45 GHz @ 0.34 mW/cm2, 2 hours per day x 35 days

Depletion of antioxidants in RF-exposed rat brains.
This consumption of anti-oxidants is evidence of increased oxidant stress, due to excess free radical production.
Kesari KK, Behari J, Kumar S. Mutagenic response of 2.45 GHz radiation exposure on rat brain. Int J Radiat Biol (2010a); 86(4):334-343.
Abstract

       Purpose:! To investigate the effect of 2.45 GHz microwave radiation on rat brain of male wistar strain. Material and methods:! Male rats of wistar strain (35 days old with 130 + 10 g body weight) were selected for this study. 
Animals were divided into two groups: Sham exposed and experimental. Animals were exposed for 2 h a day for 35 days to 2.45 GHz frequency at 0.34 mW/cm2 power density. The whole body specific absorption rate (SAR) was 
estimated to be 0.11 W/Kg. Exposure took place in a ventilated Plexiglas cage and kept in anechoic chamber in a far field configuration from the horn antenna. After the completion of exposure period, rats were sacrificed and the 
whole brain tissue was dissected and used for study of double strand DNA (Deoxyribonucleic acid) breaks by micro gel electrophoresis and the statistical analysis was carried out using comet assay (IV-2 version software). 
Thereafter, antioxidant enzymes and histone kinase estimation was also performed. Results:! A significant increase was observed in comet head (P50.002), tail length (P50.0002) and in tail movement (P 5 0.0001) in exposed 
brain cells. An analysis of antioxidant enzymes glutathione peroxidase (P 5 0.005), and superoxide dismutase (P50.006) showed a decrease while an increase in catalase (P50.006) was observed. A significant decrease (P 5 0.023) in 
histone kinase was also recorded in the exposed group as compared to the control (sham-exposed) ones. One- way analysis of variance (ANOVA) method was adopted for statistical analysis. Conclusion:! The study concludes that 
the chronic exposure to these radiations may cause significant damage to brain, which may be an indication of possible tumour promotion (Behari and Paulraj 2007).



RF exposure:  2.45 GHz @ 0.21 mW/cm2, 2 hours per day x 45 days

Suppression of melatonin secretion by 2.45 GHz RF:

Bad news, since melatonin is also a potent antioxidant.

Kesari KK, Kumar S, Behari J. Pathophysiology of microwave radiation: effect on rat brain. Appl Biochem Biotechnol (2012); 166(2):379-388.



Evidence of DNA damage by microwave RF.

Another study, using Human fibroblasts.
1950 MHz, 5 minutes on/10 minutes off.
Total exposure for 4, 8, or 24 hours.
DNA fragmentation measured by Comet Assay.

Figure 9. Intermittent RF-EMF exposure (1950 MHz, 5 minutes on/10 minutes off, 1 and 2 W/kg, 4, 8 and 24 hours) increases the DNA strand break 
frequency in human fibroblasts dependent on the duration of exposure as measured with the alkaline and neutral Comet assay (H.-W. Rüdiger et al., Division 
of Occupational Medicine, University of Vienna, Austria).

Adlkofer F. Risk Evaluation of Potential Environmental Hazards from Low Energy Electromagnetic Field Exposure Using Sensitive In Vitro Methods. 
Bioelectromagnetics (2006); 331-354.



DNA damage blocked by anti-oxidants

A cell study, with human fibroblasts, exposed to 1950 MHz RF, 5 minutes on/10 minutes off.

(right hand columns => DNA damage blocked by anti-oxidant effect of vitamin C (ascorbic acid).

The research group of Prof. Tauber, Berlin, investigated the effect of RF- EMF on HL-60 cells, i.e. a human promyelocytic cell line. After continuous exposure to RF-EMF of 
1800 MHz and a SAR value of 1.3 W/kg they observed a highly significant increase in the number of single and double DNA strand breaks as measured by the alkaline Comet 
assay and of micronuclei as measured with the micronucleus test, thus fully confirming the findings obtained in the Vienna laboratory. Additionally, as clearly shown in 
Figures 12 and 13, the generation of DNA strand breaks and micronuclei can be prevented, when the radical scavenger ascorbic acid is added to the culture medium before 
exposure.
Figure 12, from:  Adlkofer F. Risk Evaluation of Potential Environmental Hazards from Low Energy Electromagnetic Field Exposure Using Sensitive In 
Vitro Methods. Bioelectromagnetics (2006); 331-354.



Consequences 
of Chronic 

Microwave RF 
Exposure

Fig. 2. Geographical location of BS Site BH 20 at 1373 Rua do Ouro Street, in the Serra neighborhood, Belo Horizonte municipality

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas 
Gerais state, Brazil. Sci Total Environ (2011); 409(19):3649-3665.
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Analysis of leukemia deaths in male members of the American Radio Relay League resident in Washington and California, 
1971-1983

Milham SJ. Silent keys: leukaemia mortality in amateur radio operators. Lancet (1985); 1(8432):812.

Cherry N. Evidence in support of the a priori hypothesis that Electromagnetic Radiation across the spectrum is a Ubiquitous Universal 
Genotoxic Carcinogen. (2002):1-52.  http://www.neilcherry.com/documents.php
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Polish military personnel with occupational exposure to radio and microwave frequency radiation.
Odds ratio of cancer incidence (1971-1985)

CML = chronic myelocytic leukemia
AML = acute myeloblastic leukemia
NHL = non-Hodgkin lymphoma

Szmigielski S. Cancer morbidity in subjects occupationally exposed to high frequency (radiofrequency and microwave) electromagnetic 
radiation. Sci Total Environ (1996); 180(1):9-17.
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Mortality in U.S. Navy Korean War Veterans (1950-1974) stratified by levels of occupational radar exposure.
Mortality 1950-1974.  (Y axis = crude mortality per 1000)  Stratified by level of radar exposure.
In the original paper, Robinette et al evaluated job exposure hazard levels of 6 categories of navy personnel and grouped them 
into two groups, low exposure and high exposure.  The electronic technicians (ET) had a significantly lower hazard rating and 
lower levels of pathology than the other two job categories in the high risk group, so this classification diluted out the high 
exposure risk pool.  
Dr. Cherry took Robinette et al’s published data and divided the workers into three exposure levels.  The above chart is the result 
of Dr. Cherry’s analysis of the data set.  
Robinette CD, Silverman C, Jablon S. Effects upon health of occupational exposure to microwave radiation (radar). Am J Epidemiol (1980); 112(1):39-53.
Cherry N. Health Effects in the vicinity of Radio/TV towers and mobile phone base stations. (2002): 1-40.  http://www.neilcherry.com/documents.php
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US Air Force Workers with occupational exposure to microwave RF  (1970-1989)

Y axis:  Odds ratio for brain tumor

X axis:   Exposure intensity score x months exposed)

-------
Grayson JK. Radiation exposure, socioeconomic status, and brain tumor risk in the US Air Force: a nested case-control study. Am J Epidemiol 

(1996); 143(5):480-486.



Vatican Radio Tower (1987-1999).

Cumulative childhood leukaemia near the Vatican Radio Transmitters in Rome, 1987-1999.
Multiple powerful transmitters on site.  
10 km radius around towers contains a population of  >49,650 (1990 census).
     exponential fitted trend line, R2=0.9756, p = 0.002

Cherry N. Health Effects in the vicinity of Radio/TV towers and mobile phone base stations. (2002): 1-40.  
http://www.neilcherry.com/documents.php

Michelozzi P, Capon A, Kirchmayer U et al. Adult and childhood leukemia near a high-power radio station in Rome, Italy. Am J Epidemiol 
(2002); 155(12):1096-1103.



Netanya, Israel (1997-1998)

New cell phone tower set up in city of Netanya, Israel, in July, 1996.
1500 watt, 850 MHz.
Power density in the whole exposed area was far below 0.53 μw/cm2.
This is 1000 times less than the FCC Guidelines of 600 μW/cm2 for 850 MHz exposure.

Comparison of cancer rates during the second year of exposure, in 677 long-term residents near the tower, compared to 1,222 
matched controls living in another area of the city.

Wolf R, Wolf D. Increased Incidence of Cancer Near a Cell-Phone Transmitter Station. International Journal of Cancer Prevention (2004); 1(2):1-19.
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Relative risk of cancer in residents near a new cell phone tower in Netanya, Israel, during the second year of exposure.
Overall risk of cancer in Area A was 4.15 times higher than in the town as a whole.
For men in area A, the cancer rate was 1.4 times higher.
For women in area A, the cancer rate was 10.5 times higher (p < 0.0001) 
 [the probability of this beeing a random finding is one hundredth of 1%

Wolf R, Wolf D. Increased Incidence of Cancer Near a Cell-Phone Transmitter Station. International Journal of Cancer Prevention (2004); 1(2):1-19.



Naila, Germany (1999-2004)

Town of ~ 1100 residents.
Cell tower installed in 1993.
Medical of 1000 residents reviewed for the years 1994-2004.
Comparison of cancer incidents in residents living within 400 meters of the cell phone tower, 

compared to residents living farther away,
and compared to the death rates for the province as a whole.

Eger H, Hagen K, Lucas B, Vogel P, Voit H. The Influence of Being Physically Near to a Cell Phone Transmission Mast on the Incidence of 
Cancer. Umwelt·Medizin·Gesell-schaft (2004); 17(4):1-7.



Cancer Incidence in Naila (1999-2004)

*

Fig. 3 : Number of new cancer cases 1999 to 2004, adjusted for age and gender, calculated for the 5,000 patient years

Y axis:  Cancer incidence 1994 - 2004 (new cases per 5000 patient years).
 * Saarland = predicted rate based on the cancer registry for the federal state of Saarland.
 ** Naila = incidence for the town as a whole.
 Inner area = residence within 400 meters of the tower.
 Outer area = remainder of community.
In the inner area, the risk of cancer incidence was three times as high after five or more years of exposure.  
In addition, the patients that live within 400 metres tend to develop the cancers at a younger age.



Hausmannstätten & Vasoldsberg, Austria (1984-1997)

NMT 450 cell tower, operational from 1984-1997.
Case/control study of cancer patients living within 1200 meter radius of the tower.

Oberfeld G. Environmental Epidemiological Study of Cancer Incidence in the Municipalities of Hausmannstätten & Vasoldsberg (Austria). 
Provincial Government of Styria, Department 8B, Provincial Public Health Office, Graz, Austria (2008):1-10.  http://www.emf-health.com/
PDFreports/Austrianstudy.pdf



Hausmannstätten & Vasoldsberg, Austria (1984-1997)
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Odds ratio of cancer incidence — stratified by exposure levels (exterior to dwelling) in !W/m2 .
$ Note:  FCC thermal safety guidelines ~ 6,000,000 !W/m2)
In the highest exposure category: 
$ Breast cancer risk was 23 times higher, 
$ Brain cancer risk was 121 times higher.

