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the project
Europe is  facing the burden of environmental  exposures to  new agents,  potentially  detrimental  to health.

Among them, electromagnetic fields (EMF) are one of the most diffuse and ubiquitous, especially as many

new EMF-based technologies are being developed and commercialized. Research on possible EMF health

effects is being carried out by many research centres supported by international and national public or private

funding  bodies.  The  extent  and  diversity  of  research  activities  makes  it  difficult  to  provide  relevant,

authoritative and timely input  for policy development.  Furthermore,  assessments can be misinterpreted or

inappropriately applied to other sources or exposure conditions. The European Commission will now provide

an answer to this need, by establishing the project EFHRAN as the first risk assessment network on EMF and

health issues.

EFHRAN has been specifically designed to achieve the following strategic objectives:

Monitor and search for evidence of health risks related to EMF exposure

Characterize and, where appropriate, quantify potential health risk posed by EMF exposure

Enhance  the  EC's  ability  to  respond  rapidly  to  health  issues  and  concerns  related  to  EMF using

scientifically sound advice and analyses

Improve the compilation of knowledge and its dissemination on issues related to EMF and health
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activities
The workplan of the project is based on the following WorkPackages:

Risk analysis of human exposure to EMF

(Zenon Sienkiewicz - HPA)

Objective:

Monitor, analyse and identify health risks due to EMF exposure - human studies

Risk analysis of exposure to EMF: in vitro and in vivo (animals) studies

(Bernard Veyret- CNRS IMS)

Objective:

Monitor, analyse and identify health risks due to EMF exposure - in vitro/in vivo studies

Exposure Assessment in Europe

(Gyorgy Thuroczy - NRIRR)

Objective:

Estimate the distribution of amount and pattern of EMF exposure in the European Union

Dose-response assessment and related metric on EMF exposure

(Elisabeth Cardis - CREAL)

Objective:

Exposure-response models will be derived for EMF frequencies and health outcomes identified in the

above WPs, to estimate the magnitude of possible risk, taking into account patterns of exposure and

potential modifiers, including age

Health risk characterization related to EMF exposure

(Paolo Ravazzani - CNR.IsIB)

Objective:

Bring together the information developed in the previous three steps to estimate the possible risk of

health effects in an exposed population

Inputs on the future risk management phases

(Guglielmo D'Inzeo - UNIGE)

Objective:

Input to communication and risk management processes
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Coordination of the project

(Paolo Ravazzani - CNR.IsIB)

Objective:

Ensure the basic infrastructure to the Project, to make EFHRAN to proceed as planned

Dissemination of the results

(Paolo Ravazzani - CNR.IsIB)

Objective:

Create and communicate timely, accurate, and understandable scientific and public health information

on project activities and results (mainly risk analysis and characterization)

Evaluation of the project

(Paolo Ravazzani - CNR.IsIB)

Objectives:

Estabilish  and  Evaluation  Board  (EB)  for  managing  and  coordinating  activities  related  to  project

evaluation;

Set up a Project Evaluation Plan (PEP) enables to map out and connect the different parts of the projec

developing a Logic Model (PEPLM)
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1 Introduction 

 
Europe is facing the burden of environmental exposures to many new physical or chemical 
agents, some of which may be potentially detrimental to public health or wellbeing. Among 
these agents, electromagnetic fields (EMF) are one of the most diffuse and ubiquitous, 
especially as many new technologies and novel applications based on EMF are being 
developed and commercialized. 
 
Research on the possible health and biological effects of EMF is being carried out by many 
research laboratories and centres both within Europe and North America, as well as in Japan 
and other countries. These activities are supported to various extents by national and 
international public funding agencies and organizations and by private funding bodies. The 
extent and diversity of these activities, encompassing many areas of medical and biological 
research, as well as the latest developments in physics and engineering, makes it particularly 
difficult to provide relevant, authoritative and timely input for the development of public health 
policies. Furthermore, it is possible that specific assessments for one application can be 
misinterpreted or inappropriately applied to other sources or exposure conditions.  
 
In order to help to provide answers to these needs, the European Commission (EC) has 
funded the European Health Risk Assessment Network on Electromagnetic Fields Exposure 
(EFHRAN). This project has the specific aim of establishing a wide-ranging network of 
recognised experts in relevant disciplines that interact and co-operate to perform a health 
risk assessment of exposure to EMF at all frequencies. The network consists of an co-
ordinator and associated participants from universities and research centres in seven 
European countries, and 16 collaborating partners from a further eight countries, which 
include the World Health Organization (WHO) and three stakeholder associations. 

1.1  Objectives and structure of report 

EFHRAN is the first project to produce a risk assessment network on EMF and health issues. 
By so doing, EFHRAN will provide the EC and EU with a means to allow these bodies to 
react to the present health concerns of exposure to EMF in full understanding of the scientific 
issues. EFHRAN is also expected to provide input for future risk management steps, and the 
structure of the project is designed with sufficient flexibility to allow updated assessments in 
the future. 
 
EFHRAN builds upon the expertise and experience gained by a previous European Co-
ordination Action, the Effects of the Exposure to Electromagnetic Fields: from Science to 
Public Health and Safer Workplace (EMF-NET). This was financed under the 6th Framework 
Programme by the European Commission. Briefly, the main aims of EMF-NET were to 
collate the results of ongoing research into the effects of EMF that were funded by the 
European Commission or under other national and international actions, and to provide 
advice for the development of policy options by the European Union and other stakeholders. 
In addition, it provided observations on existing research projects in terms of priorities, gaps 
in knowledge, results, and on emerging technology to provide judicious and policy relevant 
information concerning the health implications of exposure to EMF. Such information was 
intended to facilitate the development of policy options covering public health and consumer 
protection, health and safety at work, European competitiveness, and environmental issues. 
(Complete details of EMF-NET and its many reports and deliverables are available online at 
http://web.jrc.ec.europa.eu/emf-net/). 
 
 
 

 

http://web.jrc.ec.europa.eu/emf-net/
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EFHRAN has been specifically designed to achieve the following strategic objectives: 
 

 Monitor and search for evidence of health risks related to EMF exposure 
 

 Characterize and, where appropriate, quantify potential health risk posed by EMF 
exposure  

 

 Enhance the EC's ability to respond rapidly to health issues and concerns related to 
EMF using scientifically sound advice and analyses  

 

 Improve the compilation of knowledge and its dissemination on issues related to EMF 
and health. 

 
In order to achieve these objectives, the activities of EFHRAN have been divided into five 
specific objectives: risk analysis and hazard identification; exposure assessment; dose 
assessment; risk characterisation; and risk management. These objectives have been further 
divided into nine work packages (WP). This report represents the main output and 
deliverable of WP 4.  
 
This report considers and reviews the latest published research exploring possible effects on 
humans from EMF in order to identify any potential health concerns. Both epidemiological 
and experimental studies are considered, for cancer and non-cancer endpoints with separate 
analyses made for low, intermediate and high frequencies. For the purposes of this 
document, low frequencies are defined as time-varying EMF with frequencies of up to 300 
Hz; intermediate frequencies as EMF of 300 Hz to 100 kHz; and high frequencies as EMF 
with frequencies between 100 kHz and 300 GHz. 
 
Many studies have been published over the last 30 years or more on the biological and 
health effects of exposure on low, intermediate, and high frequency fields. It was not feasible 
to try and evaluate all the studies on an individual basis. Therefore a number of recent 
reviews were consulted to establish a current consensus opinion regarding the evidence of 
health effects. These were the 39 reports from EMF-NET (published between 2004 and 
2009) and the two reports from the Scientific Committee on Emerging and Newly Identified 
Health Risks (SCENIHR, 2007, 2009a). These provided a starting point for the health risk 
analysis. Also consulted were the monograph on extremely low frequency fields (ELF) by a 
WHO Task Group (WHO, 2007) and the epidemiological review on health effects of 
radiofrequency exposure from the International Commission for Non-Ionizing Radiation 
Protection (ICNIRP) Standing Committee on Epidemiology (Ahlbom et al, 2004; ICNIRP, 
2009). More recent studies not available to either SCENIHR or EMF-NET and published after 
August 2008 were evaluated separately, and their results incorporated into the consensus 
opinion. In this way, it was possible to construct an updated health risk assessment.  
 
In order to evaluate the strength of evidence for adverse effects arising as a consequence of 
exposure to EMF, EMF-NET had used a very simple, yet powerful, four point classification 
system that itself was based on the system used by the International Agency for Research 
on Cancer (IARC) to estimate the carcinogenic risk to humans from a wide range of 
chemicals and physical agents, including static and extremely low frequency electric and 
magnetic fields (IARC, 2002). EFHRAN decided to adopt the same classification system to 
evaluate the strength of evidence for any particular effect. The four classifications and criteria 
for inclusion into any particular category are shown in Table 1. 

 
Clearly, a classification of sufficient evidence requires there to have been much high quality 
research that produces a consistent outcome; independent replication is also considered a 
key element. Similarly, evidence suggesting a lack of effects indicates that several studies 
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have reported the absence of field-related effects using a range of appropriate models and 
relevant exposure conditions. 

2  Low frequencies (up to 300 Hz) 

 
For more than a century, exposure to extremely low frequency (ELF) electric and magnetic 
fields has been ubiquitous, related to the production, transmission, distribution and use of 
electric currents. Intensified research into possible adverse health effects of exposure started 
already in the late 1970s, with epidemiological and experimental  

 

Classification Necessary inclusion criteria 

  
• when a positive relationship is observed between the 
exposure and the effect investigated  
• when the effect is replicated in several studies by 
independent investigators or under different protocols, and 
when there is a consistent exposure-response relationship  
• when confounding factors could be ruled out with 
reasonable confidence 
 

Sufficient evidence 

 

 

Limited evidence • when the evidence of the effect is restricted to a few 
studies, or when there are unsolved questions regarding the 
adequacy of the design, conduct or interpretation of the 
study  
• when confounding factors could not be ruled out in the 
studies with reasonable confidence 
 

 

 

Inadequate evidence 
 

• when the studies are of insufficient quality, consistency or 
statistical power to permit a conclusion 

 
Evidence suggesting a 

lack of effects 
• when no effects are reported in several studies by 
independent investigators under different protocols involving 
at least two species or two cell types and a sufficient range 
of field intensities  

 
Table 1. The four point system used in this report to classify the strength of evidence for any 
particular effect; a similar system was used by EMF-NET. 

 
 
studies mainly on outcomes such as cancer, neurodegenerative diseases, cardiovascular 
diseases, reproductive effects, and non-specific symptoms affecting well-being. On the 
exposure side, research has focussed on residential exposures, for instance people living 
close to power lines, on occupational exposures such as for electricians, and on the use of 
electric household appliances. While some studies estimated exposure in a crude way, like 
using simply the distance between the residence and the nearest power line, using broad job 
titles to categorize occupational exposure or asking study participants about past use of 
electric appliances, assessment methods have been refined over the years and 
comprehensive stationary or personal measurements as well as detailed job-exposure-
matrices based on work activities have been developed. In addition to studies on health 
effects (WHO, 2007), many measurement surveys have been conducted to better understand 
the distribution of exposure in time and space and the relative contribution of the various 
exposure sources to an individual’s total ELF exposure. For all European countries where 
measurement data are available (described in EFHRAN Deliverable D4: Report on the level of 
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exposure in the European Union), it appears that average exposure over 24 hours is usually 
well below 0.1 microtesla (µT), and the proportion of the general population exposed to 
average ELF magnetic fields above 0.2 µT is small, i.e., between 1-5%; average exposures to 
magnetic fields exceeding 1 µT are exceptional but may occur in residences just beneath high-
voltage power lines or with transformers in the basement or in certain occupations, e.g., among 
electric welders, electricians, electric power engineers, or locomotive engineers. 

2.1 Current consensus opinion  

Although numerous studies have been completed in this field, the evidence remains 
ambiguous. The major reasons are that study results are inconsistent and many studies 
suffered from methodological shortcomings. It is therefore important to continuously review 
the body of evidence. This has recently been done by the World Health Organization (WHO, 
2007), the EMF-NET project of the European Union (EMF-NET, 2009), and the Scientific 
Committee on Emerging and Newly Identified Health Risks (SCENIHR) of the European 
Commission (SCENIHR, 2009a). In all, these risk analyses by international organisations are 
well in line with assessments of those of national authorities responsible for radiation 
protection issues. Comparing the risk assessments by WHO, EMF-NET and SCENIHR 
shows little disparities, hence, the 2009 report of SCENIHR is used to illustrate the current 
consensus opinion (SCENIHR, 2009a). The SCENIHR report included scientific publications 
up to the end of 2008. 
 
SCENIHR reported limited evidence for an association between exposure to ELF magnetic 
fields and the risk of childhood leukaemia (SCENIHR, 2009a). This was based on a 
classification performed by the International Agency for Research on Cancer in 2001, ranking 
ELF magnetic fields as possibly carcinogenic to humans (IARC, 2002). The classifications 
then as well as today were based on the facts that epidemiological studies showed a rather 
consistent association between magnetic fields above approximately 0.3/0.4 µT and a 
doubling in risk for childhood leukaemia, although chance, bias and confounding could not be 
ruled out as an explanation with reasonable confidence, and a lack of support from 
experimental studies or mechanistic modelling.  
 
Since the assessment in 2001, further epidemiological studies were conducted, however, 
they did not provide further insight but were all consistent with the previous assessment 
(Schüz and Ahlbom, 2008), and the new experimental studies did not strengthen the 
biological plausibility of the observed association either (SCENIHR, 2009a). SCENIHR has 
noted that overall little targeted research has been done to reconcile the data and suggests 
ELF magnetic fields and childhood leukaemia as a high priority research area (SCENIHR, 
2009b). For other cancers than childhood leukaemia there was either inadequate evidence or 
some evidence against an association (SCENIHR, 2009a). 
 
SCENIHR further reported that some recent studies support previous notions that the risk of 
Alzheimer’s Disease may be linked to exposure to ELF magnetic fields (SCENIHR, 2009a). 
While the majority of studies has been done in relation to occupational exposures, the first 
study on residential exposures has been conducted in Switzerland suggesting an increased 
risk of Alzheimer’s Disease among people living close to high-voltage power lines (Huss et 
al, 2009). Based on these findings, SCENIHR has classified ELF magnetic fields and 
Alzheimer’s Disease as a high priority for further research (SCENIHR, 2009b). For other 
neurodegenerative diseases the evidence appears to be weaker. The possible association 
between occupational exposure to ELF magnetic fields and the risk of amyotrophic lateral 
sclerosis is discussed in detail in the WHO risk assessment (WHO, 2007). However, the 
evidence was classified as inadequate mainly due to possible confounding by electric shocks 
or chemical exposures at the respective work places, and since then no new influential 
studies have been published. For Parkinson’s Disease and multiple sclerosis there are fewer 
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studies, but they show no consistent indications of an increased risk. For cardiovascular 
diseases more recent studies suggest an absence of any association (SCENIHR, 2009a). 
 
Lastly, SCENIHR (2009a) concluded that there is no consistent relationship between 
exposure to ELF fields and a variety of self-reported symptoms, such as skin irritations, 
headache, sleep problems, concentration difficulties, or fatigue.  

2.2 More recent studies  

2.2.1 Epidemiology 

With regard to the childhood leukaemia findings, new pilot activities have been started in an 
attempt to identify cohorts of children with increased ELF magnetic field exposure in order to 
reduce the impact of participation bias that has affected previous case-control studies; these 
activities aim at identifying residences with transformers leading to higher exposures in 
children (Ilonen et al, 2008) or suggest how to use existing birth cohort studies in this context 
(Greenland and Kheifets, 2009). A recent methodological study explains why further studies 
applying the simple distance-to-power-line metric are unlikely to provide new insights 
(Maslanyj et al, 2009). An ongoing activity is a follow up of the hypothesis that ELF magnetic 
field exposure is related to a poorer survival after childhood leukaemia, suggesting that ELF 
magnetic fields promote the growth of leukemic cells resulting in a recurrence of the disease. 
Indeed, a poorer survival has been observed in the hypothesis-generating study in the US 
(Foliart et al, 2006) which was broadly confirmed by a subsequent study from Germany 
(Svendsen et al, 2007), but since both studies included very small numbers of exposed 
children no firm conclusions can be drawn. An ongoing pooling project on this issue is 
expected to provide further insight as for this purpose cases enrolled in previous case-control 
studies from the US, the UK, Canada, Germany, Japan, New Zealand and the Nordic 
countries (Ahlbom et al, 2000) are followed up for vital status. 
 