Oberfeld G. Environmental Epidemiological Study of Cancer Incidence in the Municipalities of Hausmannstätten & Vasoldsberg (Austria).
Provincial Government of Styria, Department 8B, Provincial Public Health Office, Graz, Austria (2008):1-10.  http://www.emf-health.com/
PDFreports/Austrianstudy.pdf



Belo Horizonte, Brazil (2011)

Belo Horizonte is the capital of Minas Gerais state in Brazil, population 2,258,096 in 2010.
 Rated by the U.N. in 2007 as having the best quality of life in Latin America.  
By 2006, 856 cell phone towers had been installed in the city.

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas 
Gerais state, Brazil. Sci Total Environ (2011); 409(19):3649-3665.



incidence in the women of group A was significantly higher (pb0.0001)
than the cancer incidence of groupB and the city as awhole. A relative risk
comparison revealed that there were approximately 4.15 more cases of
cancer in group A than in the population as awhole. The results, although
still not conclusive, indicated a necessity to revise the current exposure
limits in favor ofmore protective levels. Both the estimated andmeasured
power densities in the entire exposed area in Netanya were far below
0.53 μW/cm2, that is, approximately 800 times lower than the exposure
limit of 425 μW/cm2 for the frequency of 850MHz from the ICNIRP
guidelines.

The aforementioned studies, which aimed to find evidences of an
increase in cancer incidence with proximity to mobile phone BSs,
warrant additional research, because the cellular phone technology is
relatively new and the associated total amount of environmental
radiation is far from negligible.

The inhabitants of the Belo Horizonte municipality and the
scientific community in general are also concerned about the number

of already installed BSs and the proliferation of new wireless BSs, not
only for telephony but also for television. The number of mobile
phone BSs, which equaled 474 in 2003, had reached approximately
856 in 2006.

Thus, this research to study health was conducted in a broad
environmental context, aiming to verify if there is a spatial
correlation between the cellular telephony system BS location and
the cases of death by neoplasia during the period between 1996 and
2006.

2. Materials and methods

2.1. Area of study

The Belo Horizonte municipality, with an area of approximately
300 km2 of area, has a tropical climate and is located at an average
altitude of 900 m (minimum of 800 m and maximum of 1200 m)

Fig. 3. Horizontal and vertical radiation patterns per sector of BS site BH 20 (KATHREIN MOBILCOM BRASIL LTDA. HUEMER E. and LENSIG Kl-, 1999).

3652 A.C. Dode et al. / Science of the Total Environment 409 (2011) 3649–3665

Environmental monitoring of RF power densities in the city was performed.
     In 2003, the highest recorded power density in the city was 3.06 μW/cm2.

      " In 2008, the largest recorded power density was 40.78 μW/cm2, 13 times higher than in 2003.

40 μW/cm2 is 15 times less than the FCC Exposure Guidelines.

Fig. 3. Horizontal and vertical radiation patterns per sector of BS site BH 20 

From:  Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais 
state, Brazil. Sci Total Environ (2011); 409(19):3649-3665.



determined by dividing the total number of deaths during the period
(n=7191) by the total population living in the municipality
(2,238,332), showed that there was a risk of dying of 32.12 per 10,000
inhabitants, as seen in Fig. 15. In this study, thisfigure represents thenull
hypothesis, i.e., the total number of deaths occurring in the period
divided by the population, independent of the proximity to the BSs.
Fig. 16 shows the distribution of the number of deaths by neoplasia
versus duration of exposure since the date of operation of the first
antenna in each analyzed CT.

3.6. Environmental monitoring of the electromagnetic field

The EMF results provided essential information for the assessment of
risks to the health of the exposed persons in the community. A total of

400 points were measured in the Central-Southern region in 2008,
where a major concentration of cellular telephony antennas was found.
Themean intensity of themeasured electric field was 7.32 V/m, varying
from 0.4 to 12.4 V/m. It was common to find a stronger electric field at
locations above the ground. The BS frequency bands ranged from
approximately 800 MHz to 1800 MHz. In 2003, the power density
varied from 0.898 μW/cm2 to 3.066 μW/cm2.

4. Discussion

Electric and EMFs interact with biological systems because they
penetrate into organs and tissues, and the biological systems are ruled by
delicate bioelectrochemical reactions that sustain the vital processes and
receive the influence from those fields. As demonstrated in the literature

Fig. 8. Installed BSs in the Belo Horizonte municipality until 2006. Total amount=856.

3659A.C. Dode et al. / Science of the Total Environment 409 (2011) 3649–3665

The authors used the Telecommunications National Agency database to map the locations of the 856 cell phone 
towers that existed in the city as of December 2006.

Fig. 8. Installed BSs in the Belo Horizonte municipality until 2006. Total amount = 856.

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state, 
Brazil. Sci Total Environ (2011); 409(19):3649-3665.



Fig. 10. Sample of geocoded deaths and BS locations in downtown Belo Horizonte City located in Central-Southern region.

3661A.C. Dode et al. / Science of the Total Environment 409 (2011) 3649–3665

They then cross-referenced health department records of death by neoplasia 
 with census and demographic city population data 
to locate the residence of all individuals who had died of cancer in the city between 1996 and 2006.

Fig. 10. Sample of geocoded deaths and BS locations in downtown Belo Horizonte City located in Central-Southern region.

From:  Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state, Brazil. Sci 
Total Environ (2011); 409(19):3649-3665.



Belo Horizonte, Brazil (2011)

This allowed them to calculate the distance between the deceased individuals’ residences and the closest cell phone 
tower, in meters.

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state, 
Brazil. Sci Total Environ (2011); 409(19):3649-3665.



Belo Horizonte, Brazil (2011)

Residential Distance from Cell Phone Base Station

Analysis of this data showed that the cancer death rate was significantly elevated at proximities closer than 
500 meters to cell phone towers.

Fig. 15. Rate of mortality by neoplasia, according to the distance from the BS in Belo Horizonte municipality, from 1996 to 2006, and the null hypothesis 
(blue line).

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas 
Gerais state, Brazil. Sci Total Environ (2011); 409(19):3649-3665.



Effects of 
Microwave RF 
Exposure on 

Fertility



Human fertility is decreasing in the developed world.

Sperm counts have been dropping worldwide for the last several decades.
(e.g. In New Zealand, 2.5% per year for the last 20 years).

Pesticides have been implicated.

Some evidence suggests that microwave RF exposure may also play a role.

Shine R, Peek J, Birdsall M. Declining sperm quality in New Zealand over 20 years. N Z Med J (2008); 121(1287):50-56.



Impaired Fertility in Fruit Flies

Insects are remarkably resistant to ionizing radiation and radioactivity.
They appear to be much more sensitive to the effects of microwave radio frequency exposures.
In a recent study, fruit flies were exposed to 10 μW/cm2 of GSM 900 MHz or 1800 MHz digital RF.
 This exposure level is 100 times lower than the FCC Guidelines of 1000 μW/cm2

Exposures were for one single exposure intervals per day for five days, ranging from 1 to 21 minutes per day.
Panagopoulos DJ, Margaritis LH. The effect of exposure duration on the biological activity of mobile telephony radiation. Mutat Res (2010); 699(1-2):17-22.



20 D.J. Panagopoulos, L.H. Margaritis / Mutation Research 699 (2010) 17–22

Table 2
Effect of different exposure durations of DCS 1800 MHz radiation on the reproductive
capacity of Drosophila melanogaster.

Experiment
no.

Groups (daily
exposure duration
for five consecutive
days)

Mean number of
F1 pupae per
maternal fly

Deviation from
sham-exposed
(SE) groups

2.1 SE (0 min) 11.7
E1 (1 min) 7.8 −33.3%
E2 (6 min) 7.7 −34.2%
E3 (11 min) 6.2 −47.0%
E4 (16 min) 4.9 −58.1%
E5 (21 min) 3.9 −66.7%

2.2 SE (0 min) 12.9
E1 (1 min) 8.6 −33.3%
E2 (6 min) 8.3 −35.7%
E3 (11 min) 6.9 −46.5%
E4 (16 min) 5.9 −54.3%
E5 (21 min) 5.0 −61.2%

2.3 SE (0 min) 14
E1 (1 min) 9.0 −35.7%
E2 (6 min) 7.3 −47.9%
E3 (11 min) 7.1 −49.3%
E4 (16 min) 6.4 −54.3%
E5 (21 min) 5.7 −59.3%

2.4 SE (0 min) 14.3
E1 (1 min) 9.3 −35.0%
E2 (6 min) 8.4 −41.3%
E3 (11 min) 7.5 −47.5%
E4 (16 min) 6.7 −53.1%
E5 (21 min) 5.5 −61.5%

2.5 SE (0 min) 12.9
E1 (1 min) 8.2 −36.4%
E2 (6 min) 7.2 −44.2%
E3 (11 min) 6.3 −51.2%
E4 (16 min) 5.7 −55.8%
E5 (21 min) 4.9 −62.0%

2.6 SE (0 min) 12.5
E1 (1 min) 7.4 −40.8%
E2 (6 min) 6.7 −46.4%
E3 (11 min) 5.9 −52.8%
E4 (16 min) 5.0 −60.0%
E5 (21 min) 4.4 −64.8%

Average ± SD SE (0 min) 13.05 ± 0.96
E1 (1 min) 8.38 ± 0.72 −35.8%
E2 (6 min) 7.60 ± 0.66 −41.8%
E3 (11 min) 6.65 ± 0.61 −49.0%
E4 (16 min) 5.77 ± 0.73 −55.8%
E5 (21 min) 4.90 ± 0.67 −62.4%

Fig. 1. Reproductive capacity (mean number of F1 pupae per maternal fly) of groups
exposed to GSM 900 MHz radiation for different daily exposure durations (1, 6, 11,
16, and 21 min) for five consecutive days, and of sham-exposed groups (no expo-
sure).

Fig. 2. Reproductive capacity (mean number of F1 pupae per maternal fly) of groups
exposed to DCS 1800 MHz radiation for different daily exposure durations (1, 6,
11, 16, and 21 min) for five consecutive days, and of sham-exposed groups (no
exposure).

that differ 10 min in exposure duration between them (e.g. E1–E3,
E2–E4, etc.) is in all cases P < 10−2.

We did not detect any temperature increases within the glass
vials during the exposures, for all the different exposure durations
tested.

4. Discussion

Our results show once again that both types of mobile tele-
phony radiation decrease considerably the reproductive capacity
of the flies, for all the periods of daily exposure duration tested,
from 1 to 21 min, although the intensity of radiation was only
10 !W/cm2, which is much lower than the established ICNIRP
limits of 450 !W/cm2 and 900 !W/cm2 for 900 and 1800 MHz,
respectively [41].

The statistical analysis clearly shows that the exposed
Drosophila groups differ in offspring production between them-
selves and compared with the sham-exposed groups, and this
difference is not due to random variations but to the effect of the
GSM/DCS fields. The reason why differences between groups dif-
fering only 5 min in daily exposure duration were not as strong
(P < 0.07 for GSM 900 and P < 0.08 for DCS 1800) as between groups
differing 10 min or more in exposure duration (P < 10−2), is only
that a 5-min difference in daily exposure duration was not enough
to show a large difference in reproductive capacity, since all the
exposures (even the shortest of 1 min daily) produced a significant
effect and all the exposed groups were significantly different from
the sham-exposed groups (P < 10−5). When the difference in expo-
sure duration is increased to 10 min or more, then the difference
in reproductive capacity between exposed groups becomes highly
significant.

The effect of both types of digital mobile telephony radiation on
the reproductive capacity seems to increase almost linearly with
increasing exposure duration from 1 to 21 min, suggesting that
short-term exposures to this radiation have cumulative effects on
living organisms.

We do not know whether longer short-term exposures than
21 min would result in an even higher decrease of reproductive
capacity, or whether the effect would saturate after a certain
exposure duration. This is left for future experiments. Our results
represent a first indication that this radiation can have cumulative
effects.

It is unknown whether long-term exposures of people or
animals residing in areas exposed to radiation by base-station
antennas also have cumulative effects, but this is possible as the

Impaired Fertility in Fruit Flies

0 = control group, with no exposure.

Even at one minute of exposure per day, a significant decrease in fertility is seen.

Fig. 2. Reproductive capacity (mean number of F1 pupae per maternal fly) of groups exposed to DCS 1800MHz radiation for different daily exposure durations (1, 6, 11, 16, 
and 21min) for five consecutive days, and of sham-exposed groups (no exposure).

Panagopoulos DJ, Margaritis LH. The effect of exposure duration on the biological activity of mobile telephony radiation. Mutat Res (2010); 699(1-2):17-22.



Impaired Fertility in Mammals

This is a Wistar rat. 

A great deal of research has been done on the effects of microwave RF on laboratory animals.



RF-Radiation-Induced Changes in Mice 457

tion i), far from the ‘‘antenna park’’ in a more or less
free-of-RF radiation environment.

It was extremely difficult to use RF-free controls
at the mountain sites, because it was almost impossible
to make ‘‘electromagnetically screened cages.’’ Such
a cage should ideally provide high (of the order of 30
dB) screening at the frequency range between 88.5 and
950 MHz (Commercial Radio FM band, UHF TV band,
and Mobile Communication band), and therefore
would require a very dense and well-grounded, highly Fig. 2. Comparison of the mean values { standard deviation of

number of newborns per dam and mating from all experimentalconductive external metal grid. Obviously, mice could
groups.hardly survive in such cages for about 5 months.

The litter was considered to be the experimental
unit for the analysis of data. We measured the crown-
rump length, the body weight, the number of the poste- some thymol crystals as contamination prevention).

The stained newborns were inspected for skeletal de-rior (lumbar, sacral, and coccygeal) vertebrae, the con-
genital malformations, and the ossification of the fects as well as for the degree of ossification of their

bones. The ossification of the skeleton and particularlyskeleton.
The RF power was measured in each position, of the vertebrae is an excellent and creditable indicator

of the prenatal exposure to noxious agents and can beusing an electric field meter and a low gain (4 dB)
wide-band (80–900 MHz) log-periodic antenna and a measure of development delay.
spectrum analyser. To obtain comparable results the
‘‘IEEE std. C95.3.1991’’ was used. On the third floor RESULTSof the public school, where the mice were situated, a
360 degree integration was also performed, due to the The RF power levels measured, although below

the limits proposed by the ‘‘ENV50166-2’’ and thedirectivity of the measuring antenna together with the
close proximity of the walls and metal furniture. Wher- ‘‘IEEE C95.1.1991’’ standards, are high and well

above the power levels that are likely to be measuredever iron bars or metal screens existed in front of the
windows, two series of measurements were carried out; in other European or U.S. residential areas. In fact, on

the third floor of the public primary school (positionone on each side of the screen.
The collected newborns were killed for examina- h), an average power density of 1.053 mW/cm2 was

found, equivalent to a specific absorption rate of 1.935tion. Their crown-rump length was measured, and they
were weighed and inspected under the dissecting mi- mW/kg. In the Hypaithrios Life Refuge (position d)

the average power density in which the mice werecroscope for external congenital malformations. Then
they were fixed and subsequently cleared and stained located was of the order of 168 nW/cm2. This reduced

level was due to the screening effect of the iron barsin toto by a double staining of their skeleton [Peters,
1977]. The procedure was lightly modified as follows: in front of the windows, which gave an 8–10 dB RF-

power decrease. The average power density levels inThe newborns were fixed with alcohol 86% for
3 days; their skin, eyes, and viscera were removed; position i (Laboratory of Anatomy, School of Veteri-

nary Medicine, University of Thessaloniki), where thethen they were immersed for 3 days in alcohol 100%
and for 4 days in a mixture of alcohol 100% and ether controls were placed and the fifth experimental matings

were performed, was 40 dB weaker.1:1. They were stained for 1–2 days with blue alcyan
coloration [alcohol 86% 80 ml, acetic acid 20 ml, al- The number of the littered newborns by the exper-

imental dams of groups A and B were, compared withcyan blue 20 mg] until the nonmineralised carti-
lagenous parts of the bones became blue. They were those littered by the controls, progressively reduced

from the first to the fifth pregnancy. This reduction isimmersed in alcohol 100% for 4 days. Then they were
stained for 12–24 days with red alizarin coloration more evident in group B and is clearly shown in Table

2 and in Figure 2.[KOH 1 g, H2O 100 ml, alizarin solution (alcohol 86%
saturated with alizarin red S) 0.1 ml] until the ossified On the other hand, the rest of the four measured

parameters, i.e., the crown rump length and the weightparts of the bones became red. They were immersed
in solution Mall I (KOH 1 g, distilled water 80 ml, and the number of the lumbar, sacral, and coccygeal

vertebrae increased in the newborns from groups A andglycerine 20 ml) until the transparency of their body
was completed. Finally, they were stored in a conserva- B compared with the controls. This was more evident in

group A than in group B (Table 2 and Fig. 3). Ation solution (distilled water and glycerine 1:1, with

833D/ 8507$$833d 06-27-97 09:08:37 bema W: BEM

Impaired Fertility in Female Mice

In one study, mice were kept in cages in a VHF/UHF antenna park in Thessaloniki, Greece.
Power densities ranged between 0.168 to 1.053 μW/cm2    [reported as 168 - 1053 nanowatts/cm2]

 This is about 1000 times lower than the FCC Guidelines of 600-1000 μW/cm2

With repeated matings, litter size decreased, until by the 5th mating, all the dams were infertile.
 This infertility was irreversible. 

Magras IN, Xenos TD. RF radiation-induced changes in the prenatal development of mice. Bioelectromagnetics (1997); 18(6):455-461.



Impaired Fertility in Male Rats

0.21 mW/cm2 - 2 hrs/D x 45 DSham exposure

Reduced sperm production in male Wistar rats exposed to 10 GHz microwave RF.
0.21 mW/cm2 = one fifth of the FCC Guidelines of 1 mW/cm2

OTHER EFFECTS:  Increases in reactive oxygen species, increased free radical formation, decreased activity of glutathione peroxidase and 
superoxide dismutase, DNA strand breakage, increased apoptosis (cell death) in sperm cells, distortion of sperm structure, reduced testosterone 
levels, shrinkage of seminiferous tubules and testicular size, decreased number and weight of progeny.
Kesari KK, Kumar S, Behari J. Effects of radiofrequency electromagnetic wave exposure from cellular phones on the reproductive pattern in male Wistar rats. Appl 

Biochem Biotechnol (2011); 164(4):546-559.
Kesari KK, Kumar S, Behari J. Pathophysiology of microwave radiation: effect on rat brain. Appl Biochem Biotechnol (2012); 166(2):379-388.
Kumar S, Kesari KK, Behari J. Influence of microwave exposure on fertility of male rats. Fertil Steril (2011); 95(4):1500-1502.
Kumar S, Behari J, Sisodia R. Influence of electromagnetic fields on reproductive system of male rats. Int J Radiat Biol (2012); epub Nov 13:1-8
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WiFi Exposure Damages Sperm With Oxidant Stress.
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The rats were exposed to a Standard WiFi gateway, 24 hours a day for 20 days.
HSCORE = histological staining in testes for 8-OH-20-dG 

[8-hydroxy-20-deoxyguanosine, byproduct of DNA damage]
Serum 8-OH-20-dG (ng/ml) [byproduct of DNA damage]
TBS = testicular biopsy score

9 = Much spermatogenesis, but germinal epithelium disorganized with marked sloughing or obliteration of lumen
GPX = glutathione peroxidase, an antioxidant (consumed by oxidative stress in exposed rats). 

Atasoy HI, Gunal MY, Atasoy P, Elgun S, Bugdayci G. Immunohistopathologic demonstration of deleterious effects on growing rat testes of 
radiofrequency waves emitted from conventional Wi-Fi devices. J Pediatr Urol (2012); March 30.



Impaired Fertility in Birds

In Valladido, Spain, a study compared the productivity of storks nesting closer and farther from a cell phone tower 
site.
30 nests within 200 meters of the antennae, were compared with 30 nests greater than 300 meters from the 
antennae

Balmori A. Possible Effects of Electromagnetic Fields from Phone Masts on a Population of White Stork. Electromagn Biol Med (2005); 24(2):109-119.



Impaired Fertility in Birds
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Productivity was significantly reduced in birds in the high exposure group.

Average electric field intensity on nests within 200m = 2.36±0.82V/m (~ 1.48 !W/cm2) 

This is more than 400 times less than the FCC Guidelines of 600-1000 !W/cm2

Average electric field intensity on nests further than 300m = 0.53 ± 0.82 V/m (~ 0.07 !W/cm2). 

Balmori A. Possible Effects of Electromagnetic Fields from Phone Masts on a Population of White Stork. Electromagn Biol Med (2005); 24(2):109-119.



Impaired Fertility in Amphibians

Eggs and tadpoles of the European common frog (Rana temporaria) were exposed to RF/EFM from several cell towers 
located at a distance of 140 meters.

Duration of exposure was 2 months (from egg phase to advanced tadpole stage).

Control groups were placed in same conditions, but contained in a faraday cage that shielded the eggs from RF 
exposure.

Balmori A. Mobile phone mast effects on common frog (Rana temporaria) tadpoles: the city turned into a laboratory. Electromagn Biol Med 
(2010a); 29(1-2):31-35.



(EF Field Strength ~ 0.8-3.2 !W/cm2)

Impaired Fertility in Amphibians
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Exposure intensity 1.8 to 3.5 V/m (~ 0.8-3.2 !W/cm2).

This is 200 times less than the FCC Guidelines of 600-1000 !W/cm2

[In the exposed group (n = 70), low coordination of movements and asynchronous growth was observed in living specimens, resulting in both 
big and small tadpoles.  In the control group (n = 70), growth was normal.]