Mezei et al (2008) conducted a meta-analysis of 13 studies on residential exposure to ELF 
magnetic fields and the risk of brain tumours in children and observed a statistically non-
significant 70% increased effect estimate at exposures above 0.3/0.4 µT; a pooling project of 
the original studies is ongoing. A recent US case-control study of occupational exposures 
and risk of brain tumours in adults did not show an association (Coble et al, 2009). This was 
consistent with findings of a recent meta-analysis pooling more than 20 studies (Kheifets et 
al, 2008). It was concluded that while a small increase of 10% was observed in the summary 
risk estimate, the more recent and methodologically improved studies showed weaker 
associations than the earlier studies, providing little evidence for an association. Yenugadhati 
et al (2009) explored associations between various occupations and the risk of lung cancer in 
a Canadian case-control study and discuss a possible role of exposure to EMF for some of 
their findings; however, due to this rather indirect approach the evidence remains 
unchanged. 
 
All of the recent studies on neurodegenerative diseases had already been included in the 
SCENIHR report (SCENIHR, 2009a) and no new studies have appeared in the meantime. 
Another US study on cardiovascular disease confirmed the previous notion of an absence of 
an association (Cooper et al, 2009). 

2.2.2 Experimental studies 

There have been very few recent studies that have investigated the effects of low frequency 
fields on volunteers. Overall, these studies only provide very limited additional information, 
and they do not substantially alter the previous health risk assessment. 
 
Bellieni et al (2008) investigated the effects of fields generated by electric motors in 
incubators may have on autonomic function in newborn babies. Transient changes in the 
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total power and spectral components of heart rate variability (HRV) were noted when the 
motors were running. Confirmatory studies are required to determine the significance of this 
observation. Lednev et al (2008) reported that heart rate variability in adults was affected by 
exposure to very weak fields (above 2 µT); the direction of change was dependent on the 
frequency used.  
 
Cook et al (2009) reported changes in alpha activity measured over the occipital-parietal 
regions of the brain after acute exposure of volunteers to two weak pulsed magnetic field 
sequences (+/- 200 µT peak). The direction of change depended on the specific sequence 
used. 
 
Albert et al (2009) found no evidence that exposure of male and female volunteers to a 60 
Hz magnetic field at 200 µT for 4 h exposure could cause DNA damage in peripheral blood 
leukocytes as assayed using the alkaline comet assay, or the increased the incidence of 
micronuclei. Two independent studies have examined the effects of occupational exposure to 
magnetic fields by examining peripheral blood of exposed workers. At best, these provide 
only weak evidence for a field-related effect on natural killer cell activity (Gobba et al, 2009) 
and antioxidant activity (Sharifian et al, 2009).  
 
Lastly, Skomro et al (2009) found that repeated, acute exposures to low frequency magnetic 
fields at 3 or 4 µT had no consistent effect on the content of calcium, magnesium and fluoride 
ions in saliva. 

2.3 Summary and Conclusions  

The strength of evidence for each health outcome is summarised in Table 2. These have 
been derived from the previous evaluations of EMF-NET (2009) and SCENIHR (2009a) 
coupled, where relevant, with the more recent data described in the present evaluation. 
 
For none of the diseases is there sufficient evidence for a causal association between 
exposure to low frequency fields and the risk of the respective disease. 
 
There is limited evidence for an association between magnetic fields and the risk of 
leukaemia in children. This evaluation reflects the current state of knowledge that 
epidemiological studies have shown an association between residential exposures to power 
frequency magnetic fields at above approximately 0.3/0.4 µT and a two-fold risk of childhood 
leukaemia with some degree of consistency, but the observed association alone is not 
sufficient to conclude a causal relationship. This is because of three reasons:  
 
i) there is no known mechanistic explanation for the observed association and none of the 
hypotheses put forward to explain it has received any convincing support from data;  
ii) overall, experimental studies do not provide evidence that low frequency magnetic fields 
are carcinogenic;  
 
iii) a combination of chance, bias and confounding may well have produced a spurious 
association in the epidemiological studies.  
 
It is unlikely that further epidemiological studies of the same design as used earlier will 
provide any new insight. New concepts to identify cohorts of children with higher exposures 
may turn out to be promising. If the hypothesis of a poorer survival of children with leukaemia 
will be confirmed by other studies, this will increase the biological plausibility of a causal 
association. Conversely, further methodological work investigating the impact of possible 
biases in the childhood leukaemia studies may shift the evidence in the opposite direction. 
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Outcome Strength of evidence 

 
Cancer outcomes 

 

   Leukaemia in children Limited 
   Brain tumours in children Inadequate 
   Brain tumours in adults Inadequate 
   Breast cancer in adults Lack of effect 
   Other cancer (children or adults) Inadequate 
 
Neurodegenerative diseases 

 

   Alzheimer’s disease Inadequate 
   Amyotrophic lateral sclerosis (ALS) Inadequate 
   Other neurodegenerative diseases Inadequate 
 
Reproductive outcomes 

 

    All outcomes Inadequate 
 
Cardiovascular diseases 

 

    All diseases Lack of effect 
 
Well-being 

 

   Electrical hypersensitivity (EHS) Lack of effect 
   Symptoms Inadequate 
  

 
Table 2. The strength of evidence for any health outcome being associated with exposure to 
low frequency magnetic fields as suggested by EMF-NET (2009) and SCENIHR (2009a) and 
modified by the results of more recent research. 

 
There is inadequate evidence with respect to several diseases, however, the reasons for these 
evaluations are varying. For Alzheimer’s Disease the evidence is suggestive; however 
compared to the childhood leukaemia case, the studies are fewer and less consistent. As 
recent, methodologically superior studies suggest an association, there is ample justification to 
demand further studies into this topic. The situation is similar for childhood brain tumours, 
where awaited results of an ongoing pooled analysis may make a re-evaluation necessary. 
Amyotrophic lateral sclerosis is a third outcome for which there is some indication of an 
elevated risk, but data are not consistent enough to conclude limited evidence.  
 
For brain tumours in adults, it appears that more recent studies rather suggest a lack of an 
effect, but due to positive findings in some studies the classification of inadequate evidence 
remains.  
 
For all other cancers, other neurodegenerative diseases and for subjective symptoms, the 
classification of inadequate evidence displays rather lack of data. However, due to the weak 
biological plausibility there appears to be no emerging demand to conduct further studies. 
 
There is lack of evidence for breast cancer and cardiovascular disease. For breast cancer, 
there were no new studies, but as there were already a large number of studies available at 
the time of the previous evaluations, this assessment is quite robust. For cardiovascular 
disease there was one new study confirming the absence of an association.  
 
There is continuing debate about whether non-specific symptoms may be caused by 
exposure to ELF fields, and whether some individuals show increased sensitivity to 
exposure, commonly termed electrical hypersensitivity (EHS). As this is a long-lasting 
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discussion with a series of failures to demonstrate EHS, the overall evaluation suggests a 
lack of effect. Given the uncertainty regarding the role played by EMF in the aetiology of this 
condition, the World Health Organization (WHO) has proposed that EHS should be better 
termed Idiopathic Environmental Intolerance with attribution to EMF.  
 

3  Intermediate frequencies (300 Hz – 100 kHz) 

 
Exposure to intermediate frequency (IF) fields has in the past largely been restricted to long-
range radio, welding devices, cathode-ray based monitors and magnetic resonance imaging 
(MRI). However, sources and exposures to these fields are now increasing due to the 
development of new and emerging technologies, such as anti-theft devices, badge readers 
and induction hobs and hotplates; compact fluorescent lights also produce fields in the IF 
range. However, explicit data on the possible health effects of IF fields remain limited.  

3.1 Current consensus opinion  

For the purposes of risk assessment, IF fields have only been considered as a separate 
entity relatively recently. Largely depending on the definition of their frequency range, IF 
fields have been considered in various reviews and monographs with either low or high 
frequency fields. IF fields can induce electric fields and currents as seen with low frequency 
fields but they can also induce heating as known from high frequency fields. Assessments of 
possible hazards at intermediate frequencies are based primarily on extrapolation from 
knowledge about these higher and lower frequencies (SCENIHR, 2007, 2009a).  
 
Very little useful epidemiological data are available. The existing evidence largely comes 
from older studies that tended to used job title as surrogate for exposure. Groups studied 
include uses of visual display units (VDUs) associated with personal computers and radio 
and telegraph operators. Outcomes studied included cancer as well as effects on the eye, 
the cardiovascular system and reproductive effects. Although no particular risks were 
indentified, the quality of the studies is limited, and any hazards remain unclear.  
 
There have been some animal studies exploring the effects of IF fields from VDUs, 
particularly on reproduction and development. This older literature has been well reviewed. 
Effects studies with humans are less common, although some studies have investigated 
effects on skin and symptoms. With the demise of cathode-ray based monitors, more recent 
work exploring health risks associated with computer use in humans has concentrated on 
ergonomic issues (and is not considered here). Despite some limited evidence from animal 
studies that have reported field-dependent effects on reproduction and development, there is 
no consistent or conclusive evidence of field-dependent adverse effects. 
 
Overall, SCENIHR (2009a) concluded that there was insufficient data for a health risk 
assessment, so the overall evaluation for all health endpoints has to be considered to be 
inadequate. 

3.2 More recent studies  

3.2.1 Epidemiology 

No recent epidemiological studies investigating risks of IF fields have been published. 

3.2.2 Experimental studies 

No recent volunteer studies investigating IF fields have appeared. 
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3.3 Summary and Conclusions  

Interest in the potential of IF fields to cause adverse effects has been sporadic at best and no 
recent research appears to have used the exposures and signals associated with new or 
emerging technologies. The available evidence is insufficient to conclude that an association 
exists between exposure and the risk of any disease.  
 
Given the lack of recent data, it is not possible to revise the existing classification, and 
therefore the strength of evidence for all outcomes remains as inadequate (Table 3). Given 
that occupational exposures to these frequencies are increasing, it would be useful if well 
targeted studies could be performed as a priority to address this lack of research.  

 
 

Outcome Strength of evidence 

  
All outcomes   Inadequate 
  
 

Table 3. The strength of evidence for any health outcome being associated with exposure to 
intermediate frequency fields as suggested by EMF-NET (2009) and SCENIHR (2009a); there is 
lack of more recent research. 

 

4   High frequencies (100 kHz – 300 GHz) 

   
Research into the possible effects of exposure to low level radiofrequency (RF) fields has 
increased over the last decade or so following the widespread increase in mobile phone 
usage and the roll out of base station networks. More recently, concerns have been raised 
about DECT cordless phones, and interest in the potential health effects of wireless LANs 
and Wi-Fi has followed the introduction of these applications into schools, homes and 
workplaces. However, the effects of RF fields associated with commonly occurring sources in 
the environment, such as broadcasting, radar, and microwave communication links have 
been considered for many years before that, and a quite extensive effects literature had been 
generated. ICNIRP have reviewed much of these data (Ahlbom et al, 2004, 2009; ICNIRP 
2009; van Rongen et al, 2009). 

4.1  Current consensus opinion 

Early epidemiological investigations centred on a variety of occupational groups with the 
potential for high exposures to RF fields, such as radar technicians, and radio and telegraph 
operators, with interest focussed on brain tumour and leukaemia risks. In general, no raised 
risks for any cancer were found, although the size and quality of many of these studies was 
limited, and they suffered from a potential for bias and misclassification of exposure. Other 
studies investigated risks to people living near radio or TV transmitters. These studies did not 
demonstrate the existence of a hazard, but they relied on very crude measures of exposure 
(distance from broadcasting masts). 
 
Very few volunteer studies have been undertaken, but a range of in vivo and in vitro studies 
indicated that consistent effects were seen only with exposures that increased whole body or 
localised tissue temperatures by about a degree or more. Such thermal responses remain a 
cornerstone of existing guidelines limiting human exposures to RF fields (e.g. ICNIRP, 1998). 
Effects of RF fields in the absence of overt heating have been reported, but they remain 
controversial, and the interaction mechanism whereby such effects may be caused remains 
elusive.  
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More recent studies investigating the health risks of RF fields have been summarised and 
reviewed by EMF-NET as well as by SCENIHR (2007, 2009a). These studies have 
concentrated on cancer risks from the use of mobile phones, but other endpoints and 
sources have been considered; attention is also starting to be given to new and emerging 
technology, such as ultra wide band signals. 
 
SCENIHR (2009a) reviewed the evidence from the various national studies and pooled 
analyses from parts of the Interphone study: severe concerns were raised about reporting 
bias that may exist in these data. Nonetheless, it was concluded that this evidence, 
combined with the results of animal and cellular studies indicated that exposure to RF fields 
was unlikely to lead to an increase in brain cancer or parotid gland tumours in humans. 
However, it was noted that since the widespread duration of exposure of humans to the fields 
from mobile phones was shorter than the induction time of some cancers, further studies 
were required to identify whether exposure periods in excess of ten years may pose some 
cancer risk. Regarding shorter periods of exposure, it was concluded that mobile phone use 
for less than ten years was not associated with increased cancer incidence. In addition, 
SCENIHR (2009a) concluded that two well-conducted case-control studies investigating the 
association between the fields from broadcast transmitters and childhood leukaemia 
provided no evidence for such an association.  
 
On non-cancer outcomes, it was concluded that the available scientific evidence failed to 
provide support for an effect of RF fields on self-reported symptoms. Although an association 
between RF exposure and single symptoms was indicated in a few cross-sectional studies, 
there was a lack of consistency in these findings, and several provocation studies indicated a 
lack of effect on well-being using handset or base stations signals (SCENIHR, 2009a). 
Further, there was no evidence from a number of studies that those reporting sensitivity to 
RF exposure or healthy controls could reliably detect the presence of either GSM or UMTS 
signals significantly better than chance. The possibility that nocebo effects may play a role in 
symptom formation was highlighted.  
 
Regarding effects of RF fields on the brain and nervous system, several studies using 
volunteers have not reported any consistent effects on various behaviours or cognitive 
functions, although sporadic changes were noted in some studies. A large number of studies 
have reported that exposure is without detectable effect on either the auditory or visual 
systems. Some, but not all studies have reported effects on sleep and sleep encephalogram 
(EEG) patterns, and others have reported on specific EEG components during exposure. 
However, SCENIHR questioned the relevance of these subtle changes to health, and noted 
that no interaction mechanism could be identified. 
 
Epidemiological studies investigating the effects of RF fields on adverse pregnancy 
outcomes are limited mainly to occupational exposures among physiotherapists (SCENIHR, 
2007). Despite some positive findings, no consistent adverse outcome has been reported, 
but the available results do not allow any definite conclusions to be drawn due to the limited 
statistical power and potential recall bias in the data. Including more recent data did not 
change this conclusion (SCENIHR, 2009a).  
 
A large Danish cohort study reported that the overall scores for behavioural problems at age 
seven were increased in children of mothers who had used mobile phones during or after 
pregnancy. Exposures from the phones would have been very low, making it doubtful that 
fields could have anything to do with the observed association.  
 
Studies investigating effects of RF fields on fertility or sperm quality in men also have failed 
to provide consistent evidence of adverse effects. These have investigated occupational 
exposures in the Norwegian Navy and in those attending infertility clinics. However these 
studies suffer from a number of weaknesses, including self reporting of endpoints, and a lack 
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of measurement of RF fields in the occupational studies, and confounding due to lifestyle 
differences in the clinic studies, making them inadequate for the purposes of risk 
assessment.  