Balmori A. Mobile phone mast effects on common frog (Rana temporaria) tadpoles: the city turned into a laboratory. Electromagn Biol Med 
(2010a); 29(1-2):31-35.
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Cell Phone Transmissions Decrease Sperm Motility in Vitro
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Samples of human sperm received 5 minutes exposure, 10 cm from a transmitting GSM 900 MHz cell phone.  
Average power density of exposure:  20 !W/cm2

This is 30 times less than the FCC Exposure Guideline of 600 !W/cm2

(Y axis = values in %)
Erogul O, Oztas E, Yildirim I et al. Effects of electromagnetic radiation from a cellular phone on human sperm motility: an in vitro study. Arch 

Med Res (2006); 37(7):840-843.



(p < 0.01)(p < 0.01)

Cell Phone Use Decreases Sperm Motility in Vivo
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Semen analysis performed on 371 men at a university clinic.
Health questionnaire included query of cell phone use habits.
(Y axis = values in %)

Fejes I, Zavaczki Z, Szollosi J et al. Is there a relationship between cell phone use and semen quality? Arch Androl (2005); 51(5):385-393.



Cell Phone Use Degrades Sperm Quality in Vivo

Three hundred sixty-one men undergoing infertility evaluation were divided into four groups according to their active 
cell phone use: 
group A: no use; group B: <2 h/day; group C: 2–4 h/day; and group D: >4 h/day.
With greater than two hours a day of reported talk time, significant reduction in sperm count, motility, viability, and % normal 
morphology were observed.

[One can assume that with texting rather than talking, the data might be even worse . . .  as the phone antenna will be closer to the testes.]

Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Effect of cell phone usage on semen analysis in men attending infertility clinic: an observational study. 
Fertil Steril (2008); 89(1):124-128.



Isothermal Exposure to 1.8 GHz RF Damages Sperm 
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Sperm exposed for 16 hours in vitro to 1.8 GHz (SAR = 27.5 W/kg) @ 21ºC (isothermal conditions).

Sperm damage correlates with increased free radical (ROS) production.

Values in %.

De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human 
spermatozoa in vitro. PLoS One (2009); 4(7):e6446 (1-9).



Discussion

While a high proportion of the male population suffers from
infertility associated with defective sperm function [17], the
etiology of this condition remains largely unresolved. Notwith-
standing the general paucity of information in this area, recent
studies have highlighted the interesting finding that male infertility
patients are frequently characterized by high levels of DNA
damage to their spermatozoa [18]. In light of these data, we have
hypothesized that the disruption of sperm fertilizing potential and
the concomitant presence of high levels of DNA damage in the
sperm nucleus involves a common causative mechanism in the
form of oxidative stress [19].
Oxidative stress has been known for some time to limit the

fertilizing potential of human spermatozoa through the induction
of peroxidative damage to the sperm plasma membrane [13,20].
Oxidative stress is also known to be associated with DNA damage
in human spermatozoa [21]. Furthermore, the source of the free
radicals responsible for generating such stress appears to be the
mitochondria [15]. However, the factors responsible for inducing
the mitochondria to leak electrons and propagate the production
of ROS have not been elucidated. The research described in this
article suggests that one of the key environmental factors involved
in the stimulation of sperm mitochondria to produce high levels of
ROS, might be excess exposure to RF-EMR from sources such as
mobile phones.
In a pilot study, human spermatozoa were found to respond to

RF-EMR (at 1.8 GHz with a SAR of 27.5 W/kg) with a range of
negative changes including dramatic declines in both sperm
vitality and motility. We also observed significant increases in both
cytoplasmic ROS levels (DHE) as well as mitochondrial ROS
levels (MSR) after RF-EMR exposure. We have previously shown
that the chemical induction of mitochondrial ROS production
with rotenone can precipitate a state of oxidative stress leading to

high levels of lipid peroxidation and a loss of sperm motility [15].
Therefore, these data highlight the particular vulnerability of
human spermatozoa to oxidative attack and the potential
significance of sperm mitochondria in the generation of free
radicals.
To assess whether similar effects could be observed at lower

power densities, closer to the SAR values associated with mobile
phones (0.5–1.5 W/kg) a dose-dependent analysis was conducted.
In addition to the conventional assessments of motility and vitality,
assays were included to assess the potential for RF-EMR to induce
sperm DNA damage and further, whether the DNA damage was
oxidative in nature. Confirmation of the detrimental effects of RF-
EMR on human sperm was again observed. Over the power
density range employed, a significant (P,0.001) dose-dependent
response for all sperm parameters was observed, including
motility, vitality, ROS generation by the whole cell, ROS
generation by the mitochondria, oxidative DNA damage and
DNA fragmentation. Furthermore, the profiles of all the observed
effects with respect to SAR were intriguingly similar, suggesting a
common underlying mechanism.
Specifically, all of the responses examined showed an extremely

rapid change at low SAR exposures that then reached a plateau at
a point where around 30% of the sperm population was affected.
This suggests that while we were careful to use only Percoll-
purified, high quality spermatozoa in this analysis, there exists
within this cell population, a cohort of spermatozoa that are
particularly vulnerable to the induction of oxidative stress by RF-
EMR. These spermatozoa may have compromised mitochondria,
poorly remodeled chromatin or a combination of such factors
[15,22]. Heterogeneity within the sperm population is a feature of
the human condition. However, this does not mean that a majority
of spermatozoa would not, ultimately, be affected by RF-EMR in
vivo; much would depend on the duration of exposure. In vitro, we
are limited by the inability of human spermatozoa to survive for

Figure 2. RF-EMR exposure reduces motility and vitality of human spermatozoa, in an SAR dependent manner. Percoll-purified
spermatozoa (56106 cells) were suspended in 1 ml BWW in a 35 mm Petri dish and placed within the waveguide while control cells (closed circles)
were placed outside the waveguide. Cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels of 0.4, 1.0 2.8 4.3 10.1 and 27.5 W/kg
(open circles) for 16 h at 21uC. Both vitality and motility were reduced in a dose dependent manner. A, Vitality was significantly reduced at a SAR of
1.0 W/kg from 89%63% to 65%61% (**p,0.01). B, Motility was also significantly reduced at a SAR of 1.0 W/kg from 86%62% to 68%62%
(*p,0.05). All results are based on 4 independent samples.
doi:10.1371/journal.pone.0006446.g002
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Figure 2. RF-EMR exposure reduces motility and vitality of human spermatozoa, in an SAR dependent manner. Percoll-purified spermatozoa (5 x 106 cells) 
were suspended in 1 ml BWW in a 35 mm Petri dish and placed within the waveguide while control cells (closed circles) were placed outside the waveguide. 
Cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels of 0.4, 1.0 2.8 4.3 10.1 and 27.5 W/kg (open circles) for 16 h at 21uC. Both vitality 
and motility were reduced in a dose dependent manner. 
A, Vitality was significantly reduced at a SAR of 1.0 W/kg from 89% ±3% to 65% ±1% (**p,0.01). 
B, Motility was also significantly reduced at a SAR of 1.0 W/kg from 86% ±2% to 68% ±2% (*p,0.05). All results are based on 4 independent samples.



more than 24 hours in a simple defined culture medium. In vivo,
spermatozoa may take up to a week to move from the seminiferous
tubules in the testes to the cauda epididymis and during the whole
of this time they would be vulnerable to RF-EMR exposure [23].
We recognize that these studies were conducted using spermatozoa

suspended in a simple defined culture medium rather than the
epididymal plasma in which they would be suspended in vivo.

Nevertheless the fact that effects on sperm quality have previously
been observed in both whole animal radiation experiments [3] and in
epidemiological studies of human subjects exposed to various levels of
mobile phone radiation [5,7,24], emphasizes the biological and
clinical relevance of these findings. Moreover, another recent study
has found that exposing human spermatozoa to mobile phone
radiation for 1 hour leads to significant declines in motility and

Figure 3. RF-EMR induces ROS generation in human spermatozoa, in an SAR-dependent manner unrelated to thermal effects.
Percoll-purified spermatozoa (56106 cells) were suspended in 1 ml BWW in a 35 mm Petri dish and placed within the waveguide while control cells
placed outside the waveguide (closed circles). Cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels between 0.4 and 27.5 W/kg
(open circles) for 16 h at 21uC. Also, purified sperm cells were subjected to incubation temperatures ranging from 21uC–50uC for 2 h. As the power
levels were increased, the cellular generation of ROS increased in a dose-dependent manner. ROS levels were also observed to increase as a result of
incubation temperature, but such results were not significant until the temperature exceeded 40uC. A, ROS generation (DHE response) was
significantly increased from control levels after exposure to 1.0 W/kg (*p,0.05) and above (***p,0.001). B, RF-EMR induces ROS generation by the
sperm mitochondria as monitored by MSR; significant increases were observed at SAR values of 2.8 W/kg (***p,0.001) and above. All results are
based on 4 independent samples. C, In order to control for thermal effects, the impact of temperature of cellular ROS generation was monitored; a
significant increase in ROS generation was observed as temperatures rose above 40uC (p,0.001). D, Across the entire data set, the total level of ROS
generation by human spermatozoa (DHE positive cells) was highly correlated with the level of ROS generation by the mitochondria (MSR positive
cells: R2 = 0.823).
doi:10.1371/journal.pone.0006446.g003
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Figure 3. RF-EMR induces ROS generation in human spermatozoa, in an SAR-dependent manner unrelated to thermal effects.

De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human spermatozoa 
in vitro. PLoS One (2009); 4(7):e6446 (1-9).



vitality in concert with an increase in cellular reactive oxygen species
generation [25]. The levels of RFEMR exposure were not quantified
in this study nor were the sources of ROS identified. Nevertheless,
these findings reinforce the general conclusions generated in this
paper, particularly with respect to central role played by oxidative
stress. The ever-increasing prevalence of mobile communications
technology means that humans are now exposed to higher amounts
of RF-EMR than ever before. Mobile phones are commonly carried
in bags or in pockets in very close proximity to the body. In addition
to this, these devices can be stored adjacent to the same part of the
body for extended periods of time. In this context, exposure of the
male reproductive system to RF-EMR is clearly a significant issue.
The particular significance of the present study is that it not only

demonstrates a direct effect of RF-EMR on sperm motility, vitality
and DNA integrity but also identifies a potential causative
mechanism involving electron leakage from the mitochondrial
electron transport chain and the induction of oxidative DNA
damage. In part, these mechanistic insights have been achieved
because the cell type used in these studies, the human
spermatozoon, has an extremely simple cellular architecture,
lacking significant cytosol and possessing few cellular organelles
other than the sperm nucleus, flagellum and mitochondria. One
consequence of this structure is that these cells are uniquely
vulnerable to oxidative stress. Moreover, such stress is already
known to induce the functional and structural lesions observed in
this study including both a loss of motility mediated by
peroxidative damage to the sperm plasma membrane, as well as
the formation of DNA base adducts in the sperm nucleus that
ultimately lead to DNA fragmentation [26,27].
Notwithstanding the specialized nature of mammalian sperma-

tozoa, the mechanisms suggested by this study may also apply to

RF-EMR-mediated damage in other cell types. The RF-EMR
used for communications, including mobile phone networks, is not
of high enough power to be classed as ionizing radiation. The
latter has sufficient energy to pull away electrons, dramatically
altering the properties of affected molecules and typically creating
extremely reactive radical species. RF-EMR does not contain
sufficient energy for these processes. Nevertheless, this form of
radiation may have other effects on larger scale systems such as
cells and organelles, which stem from the perturbation of charged
molecules and the disruption of electron flow [28,29]. Mitochon-
dria have one of the largest standing membrane potentials in the
body and their energetic functions are entirely dependent on the
regulated movement of electrons and protons within the inner
mitochondrion membrane. Theoretically, such fluxes might be
susceptible to disruptions in local electric fields induced by RF-
EMR, offering a potential link between this form of radiation and
the non-thermal biological effects observed in this study.
This study clearly demonstrates that RF-EMR can damage

sperm function via mechanisms that involve the leakage of electrons
from the mitochondria and the creation of oxidative stress. These
findings have immediate implications for the high rates of male
infertility seen in our species, a majority of which is idiopathic.
Furthermore, the fact that sperm DNA is damaged by this form of
radiation has additional implications for the health and wellbeing of
children born to fathers who have experienced high levels of
occupational or environmental exposure to RF-EMR around the
time of conception. Overall, these finding raise a number of related
health policy and patient management issues that deserve our
immediate attention. Specifically we recommend that men of
reproductive age who engage in high levels of mobile phone use, do
not keep their phones in receiving mode below waist level.

Figure 4. RF-EMR induces oxidative DNA damage in human spermatozoa. Following Percoll fractionation, 56106 high density, spermatozoa
were suspended in 1 ml BWW. The cells were placed in 35 mm Petri dishes and placed inside a waveguide. 56106 cells in 1 ml BWW were placed
outside the waveguide as a control (closed circle). The cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels between 0.4 and 27.5 W/
kg (open circles) and all samples were incubated for 16 h at 21uC. Following incubation, Fe2+ and H2O2 was added to cells to act as a positive control,
incubated for 1 h, then 100 ml 2 mM DTT/BWW solution was added and incubated for 45 min at 37uC. Cells were fixed and labeled with 100 ml
charcoal purified anti-8-OH-dG, FITC tagged antibody at a dilution of 1:50, incubated at 21uC for 1 h, washed and then assessed by flow cytometry. A,
As the power levels were increased, the amount of oxidative DNA damage expressed also increased. A significant amount of oxidative DNA damage
was observed in cells exposed to 2.8 W/kg (*p,0.05) RF-EMR and above (**p,0.01; ***p,0.001). Results are based on 4 independent samples. B, The
levels of 8-OH-dG expression were positively correlated with the levels of ROS generation by the mitochondria (R2 = 0.727).
doi:10.1371/journal.pone.0006446.g004
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A) As the power levels were increased, the amount of oxidative DNA damage expressed also increased. 
A significant amount of oxidative DNA damage was observed in cells exposed to 2.8 W/kg (*p,0.05) RF-EMR and above (**p,0.01; ***p,0.001). 

B) The levels of 8-OH-dG expression were positively correlated with the levels of ROS generation by the mitochondria 
(R2 = 0.727).
Figure 4. RF-EMR induces oxidative DNA damage in human spermatozoa.

De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human spermatozoa 
in vitro. PLoS One (2009); 4(7):e6446 (1-9).



Methods

Ethics Statement
This study was conducted according to the principles expressed

in the Declaration of Helsinki. The study was approved by the
University of Newcastle (H-712-0799). All patients provided
written informed consent for the collection of samples and
subsequent analysis.

Reagents and Solutions
All chemicals and reagents used in this research were obtained

from Sigma Aldrich (Sigma Chemical Co., St. Louis, MO) unless
stated otherwise. All reagents used were of research grade. All
fluorescent probes were purchased from Molecular Probes Inc.
(Eugene, OR). Biggers, Whitten and Whittingham (BWW) media
supplemented with 1 mg/ml polyvinyl alcohol (PVA) was used in
all experiments [30]. It was prepared fresh as required and kept at
37uC with an osmolarity in the range of 290–310 mOsm/kg.

Human spermatozoa
Institutional and State Government ethical approval was

secured for the use of human semen samples for this research.
The donors were students from the University of Newcastle donor
program who had no known prior male reproductive pathologies
including varicocele and infection. From this pool, 22 normo-
zoospermic donors were used in this study. The average (6SEM)
age of these donors was 24.161.1 y. After allowing at least 30 min
for liquefaction to occur, spermatozoa were separated from
seminal plasma on a discontinuous two-step Percoll gradient, as
described [16]. The isolated spermatozoa were washed with 10 ml
BWW, centrifuged at 6006 g for 15 min and finally resuspended
in HEPES-buffered BWW at a concentration of 206 106/ml
supplemented with 1 mg/ml PVA. After acquiring each sperm
fraction, the vitality, motility and cell density of the spermatozoa
were evaluated. Vitality was determined by transferring 5 ml of
each cell fraction onto a microscope slide followed by the addition
of 5 ml of 0.5% eosin; the percentage of non-viable cells staining
pink was then assessed by light microscopy. Motility was assessed
by transferring 6 ml of the same sample onto a slide which was
then covered with a coverslip and examined by phase contrast
microscopy. For both the vitality and motility assessments, 100
cells were counted and the results expressed as a percentage.

Radio Frequency Electromagnetic Radiation and
Waveguide
In this study, a cylindrical waveguide copied from the design by

Gajda et al [31] was constructed such that 1.8 GHz radiation could

Figure 5. RF-EMR induces DNA fragmentation in human
spermatozoa. Following Percoll fractionation, 56106 high density
spermatozoa were resuspended in 1 ml BWW, pipetted into 35 mm
Petri dishes and placed inside a waveguide. 56106 cells in 1 ml BWW
were placed outside the waveguide as a control (closed circle). The cells
in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels
between 0.4 and 27.5 W/kg (open circles) and all samples were
incubated for 16 h at 21uC. Following incubation, cells were fixed;
DNase-I was used as a positive control. After 1 h incubation at 37uC,
50 ml of label and enzyme master mixes were added to the cells and
incubated for 1 h at 37uC. Cells were then washed and assessed by flow
cytometry. A, Significant levels of DNA fragmentation was observed in
exposed spermatozoa at 2.8 W/kg (*p,0.05) and above (***p,0.001).
B, DNA fragmentation was positively correlated with ROS production
by the mitochondria as monitored by MSR (R2 = 0.861). C, 8-OH-dG was
also positively correlated with DNA fragmentation (R2 = 0.725). Results
are based on 4 independent samples.

RF-EMR and Sperm In Vitro

PLoS ONE | www.plosone.org 7 July 2009 | Volume 4 | Issue 7 | e6446

RF Damages Sperm by Increasing Oxidative Stress Methods

Ethics Statement
This study was conducted according to the principles expressed

in the Declaration of Helsinki. The study was approved by the
University of Newcastle (H-712-0799). All patients provided
written informed consent for the collection of samples and
subsequent analysis.

Reagents and Solutions
All chemicals and reagents used in this research were obtained

from Sigma Aldrich (Sigma Chemical Co., St. Louis, MO) unless
stated otherwise. All reagents used were of research grade. All
fluorescent probes were purchased from Molecular Probes Inc.
(Eugene, OR). Biggers, Whitten and Whittingham (BWW) media
supplemented with 1 mg/ml polyvinyl alcohol (PVA) was used in
all experiments [30]. It was prepared fresh as required and kept at
37uC with an osmolarity in the range of 290–310 mOsm/kg.

Human spermatozoa
Institutional and State Government ethical approval was

secured for the use of human semen samples for this research.
The donors were students from the University of Newcastle donor
program who had no known prior male reproductive pathologies
including varicocele and infection. From this pool, 22 normo-
zoospermic donors were used in this study. The average (6SEM)
age of these donors was 24.161.1 y. After allowing at least 30 min
for liquefaction to occur, spermatozoa were separated from
seminal plasma on a discontinuous two-step Percoll gradient, as
described [16]. The isolated spermatozoa were washed with 10 ml
BWW, centrifuged at 6006 g for 15 min and finally resuspended
in HEPES-buffered BWW at a concentration of 206 106/ml
supplemented with 1 mg/ml PVA. After acquiring each sperm
fraction, the vitality, motility and cell density of the spermatozoa
were evaluated. Vitality was determined by transferring 5 ml of
each cell fraction onto a microscope slide followed by the addition
of 5 ml of 0.5% eosin; the percentage of non-viable cells staining
pink was then assessed by light microscopy. Motility was assessed
by transferring 6 ml of the same sample onto a slide which was
then covered with a coverslip and examined by phase contrast
microscopy. For both the vitality and motility assessments, 100
cells were counted and the results expressed as a percentage.

Radio Frequency Electromagnetic Radiation and
Waveguide
In this study, a cylindrical waveguide copied from the design by

Gajda et al [31] was constructed such that 1.8 GHz radiation could

Figure 5. RF-EMR induces DNA fragmentation in human
spermatozoa. Following Percoll fractionation, 56106 high density
spermatozoa were resuspended in 1 ml BWW, pipetted into 35 mm
Petri dishes and placed inside a waveguide. 56106 cells in 1 ml BWW
were placed outside the waveguide as a control (closed circle). The cells
in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels
between 0.4 and 27.5 W/kg (open circles) and all samples were
incubated for 16 h at 21uC. Following incubation, cells were fixed;
DNase-I was used as a positive control. After 1 h incubation at 37uC,
50 ml of label and enzyme master mixes were added to the cells and
incubated for 1 h at 37uC. Cells were then washed and assessed by flow
cytometry. A, Significant levels of DNA fragmentation was observed in
exposed spermatozoa at 2.8 W/kg (*p,0.05) and above (***p,0.001).
B, DNA fragmentation was positively correlated with ROS production
by the mitochondria as monitored by MSR (R2 = 0.861). C, 8-OH-dG was
also positively correlated with DNA fragmentation (R2 = 0.725). Results
are based on 4 independent samples.

RF-EMR and Sperm In Vitro

PLoS ONE | www.plosone.org 7 July 2009 | Volume 4 | Issue 7 | e6446

A) Significant levels of DNA fragmentation was observed in exposed spermatozoa at 2.8 W/kg (*p,0.05) and above 
          (***p,0.001). 

B) DNA fragmentation was positively correlated with ROS production by the mitochondria as monitored by MSR. 
          (R2 = 0.861). 

Figure 5. RF-EMR induces DNA fragmentation in human spermatozoa.

De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human spermatozoa 
in vitro. PLoS One (2009); 4(7):e6446 (1-9).