4.2  More recent studies 

4.2.1 Epidemiology 

Results of the Interphone international analyses of glioma and meningioma have recently 
been published (the Interphone Study Group, 2010). Analyses included 2708 glioma and 
2409 meningioma cases and their matched controls. A reduced OR related to ever having 
been a regular mobile phone user was seen for glioma (OR 0.81, 95% CI: 0.70, 0.94) and 
meningioma (OR 0.79; 95% CI 0.68, 0.91), possibly reflecting participation bias or other 
methodological limitations. No elevated OR was observed 10 or more years after first phone 
use (glioma: OR 0.98, 95% CI 0.76, 1.26; meningioma: OR 0.83, 95% CI 0.61, 1.14). Odds 
ratios were below 1.0 for all deciles of lifetime number of phone calls and nine deciles of 
cumulative call time. In the tenth decile of recalled cumulative call time, 1640 hours or longer, 
the odds ratio 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 reported use in this group. Odds ratios for 
glioma tended to be greater in the temporal lobe than in other lobes of the brain, but the 
confidence intervals around the lobe-specific estimates were wide. Odds ratios 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. Overall, no increase in risk of either glioma or 
meningioma was observed in association with use of mobile phones. There were 
suggestions of an increased risk of glioma at the highest exposure levels, but biases and 
errors prevent a causal interpretation. The possible effects of long-term heavy use of mobile 
phones require further investigation. 

Deltour et al (2009) found no clear change in the overall trends in incidence rates of brain 
tumours between 1998 and 2003 in the Nordic countries (Denmark, Finland, Norway, 
Sweden). The findings do not indicate an observable effect of mobile phone use, as the rates 
were either stable, decreasing, or continuing a gradual increase that started before the 
introduction of mobile phones. The lack of a trend change in incidence rates up to 2003 
suggests either that the induction period for brain tumours due to mobile phone use exceeds 
the exposure duration of this study, the risk in this population is too small to be observed, the 
risk is restricted to subgroups of brain tumors or users, or there is no risk.  

Recent epidemiological studies based on RF field strength predictions for each participant 
provide little evidence for an association between RF fields and childhood leukaemia risk, 
and weaken findings from earlier reports on leukaemia clusters around radio and television 
broadcast transmitters (Schüz and Ahlbom, 2008). Ha et al (2007) conducted a case-control 
study in South Korea, with a correction of the main results table in a reply to a letter by Schüz 
et al (2008). The study involved 1,928 childhood leukaemia cases and RF exposure was 
calculated using a field prediction program. Although there was an excess of leukaemias in 
the 2 km circles of the transmitters (a relative risk estimate of 2.15, 95% CI 1.00-4.67), no 
association was seen between childhood leukaemia risk and the predicted field strengths 
(0.83, 95% CI 0.63-1.08 for the highest quartile of exposure); in the intermediate categories, 
relative risks were often statistically significantly decreased. 

Schüz et al (2009) conducted a large nationwide cohort study in Denmark of 420,095 
persons whose first mobile phone subscription was between 1982 and 1995, who were 
followed through 2003 for hospital contacts for a diagnosis of a CNS disorder. Effect 
estimates were increased by 10–20% for migraine and vertigo. No associations were seen 
for amyotrophic lateral sclerosis, multiple sclerosis or epilepsy in women. Effect estimates 
decreased by 30–40% were observed for dementia (Alzheimer disease, vascular and other 
dementia), Parkinson’s disease and epilepsy among men. The excesses of migraine and 
vertigo deserve further attention. An interplay of a healthy cohort effect and reversed 
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causation bias due to prodromal symptoms impedes detection of a possible association with 
dementia and Parkinson’s disease. 

A large, case control study by Elliott et al (2010) examined whether proximity to a mobile 
phone base station during pregnancy raised the risk of developing cancer in children aged 0-
4 years. The study identified 1397 children in the UK national cancer registry 1999-2001 with 
leukaemia, non-Hodgkin’s lymphoma or a tumour in the brain or CNS, and it compared each 
of these with four matched controls. Consistent with earlier studies investigating the 
childhood leukaemia risk and predicted field strengths from broadcast transmitters, this study 
found no evidence of an association between the risk of early childhood cancers and 
proximity to base stations during pregnancy. Although distance from a base station is not 
necessarily a good exposure metric, no associations were seen also using modelled 
estimates of exposure. 
 
Development 
Vrijheid et al (2010) investigated early behavioural development of children from mothers 
who had used a mobile phone during pregnancy. Mothers (n = 587) completed questions 
about mobile phone use in week 32 of pregnancy, and children were tested at 14 months of 
age using the Bayley Scales of Infant Development. Only small differences were found 
between the offspring of mobile phone users and non-users, which the authors attributed to 
possible confounding. No trend was found with amount of mobile phone use within users. 
 
Symptoms and increased sensitivity 
The MobilEe study is a population-based cross-sectional study consisting of 1,498 children (aged 
8-12 years) and 1,524 adolescents (aged 13-17 years) from four towns and cities in southern 
Germany (Thomas et al, 2008). Personal exposures to GSM signals (both uplink and downlink), 
DECT cordless phones and WLANs (but not TV bands or FM radio) were individually measured 
for 24 h using a compact dosimeter1 placed on the upper arm, and acute symptoms were 
recorded three times during that day. Chronic symptoms during the last sixth months were 
assessed by computer-assisted personal interview, as were mental health and behavioural 
problems. Differences in exposure over the day and between children and adolescents were 
noted, but exposures overall were less than 1% of the reference level for public exposure 
recommended by ICNIRP (1988).  
 
Kühnlein et al (2009) analysed the MobilEe data on chronic symptoms (including headache, 
sleeping problems and fatigue) from 1,433 children using logistic regression models adjusted 
for potential confounders. The exposure data were categorized into low and high groups 
using standard and nonparametric function methods. No significant differences were seen 
between the categorized exposures and any of the symptoms considered. Thus well-being in 
children did not appear to be affected by exposure to RF fields at environmental levels.  
 
Using a German version of the Strengths and Difficulties Questionnaire, a possible effect of 
exposure on behaviour was reported by Thomas et al (2010) as part of the MobilEe study. 
Compared to subjects in the lowest exposure quartile, those in the highest exposure quartile 
exhibited an increased prevalence of conduct problems (usually characterised as aggressive 
and destructive activities) for both adolescents and children; the other three categories of 
behaviours assessed were not significantly altered for either group. Overall, an association 
between exposure and total behavioural problems was seen for the adolescents (OR 2.2; 
95% CI 1.1-4.5) but not for the children (1.3; 0.7-2.6). However, the authors urged that these 
results must be treated with caution, particularly since the behavioural measures were only 
assessed once, and they recommended further study. 

                                    
1The merits and shortcomings of the two dosimeters (exposimeters) that have been used 

in personal measurement studies are discussed by Röösli et al (2010). 
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QUEBEB is a large, cross-sectional study investigating symptoms due mobile phone base 
stations among adults in Germany. In the first phase of the study (Blettner et al, 2010), a 
sample of 30,047 participants (aged 14-69 years), selected from a panel of 73,000 
households used for nationwide health surveys, completed a postal questionnaire that 
included questions about 38 symptoms and health complaints. Participants also answered 
whether they were worried about health effects of base stations and if their health was 
adversely affected by them. It was found that nearly 19% of participants were concerned 
about health effects from base stations, and about 10% attributed adverse consequences 
from field exposure. The summary health score of people calculated to be living within 500 m 
of a base station was slightly higher than that of those living further away, perhaps 
suggesting a weak effect, but in absolute terms, this difference was less than many of those 
obtained for other variables in this analysis, especially gender. 
 
In the second phase of the QUEBEB study (Berg-Beckhoff et al, 2010), five standardised 
health questionnaires were completed by 1326 participants in urban areas and RF fields 
were measured using an Antennessa dosimeter. The fields were measured during the day 
for five minutes in each of four locations on the participant’s bed. Combined exposures were 
calculated for three base station downlink frequencies, and for all RF fields excluding the 
corresponding uplink frequencies: a person was considered to have been exposed when the 
field exceeded 0.1 V m-1 and not exposed below that value. All field measurements were far 
below guideline values, and neither measure of exposure was associated with a significant 
change of the scores in any of the questionnaires. However, sleep disturbances and health 
complaints were related to the belief that health is seriously affected by mobile phone base 
stations. 
 
The Swiss Qualifex project is an ongoing, prospective cohort study that is investigating 
whether RF field exposure under real-life conditions can cause symptoms or impair health-
related quality of life (Röösli et al, 2008). Participants are drawn from the urban and 
suburban areas of Basel. A exposure prediction model has been developed that can 
calculate long-term average, personal RF field exposure with reasonable accuracy to 
measured field values, both indoors and outdoors (Frei et al, 2009, 2010; Bürgi et al, 2010). 
About 1500 persons are taking part in a written questionnaire study about exposure to RF 
fields and health status; effects on sleep quality are being further examined in a subset of 
these participants. Results of these studies have yet to be published. 
 
Landgrebe et al (2009) assessed the occurrence and severity of tinnitus in people who self-
report hypersensitivity to EMFs and matched controls who did not report such sensitivity. It 
was found that tinnitus was reported significantly more often in hypersensitive subjects (n = 
69) compared to controls (n = 80) but there were no differences between the groups in 
tinnitus duration or severity. In addition, the risk of tinnitus was not associated with mobile 
phone use, which is consisted with the results of an earlier study by Davidson and Lutman 
(2007).  
 
Lastly, two cross-sectional studies indicate differences between those who perceive 
themselves as sensitive to signals from mobile phones alone and those with sensitivity to 
electrical equipment in general. Differences were observed in symptom severity and 
prevalence, in general health status, and in self-reported personality traits such as anxiety, 
depression, exhaustion and stress (Rubin et al, 2008; Johansson et al, 2010). Such 
differences could be of importance in the management of these groups of patients to ensure 
delivery of appropriate medical treatment. 
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4.2.2  Experimental studies 

Laboratory studies have continued to investigate the effects of exposure of volunteers to the 
signals associated with mobile phones. Recent well-performed studies have found that these 
signals appear to be without significant effect on cognitive function, although some studies 
report subtle effects on the electrical activity of the brain. Very few experimental studies have 
been conducted using children, and it is still not clear whether children are more sensitive to 
RF fields than adults. Overall, all the results of the recent studies are consistent with the 
evaluations previously reached by EMF-NET (2009) and SCENIHR (2009a) and generally 
add confidence to these health risk assessments. 
 
Sensory-related functions 
Consistent with most earlier results, recent experimental studies have showed that short-
term exposure to mobile phone signals does not appear to have any measurable effect on 
auditory function or the early processing of auditory information.  
 
As part of the European project investigating effects of EMF on hearing (EMFnEAR), Parazzini et 
al (2009) reported that 20 min exposure to UMTS signals from a modified handset producing an 
SAR of 0.07 W kg-1 in the region of the cochlear did not have any consistent effect on auditory 
function as measured using a battery of tests, including hearing threshold levels, distortion 
product otoacoustic emissions, and event-related potentials (ERPs) recorded while performing 
an auditory oddball task. A similar lack of effects was observed when a patch antenna system 
was used to deliver UMTS signals at 1.75 W kg-1 for 20 min (Parazzini et al, 2010). 
 
Kwon et al (2010a) found that short-term exposure to a GSM signal (902 MHz pulsed at 217 
Hz, SAR of 0.8 W kg-1) did not engender any changes in the amplitudes, latencies or 
interwave intervals of the main components (waves I, III and IV) of the auditory brainstem 
response (ABR) in 17 healthy volunteers. In addition, Kwon et al (2009) investigated the 
effects of short-term exposure to GSM signals (peak SAR of 1.2 W kg-1) on a component of 
the EEG associated with early auditory discrimination processing, called mismatch negativity 
(MMN). MMN produced in response to a specific change in tone during a series of standard 
auditory stimuli was measured in 17 healthy volunteers. Compared to sham exposure, no 
changes in MMN were observed during exposure. Further, Kwon et al (2010b) used the 
same paradigm and study design to investigate the effects of GSM signals on 17 school-age 
children. As with adults, short-term exposure to a GSM signal (peak SAR of 1.2 W kg-1) had 
no significant effect on MMN nor on other components of the EEG associated with sensory 
encoding and attention shifting.  
 
Electroencephalography studies  
Previously SCENIHR (2009a) concluded that there was some evidence that exposure to RF 
fields may influence brain activity as measured in EEG studies. Several studies have 
investigated this possibility further.  
 
Using an antenna-based exposure system, Henrikis et al (2008a, 2008b) investigated the 
effects on the power of the EEG from short-term, intermittent exposure (1 min on, 1 min off) to 
450 MHz fields pulse-modulated at different frequencies: the SAR averaged over 1 g of tissue 
was estimated at about 0.3 W kg-1. In the first study, 13 subjects were exposed at modulations 
of 7, 14 or 21 Hz (Henrikis et al, 2008a). Overall, significant increases in EEG power in the 
alpha and beta (but not theta) frequency bands were seen using 14 and 21 Hz; no significant 
effects were seen using 7 Hz. Only the changes in the alpha band persisted beyond the first 30 
s of exposure. Differences between individuals in responsiveness to exposure were striking, 
with three subjects in particular showing very large effects. These differences in sensitivity 
were explored further in a second study (Henrikis et al, 2008b). This found that between 13 
and 31% of subjects tested showed a significant increase in beta power of the EEG in 
response to exposure to microwaves modulated at between 7 and 217 Hz. 
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Hountala et al (2008) explored the effects of exposure to (unmodulated) 900 or 1800 MHz on 
volunteers while performing an auditory memory task. In this task, a tone indicated that a list 
of digits was to be presented which had to be recalled. A significant effect on the EEG 
500 ms prior to the tone was reported, as well as sex-related differences that depended on 
the frequency of the field. Spectral power coherence was used to analyse the EEG, which 
was considered useful to reveal very small effects.  
 
De Tommaso et al (2009) explored the effects on the EEG of acute exposure on left hand 
side of the head to pulsed 900 MHz fields of 10 volunteers using the paradigm of contingent 
negative variation (CNV). Subjects were presented with a warning tone followed 3 s later by 
a second tone when they had to press a response button. Compared to the results with a 
phone turned off, both exposure (maximum local SAR of 0.5 W kg-1) and sham exposure 
(where the RF signal was sent to an internal load) resulted in decreases in initial CNV 
amplitude, and greater habituation to the warning tone. It was suggested that both the RF 
fields and the low frequency magnetic fields produced by the phone battery had exerted the 
same effect and reduced arousal and expectation of the warning tone, although the low 
number of volunteers investigated, and possible laterality effects, were acknowledged. 
 
In an extension of an earlier study showing field-related effects on the eyes-closed, resting 
EEG in young subjects, Vecchio et al (2010) investigated the effect of age. Compared to 
young subjects, elderly subjects showed significant increases in inter-hemispheric 
synchronization of frontal and temporal alpha rhythms following exposure to a GSM signal 
(45 min at 0.5 W kg-1). 
 
Stefanics et al (2008) reported that exposure of 29 subjects to UMTS signals for 20 min had 
no significant effect on the latency or amplitude of the major ERP components measured 
while performing an auditory oddball task. In addition, no effects were seen on attentional 
mechanisms, as measured by analysis of early evoked gamma activity. The average SAR in 
the head was estimated to be less than 2 W kg-1. Using a non-linear method of EEG 
analysis, Carrubba et al (2010) detected ERPs in the EEGs of 18 out of 20 volunteers 
exposed to electric field pulses (0.7 ms, 0.3 Hz, at 100 V m-1). Time averaging analysis, 
however, did not detect these potentials. 
 
Sleep 
Previous studies that have examined the effects of RF fields on sleep parameters and sleep 
EEG in volunteers have provided some evidence to suggest field-related responses may 
occur (for example, see studies by Regel et al, 2007; Hung et al, 2007). However, no recent 
studies appear to have examined these possibilities. 
 
Cognitive effects 
Results of recent studies investigating possible effects of mobile phone signals on behaviour 
and cognition are largely consistent with earlier well performed studies, and there is little 
evidence that short-term exposures can have strong effects on attention, memory or 
executive functions. Little is known about the consequences of long-term mobile phone use 
on human cognitive function. 
 