Sperm Damage From Laptop WiFi

Motile spermatozoa in semen were incubated at room temperature, 
 3 cm below laptop computer (e.g. lap distance)
 4 hours of exposure.

Control incubated in similar conditions, without presence of the computer.

Avendano C, Mata A, Sanchez Sarmiento CA, Doncel GF. Use of laptop computers connected to internet through Wi-Fi decreases human 
sperm motility and increases sperm DNA fragmentation. Fertil Steril (2012); 97(1):39-45.
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Background The rapid increase in mobile telephone use has generated concern
about possible health risks related to radiofrequency electromagnet-
ic fields from this technology.

Methods An interview-based case–control study with 2708 glioma and 2409
meningioma cases and matched controls was conducted in 13 coun-
tries using a common protocol.

Results A reduced odds ratio (OR) related to ever having been a regular
mobile phone user was seen for glioma [OR 0.81; 95% confidence
interval (CI) 0.70–0.94] and meningioma (OR 0.79; 95%
CI 0.68–0.91), possibly reflecting participation bias or other meth-
odological limitations. No elevated OR was observed 510 years
after first phone use (glioma: OR 0.98; 95% CI 0.76–1.26; meningi-
oma: OR 0.83; 95% CI 0.61–1.14). ORs were <1.0 for all deciles of
lifetime number of phone calls and nine deciles of cumulative call
time. In the 10th decile of recalled cumulative call time, 51640 h,
the OR was 1.40 (95% CI 1.03–1.89) for glioma, and 1.15 (95% CI
0.81–1.62) for meningioma; but there are implausible values of re-
ported use in this group. ORs for glioma tended to be greater in the
temporal lobe than in other lobes of the brain, but the CIs around
the lobe-specific estimates were wide. ORs for glioma tended to be
greater in subjects who reported usual phone use on the same side
of the head as their tumour than on the opposite side.

Conclusions Overall, no increase in risk of glioma or meningioma was observed
with use of mobile phones. There were suggestions of an increased
risk of glioma at the highest exposure levels, but biases and error
prevent a causal interpretation. The possible effects of long-term
heavy use of mobile phones require further investigation.

Keywords Brain tumours, mobile phones, radiofrequency fields

Introduction
Mobile phone use has increased dramatically in many
countries since its introduction in the early-to-mid
1980s. The expanding use of this technology has

been accompanied by concerns about health and
safety. In the late 1990s, several expert groups critic-
ally reviewed the evidence on health effects
of low-level exposure to radiofrequency (RF)
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In the 2010 Interphone Study combined analysis of data for all levels of exposure found that “regular cell phone 
users” were less likely to have brain tumors than non-users.
This is what was reported in the media about this study.

A reduced odds ratio (OR) related to ever having been a regular mobile phone user was seen for glioma [OR 0.81; 95% confidence interval (CI) 0.70–0.94] 
and meningioma (OR 0.79; 95% CI 0.68–0.91)

INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Int J 
Epidemiol (2010); 39(3):675-694.



INTERPHONE Study 2010 – Definition of “Risk”

However, “regular use” was defined as a minimum of one call for week for at least 6 months.
In otherwords, anyone who had made at least 26 cell phone calls in their lifetime was categorized as a “regular user” 
and placed in the risk group.
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Half of the subjects in the study had less than 115 hours of lifetime exposure.
Note that a significantly higher risk for glioma was seen with more than 1640 hours of exposure.

OR for glioma = 1.40 [95% CI = (1.03-1.89)]

From Table 2:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international 
case-control study. Int J Epidemiol (2010); 39(3):675-694.
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*

Charted data from the Interphone study for risk of meningioma.
With !1640 hrs exposure in 1 – 4 years, OR = 4.80 [95% CI = (1.49-15.4)]

1640 hours in 4 years = 7.9 hrs/wk  (range in cohort was 8 – 30 hrs/wk)
1640 hours in 10+ years ~ > 3 hrs/wk

(range in 1-4 years cohort was 8 – 30 hrs/wk, which the authors discounted as “implausable values of use” in their summary of results) 

From Table 3:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 
study. Int J Epidemiol (2010); 39(3):675-694.
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Odds Ratio for Glioma with Cell Phone Use

*

Charted data from INTERPHONE study group, glioma risk.
Stratified by cumulative call time (without hands/free devices).

Also stratified by years of use.
With "1640 hrs exposure in 1 – 4 years, OR for Glioma = 3.77 [95% CI = (1.25-11.4)]
1640 hours in 4 years = 7.9 hrs/wk  (range in cohort was 8 – 30 hrs/wk)
The authors rejected their own findings on glioma, stating that this level of reported cell phone use (8 to 30 
hours per week) was “implausable”.
From Table 3:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 

study. Int J Epidemiol (2010); 39(3):675-694.
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Odds Ratio for Glioma with Cell Phone Use

Glioma risk by location in the brain.
Also stratified by cumulative call time.

Temporal lobe (With !1640 hrs exposure, OR = 1.87 [95% CI = (1.09-3.22)]

From Table 4:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 
study. Int J Epidemiol (2010); 39(3):675-694.

Interestingly, the study did report its statistics stratified by total time of reported use, and the top decile (greater than 1640 hours use over a ten year interval, 
averaging out as greater than 3 hours a week) had an increased risk of certain tumors. Individuals who accrued that greater than 1650 hours of use over a 1 to 
4 year interval (ranging from 8 to over 30 hours a week) had a markedly higher odds ratio of meningioma (OR 4.80) or glioma (OR 3.27).



0

2

4

6

8

Ipsilateral (same side) Contralateral (opposite side) Blank

< 5 hr 5 – 114.9 115 – 359.9 360 – 1639.9 " 1640 hrs

Odds Ratio for Glioma with Cell Phone Use

*

Glioma risk by side of head they habitually held the phone.
Also stratified by cumulative call time.

(With !1640 hrs exposure, Ipsilateral OR = 1.96 [95% CI = (1.22-3.22)]

From Table 5:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 
study. Int J Epidemiol (2010); 39(3):675-694.
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Stratified by years of exposure.

INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Int J 
Epidemiol (2010); 39(3):675-694.
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Glioma risk by side of head they habitually held the phone.
Also stratified by years of exposure.

INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Int J 
Epidemiol (2010); 39(3):675-694.



INTERPHONE Study 2011

2011 INTERPHONE study of acoustic neuroma
 Funded in significant part by the telecommunications industry.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.
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*

From 2011 INTERPHONE study of acoustic neuroma, Table 2.
This study was also funded in major part by the telecommunications industry.
In their conclusion, the authors stated that this data showed “no trend of increasing risk with increasing 
cumulative call time”
They discounted their findings for the highest decile of exposure.

But with "1640 hrs exposure in 1 – 5 years of exposure, OR = 2.79 [95% CI = (1.51-5.16)]

From Table 2:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.
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*

In the high use group, risk of acoustic neuroma was significantly higher on the side of the head where the subject 
habitually held the cell phone.

1640 hours in 1 year = 4.5 hours a day = 31.5 hours/week

With "1640 hrs exposure, ipsilateral tumor Odds Ratio = 2.33 [95% CI = (1.23-4.40)]

From Table 3:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.
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Acoustic Neuroma Risk (< 5 years of cell phone use)

*

Risk increased with increased years of exposure.

1640 hours in 5 years = 0.9 hours a day = 6.3 hours/week

With "1640 hrs exposure, ipsilateral tumor Odds Ratio = 3.53 [95% CI = (1.59-7.82)]

From Table 3:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.
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*

Acoustic Neuroma Risk (! 10 years of cell phone use)

Higher risk with ten or more years of exposure.

1640 hours in 10 years = less than half an hour a day. = 3.2 hours/week = 0.45 hours a day 

With "1640 hrs exposure, ipsilateral tumor Odds Ratio = 3.74 [95% CI = (1.58-8.83)]

From Table 4:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.
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2011 INTERPHONE study of acoustic neuroma

From Table 4:  Short, medium, long-term accumulation of >1640 hours.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.
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Acoustic Neuroma Risk with 5 to 9 Years of Cell Phone Use

2011 INTERPHONE study of acoustic neuroma

From Table 4:  Short, medium, long-term accumulation of >1640 hours.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.
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2011 INTERPHONE study of acoustic neuroma

From Table 4:  Short, medium, long-term accumulation of "1640 hours.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.



Risk of brain tumours in relation to estimated RF dose
from mobile phones: results from five
Interphone countries
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ABSTRACT
Objectives The objective of this study was to examine
the associations of brain tumours with radio frequency
(RF) fields from mobile phones.
Methods Patients with brain tumour from the
Australian, Canadian, French, Israeli and New Zealand
components of the Interphone Study, whose tumours
were localised by neuroradiologists, were analysed.
Controls were matched on age, sex and region and
allocated the ‘tumour location’ of their matched case.
Analyses included 553 glioma and 676 meningioma
cases and 1762 and 1911 controls, respectively. RF dose
was estimated as total cumulative specific energy
(TCSE; J/kg) absorbed at the tumour’s estimated centre
taking into account multiple RF exposure determinants.
Results ORs with ever having been a regular mobile
phone user were 0.93 (95% CI 0.73 to 1.18) for glioma
and 0.80 (95% CI 0.66 to 0.96) for meningioma. ORs for
glioma were below 1 in the first four quintiles of TCSE
but above 1 in the highest quintile, 1.35 (95% CI 0.96 to
1.90). The OR increased with increasing TCSE 7+ years
before diagnosis (p-trend 0.01; OR 1.91, 95% CI 1.05 to
3.47 in the highest quintile). A complementary analysis in
which 44 glioma and 135 meningioma cases in the most
exposed area of the brain were compared with gliomas
and meningiomas located elsewhere in the brain showed
increased ORs for tumours in the most exposed part of
the brain in those with 10+ years of mobile phone use
(OR 2.80, 95% CI 1.13 to 6.94 for glioma). Patterns for
meningioma were similar, but ORs were lower, many
below 1.0.
Conclusions There were suggestions of an increased
risk of glioma in long-term mobile phone users with high
RF exposure and of similar, but apparently much smaller,
increases in meningioma risk. The uncertainty of these
results requires that they be replicated before a causal
interpretation can be made.

INTRODUCTION
Rapid increases in mobile phone use have generated
concerns about possible health effects of exposure
to radio frequency (RF) electromagnetic fields. A
multinational caseecontrol study, Interphone,1

aimed to evaluate the association of brain, acoustic
nerve and parotid gland tumours with RF exposure
from mobile phone use. Most epidemiological
studies, including Interphone, have only reported
risk in relation to mobile phone use history.2e20
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What this paper adds

< Previous epidemiological studies of mobile
phone use and brain cancer risk have used
information on mobile phone use as a proxy
measure of exposure to radio frequency fields
from mobile phones.

< Most studies have not observed increased ORs
in relation to ever having been a mobile phone
user. There were suggestions, however, of an
increased risk of glioma in long-term and heavy
users, though biases and errors prevent a causal
interpretation.

< The relationship between radio frequency
energy absorbed at the tumour location and
mobile phone use history is complex. In addition
to amount of use, it depends on phone type,
network properties, conditions of use and
tumour location. The present paper is the first
to use estimates of radio frequency energy
deposition at the centre of tumours in the brain
as a measure of radio frequency dose.

< An increased risk of glioma was seen in
individuals at the highest quintile of radio
frequency dose, though reduced risks were
seen in the four lower quintiles. When risk was
examined as a function of dose received in
different time windows before diagnosis, an
increasing trend was observed with increasing
radio frequency dose (p¼0.01) for exposures
7 years or more in the past.

< Caseecase analyses, made possible by tumour
localisation, indicated an increased risk in the
most exposed region of the brain compared with
other areas among long-term users.

< Patterns of risk for meningioma in relation to
radio frequency dose were similar, although
increases in risk were much smaller than for
glioma, and not statistically significant.

< Our results suggest that there may be an
increase in risk of glioma in the most exposed
area of the brain among long-term and heavy
users of mobile phones. These results are
uncertain (in light of the uncertainties associated
with tumour centre localisation, radio frequency
dose estimation and sample size) and require
replication before they can be taken to indicate
a causeeeffect relationship.

Occup Environ Med 2011;68:631e640. doi:10.1136/oemed-2011-100155 631
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INTERPHONE Study 2011

Interphone latest study 2011

Cardis E, Armstrong BK, Bowman JD et al. Risk of brain tumours in relation to estimated RF dose from mobile phones: results from five Interphone countries. 
Occup Environ Med (2011); 68(9):631-640.



INTERPHONE Study 2011

“Our results suggest that there may be an 
increase in risk of glioma in the most 
exposed area of the brain among long-
term and heavy users of mobile phones. 
These results are uncertain (in light of the 
uncertainties associated with tumour 
centre localisation, radio frequency dose 
estimation and sample size) and require 
replication before they can be taken to 
indicate a cause effect relationship.”

From the conclusions of the 2001 INTERPHONE study (industry-financed).
Study authors finally admitted that their data showed increase risk of glioma, but said that this finding required 
replication before being taken as a cause and effect relationship.
This despite the fact that this finding was already a replication of their previously published data, and had 
also been confirmed several times in the published data of the Hardell group in Sweden.
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Mobile phone brain cancer link rejected

Further research has been published suggesting there is no link between mobile
phones and brain cancer.

The risk mobiles present has been much debated over the past 20 years as use of the phones
has soared.

The latest study led by the Institute of Cancer Epidemiology in Denmark looked at more than
350,000 people with mobile phones over an 18-year period.

Researchers concluded users were at no greater risk than anyone else of developing brain
cancer.

The findings, published on the British Medical Journal website, come after a series of studies
have come to similar conclusions.

'Reassuring'
But there has also been some research casting doubt on mobile phone safety, prompting the

By Nick Triggle
Health correspondent, BBC News

Danish Study 2011

Danish study:  Proclaimed as evidence that cell phones are safe.
420,095 subscribers in the cohort — who had subcriptions by 1994/95.  

Exposure is judged by presence of a cell phone contract, no record of actual usage.
200,507 corporate users excluded — and placed in the control group.
2550 juveniles excluded — and placed in the control group.

Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schuz J. Use of mobile phones and risk of brain tumours: update of Danish cohort study. BMJ 
(2011); 343(d6387).
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From Table 3:  Cardis E, Armstrong BK, Bowman JD et al. Risk of brain tumours in relation to estimated RF dose from mobile phones: results from five 
Interphone countries. Occup Environ Med (2011); 68(9):631-640.



Danish Study 2011

Danish study:  Proclaimed as evidence that cell phones are safe.

420, 095 subscribers in the cohort — who had subcriptions by 1994/95.  Exposure is judged by 
presence of a cell phone contract, no record of actual usage.
200,507 corporate users excluded — and placed in the control group.
2550 juveniles excluded — and placed in the control group.
Half the subjects in the 2009 Johansen et al study had less than two years of cell phone use.

Second publication:  Schuz 2006
Only 61% of subscribers reported making or receiving at least 1 call a week in prior six months
All users who began subscription after 1995 were put in the “unexposed” reference population.

Third publication  Shuz et al 2011
Same study group
Control group 2.9 million Danes

Fourth publication:  Frei et all 2011 BMJ
~ 42% of initial cohort excluded (and placed in the control group).
Also in the control group — the 85% of Danes that got a cell phone contract between 1995 and 2004.

“Number of subscription years” is used as a surrogate for actual hours of usage. 
18-29 year old excluded.

Cohort established by grants from Danish telcom companies.  Sources of funding of the 
International Epidemiology Institute (Rockville, MD, USA) have never been declared.

In this study, the control group was contaminated with so many cell phone users that the results of the study were 
essentially meaningless.  Two reviews stating this fact were published in the same issue of BMJ in 2011, along with 
the Frie study.

Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schuz J. Use of mobile phones and risk of brain tumours: update of Danish cohort study. BMJ 
(2011); 343(d6387.

Philips A, Lamburn G. Updated study contains poor science and should be disregarded. BMJ (2011); 343(d7899; author reply d7912).

Soderqvist F, Carlberg M, Hardell L. Review of four publications on the Danish cohort study on mobile phone subscribers and risk of brain tumors. Rev 
Environ Health (2012); 27(1):51-58.
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Abstract. We studied the association between use of mobile 
and cordless phones and malignant brain tumours. Pooled 
analysis was performed of two case-control studies on patients 
with malignant brain tumours diagnosed during 1997-2003 
and matched controls alive at the time of study inclusion and 
one case-control study on deceased patients and controls 
diagnosed during the same time period. Cases and controls 
or relatives to deceased subjects were interviewed using a 
structured questionnaire. Replies were obtained for 1,251 
(85%) cases and 2,438 (84%) controls. The risk increased with 
latency period and cumulative use in hours for both mobile 
and cordless phones. Highest risk was found for the most 
common type of glioma, astrocytoma, yielding in the >10 year 
latency group for mobile phone use odds ratio (OR) = 2.7, 95% 
confidence interval (CI) = 1.9-3.7 and cordless phone use OR 
= 1.8, 95% CI = 1.2-2.9. In a separate analysis, these phone 
types were independent risk factors for glioma. The risk for 
astrocytoma was highest in the group with first use of a wireless 
phone before the age of 20; mobile phone use OR = 4.9, 95% 
CI = 2.2-11, cordless phone use OR = 3.9, 95% CI = 1.7-8.7. In 
conclusion, an increased risk was found for glioma and use 
of mobile or cordless phone. The risk increased with latency 
time and cumulative use in hours and was highest in subjects 
with first use before the age of 20.

Introduction

There has been a rapid development of wireless technology 
since the 1990s and nowadays most persons use mobile 
phones and cordless phones. Additionally, most populations 
are exposed to radiofrequency/microwave (RF) radiation 

emissions from wireless devices such as mobile phone base 
stations, broadcast transmission towers, pagers and personal 
digital assistants, wireless networks and other sources of RF 
radiation (1).

The brain is the target organ of the body with highest near 
field exposure to microwaves during use of a handheld wireless 
phone. Thus, fear of an increased risk for brain tumours from 
RF fields emitted from mobile phones has dominated the 
debate the last decade. Of equal importance is use of the 
desktop cordless phones. 

Especially the ipsilateral brain (same side as the mobile 
phone has been used) is exposed, whereas the contralateral 
side (opposite side to the mobile phone) is much less exposed 
(2). Thus, for risk analysis it is of vital importance to have 
information on the localisation of the tumour in the brain and 
the side of the head that has been predominantly used during 
phone calls.

In studies of the risk of brain tumours related to use of 
wireless communication it is of outermost importance to have 
many cases with long latency time. The use of mobile phone 
has a long history in Sweden and therefore studies performed 
here offer good possibilities to study this question. 

Analogue phones (Nordic Mobile Telephone System; 
NMT) were introduced on the market in the early 1980s using 
both 450 and 900 Megahertz (MHz) carrier waves. NMT 450 
was used in Sweden since 1981 but closed down in December 
31, 2007, whereas NMT 900 operated during 1986-2000. 

The digital  system (Global  System for Mobile 
Communication; GSM) using dual band, 900 and 1,800 MHz, 
started to operate in 1991 and dominates the market now. The 
third generation of mobile phones, 3G or UMTS (Universal 
Mobile Telecommunication System), using 1,900-2,200 MHz 
RF broad band transmission was introduced worldwide during 
more recent years, in Sweden in 2003.

However, of equal importance for the exposure assessment 
as mobile phones is the use of the desktop cordless phones. 
These have been used in Sweden since 1988, first analogue 
800-900 MHz RF fields, but since early 1990s the digital 
1,900 MHz DECT (Digital Enhanced Cordless Telecommu-
nications) system is used. The frequency used and output 
power from these devices are of the same order of magnitude 
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Studies from the Hardell Group in Sweden

The most reliable research on the tumor risks of cell phones has been performed by the Hardell group in Sweden.
This group does not receive funding from the cell phone industry.
This is the only group that has controlled for use of in–home cordless phones as well as cell phones [which 
makes their data more reliable].
 

Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless phones 
including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table V:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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ABSTRACT
The carcinogenic effect of radiofrequency electromagnetic
fields in humans remains controversial. However, it has
been suggested that they could be involved in the
aetiology of some types of brain tumours.
Objectives The objective was to analyse the
association between mobile phone exposure and primary
central nervous system tumours (gliomas and
meningiomas) in adults.
Methods CERENAT is a multicenter case-control study
carried out in four areas in France in 2004–2006. Data
about mobile phone use were collected through a
detailed questionnaire delivered in a face-to-face
manner. Conditional logistic regression for matched sets
was used to estimate adjusted ORs and 95% CIs.
Results A total of 253 gliomas, 194 meningiomas and
892 matched controls selected from the local electoral
rolls were analysed. No association with brain tumours
was observed when comparing regular mobile phone
users with non-users (OR=1.24; 95% CI 0.86 to 1.77
for gliomas, OR=0.90; 95% CI 0.61 to 1.34 for
meningiomas). However, the positive association was
statistically significant in the heaviest users when
considering life-long cumulative duration (≥896 h,
OR=2.89; 95% CI 1.41 to 5.93 for gliomas; OR=2.57;
95% CI 1.02 to 6.44 for meningiomas) and number of
calls for gliomas (≥18 360 calls, OR=2.10, 95% CI
1.03 to 4.31). Risks were higher for gliomas, temporal
tumours, occupational and urban mobile phone use.
Conclusions These additional data support previous
findings concerning a possible association between
heavy mobile phone use and brain tumours.