In a double-blind study using around 160 volunteers, Cinel et al (2008) found that exposure 
to either modulated or unmodulated 888 MHz (average SAR of 1.4 W kg-1) for about 40 min 
was without detectable effect on tests of short-term memory, vigilance and attention (a 
significant result in one test was attributed to chance). Some previous studies had suggested 
that changes in performance during exposure depended on the cognitive load, but varying 
the task difficulty here did not have any effect. There were also no effects attributable to 
laterality of exposure. 
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Luria et al (2009) reported that the performance of a spatial working memory task could be 
transiently affected in 48 right-handed, male volunteers exposed to pulsed 915 MHz fields for 
1 h. The task required the subjects to make a response with either the left or right hand, 
while being exposed on one side of the head using a pair modified handsets. Compared to 
other conditions, the average reaction times of right-hand responses under left–side 
exposure conditions were significantly longer during the first two blocks of trials (each lasting 
about 5 min) but these changes became insignificant after allowing for multiple comparisons. 
There were no field-related effects on accuracy of responding.  
 
Furubayashi et al (2009) exposed 54 female volunteers (11 of whom reported symptoms to 
mobile phone signals) to 2.14 GHz from a W-CDMA base station at 10 V m-1 for 30 min. 
Whole body average SAR was calculated to be 1.5 mW kg-1. Compared to sham-exposure 
and exposure to audible noise, continuous or intermittent (field turned on/off every 5 min) 
exposure had no significant effect on the performance of a precued choice reaction time 
task, and there were no effects on skin temperature, cutaneous blood flow or heart rate.  
 
Symptoms and increased sensitivity 
Investigations into the provocation of subjective symptoms by RF fields and the possibility 
that some individuals may show increased responsiveness (EHS) have continued (see Rubin 
et al (2010) for a review).  
 
Consistent with earlier provocation studies with GSM signals, Nam et al (2009) reported that 
CDMA signals could not be detected by either non-sensitive individuals or those reporting 
EHS, nor did these signals have any significant effect on subjective symptoms, such as 
headache or dizziness. In this study, volunteers were exposed for 30 min using a modified 
handset to pulsed 835 MHz at a local peak in the brain of about 1.2 W kg-1. A significant 
difference between EHS and non-sensitive groups was noted, but this was attributed to a 
bias between the groups in reporting the presence or absence of the field. Kwon et al (2008) 
investigated whether a pulsed 902 MHz field from a modified handset (SAR of 1.2 W kg-1) 
could be perceived in 82 volunteers, six of which reported some sensitivity to mobile phone 
signals. In a series of double-blind trials, all subjects were unable to discriminate between 
real and sham exposure at levels significantly better than chance or to determine whether the 
field changed during a trial (from off to on, or from on to off). Two additional volunteers who 
achieved a very high rate of correct performance in detecting the field could not replicate this 
result in further trials one month later, suggesting a chance phenomenon. 
 
As part of the study using mentioned above, Furubayashi et al (2009) found that both 
females who self-report symptoms to mobile phone signals and those who do not were 
unable to reliably detect the presence of a W-CDMA signal. However, significant differences 
in mood states  were seen between these two groups: for example, those reporting 
symptoms had higher levels of anxiety, fatigue and confusion, and they experienced more 
discomfort during testing irrespective of the exposure conditions.  
 
Examining the potential role of heavy metal ions in EHS, Ghezel-Ahmadi et al (2010) found 
that overall levels of lead, mercury and cadmium in the blood were not different between 132 
patients reporting EHS and 101 non-sensitive subjects; higher levels of cadmium were found 
in controls but these were attributed in part to the increased numbers of smokers in the 
controls compared to the patients. 
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4.3 Summary and Conclusions  

The strength of evidence for each health outcome is summarised in Table 4. These have 
been derived from the previous evaluations of EMF-NET (2009) and SCENIHR (2009a) 
coupled with the more recent data described in the present evaluation. For none of these 
outcomes is there sufficient evidence of a causal association between exposure and disease. 
 
Results from the international analyses of glioma and meningioma in the Interphone study 
have not demonstrated an increased risk of these diseases in relation to mobile telephone 
use. There were, however, suggestions of an increased risk of glioma, and much less so of 
meningioma, observed among the heaviest users, particularly among subjects who reported 
usual phone use on the same side of the head as their tumour and, for glioma, for tumours in 
the temporal lobe, but biases and errors prevent a causal interpretation. The strength of 
evidence regarding adult brain tumours is therefore considered inadequate.  
 
Consistent with an earlier paper, a South Korean study using predictors of RF field intensity 
provides little evidence for an association between exposure from broadcast transmitters and 
the risk of childhood leukaemia. A study from the UK found no association between proximity 
to a mobile phone base station during pregnancy and early childhood leukaemia risk. 
Therefore the evidence regarding effects from low level, whole body exposures associated 
with base stations and broadcast transmitters is weak, rather suggesting a lack of effect 
based on few but large studies. Whether the higher but more localised exposures from 
mobile phones themselves could contribute to an increased risk of leukaemia in children and 
adolescents remains to be determined; therefore the overall evidence is considered 
inadequate (Table 4). 
  
Provocation and cross-sectional studies have not indicated the existence of field-related 
symptoms or of hypersensitivity to EMF, and some point to nocebo effects in the 
development of symptoms. However, a nationwide cohort study of mobile phone users in 
Demark reported an increase in migraine and vertigo, and basic differences in physiology 
and psychology have been suggested between those who report EHS and those who do not. 
Overall, this suggests that there is evidence suggesting a lack of effect regarding 
hypersensitivity, but the classification regarding symptoms should be considered inadequate, 
and further studies are necessary to perform an improved health risk assessment. 
 
SCENHIR (2007, 2009a) considered that the available epidemiological evidence regarding 
adverse pregnancy outcomes and cardiovascular disease did not allow any definite 
conclusions. In the absence of new data,  
the classification for both outcomes therefore remains as inadequate.  
 
At present, there is also inadequate evidence regarding the possibility of an association 
between long-term RF field exposure and increased risks of dementia and Parkinson’s 
disease. A growing number of laboratory studies indicate that the fields associated with 
mobile phones do not have any detectable effect on sensory function and the early 
processing of information, or a significant influence on any tested cognitive function. This 
suggests that acute exposures up to guideline values are without significant risk. However, 
there is also evidence that exposure to specific modulated fields, including those from mobile 
phones, may have subtle effects on the spontaneous EEG and increase the power of the 
alpha frequency band, but only in some individuals. The mechanisms behind this increased 
responsiveness are not clear at present, and the consequences for health of these subtle 
changes remain to be determined. No new studies appear to have investigated the possibility 
of field-dependent effects on sleep and sleep EEG. 
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Outcome Strength of evidence 

 
Cancer outcomes 

 

   Leukaemia in children Inadequate 
   Brain tumours in children Inadequate 
   Brain tumours in adults Inadequate 
   Breast cancer in adults Inadequate 
   Other cancer (children or adults) Inadequate 
 
Neurodegenerative diseases 

 

   Alzheimer’s disease Inadequate 
   Amyotrophic lateral sclerosis (ALS) Inadequate 
   Other neurodegenerative diseases Inadequate 
 
Reproductive outcomes 

 

   All outcomes Inadequate 
 
Cardiovascular diseases 

 
 

   All diseases Inadequate 
 
Well-being 

 

   Electrical hypersensitivity (EHS) Lack of effect 
   Symptoms Inadequate 
  

 
Table 4. The strength of evidence for any health outcome being associated with exposure to RF 
fields as suggested by EMF-NET (2009) and SCENIHR (2009a) and modified by the results of 
more recent research. 
 

5 Interaction mechanisms  
While it well established that EMF at sufficiently high intensities will interact with living tissues 
to cause demonstrable biological effects, no mechanism have yet been established which 
could lead to adverse effects from exposures significantly below guideline values. However, 
given the continuing concerns over the possibility that EMF at environmental levels may be 
lead to increased risks of cancer or other adverse outcomes, there is a need to consider new 
proposals for interaction mechanisms and to explore these possibilities. Interaction 
mechanism at IF are considered to be a variable combination of those occurring at low and 
high frequencies. 

5.1 Low frequencies 

Interest is continuing into possible interaction mechanisms that could underpin biological 
effects at low frequencies: if the association between childhood leukaemia and exposure to 
magnetic fields is casual, then there has to be an interaction mechanism. There are two main 
possibly mechanisms that could elicit biological effects, either through direct effects caused 
by the magnetic field itself, or through the time-varying currents that are induced in living 
materials by the magnetic field. Arguably, the most promising mechanism that is being 
actively investigated is the one behind animal navigation. Birds and many other species, 
including some mammals, reptiles, amphibians, fish, crustaceans and insects, are known to 
orient and navigate in the geomagnetic field.  
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The biophysical mechanisms that underlie the avian magnetic compass are poorly 
understood. One mechanism that is gaining support is based on magnetically sensitive free-
radical reactions. In particular, Maeda et al (2008) used spectroscopic observation of a 
carotenoid-porphyrin-fullerene model system to demonstrate that the lifetime of a 
photochemically formed radical pair is changed by application of 50 µT magnetic fields, and 
to measure the anisotropic chemical response that is essential for its operation as a chemical 
compass sensor. These experiments established the feasibility of chemical 
magnetoreception and provide insight into the features required for detection of the direction 
of the geomagnetic field.  

5.2 High frequencies 

The search for interaction mechanisms other than heating at radiofrequencies has continued 
without success. The main difficulty is that there are no well-established biological effects for 
which mechanisms can be elucidated.  
 
A recent review by Sheppard et al (2008) considered the various main hypotheses that have 
been suggested: co-operativity, signal averaging, coherent detection, or by nonlinear 
dynamical systems, radical pair mechanism, role of magnetite. None of these possibilities 
has been validated experimentally. The only recent publications were related to the work of a 
group from the USA and the UK (Balzano et al, 2008; Kowalczuk et al, 2010) who used a 
doubly resonant cavity to search for the nonlinear RF energy conversion necessary for 
demodulation by living cells. The cavity operates in the TE(111) mode at 890 MHz and in the 
TE(113) mode at 1780 1MHz. Cells with a diode-like nonlinearity would generate second 
harmonic signals on exposure to a given RF signal. In none of the tested biological samples 
exposed at 890 MHz was a signal at double the frequency observed. The demodulation 
process thus does not seem to occur at this frequency range and is likely to be confined 
below around 10 MHz. The consensus opinion that heating remains the only established 
mechanism occurring in the GHz range is still valid. 

 

6  Overall summary and conclusions  

 
EFHRAN has the objective to monitor and search for evidence of the health risks associated 
with exposures to EMF at low, intermediate and high frequencies: low frequencies are 
defined as time-varying EMF with frequencies of up to 300 Hz; intermediate frequencies as 
EMF of 300 Hz to 100 kHz; and high frequencies as EMF with frequencies between 100 kHz 
and 300 GHz. As part of this objective, the present document reviews the latest research into 
possible health effects of EMF, and incorporates the results of these studies to the 
consensus opinions of both EMF-NET (2009) and SCENIHR (2009a) in order to construct an 
updated health risk assessment. Recent epidemiological and experimental studies have 
been included, as have both cancer and non-cancer endpoints. 
 
In order to evaluate the strength of evidence for any given endpoint, a four point classification 
scheme has been used that was based on the system devised by IARC to estimate the 
carcinogenic risk to humans from a wide range of agents. The four points are: a) sufficient 
evidence; b) limited evidence; c) inadequate evidence; and d) evidence suggesting a lack of 
effects (see Table 1). 

6.1 Low frequencies 

Inclusion of the recent data has not necessitated any revisions to the existing consensus 
opinions of EMF-NET (2009) or SCENIHR (2009a). For none of the diseases is there 
sufficient evidence for a causal association between exposure and the risk of the disease 
(Table 5). 
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There is limited evidence for an association between magnetic fields and the risk of 
leukaemia in children. However, it is possible that a combination of chance, bias and 
confounding may have produced this result. 
 
There is inadequate evidence for Alzheimer’s Disease, childhood brain tumours, and 
Amyotrophic lateral sclerosis. However the data suggest some elevated risks may exist, 
particularly for Alzheimer’s Disease, which suggest further studies on these outcomes would 
be useful. For all other cancers, other neurodegenerative diseases and for symptoms, there 
is also inadequate evidence, but there appears to be no justification to conduct further 
studies. 
 
There is evidence suggesting a lack of effect for breast cancer, cardiovascular disease and 
for EHS. 

6.2  Intermediate frequencies 

There are no new data, so the opinions of EMF-NET (2009) and SCENIHR (2009a) remain 
unchanged. 
 
There is inadequate evidence for all endpoints considered (Table 5). This suggests that 
further research is necessary to formulate a health risk assessment. High priority could be 
given to investigating the effects on pregnancy outcomes (SCEHIHR, 2009b). This is based 
on concerns that it is possible for pregnant shop assistants to work throughout the day in 
close proximity to anti-theft devices, and that these devices may not only produce high 
exposures, but some may exceed occupational guideline values.  

6.3  High frequencies 

Inclusion of the recent data has not necessitated any revisions to the existing consensus 
opinions of EMF-NET (2009) or SCENIHR (2009a). For none of the diseases is there 
sufficient evidence for a causal association between exposure and the risk of the disease, 
and the strength of evidence for many outcomes remains as inadequate (Table 5). 
 
Results of the international analyses of glioma and meningioma risk in the Interphone study 
have been published. While an association between mobile phone use and risk of these 
diseases has not been demonstrated, the study does not either demonstrate an absence of 
risk. There is at this time inadequate evidence for all endpoints considered. Given that the 
majority of subjects in Interphone were light users compared to users today, particularly 
young people, and as the study did not include subjects who used phones for more than 12 
years, further research is needed to evaluate the possible association between RF exposure 
and risk of tumours. 
 
While increased responsiveness to RF fields has not been demonstrated in provocation 
studies, even in subjects that self-report hypersensitivity, the possibility remains that long-
term mobile phone use may induce symptoms, such as migraine and vertigo, and further 
work is required to clarify this issue.  
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Adverse health outcome 

 
Low 

frequency 
 

 
IF 
  

 
High 

frequency  
 

 
 
 
 

Cancer 

Leukaemia in children    

Brain tumour  
in children 

   

Brain tumour  
in adults 

   

Breast cancer  
in adults 

   

All other cancers  
 

   

 
 

Neurodegenerative 
diseases 

Alzheimer’s  
 

  

ALS  
 

  

Other diseases  
 

  

Reproductive 
outcomes 

All  
 

  

Cardiovascular 
diseases 

All  
 

  

 
Well-being 

EHS  
 

  

Symptoms  
 

  

 
 
Table 5. Summary of health risk assessments: the strength of evidence for any adverse 
outcome being associated with exposure to low, intermediate (IF) or high frequency 
electromagnetic fields. For no outcome at any frequency is there sufficient evidence of an 
effect, but there is limited evidence of an association between childhood leukaemia and low 
frequency magnetic fields (shown orange). There is evidence suggesting a lack of effects for 
four outcomes (shown green) and for all other outcomes the available evidence is inadequate 
to permit a conclusion (shown yellow). 
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1 Introduction 

 
Europe is facing the burden of environmental exposures to many new 

physical and chemical agents, some of which may be potentially 
detrimental to public health. Among these agents, electromagnetic fields 

(EMF) are one of the most diffuse and ubiquitous, especially as many new 
technologies and novel applications based on high frequency fields are 

being developed and commercialized. 
 

Research on the possible health and biological effects of EMF is being 
carried out by many centres in Europe, North America, Japan and other 

countries. These activities are supported to various extents by public and 
private funding bodies at both the national and international levels. The 

extent and diversity of these activities, encompassing many areas of 
medical and biological research, as well as the latest developments in 

physics and engineering, make it particularly difficult to provide relevant, 
authoritative and timely input for the development of public health 

policies. Furthermore, it is possible that specific assessments for one 
situation can be misinterpreted or inappropriately applied to other 

exposures or conditions.  
 

In order to help to meet the needs of public health policy makers in these 

areas, the European Commission (EC) funded the European Health Risk 
Assessment Network on Electromagnetic Fields Exposure (EFHRAN) 

project. EFHRAN has the specific aim of establishing a wide-ranging 
network of recognised experts in relevant disciplines that interact and co-

operate to perform a health risk assessment of exposure to EMF across 
the frequency spectrum. The network consists of a co-ordinator and a 

number of associated participants from universities and research centres 
in seven European countries, as well as 17 collaborating partners from a 

further ten countries, which include the World Health Organization (WHO) 
and three stakeholder associations. 

1.1 Objectives and structure of report 

EFHRAN is the first project to produce a risk assessment network on EMF 

and health issues. In doing so, EFHRAN will provide the EC and EU with a 
means by which these bodies may react to the present health concerns of 

exposure to EMF with full understanding of the scientific issues. EFHRAN is 
also expected to provide input for future risk management steps, and the 

structure of the project is designed with sufficient flexibility to allow for 
the development of updated assessments in the future. 

 
EFHRAN builds upon the expertise and experience gained by a previous 

European Co-ordination Action, entitled “Effects of the Exposure to 
Electromagnetic Fields: from Science to Public Health and Safer 

Workplace” (EMF-NET). This was financed under the 6th Framework 
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Programme by the European Commission. Briefly, the main aims of EMF-

NET were to collate the results of ongoing research into the effects of EMF 
that were funded by the European Commission or under other national 

and international actions, and to provide advice for the development of 
policy by the European Union and other stakeholders. In addition, it 

provided observations on existing research projects in terms of current 
priorities, gaps in knowledge, results, and emerging technology, as a 

means of generating judicious and policy-relevant information concerning 
the health implications of exposure to EMF. Such information was intended 

to facilitate the development of policy options covering public health and 
consumer protection, health and safety at work, European 

competitiveness, and environmental issues. (Complete details of EMF-NET 
and its many reports and deliverables are available online at  

http://web.jrc.ec.europa.eu/emf-net/). 
 

EFHRAN was specifically designed to achieve the following strategic 
objectives: 

 
 Monitor and search for evidence of health risks related to EMF 

exposure 
 

 Characterize and, where appropriate, quantify potential health risk 
posed by EMF exposure  

 
 Enhance the EC's ability to respond rapidly to health issues and 

concerns related to EMF using scientifically sound advice and 
analyses   

 
 Improve the compilation of knowledge and its dissemination on 

issues related to EMF and health. 
 

In order to achieve these objectives, the activities of EFHRAN have been 
divided into five specific objectives: risk analysis and hazard identification; 

exposure assessment; dose assessment; risk characterisation; and risk 
management.  These objectives have been further divided into nine work 

packages (WP). This report represents the main output and deliverable of 
WP 4.  

 
This report considers and reviews the latest published research exploring 

the possible effects of EMF on humans in order to identify any potential 
health concerns. Both epidemiological and experimental studies are 

considered, for cancer and non-cancer endpoints with separate analyses 
made for low, intermediate and high frequencies. For the purposes of this 

document, low frequencies are defined as time-varying EMF with 
frequencies of up to 300 Hz; intermediate frequencies as EMF of 300 Hz to 

100 kHz; and high frequencies as EMF with frequencies between 100 kHz 

and 300 GHz. 

http://web.jrc.ec.europa.eu/emf-net/
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Many studies have been published over the last 30 years or so on the 
biological and health effects of exposure to low, intermediate, and high 

frequency electromagnetic fields. It was not feasible to evaluate all the 
studies on an individual basis for the purposes of this report.  Therefore a 

number of recent reviews were consulted to establish the current 
consensus opinion regarding evidence of a variety of health effects. The 

reviews included were the 39 reports resulting from EMF-NET (published 
between 2004 and 2009) and two reports from the Scientific Committee 

on Emerging and Newly Identified Health Risks (SCENIHR, 2007, 2009a). 
These provided a starting point for the health risk analysis. The 

monograph on extremely low frequency fields (ELF) (WHO, 2007) and the 
epidemiological review on health effects of radiofrequency exposure from 

the International Commission for Non-Ionizing Radiation Protection 
(ICNIRP) Standing Committee on Epidemiology (Ahlbom et al, 2004; 

ICNIRP, 2009) were also reviewed. More recent studies not available to 
either SCENIHR or EMF-NET and published after August 2008 were 

evaluated separately, and their results incorporated into the consensus 
opinion. In this way, it was possible to construct an updated health risk 

assessment.  
 

In order to evaluate the strength of evidence for adverse effects arising as 
a consequence of exposure to EMF, EMF-NET used a very simple, yet 

powerful, four point classification system that itself was based on the 
system used by the International Agency for Research on Cancer (IARC) 

to report on the carcinogenic risk to humans of a wide range of chemicals 
and physical agents, including static and extremely low frequency electric 

and magnetic fields (IARC, 2002). EFHRAN decided to adopt the same 
classification system to evaluate the strength of evidence for any 

particular effect. The four classifications and criteria for inclusion into any 
particular category are shown in Table 1. 

 
Clearly, a classification of sufficient evidence requires there to have been 

a large amount of high quality research producing a consistent outcome; 
independent replication is also considered a key element. Similarly, 

evidence suggesting a lack of effects indicates that several studies have 
reported the absence of field-related effects using a range of appropriate 

models and relevant exposure conditions. 
 

In May 2011, after the publication of the first draft of the present paper, a 
group of scientists met at IARC in Lyon, France to assess the 

carcinogenicity of electromagnetic fields with frequencies between 30 kHz 
to 300 GHz (Baan et al, 2011). After examining the relevant evidence 

from human, animal and cellular studies, the fields were classified as 
“possibly carcinogenic to humans (Group 2B)”. This means that a causal 

link between RF fields and an increased risk of cancer is considered to be 

credible, but some combination of chance, bias or confounding in the data 
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cannot be ruled out with an acceptable degree of confidence. One 

consequence of this evaluation is the need for additional epidemiological 
and experimental studies to help resolve these uncertainties; WHO 

recently updated their research agenda for RF fields (van Deventer et al, 
2011) which lists high priority and other research needs. 

 
 

 

Classification Necessary inclusion criteria 

  
• when a positive relationship is observed 

between the exposure and the effect 
investigated  

• when the effect is replicated in several studies 
by independent investigators or under different 

protocols, and when there is a consistent 
exposure-response relationship  

• when confounding factors could be ruled out 
with reasonable confidence 

 

Sufficient evidence 

 

 

 

 

Limited evidence • when the evidence of the effect is restricted to 
a few studies, or when there are unsolved 

questions regarding the adequacy of the design, 
conduct or interpretation of the study  

• when confounding factors could not be ruled 
out in the studies with reasonable confidence 

 

 

 

Inadequate evidence 

 

• when the studies are of insufficient quality, 

consistency or statistical power to permit a 
conclusion 

 

 

Evidence suggesting 

a lack of effects 

• when no effects are reported in several studies 

by independent investigators under different 
protocols involving at least two species or two 

cell types and a sufficient range of field 
intensities 

 

 
 

Table 1. The four point system used in this report to classify the 
strength of evidence for any particular effect; a similar system was 

used by EMF-NET. 
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Because of the assessment by the Working Group, it was decided to 

update the present report to include more recent studies on the effects of 
exposure to high frequency fields that were available to the Working 

Group and published after the original report from EHFRAN, and to see 
whether inclusion of these data necessitated a revision of the original 

strength of evidence classification for high frequency fields. 
 

2 Low frequencies (up to 300 Hz) 

 

For more than a century, exposure to extremely low frequency (ELF) 
electric and magnetic fields has been ubiquitous, related to the 

production, transmission, distribution and use of electric currents. 
Research into the possible adverse health effects of such exposures 

intensified in the late 1970s, with epidemiological and experimental 
studies focusing mainly on cancer, neurodegenerative diseases, 

cardiovascular diseases, reproductive effects, and non-specific symptoms 
affecting well-being. On the exposure side, research has focussed on 

residential exposures, for instance people living close to power lines, on 
occupational exposures such as for electricians, and on the use of electric 

household appliances. While some studies estimated exposure in a crude 
way, using simply the distance between the residence and the nearest 

power line, using broad job titles to categorize occupational exposure, or 

asking study participants about past use of electric appliances, 
assessment methods have been refined over the years and comprehensive 

stationary or personal measurements as well as detailed job-exposure-
matrices based on work activities have been developed. In addition to 

studies on health effects (WHO, 2007), many measurement surveys have 
been conducted to better understand the distribution of exposure in time 

and space and the relative contribution of various exposure sources to an 
individual’s total exposure. For all European countries where measurement 

data are available (described in EFHRAN Deliverable D4: Report on the 
level of exposure in the European Union), it appears that average 

exposure over 24 hours is usually well below 0.1 microtesla (µT), and the 
proportion of the general population exposed to average ELF magnetic 

fields above 0.2 µT is small, i.e., between 1-5%; average exposures to 
magnetic fields exceeding 1 µT are exceptional but may occur in 

residences just beneath high-voltage power lines or with transformers in 
the basement, or in the context of certain occupations, e.g., among 

electric welders, electricians, electric power engineers, or locomotive 
engineers. 

2.1 Current consensus opinion  

Although numerous studies have been completed in this field, the 

evidence remains ambiguous. The major reasons for this are that study 
results are inconsistent and many studies have suffered from 

methodological shortcomings. It is therefore important to continuously 
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review the body of evidence. This has recently been done by three 

international organisations; namely, the World Health Organization (WHO, 
2007), the EMF-NET project of the European Union (EMF-NET, 2009), and 

the Scientific Committee on Emerging and Newly Identified Health Risks 
(SCENIHR) of the European Commission (SCENIHR, 2009a). Overall, 

these risk analyses are in line with assessments carried out by national 
authorities responsible for radiation protection issues. A comparison of 

these risk assessments demonstrates few disparities, hence, the 2009 
report of SCENIHR is used to illustrate the current consensus opinion 

(SCENIHR, 2009a). The SCENIHR report included scientific evidence 
published up to the end of 2008. 

 
SCENIHR reported limited evidence for an association between exposure 

to ELF magnetic fields and the risk of childhood leukaemia (SCENIHR, 
2009a). This was based on a classification performed by the International 

Agency for Research on Cancer in 2001, ranking ELF magnetic fields as 
possibly carcinogenic to humans (Group 2B) (IARC, 2002). The 

classifications then as today were based on the facts that epidemiological 
studies showed a consistent association between magnetic fields above 

approximately 0.3/0.4 µT and a doubling in risk for childhood leukaemia, 
although chance, bias and confounding could not be ruled out as an 

explanation with reasonable confidence, but that experimental studies or 
mechanistic modelling provided little support for, or explanation of, these 

findings.  
 

Since the assessment in 2001, further epidemiological studies were 
conducted. However, these did not provide further insight, instead being 

consistent with the previous assessment (Schüz and Ahlbom, 2008). New 
experimental studies did not strengthen the biological plausibility of the 

observed association either (SCENIHR, 2009a). SCENIHR has noted that 
overall little targeted research has been done to reconcile the disparity 

between epidemiological and mechanistic data and suggested that ELF 
magnetic fields and childhood leukaemia should be a high priority research 

area (SCENIHR, 2009b). For cancers other than childhood leukaemia there 
was either inadequate evidence or some evidence against an association 

(SCENIHR, 2009a). 
 

SCENIHR further reported that some recent studies support previous 
notions that the risk of Alzheimer’s disease may be linked to exposure to 

ELF magnetic fields (SCENIHR, 2009a). While the majority of studies has 
been done in relation to occupational exposures, the first study on 

residential exposures was conducted in Switzerland and this suggested an 
increased risk of Alzheimer’s disease among people living close to high-

voltage power lines (Huss et al, 2009). Based on these findings, SCENIHR 
classified ELF magnetic fields and Alzheimer’s disease as a high priority for 

further research (SCENIHR, 2009b). For other neurodegenerative diseases 

the evidence appears to be weaker. The possible association between 
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occupational exposure to ELF magnetic fields and the risk of amyotrophic 

lateral sclerosis is discussed in detail in the WHO risk assessment (WHO, 
2007). However, the evidence was classified as inadequate, mainly due to 

possible confounding by electric shocks or chemical exposures at the 
respective work places, and since then no new influential studies have 

been published. For Parkinson’s disease and multiple sclerosis there are 
fewer studies, but they show no consistent indications of an increased 

risk. For cardiovascular diseases more recent studies suggest an absence 
of any association (SCENIHR, 2009a). 

 
Lastly, SCENIHR (2009a) concluded that there is no consistent 

relationship between exposure to ELF fields and a variety of self-reported 
symptoms, such as skin irritations, headache, sleep problems, 

concentration difficulties, or fatigue.  

2.2 More recent studies  

2.2.1  Epidemiology 

With regard to the childhood leukaemia findings, results of a recent pooled 

analysis of studies from Germany, Italy, Japan, Tasmania and UK 
(Kheifets et al, 2010) are consistent with those of the previous pooled 

analyses by Ahlbom et al (2000) and Greenland et al (2000), with an odds 
ratio (OR) of about 2 for magnetic fields above approximately 0.4 µT. 

There was some indication of a possible exposure-response relationship, 
but overall this analysis did not alter the previous IARC assessment that 

magnetic fields are possibly carcinogenic to humans.  
 

In order to gain further insights into this association, new pilot activities 

have been started in an attempt to identify cohorts of children with 
increased ELF magnetic field exposure in order to reduce the impact of 

participation bias that has affected previous case-control studies; these 
activities aim at identifying residences with transformers leading to higher 

exposures in children (Ilonen et al, 2008) or suggest how to use existing 
birth cohort studies in this context (Greenland and Kheifets, 2009). A 

recent methodological study explains why further studies applying the 
simple distance-to-power-line metric are unlikely to provide new insights 

(Maslanyj et al, 2009). The hypothesis that ELF magnetic field exposure is 
related to a poorer survival after childhood leukaemia, suggesting that ELF 

magnetic fields promote the growth of leukemic cells resulting in a 
recurrence of the disease, continues to be followed up. Indeed, poorer 

survival has been observed in the hypothesis-generating study in the USA 
(Foliart et al, 2006); this was broadly confirmed in a subsequent study 

from Germany (Svendsen et al, 2007), but since both studies included 
very small numbers of exposed children no firm conclusions could be 

made. An ongoing project on this issue is expected to provide further 
insight as for this purpose, whereby data on cases enrolled in previous 

case-control studies from the US, the UK, Canada, Germany, Japan, New 
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Zealand and the Nordic countries (Ahlbom et al, 2000) will be pooled and 

health status of these cases followed up. 
 

Mezei et al (2008) conducted a meta-analysis of 13 studies on residential 
exposure to ELF magnetic fields and the risk of brain tumours in children 

and observed a statistically non-significant 70% increased effect estimate 
at exposures above 0.3/0.4 µT; In a subsequent meta-analysis of the 

original data, no association was observed between level of ELF magnetic 
fields and risk of brain tumours (Kheifets et al., 2010b).  

 
A recent US case-control study of occupational exposures and risk of brain 

tumours in adults did not show an association (Coble et al, 2009). This 
was consistent with findings of a recent meta-analysis pooling more than 

20 studies (Kheifets et al, 2008). It was concluded that while a small 
increase of 10% was observed in the summary risk estimate, the more 

recent and methodologically improved studies showed weaker associations 
than the earlier studies, providing little evidence for an association. 

Yenugadhati et al (2009) explored associations between various 
occupations and the risk of lung cancer in a Canadian case-control study 

and discuss a possible role of exposure to EMF for some of their findings; 
however, due to this rather indirect approach the evidence remains 

unchanged. 
 

All recent studies on neurodegenerative diseases had already been 
included in the SCENIHR report (SCENIHR, 2009a) and no new studies 

have appeared in the meantime. Another US study on cardiovascular 
disease confirmed previous findings of no association (Cooper et al, 

2009). 

2.2.2  Experimental studies 

Very few recent studies have investigated the effects of low frequency 
fields on volunteers. Overall, these studies only provide very limited 

additional information, and they do not substantially alter the previous 
health risk assessment. 