INTRODUCTION
The number of mobile phone subscriptions over
the last decade has increased ninefold to reach a
startling 6 billion users worldwide in 2011, accord-
ing to the International Telecommunication Union.
From the 1980s, mobile phones have evolved over
four different generations, and services have devel-
oped very fast (text messaging, internet access, etc).
These changes have led to a dramatic growth in
mobile phone usage. According to the French
Telecommunications and Posts Regulator, the indi-
vidual mean use for calls in France today is
150 min/month (+27% since 2000), excluding
other services and specific usages, such as occupa-
tional ones.
The potential carcinogenic effects of radiofre-

quency electromagnetic fields (RF-EMF) remain

controversial. In vitro studies have explored various
hypotheses including genotoxicity, cell prolifer-
ation, apoptosis, gene expression and direct effect
on proteins, but there is still no consensus.1 Owing
to direct contact with the head during communica-
tions, the potential association between brain
tumours and mobile phone use has become a fore-
most concern.
For 15 years, original data have mostly been pro-

vided by case-control studies, including four studies
performed in Sweden,2–6 and the international
Interphone study.7 Only two cohort studies have
addressed the issue; one initiated in Denmark in
1982,8 and one in the UK in 1996 (Million Women
Study).9 Several meta-analyses have also been per-
formed,10–14 but most of them have been unable to
demonstrate any association between regular mobile
phone use (yes/no) and brain tumours, A recent
meta-analysis performed by Repacholi et al15

reported no association (OR=1.1; 95% CI 0.9 to
1.3 for gliomas, OR=0.9; 95% CI 0.8 to 1.1 for
meningiomas), whatever the delay since first use.
However, beyond these overall risks, some results
deserve specific attention. The Interphone study
showed an increase in the risk of glioma in the
group with the longest duration of use (≥1640 h)
(OR=1.4; 95% CI 1.0 to 1.9), higher for ispsilateral
use and temporal tumours. This association was not

What this paper adds

▸ The potential association between mobile
phone use and brain tumour remains
controversial, and original data have mostly
been provided by studies performed in Sweden
and the international Interphone study.

▸ Some studies suggest that long-term (over
10 years) mobile phone use increases the risk
of gliomas, and especially of those with
temporal location.

▸ This analysis highlights a positive association
between heavy use of mobile phone and brain
tumour, considering life-long cumulative
duration and number of calls.

▸ Risks were higher for gliomas, temporal tumours,
occupational and urban mobile phone use.

▸ This study provides additional data supporting
a possible association between heavy mobile
phone use and brain tumours.
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The increased risk of brain tumor with cell phone has been confirmed in another study from France, published in May 
2014
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What is the 
long-term 

outlook for 
WiFi in the 
Classroom?

If wifi is installed in the classroom, at least 3-5% of the exposed individuals are likely to develop some symptoms.
Increased levels of headache, concentration difficulty, memory problems, tinnitus, irritability, and hyperactivity or 
depression could be expected to occur in sensitive individuals.  This would include both students and staff.  Is the 
school system prepared to address the needs of these individuals?
The evidence on acute effects and on long–term degenerative changes produced by chronic RF exposure will continue 
to build over the next few years.
Public concern is likely to continue to grow over time, especially as regards the exposure of children in an 
environment where attendance is required by law.
These problems and concerns will have legal repercussions, down the line.



Constant wifi transmissions should be avoided.

Schools that are using wifi to communicate with computers and tablets should avoid curriculum that requires 
constant interaction across the network, and choose curricular elements that can be used in a “stand-alone” format 
once they are loaded onto the tablets.
Wifi transmitters should be turned off when they are not being actively used, to eliminate their constant transmission.
Laptops and tablets should be placed in airplane mode when active communication across the network is not 
required.
These measures could reduce the exposure to wifi transmissions significantly, and might help to reduce (to some 
extent) the amount of pathology that will be produced by the use of this technology.
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'LiFi' uses LEDs for blazing fast
data transfer

A new technology called LiFi can transfer data using LED lights. In this video,

we’ll watch a demo of a LiFi system made with off-the-shelf-parts, as it streams

a vide.

Unlike traditional Wi-Fi routers, which use radio signals, this LiFi system relies on

light to send and receive data wirelessly. If you notice an Ethernet cable plugged

into the laptops that’s just to get the data from the receiver into the computer.

The problem with Wi-Fi is that it uses radio signals and the amount of radio

spectrum is limited. LiFi, however, could be deployed in everyday LED bulbs and

cover the entire interior of a home or office. The system on show ran at 150

Mbps, but with a more powerful LED light, it could reach 3.5 Gbps.

Don’t expect LiFi to be in your home or office any time soon. Researchers ay it

will take another five years before the technology is ready for commercialization.

Nick Barber
@nickjb Nov 7, 2013 4:45 AM

 SEARCH

The development of “LiFi” may offer a more convenient option in the future.  Lifi will require line of sight between 
transmitter and receiver on the mobile device.  But it will have much more bandwidth that wifi, so the market will 
probably go that way.  This technology will probably start to appear in the marketplace in 2015.
Even if the school systems installs WiFi now, they are likely to retreat to cabled connections or LiFi in the future, for 
medical and legal reasons.
That will be an expensive retreat.



A cabled 
connection 
would be a 

better choice.

Cabled connections are less convenient logistically, but avoid the concerns we’ve addressed here.
Tablet or eReader devices that can connect to a computer via USB cable would be preferable to devices that can only 
communicate by wifi.



Basic Precepts for Residential RF Exposures

Proposed to the Eugene Water and Electric Board by their medical advisory group (Eugene, Oregon, July 2013).



RECOMMENDATIONS r.e. SMART METERS:

EWEB should adopt a policy 
of minimizing their RF 

footprint in the residential 
community.

I’m through describing the problem now.  If you’d like, I can briefly review our group’s recommendations to the 
Board.
If EWEB chooses to go ahead with RF smart meters, the solution is to use these tools in a safer way.
Design the system to truly minimize the amount of RF signal that is being produced.
Most engineering choices in AMI have not been designed with these goals in mind.
The industry has devoted more energy to denying risk than it has to designing systems that are “smart” enough to 
minimize that risk.
But our group thinks that it could be possible to take a prudent approach and still get the job done.
What can EWEB do to actually “work the problem”?  Let’s summarize the situation:



The Problem:

Excessive RF exposure can 
cause acute symptoms in 

many people.

As we’ve shown, some people get acute symptoms from excessive RF exposures (headaches, insomnia, fatigue, 
vertigo, tinnitus, other symptoms of EHS).
People like this exist in Eugene.  
How many people might this be in our town?  
Based on existing research, a conservative guess might be 3 to 5% of the population.
3% of 150,000 people is 4,500 people.



Excessive RF exposure can 
also cause severe chronic 

problems.

The Problem:

Chronic RF exposure increases oxidative stress in living systems.
Increased cancer and male infertility are only two of many problems potentially caused by chronic elevation of 
oxidative stress.



Allowing an  
“opt out” is not 

a practical 
solution.

Customers should certainly have the option of “opting out” of having a meter on their house.  
But we do not feel that an “opt out” policy is a solution to the public health problem.
You can’t “opt out” of all the meters on the wall of your rental apartment complex. Or the ones on the wall of the 
complex right across the alley from your apartment.
You can’t “opt out” of exposure to your neighbor’s meter, that is ten feet away from your bedroom window.
You can’t “opt out” of exposure to the meter on the other side of your bedroom wall if you are a baby in a crib.
You can’t “opt out” of exposure to transmissions from the radio tower 100 meters from your house.
An “opt out” doesn’t protect people who DON’T opt out, if a health hazard is being produced.



Strategies for 
solving the 
problem:

Residential exposures to 
constant RF transmissions 
are harmful, even at low 

levels, and should be 
avoided.

A better solution is to recognize the potential problem, and design a system to truly minimize risk, 
by reducing transmissions to a functional minimum.

Constant transmissions can and should be avoided.



Frequent and repetitive 
intermittent transmissions 
are also probably harmful, 

and should be avoided.

Strategies for 
solving the 
problem:

MESH network meters like the ones EWEB was testing a year ago are a case in point, as they transmit multiple times a 
minute.  EWEB staff should be applauded for steering away from that technology.
Our group thinks that the MESH technology in the in-home “Zigbee” network is also likely to be harmful to the public.  It is 
lower powered, but contemporary research shows that chronic low power RF exposures can have serious consequences.
It would be a mistake for EWEB to get married to this technology, and invest many millions of dollars in an 
infrastructure that will become less and less acceptable to the public down the line.
The solution here (for the smaller percentage of your customers who may want to share this functionality in the future) 
might be to explore a broadband communication option that allows them to remotely adjust their thermostat over the 
internet, rather than via the smart meter network.
80% of the households in our area have broadband at the present time.



Nocturnal exposures are 
more problematic than 

daytime exposures.

Strategies for 
solving the 
problem:

RF’s potential to suppress nocturnal melatonin secretion and disturb sleep is a serious problem. 
Chronic suppression of melatonin can increase incidence of breast cancer and some other cancers.
The best solution is to avoid nocturnal RF transmissions.
Fortunately, EWEB doesn’t need real-time access to billing data.  So it shouldn’t be necessary to upload usage data 
at night.
A broadband remote control option would eliminate the need for tower -> meter communications at night.



Occasional and infrequent 
daytime exposures are much 

less likely to cause an 
increase in chronic problems 
for the population at large.

Strategies for 
solving the 
problem:

Industry routines are to upload usage data every four hours.  But EWEB is only billing once a month.
The solution here is to upload usage data much less frequently.
If you can fit all the Beatles albums plus Bach’s Mass in B Minor on an iPod, it should be possible to design a smart 
meter protocol that only requires an upload once every two weeks, or less frequently. 
This is the direction the industry needs to go in.
EWEB should explore this issue with their vendors, and push for this sort of functionality in any system that they 
purchase.



Occasional and infrequent 
daytime exposures may still 
provoke acute symptoms in 
a portion of the population.

Strategies for 
solving the 
problem:

People with EHS will be likely to react acutely to intermittent exposures in their residential neighborhoods, even if 
these exposures are infrequent.
Part of addressing this problem is to upload data as infrequently as possible.  
A data upload by the system once every two weeks might not be a significant release in exposure burden to this part 
of the population, where a data upload every four hours could be expected to have significant adverse consequences 
on their quality of life. 
Infrequent transmissions at predictable times might be much easier for these people to deal with.
They will certainly want to opt out of having a meter on their house.
Other steps might also be found to mitigate residential exposures for these members of the population, if RF 
communications are to be used by EWEB.



Finding a “smart” way to move forward:

We’re all trying to work towards the benefit of our community and our environment.
The AMI program is an attempt to reduce EWEB’s carbon footprint, aid in energy conservation, and enable more 
effective utilization of renewable energy sources down the line.
These are laudable goals.
The key thing here is to avoid solving one problem with tools that create a new one.
If EWEB is really “smart” about how we use “smart meters”, the advisory group thinks that it should be possible to find 
a way to make it work without harming the community.
This will require a progressive approach that looks at some new ways to approach the engineering problem.
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