 
Bellieni et al (2008) investigated the possible effects of fields generated 

by electric motors in incubators on autonomic function in newborn babies. 
Transient changes in the total power and spectral components of heart 

rate variability (HRV) were noted when the motors were running. 
Confirmatory studies are required to determine the significance of this 

observation. Lednev et al (2008) reported that heart rate variability in 
adults was affected by exposure to very weak fields (above 2 µT); the 

direction of change was dependent on the frequency used.  
 

Cook et al (2009) reported changes in alpha activity measured over the 
occipital-parietal regions of the brain after acute exposure of volunteers to 
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two weak pulsed magnetic field sequences (+/- 200 µT peak). The 

direction of change depended on the specific sequence used. 
 

Albert et al (2009) found no evidence that exposure of male and female 
volunteers to a 60 Hz magnetic field at 200 µT for 4 h exposure could 

cause either DNA damage in peripheral blood leukocytes as assayed using 
the alkaline comet assay, or increased incidence of micronuclei. Two 

independent studies have examined the effects of occupational exposure 
to magnetic fields by examining peripheral blood of exposed workers. At 

best, these provide only weak evidence for a field-related effect on natural 
killer cell activity (Gobba et al, 2009) and antioxidant activity (Sharifian et 

al, 2009). Previously, Dasdag et al (2002) investigated effects of magnetic 
fields on haematology and immunology in welders.  Despite measuring 

differences between exposed and control subjects in haematocrit levels 
and in T lymphocyte surface antigens, these changes were not considered 

to be clinically significant. 
 

Lastly, Skomro et al (2009) found that repeated, acute exposures to low 
frequency magnetic fields at 3 or 4 µT had no consistent effect on the 

content of calcium, magnesium and fluoride ions in saliva. 

2.3 Summary and Conclusions  

The strength of evidence for each health outcome is summarised in Table 
2. This has been derived from the previous evaluations of EMF-NET (2009) 

and SCENIHR (2009a) synthesized, where considered relevant, with the 
more recent data described in the present evaluation. 

 
For none of the diseases is there sufficient evidence for a causal 

association between exposure to low frequency fields and the risk of the 
respective disease. 

 
There is limited evidence for an association between magnetic fields and 

the risk of leukaemia in children. This evaluation reflects the current state 
of knowledge that epidemiological studies have shown an association 

between residential exposures to power frequency magnetic fields at 
above approximately 0.3/0.4 µT and a two-fold risk of childhood 

leukaemia with some degree of consistency, but the observed association 
alone is not sufficient to conclude a causal relationship due to the 

following three reasons:  
 

i) there is no known mechanistic explanation for the observed association 
and none of the hypotheses put forward are convincingly supported by the 

data;  
 

ii) overall, experimental studies do not provide evidence that low 
frequency magnetic fields are carcinogenic;  
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iii) a combination of chance, bias and confounding may well have 

produced a spurious association in the epidemiological studies.  
 

It is unlikely that further epidemiological studies of the same design as 
that used previously will provide any new insights. New concepts to 

identify cohorts of children with higher exposures may turn out to be 
promising. If the hypothesis of a poorer survival of children with 

leukaemia is confirmed by other studies, this will increase the biological 
plausibility of a causal association. Conversely, further methodological 

work investigating the impact of possible biases in the childhood 
leukaemia studies may shift the evidence in the opposite direction. 

 
 

 
 

Outcome Strength of evidence 

 

Cancer outcomes 

 

   Leukaemia in children Limited 

   Brain tumours in children Inadequate 
   Brain tumours in adults Inadequate 

   Breast cancer in adults Lack of effect 
   Other cancer (children or adults) Inadequate 

 

Neurodegenerative diseases 

 

   Alzheimer’s disease Inadequate 

   Amyotrophic lateral sclerosis (ALS) Inadequate 
   Other neurodegenerative diseases Inadequate 

 
Reproductive outcomes 

 

    All outcomes Inadequate 
 

Cardiovascular diseases 

 

    All diseases Lack of effect 

 
Well-being 

 

   Electrical hypersensitivity (EHS) Lack of effect 
   Symptoms Inadequate 

  

 

 
Table 2. The strength of evidence for any health outcome being 

associated with exposure to low frequency magnetic fields as 
suggested by EMF-NET (2009) and SCENIHR (2009a) and modified 

by the results of more recent research. 
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There is inadequate evidence with respect to several diseases, however. 
For Alzheimer’s disease the evidence is suggestive; however compared to 

the data on childhood leukaemia, there are far fewer epidemiological 
studies and the results are less consistent. Since recent, methodologically 

superior studies are suggestive of an association, there is ample 
justification to demand further studies into this topic. The situation is 

similar for childhood brain tumours, where awaited results of an ongoing 
pooled analysis may make a re-evaluation necessary. Amyotrophic lateral 

sclerosis is a third outcome for which there is some indication of an 
elevated risk, but the data are not consistent enough to support a 

classification of limited evidence.  
 

For brain tumours in adults, it appears that more recent studies tend to 
suggest a lack of an association, but due to positive findings in some 

studies the classification of inadequate evidence remains more 
appropriate. 

 
For all other cancers, other neurodegenerative diseases and for subjective 

symptoms, the classification of inadequate evidence displays rather the 
lack of data. However, due to the weak biological plausibility there 

appears to be no emerging demand to conduct further studies. 
There is lack of evidence for any association between exposure to low 

frequency magnetic fields and breast cancer or cardiovascular disease. For 
breast cancer, no new studies have been published, but as there were 

already a large number of studies available at the time of the previous 
evaluations, this assessment is considered robust. For cardiovascular 

disease, one new study was published that confirmed the absence of any 
association.  

 
There is continuing public debate about whether non-specific symptoms 

may be caused by exposure to low frequency fields, and whether some 
individuals show increased sensitivity to exposure, commonly termed 

electrical hypersensitivity (EHS). As this is a long-lasting discussion 
characterised by a series of failures to demonstrate the existence of EHS, 

the overall evaluation suggests a lack of any effect. Given the uncertainty 
regarding the role played by EMF in the aetiology of this condition, the 

World Health Organization (WHO) has proposed that EHS should be better 
termed Idiopathic Environmental Intolerance with attribution to EMF.  

 

3  Intermediate frequencies (300 Hz – 100 kHz) 

 

Exposure to intermediate frequency (IF) fields has in the past largely been 
restricted to long-range radio, welding devices, cathode-ray based 

monitors and magnetic resonance imaging (MRI). However, sources and 
exposures to these fields are now increasing due to the development of 
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new and emerging technologies, such as anti-theft devices, badge readers 

and induction hobs and hotplates; compact fluorescent lights also produce 
fields in the IF range. However, explicit data on the possible health effects 

of IF fields remain limited.  

3.1 Current consensus opinion  

For the purposes of risk assessment, IF fields have only been considered 

as a separate entity relatively recently. Largely depending on the 
definition of their frequency range, IF fields have been considered in 

various reviews and monographs alongside either low or high frequency 
fields. IF fields can induce electric fields and currents in the human body, 

much as is seen with low frequency fields, but they can also induce 
heating effects in the body as seen in high frequency field exposures. 

Assessments of possible hazards at intermediate frequencies are based 

primarily on extrapolation from data on exposure to higher and lower 
frequencies (SCENIHR, 2007, 2009a).  

 
Very little useful epidemiological data are available. The existing evidence 

largely comes from older studies that tended to used job title as a 
surrogate for exposure. Groups studied include users of visual display 

units (VDUs) associated with personal computers and radio and telegraph 
operators. Outcomes studied included cancer as well as effects on the eye, 

the cardiovascular system and the reproductive system. Although no 
particular risks were indentified, the quality of existing studies is limited,  

 
There have been some animal studies exploring the effects of IF fields 

from VDUs, particularly on reproduction and development. This older 
literature has been well reviewed previously. There are fewer studies on 

humans, although some studies have investigated effects of IF fields on 
skin. With the demise of cathode-ray based monitors, more recent work 

exploring health risks associated with computer use in humans has 
concentrated on ergonomic issues (and is not considered here). Despite 

some limited evidence from animal studies that have reported field-
dependent effects on reproduction and development, there is no 

consistent or conclusive evidence of field-dependent adverse effects. 
 

Overall, SCENIHR (2009a) concluded that there was insufficient data for a 
health risk assessment, so the overall evaluation for all health endpoints 

has to be considered to be inadequate. Since then, an IARC Working 
Group has classified electromagnetic fields with a frequency range of 

30 kHz to 300 GHz as being “possibly carcinogenic to humans”. This 
decision was informed by studies using fields above 100 kHz fields, and is 

discussed in Section 4.  
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3.2 More recent studies  

3.2.1 Epidemiology 

No recent epidemiological studies investigating risks of IF fields have been 
published. 

3.2.2 Experimental studies 

No recent volunteer studies investigating IF fields have appeared. 

3.3 Summary and Conclusions  

Interest in the potential of IF fields to cause adverse effects has been 

sporadic at best and no recent research appears to have investigated 
exposures associated with new or emerging technologies. The available 

evidence is insufficient to conclude about whether or not an association 
may exist between exposure and the risk of any disease.  

 
Given the lack of recent data, it is not possible to revise the existing 

classification, and therefore the strength of evidence for all outcomes 
remains as inadequate (Table 3). Given that occupational exposures to 

these frequencies are increasing, it would be useful if well targeted studies 
could be performed as a priority to address this lack of research.  

 
 

 

Outcome Strength of evidence 

  
All outcomes   Inadequate 

  

 
 

Table 3. The strength of evidence for any health outcome being 
associated with exposure to intermediate frequency fields as 

suggested by EMF-NET (2009) and SCENIHR (2009a); there is a 
lack of more recent research. 

 
 

4   High frequencies (100 kHz – 300 GHz) 

   

Research into the possible effects of exposure to low level radiofrequency 

(RF) fields has increased over the last decade or so following the 
widespread increase in mobile phone usage and the roll out of base 

station networks. More recently, concerns have been raised about DECT 
cordless phones, and interest in the potential health effects of wireless 

LANs and Wi-Fi has followed the introduction of these applications into 
schools, homes and workplaces. However, the effects of RF fields 
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associated with commonly occurring sources in the environment, such as 

broadcasting, radar, and microwave communication links have been 
considered for many years before that, and an extensive effects literature 

had been generated. ICNIRP have reviewed much of these data (Ahlbom 
et al, 2004, 2009; ICNIRP 2009; van Rongen et al, 2009; Swerdlow et al, 

2011). 

4.1 Current consensus opinions 

Early epidemiological investigations centred on a variety of occupational 

groups with the potential for high exposures to RF fields, such as radar 
technicians, and radio and telegraph operators, with interest focussed on 

brain tumour and leukaemia risks. In general, results from these studies 
were inconsistent, and no conclusion could be drawn, due to the generally 

small size and/or methodological limitations of many of these studies as 

well as very limited exposure assessment.  Other studies investigated 
risks to people living near radio or TV transmitters. These studies did not 

demonstrate the existence of any risk; again, results have been 
inconsistent, but were dependent on very crude measures of exposure 

such as using distance from broadcasting masts (Baan et al, 2011). 
 

Very few volunteer studies have been undertaken, but a range of in vivo 
and in vitro studies have indicated that consistent effects are only 

observed for exposures that increase whole body or localised tissue 
temperatures by about a degree or more. Such thermal responses remain 

a cornerstone of existing guidelines limiting human exposures to RF fields 
(e.g. ICNIRP, 1998). Effects of RF fields in the absence of overt heating 

have been reported, but they remain controversial, and the mechanism 
whereby such effects may be caused remains elusive.  

 
More recent studies investigating the health risks of RF fields have been 

summarised and reviewed by EMF-NET, and by SCENIHR (2007, 2009a).  
These studies concentrated on cancer risks from the use of mobile 

phones, but other endpoints and sources have been considered; attention 
is also starting to be given to new and emerging technologies, such as 

ultra wide band signals. 
 

SCENIHR (2009a) reviewed the evidence from the various national studies 
and pooled analyses from parts of the Interphone study: severe concerns 

were raised about reporting biases that may exist in these data. 
Nonetheless, it was concluded that this evidence, combined with the 

results of animal and cellular studies, indicated that exposure to RF fields 
was unlikely to lead to an increase in brain cancer or parotid gland 

tumours in humans. However, it was noted that since the widespread 
duration of exposure of humans to the fields from mobile phones was 

shorter than the induction time of some cancers, further studies were 
required to identify whether exposure periods in excess of ten years may 

pose some cancer risk. Regarding shorter periods of exposure, it was 
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concluded that mobile phone use for less than ten years was not 

associated with increased cancer incidence. In addition, SCENIHR (2009a) 
concluded that two well-conducted case-control studies investigating the 

association between the fields from broadcast transmitters and childhood 
leukaemia provided no evidence for such an association.  

 
On non-cancer outcomes, it was concluded that the available scientific 

evidence failed to provide support for an effect of RF fields on self-
reported symptoms. Although an association between RF exposure and 

single symptoms was indicated in a few cross-sectional studies, there was 
a lack of consistency in these findings, and several provocation studies 

indicated a lack of effect on well-being using handset or base stations 
signals (SCENIHR, 2009a). Furthermore, a number of studies reporting on 

sensitivity to RF exposure have demonstrated that neither self-diagnosed 
cases nor healthy controls could reliably detect the presence of either GSM 

or UMTS signals. The possibility that nocebo effects may play a role in 
symptom formation was highlighted.  

 
Regarding effects of RF fields on the brain and nervous system, several 

studies using volunteers have reported no consistent effects on various 
behaviours or cognitive functions, although sporadic effects were noted in 

some studies. A large number of studies have reported that exposure has 
no detectable effect on either the auditory or visual systems. Some, but 

not all studies have reported effects on sleep and sleep encephalogram 
(EEG) patterns, and others have reported an effect on specific EEG 

components during exposure. However, SCENIHR questioned the 
relevance of these subtle changes to health, and noted that no interaction 

mechanism could be identified. 
 

Epidemiological studies investigating the effects of RF fields on adverse 
pregnancy outcomes are limited mainly to occupational exposures among 

physiotherapists (SCENIHR, 2007). Despite some positive findings, no 
consistent adverse outcome has been reported, but the available results 

do not allow any definite conclusions to be drawn due to the limited 
statistical power and potential recall bias in the data. Including more 

recent data did not change this conclusion (SCENIHR, 2009a).  
 

Studies investigating effects of RF fields on fertility or sperm quality in 
men also have failed to provide consistent evidence of adverse effects. 

These have investigated occupational exposures in the Norwegian Navy 
and in those attending infertility clinics. However these studies suffer from 

a number of weaknesses, including self reporting of endpoints, and a lack 
of measurement of RF fields in the occupational studies, and confounding 

due to lifestyle differences in the clinic studies, making them inadequate 
for the purposes of risk assessment.  

 



 

 

 

17 

In May 2011, IARC convened a multinational Working Group of 30 

scientists to assess the carcinogenicity of RF fields (Baan et al, 2011. 
Based on a critical evaluation of the peer-reviewed epidemiological and 

experimental evidence that had been published or was in press at the time 
of the meeting (a number of these studies  were not available to either  

EMF-NET or SCENHIR in 2009), the IARC Working Group classified RF 
fields as “possibly carcinogenic to humans (Group 2B), based on limited 

evidence in humans for the carcinogenicity of RF fields1, limited evidence 
of carcinogenicity in animals and weak mechanistic evidence relevant to 

RF induced cancer in humans.  
 

The epidemiological evaluation was based on positive associations 
between glioma and acoustic neuroma and exposure to RF fields from 

wireless telephones. The evidence to draw conclusions for other types of 
cancer was judged inadequate. 

 
A few members of the Working Group, however, considered that all the 

evidence in humans was inadequate for a number of reasons, including 
inconsistencies between the two major case-control studies, and an 

absence of an increase in brain cancer incidence rates in time-trend data; 
another consideration was the Danish cohort study of mobile phone users 

which has not observed any increase in rates of glioma or acoustic 
neuroma.  

 
The complete assessment will be published as Volume 102 of the IARC 

Monograph series. Other agents previously evaluated by IARC as Group 
2B include extremely low frequency magnetic fields, carbon tetrachloride, 

chloroform and coffee. 
 

Shortly after the IARC Monographs evaluation, the International 
Commission for Non-Ionizing Radiation Protection (ICNIRP) Standing 

Committee on Epidemiology published a review (Swerdlow et al, 2011), 
which did not include some of the more recent papers reviewed by the 

IARC Working Group. It concluded that, although there remains some 
uncertainty, the trend in the accumulating evidence is increasingly against 

the hypothesis that mobile phone use can cause brain tumours in adults. 
Results from current epidemiological, biological and animal studies, and 

brain tumour incidence trends, suggest that within about 10-15 years 
after first use of mobile phones there is unlikely to be a material increase 

                                   
1The definitions used by IARC are similar, but not identical, to those used in this report 
and elsewhere by EFHRAN (Table 1). IARC define limited evidence of carcinogenicity as 
“a positive association has been observed between exposure to the agent and cancer for 
which a causal interpretation is considered by the Working Group to be credible, but 
chance, bias or confounding could not be ruled out with reasonable confidence”. Whereas 
inadequate evidence of carcinogenicity is defined as “the available studies are of 
insufficient quality, consistency or statistical power to permit a conclusion regarding the 
presence or absence of a causal association between exposure and cancer, or no data on 
cancer in humans are available”. 
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in the risk of brain tumours in adults. Data for childhood tumours and for 

periods beyond 15 years are currently lacking. 

4.2 Other recent studies 

4.2.1 Epidemiology  

Since the current report was first issued, a number of epidemiological 

studies have been published, some investigating the risks of short-term 
mobile phone use by adults on brain cancer and other tumours of the 

head, others investigating effects on child development and behaviour. As 
yet, there are sparse data on the health risks associated with long-term 

mobile phone use.   
 

Brain tumour case-control studies – adults 
Hardell et al (2011) studied the association between use of mobile and 

cordless phones and brain tumours by pooling data from two previous 
case-control studies on patients with malignant brain tumours diagnosed 

during 1997-2003. The risk appeared to increase with latency period and 
cumulative hours of use for both mobile and cordless phones. The highest 

risk was found for astrocytoma: the OR for mobile phone use was 2.7, 
(95% CI 1.9-3.7) and that for cordless phone use was 1.8 (95% CI 1.2-

2.9) for use 10 years or more in the past. Risks were not higher for 
tumours in the temporal lobe than overall (Hardell et al., 2011). The risk 

for astrocytoma appeared to be highest in the group with first use of a 
wireless phone before the age of 20. The similarity of ORs for mobile and 

cordless phones is unexpected given the difference in average output 
power of these phone types. 

 

Results of the Interphone international analyses of glioma, meningioma 
and acoustic neuroma have been published (the Interphone Study Group, 

2010, 2011). Analyses included 2708 glioma, 2409 meningioma and 1105 
acoustic neuroma cases and their matched controls. A reduced OR related 

to ever having been a regular mobile phone user was seen for glioma (OR 
0.81, 95% CI 0.70, 0.94), meningioma (OR 0.79; 95% CI 0.68, 0.91) and 

acoustic neuroma (OR 0.85, 95% CI 0.69-1.04), possibly reflecting 
participation bias or other methodological limitations. No elevated OR was 

observed 10 or more years after first phone use (glioma: OR 0.98, 95% 
CI 0.76, 1.26; meningioma: OR 0.83, 95% CI 0.61, 1.14; acoustic 

neuroma: OR 0.76, 95% CI 0.52–1.11). Odds ratios were below 1.0 for all 
deciles of lifetime number of phone calls and nine deciles of cumulative 

call time. There was no trend of increasing ORs with increasing cumulative 
call time or cumulative number of calls but higher odds ratios were seen 

for all tumour types in the highest decile of recalled cumulative call time, 
1640 hours or longer: 1.40 (95% CI 1.03, 1.89) for glioma, 1.15 (95% CI 

0.81, 1.62) for meningioma, and 1.32 (95% CI 0.88–1.97) for acoustic 
neuroma. With censoring at 5 years before the reference date in an 

attempt to take into account the slow growth and possible long diagnostic 
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delay for this disease, the OR for acoustic neuroma in the highest decile of 

cumulative call time was 2.79 (1.51–5.16). There were, however, 
implausible values of reported use in this group.  

 
Odds ratios in the highest decile of cumulative call time tended to be 

greater in the temporal lobe than in other lobes of the brain for glioma 
(but not meningioma), but the confidence intervals around the lobe-

specific estimates were wide. Odds ratios in the highest decile were also 
greater in subjects who reported usual phone use on the same side of the 

head as their tumour than on the opposite side for glioma, meningioma 
and acoustic neuroma. For glioma, ipsilateral ORs were almost always 

greater than contralateral ORs. There was  a trend towards a stronger 
effect of ipsilateral use relative to contralateral use with increasing 

cumulative number of calls as well as with increasing cumulative call time 
(except for the lowest exposure category where the ipsilateral to 

contralateral ratio was highest). 
 

The Interphone Study Group concluded that no increase in risk of glioma, 
meningioma or acoustic neuroma was observed overall in association with 

use of mobile phones. It noted, however, that there were suggestions of 
an increased risk of glioma at the highest exposure levels, but biases and 

errors prevent a causal interpretation.  The Group concluded that possible 
effects of long-term heavy use of mobile phones require further 

investigation. 
 

Further analyses of subgroups of Interphone countries have been 
conducted to further explore the observed associations, taking into 

account the localized nature of RF energy absorption in the brain when 
using a mobile phone (Larjavaara et al, 2011; Cardis et al, 2011a,b). 

 
A case-only analysis of data from seven Interphone  countries (Denmark, 

Finland, Germany, Italy, Norway, Sweden, UK-South) was conducted to 
evaluate whether gliomas occur preferentially in the areas of the brain 

having the highest exposure to RF fields, based on estimated distance 
from the centre of their tumour to a hypothetical phone axis (Larjavaara 

et al, 2011). No difference was found between tumours with a centre 
within 5 cm of the phone line and tumours with a centre further than 5 

cm, either in terms of ever having used a mobile phone regularly or 
duration of phone use. Complementary case-specular analyses were also 

conducted, in which the distance from the centre of the tumour to the 
phone axis was compared between the cases and their “specular” controls 

(for each case, the location of the specular tumour was obtained as a 
mirror image in 2 dimensions - within the same brain hemisphere - of the 

location of the  original tumour). In these analyses, an OR of 2.00 (95% 
CI 0.68, 5.85) was observed among long term users (10 years or more) 

based on small numbers of cases. 
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Cardis and colleagues investigated the main parameters thought to 

influence absorption of RF energy in the brain from mobile phone use 
(Cardis et al, 2011a). This was based on information from the Interphone 

questionnaire, network operators, and laboratory measurements and from 
software-modified phones issued to a subset of study participants. An 

algorithm was developed to evaluate the total cumulative RF energy (in 
joules per kilogram), or dose, absorbed at a particular location in the 

brain. The main determinants of absorbed energy were the 
communication system and frequency band, location in the brain and the 

amount and duration of mobile phone use. Results of epidemiological 
analyses of total cumulative RF energy are therefore potentially subject to 

recall biases, like those of the more traditional analyses based only on 
amount and duration of use. Though there was substantial agreement 

between categorisation of subjects by cumulative absorbed energy and 
cumulative call time (the exposure variable used in the main Interphone 

analyses and in many other epidemiological studies), misclassification 
appeared non-negligible, particularly at higher frequency bands. 

 
The above algorithm was applied to Interphone Study subjects in five 

countries (Australia, Canada, France, Israel and New Zealand) (Cardis et 
al, 2011b).  An increased risk of glioma was seen in individuals at the 

highest quintile of absorbed dose, though reduced risks were seen in the 
four lower quintiles. When risk was examined as a function of absorbed 

dose received in different time windows before diagnosis, an increasing 
trend was observed with increasing absorbed dose for exposures 7 years 

or more in the past. Due to small numbers of subjects, it was not possible 
to use the same time windows 5-9 and 10+ years as in the INTERPHONE 

study. Complementary case-case analyses (in which laterality of phone 
use was not considered to avoid a possible laterality recall bias), also 

indicated an increased risk in the most exposed region of the brain, based 
on small numbers of subjects, compared with other areas among long-

term users. Patterns of risk for meningioma in relation to absorbed dose 
were similar, although increases in risk were much smaller than for 

glioma, and not statistically significant. These results may suggest an 
increased risk of glioma in the most exposed area of the brain among 

long-term and heavy users of mobile phones. However, the exposure 
algorithm still relies heavily on the bias-susceptible questionnaire data, 

and as pointed out by the authors, there are uncertainties associated with 
tumour centre localisation, estimation of absorbed dose, and sample size. 

These results require replication in an independent and preferably 
improved setting before they could be taken to indicate a cause-effect 

relationship. 
 

The reasons for the differences in the results of the two studies of 
independent subsets of Interphone countries are unclear. However, there 

are differences in the detail of exposure assessment – for the case-case 

analyses based only on location of the tumour, Cardis et al (2011b) 
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defined the most exposed area of the brain from analyses of results of 

experiments on the spatial distribution of the specific energy absorption 
rate (SAR) on phantoms for over 100 phone models (Cardis et al, 2008), 

while Larjavaara et al (2011) calculated distance from the centre of the 
tumour to a hypothetical phone axis. Different approaches were also used 

to define the centre of the tumour in both studies. Analyses are underway 
to compare the two approaches and further evaluate risk as a function of 

tumour location and absorbed dose to the tumour. 
 

Brain tumour case-control studies – children and adolescents 
A multicenter case–control study of brain tumours in young people (aged 

7-19 years) was conducted in Denmark, Sweden, Norway, and 
Switzerland including all cases diagnosed between 2004 and 2008 (Aydin 

et al, 2011). Analyses included 352 cases and 646 population controls 
matched by age, sex, and geographical region. The OR for ever having 

been a regular mobile phone use was 1.36; 95% CI = 0.92 to 2.02). 
There was no association with duration or amount of use. In a small 

subset of study participants for whom operator recorded data were 
available, brain tumour risk was related to the time elapsed since the 

mobile phone subscription was started but not to amount of use. The 
subjects in this study were young (the median age at diagnosis was 13 

years) and the study included very few long-term or heavy users. 
 

Cohort studies 
The cohort of all subscription holders in Denmark until end of 1995 has 

been updated for all Danes aged 30 or older and born after 1925 (Frei et 
al 2011). The new analysis had 3.8 million person years of follow-up, and 

included detailed socioeconomic indicators. Because of the comprehensive 
health and population registers in Denmark, there was only 2% loss to 

follow-up and virtually complete case ascertainment providing 356 
exposed glioma cases. There was no suggestion of an increased risk of 

glioma in subscription holder overall or after 10 or more years of 
subscription (men: IRR 1.06, 95%CI: 0.85-1.26, n=117, women: IRR: 

1.04, 95%CI: 0.56-1.95, n=10), nor was there any increase among men 
with 13+ years of subscribing (n=37). The study, however, relies on 

having a subscription registered to a named individual before the end of 
1995 for exposure. The reference population therefore includes any 

corporate paid subscriptions not registered to an individual as well as any 
prepaid cards without a registered user. Also persons only having a 

subscription after 1995 will be in the reference population. Although the 
reference group is therefore never completely unexposed, the low 

percentage of misclassified persons in the reference category before 1996 
together with adjustment for calendar period, and analysis by duration of 

use, ensures that the exposed group will always include more users than 
the reference group. The crude exposure assessment does however mean 

that the study cannot address effects that are small or restricted to small 

user-segments such as very heavy users.  
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While this is a very large cohort study, and is very useful for surveillance 

of multiple endpoints, the study has a number of limitations. There is 
potential for substantial misclassification (Schüz and Johansen, 2007; 

Ahlbom et al, 2007). Indeed, the cohort is based on the fact of having a 
personal subscription at any time between 1982 and 1995 – there is no 

information about the actual identity of the user or the amount of use; 
however, subscribers were estimated to be 4 times more likely to be 

regular users of mobile phones than non-subscribers.  

Brain tumour – time trend analyses 
Several recent studies have analysed time trends in brain tumours in 

relation to mobile telephone use in different countries. Deltour et al 

(2009) studied  trends in incidence rates of brain tumours between 1998 
and 2003 in the Nordic countries (Denmark, Finland, Norway, Sweden) 

and found no clear change overall, with rates were either stable, 
decreasing, or continuing a gradual increase that started before the 

introduction of mobile phones. Time trends appeared to be similarly 
unaffected in the United States up to 2006/2007 (Inskip et al 2010, 

Kohler et al 2011), and in the United Kingdom up to 2007 (de Vocht et al 
2011), though increases in rates for tumours of the temporal lobe were 

observed in men and women in the later study, along with decreases in 
rate of tumours in the parietal lobe, cerebrum and cerebellum in men. 

 
A more recent analysis of the Nordic countries data (Deltour et al, 2012), 

analyzing trends in men and women aged 20 to 79 years during 1979–
2008 also found no clear trend in the incidence of glioma. The authors 

further conducted simulations using different scenarios of risk in relation 
to time since beginning of phone use. Results indicated that current time 

trends could rule out relative risks of the order of 2.0 in relation to ever 
having used a mobile phone up to 15 years in the past, of 1.5 for ever use 

up to 10 years in the past and 1.2 for ever use less than five years in the 
past. Heavy mobile phone use is, however, a relatively recent 

phenomenon. Based on information about amount of phone use among 
Nordic Interphone participants, the authors could also rule out that heavy 

use (of the order of 1600 hours lifetime) could double the risk of glioma in 
a time period of 5 years. Current trends however cannot rule out lower 

risks or risks of the order of 2 related to heavy use 10 years or more in 
the past. 

 
Similar analyses were conducted in the USA, based on age specific 

incidence rates of glioma over the period 1992-2008 (Little et al, 2011). 
This study, which examined different scenarios of risk with varying latency 

periods in relation to start of mobile phone use could rule out ORs of the 
order of 1.5 related with ever using a mobile phone 10 years in the past, 

but concluded that the incidence trends could be consistent with predicted 
glioma rates based on the small proportion of highly exposed people in 

the Interphone study. 
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While trend analyses of incidence rates are a very helpful surveillance tool 

and can provide bounds on the magnitude of a potential risk associated 
with widespread population exposure (Deltour et al 2012; Little et al 

2012), they provide at present limited information on potential risks of 
brain tumours associated with mobile phones. Indeed, though mobile 

phone use started already in the late 1980s and has become very 
prevalent in many countries since the mid-1990s, increased periods of 

mobile phone use is still a relatively recent phenomenon (the median 
monthly use reported in Interphone controls interviewed between 2000 

and 2004 was of the order of 2 hours, while it is not unusual today to see 
persons who use mobile phones an hour or more per day) and hence its 

potential impact on cancer trends is likely not to be appreciable yet, if 
excess risk only manifests more than a decade after phone use begins and 

if, as suggested by the Interphone study, mobile phone use only affects a 
small proportion of cases, in the most heavily exposed areas of the brain, 

or a subset of brain tumours. Clearly, however, continued monitoring of 
trends is needed and may be a very important tool in the future. 
 

Leukaemia and childhood cancers 
Recent epidemiological studies based on RF field strength predictions for 

each participant provide little evidence for an association between RF 
fields and childhood leukaemia risk, and weaken findings from earlier 

reports on leukaemia clusters around radio and television broadcast 
transmitters (Schüz and Ahlbom, 2008). Ha et al (2007) conducted a 

case-control study in South Korea, with a correction of the main results 
table in a reply to a letter by Schüz et al (2008). The study involved 1,928 

childhood leukaemia cases and RF exposure was calculated using a field 
prediction program. Although there was an excess of leukaemias in the 2 

km circles of the transmitters (a relative risk estimate of 2.15, 95% CI 
1.00-4.67), no association was seen between childhood leukaemia risk 

and the predicted field strengths (0.83, 95% CI 0.63-1.08 for the highest 
quartile of exposure); in the intermediate categories, relative risks were 

often statistically significantly decreased. 

A large, case control study by Elliott et al (2010) examined whether 

proximity to a mobile phone base station during pregnancy raised the risk 
of developing cancer in children aged 0-4 years. The study identified 1397 

children in the UK national cancer registry 1999-2001 with leukaemia, 
non-Hodgkin’s lymphoma or a tumour in the brain or CNS, and it 

compared each of these with four matched controls. Consistent with 
earlier studies investigating the childhood leukaemia risk and predicted 

field strengths from broadcast transmitters, this study found no evidence 
of an association between the risk of early childhood cancers and 

proximity to base stations during pregnancy. Although distance from a 
base station is not necessarily a good exposure metric, no associations 

were seen using modelled estimates of exposure either. 
 

 



 

 

 

24 

Effects on the brain and nervous system 

Schüz et al (2009) conducted a large nationwide cohort study in Denmark 
of 420,095 persons whose first mobile phone subscription was between 

1982 and 1995, who were followed through 2003 for hospital contacts for 
a diagnosis of a CNS disorder. Effect estimates were increased by 10–20% 

for migraine and vertigo. No associations were seen for amyotrophic 
lateral sclerosis, multiple sclerosis or epilepsy in women. Effect estimates 

decreased by 30–40% were observed for dementia (Alzheimer disease, 
vascular and other dementia), Parkinson’s disease and epilepsy among 

men. The excesses of migraine and vertigo deserve further attention. An 
interplay of a healthy cohort effect and reversed causation bias due to 

prodromal symptoms impedes detection of a possible association with 
dementia and Parkinson’s disease. 

 
A Swedish cross-sectional study (Söderqvist et al, 2009a, 2009a) 

investigated the effects of mobile phone use on the integrity of the blood-
brain barrier (BBB) by measuring serum levels of S100B, a putative 

marker of leakage of the BBB, and transthyretin, a marker of altered 
function of the blood-cerebrospinal fluid barrier. From a pool of 1000 

randomly selected adults, 314 subjects provided blood-samples and 
answered a questionnaire on their use of mobile and DECT phones. 

Overall, the study found no association between S100B levels and use of 
wireless phones (either mobile or cordless). Among the many analyses 

performed, only a significant positive association with years since first use 
of a UMTS phone among men was reported (Söderqvist et al, 2009a).  

 
In an exploratory analysis of the same dataset, Söderqvist et al (2009b) 

observed a positive correlation of serum transthyretin levels with time 
since first use of wireless phones. The effect was, however, largely 

restricted to users of analogue mobile phones; in women the overall 
estimates where closer to zero but the standardized beta coefficient for 

analogue phones was also elevated though not significantly so. For users 
of UMTS phones, statistically significant beta coefficients was seen for 

both men and women, but in opposite directions.   
 

In addition, an analysis was conducted of the short-term effects of 
exposure (Söderqvist et al, 2009b, 2009c). Among subjects who had 

made calls on the day of the blood sample, there were indications of a 
weak negative correlation between S100B levels and time since last DECT 

call, but no such association was seen for use of mobile phones. In women 
only there was a negative correlation of transthyretin levels with time 

since last use of wireless phones, largely restricted to the use of mobile 
phones. The authors conceded that additional information was required 

before conclusions could be drawn. While these results are interesting, the 
study was small, had low participation, and especially for the short-term 

effects, uncontrolled confounding, such as stress and oestrogen level, may 

have impacted the results. 



 

 

 

25 

Söderqvist et al (2009c) conducted a provocation study of 41 volunteers 

to further investigate short-term effects of exposure to a 30 min GSM 890 
MHz signal (SAR of 1.0 W/kg). The levels of S100B and transthyretin were 

measured twice before and twice after exposure. S100B levels where 
unaltered by exposure, whereas for transthyretin the median levels upon 

arrival in the lab and 60 minutes after exposure (median 0.234 and 0.235 
g/l respectively) were significantly higher than at the two intermediate 

measurements (median 0.230 g/l). It is possible that the elevated levels 
at the beginning of the study were caused by stress and that the last 

measurement reflected exposure-induced leakage. However, a similar U-
shaped association was observed in 22 subjects who had not been 

exposed to a GSM signal, suggesting other factors as likely causes.  
 

Child development and behaviour 
The Danish National Birth Cohort consists of nearly 100,000 mothers who 

were pregnant during 1996 to 2002. Participants completed four phone 
interviews over the first 27 months after conception and one when the 

child turned 7 years of age which included questions on past and present 
use of mobile phones of the mother and child. A previous investigation of 

a subset of this cohort (n=12,796) had reported increased scores for 
behavioural problems at age seven in children of mothers using mobile 

phones during pregnancy (Divan et al, 2008).  
 

A larger, follow-up study (n=28,745), based on a different subset of the 
cohort and including a range of additional confounders, also reported 

increased ORs, though closer to unity than in the original publication 
(Divan et al, 2010). The highest adjusted OR was 1.5 (95% CI 1.3-1.7) in 

children with both pre- and postnatal exposure compared to 1.9 (95% CI 
1.5-2.3) in the original analysis (Divan et al, 2008). The authors pointed 

out that the association was not limited to early users of the technology 
but computational studies indicated that exposure of the fetus would have 

been very low, far below exposure guideline values (Dimbylow, 2007; 
Dimbylow et al, 2009; Wiart et al, 2008) making it unlikely that exposure 

could have induced direct effects (although Hocking (2009) has suggested 
that effects may be due to altered melatonin levels). Despite finding 

significantly elevated ORs, as in the original publication, this does not 
prove causality as both exposure and outcome assessment were fairly 

crude, plus the participation at the seven year questionnaire was only 
around 60-65%, and residual confounding is likely. 

 
A possible effect on behaviour was reported by Thomas et al (2010a) 

using a version of the Strengths and Difficulties Questionnaire. Compared 
to subjects in the lowest exposure quartile, those in the highest exposure 

quartile exhibited an increased prevalence of conduct problems (usually 
characterised as aggressive and destructive activities) for both 

adolescents and children; the other three categories of behaviours 

assessed were not significantly altered for either group. Overall, an 
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association between exposure and total behavioural problems was seen 

for the adolescents (OR 2.2; 95% CI 1.1-4.5) but not for the children (OR 
1.3; CI 0.7-2.6).  However, the authors urged that these results must be 

treated with caution, particularly since the behavioural measures were 
only assessed once, and they recommended further study. This study was 

performed as part of the German MobilEe project (see below). 
 

Vrijheid et al (2010) investigated early behavioural development of 
children from mothers who had used a mobile phone during pregnancy.  

Mothers (n = 587) completed questions about mobile phone use in week 
32 of pregnancy, and children were tested at 14 months of age using the 

Bayley Scales of Infant Development. Only small differences were found 
between the offspring of mobile phone users and non-users, which the 

authors attributed to possible confounding. No trend was found with 
amount of mobile phone use within users. 

 
Divan et al (2011) investigated the same issue in 41,000 infants from the 

Danish National Birth Cohort, based on development milestones from 
questionnaires conducted at 6 and 18 months of age and on retrospective 

exposure data collected at age 7. No differences in milestone delays were 
observed between children of mothers with or without mobile phone use 

during pregnancy. 
 

Cognitive performance 
The Mobile Radiofrequency Phone Exposed Users' Study (MoRPhEUS) is an 

Australian cohort of secondary school students (n=317; participation rate 
= 66%) aged 12-13 years from representative schools around Melbourne. 

Participants completed an Interphone-derived questionnaire on mobile 
phone habits and a battery of five computerised cognitive tests that 

measured working memory and reaction time, and the Stroop word-colour 
test.   

 
In a cross sectional analysis, Abramson et al (2009) analyzed the outcome 

scores with multiple linear regression models using total number of calls 
per week, total number of text messages per week, as well as years since 

first use as exposure metrics against a range of covariates including socio-
economic status and adjusting for clustering by school. Overall, increasing 

mobile usage was associated with faster but less accurate responding in 
higher level cognitive tasks, but since this was also seen in relation to 

increasing use of text messages, the authors suggested that these 
changes may reflect behaviours learned through frequent use of a mobile 

phone, and were unlikely to be due to exposure to the RF field. 
 

Approximately one year after the initial tests, the MoRPHEUS children 
were retested, with 232 participants providing complete data. Thomas et 

al (2010b) examined the correlation between each performance score and 

numbers of calls or text messages at base-line, and changes in the 
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numbers of calls or texts between base-line and follow-up. In general, 

response times were reduced between first and second testing. A higher 
number of self-reported calls at baseline was associated with a smaller 

decrease in response times in the two-back task and the one card learning 
task but for the two-back task there was also a significant effect for 

number of text messages, suggesting that exposure to RF fields per se 
was not the cause of the observed effect. Furthermore, subjects with an 

increase in number of calls from base-line to follow-up had an increased 
response time in the simple reaction time task and a reduced response 

time in the two-back task.  
 

Overall, while some changes in cognitive behaviour were seen, there was 
no clear direction in the observed effects, exposure assessment had to 

rely on self-reported data, and many tests were performed making chance 
is a possible explanation for the observed differences. Also students with 

low use at base-line were more likely to have increased their usage over 
time, which is why the authors suggested that regression towards the 

mean was a likely explanation of the observed effects. 
 

Symptoms and increased sensitivity 
Many laboratory studies have investigated the acute effects of short-term 

exposure to RF fields associated with mobile phones on symptoms in 
adults (see below). Recently, several epidemiological studies have begun 

investigating whether such symptoms or a reduction in health quality are 
associated with long-term, real-life exposures of children, adolescents or 

adults.  
 

The MobilEe project is a population-based cross-sectional study consisting 
of 1,498 children (aged 8-12 years) and 1,524 adolescents (aged 13-17 

years) from four towns and cities in southern Germany. Personal 
exposures to GSM signals (both uplink and downlink), DECT cordless 

phones and WLANs (but not TV bands or FM radio) were individually 
measured for 24 h using a compact dosimeter2 placed on the upper arm; 

exposure over waking hours was summed and expressed as mean 
percentage of the ICNIRP (1998) reference level for public exposure. 

Acute symptoms were recorded in a diary three times during the field 
measurement day, and chronic symptoms during the last sixth months 

were assessed by computer-assisted personal interview, as were mental 
health and behavioural problems.  

 
Reporting on personal dosimetry, Thomas et al (2008) found differences in 

exposure over the day and between children and adolescents, but 
exposures overall were less than 1% of the ICNIRP reference level. 

 

                                   
2 The merits and shortcomings of the two dosimeters (exposimeters) that have been 
used in personal measurement studies are discussed by Röösli et al (2010a). 
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Investigating acute symptoms, Heinrich et al (2010) reported no 

consistent associations with measured field values in either children or 
adolescents. Fatigue was the most commonly-reported symptom, 

especially in the evening, and the prevalence of symptoms was generally 
higher in adolescents than in children. Three significant differences were 

seen, for example, adolescents in the highest quartile of exposure in the 
afternoon exhibited significantly higher levels of irritation in the evening 

(OR 1.79; 95% CI 1.23-2.61) but these findings were attributed to 
chance.  

 
Heinrich et al (2011) investigated the impact on chronic well-being. 

Fatigue was the most reported symptom in both children and adolescents, 
but no significant associations were observed with any of the outcomes 

assessed. A significantly elevated estimate for irritation seen in 
adolescents with self-reported daily use of either a mobile phone (OR: 

1.48, 95% CI: 1.13-1.93) or DECT phone (OR: 1.30; 95% CI: 1.02-1.64) 
was attributed to reporting bias, since this association was not seen in the 

measured data, and reliable recollection of past use is very difficult. 
 

Kühnlein et al (2009) analysed the MobilEe data on children for chronic 
symptoms (including headache, sleeping problems and fatigue) using 

logistic regression models adjusted for potential confounders. The 
exposure data were categorized into low and high groups using standard 

and nonparametric function methods. No significant differences were seen 
between the categorized exposures and any of the symptoms considered.  

 
Also within the MobilEe project, Milde-Busch et al (2010) investigated the 

association between use of a range of electronic devices, including mobile 
phones, game consoles and computers/internet, and different types of 

headache in a sample of 1025 adolescents. Headache was measured by 
questionnaire and device use was assessed using computer-assisted 

personal interviews.  No consistent associations between headache and 
use of any of the devices were seen after adjustment for socio-

demographic variables. 
 

QUEBEB is a large, cross-sectional study investigating symptoms due 
mobile phone base stations among adults in Germany. In the first phase 

of the study (Blettner et al, 2010), a sample of 30,047 participants (aged 
14-69 years), selected from a panel of 73,000 households used for 

nationwide health surveys, completed a postal questionnaire that included 
questions about 38 symptoms and health complaints. Participants also 

answered whether they were worried about health effects of base stations 
and if their health was adversely affected by them. It was found that 

nearly 19% of participants were concerned about health effects from base 
stations, and about 10% attributed adverse consequences from field 

exposure. The summary health score of people calculated to be living 

within 500 m of a base station was slightly higher than that of those living 
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further away, perhaps suggesting a weak effect, but in absolute terms, 

this difference was less than many of those obtained for other variables in 
this analysis, especially gender. 

 
In the second phase of the QUEBEB study (Berg-Beckhoff et al, 2010), 

five standardised health questionnaires were completed by 1326 
participants in urban areas and RF fields were measured using an 

Antennessa dosimeter. The fields were measured during the day for five 
minutes in each of four locations on the participant’s bed.  Combined 

exposures were calculated for three base station downlink frequencies, 
and for all RF fields excluding the corresponding uplink frequencies: a 

person was considered to have been exposed when the field exceeded 
0.1 V m-1 and not exposed below that value.  All field measurements were 

far below guideline values, and neither measure of exposure was 
associated with a significant change of the scores in any of the 

questionnaires. However, sleep disturbances and health complaints were 
related to the belief that health is seriously affected by mobile phone base 

stations. 
 

The Qualifex project is an ongoing, prospective cohort study that is 
investigating whether RF field exposure under real-life conditions can 

cause symptoms or impair health-related quality of life (Röösli et al, 
2008). Participants are drawn from the urban and suburban areas of Basel 

in Switzerland.  A exposure prediction model has been developed  that can 
calculate long-term average, personal RF field exposure with reasonable 

accuracy to measured field values, both indoors and outdoors (Frei et al, 
2009, 2010; Bürgi et al, 2010).  About 1500 persons are taking part in a 

written questionnaire study about exposure to RF fields and health status; 
effects on sleep quality are being further examined in a subset of these 

participants. Results of these studies have yet to be published. 
 

Using the Qualifex data, Mohler et al (2010) investigated the association 
of various aspects of self-reported sleep quality with personal and 

environmental exposure to RF fields in 1212 randomly selected Swiss 
citizens (from 4000 invited). Exposure was assessed from self-reported 

use of mobile and DECT phones and a validated address-based GIS model 
of far field sources, and operator data on use of mobile phones was 

obtained for a subset of participants  (n=470). The study, found some 
indication for a nocebo effect and information bias but there was no 

evidence of an association of subjective sleep parameters with predicted 
RF field exposure. While it had quite comprehensive exposure assessment, 

the study was limited by being cross-sectional in design, with low 
participation. 

 
Landgrebe et al (2009) assessed the occurrence and severity of tinnitus in 

people who self-report hypersensitivity to EMF and matched controls who 

did not report such sensitivity. It was found that tinnitus was reported 
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significantly more often in hypersensitive subjects (n = 69) compared to 

controls (n = 80) but there were no differences between the groups in 
tinnitus duration or severity. In addition, the risk of tinnitus was not 

associated with mobile phone use, which is consisted with the results of 
an earlier study by Davidson and Lutman (2007).  

 
Lastly, two cross-sectional studies indicate differences between those who 

perceive themselves as sensitive to signals from mobile phones alone and 
those with sensitivity to electrical equipment in general. Differences were 

observed in symptom severity and prevalence, in general health status, 
and in self-reported personality traits such as anxiety, depression, 

exhaustion and stress (Rubin et al, 2008; Johansson et al, 2010). Such 
differences could be of importance in the management of these groups of 

patients to ensure delivery of appropriate medical treatment. 
 

Röösli et al (2010b) conducted a systematic review of 17 studies 
(consisting of five randomized trials and 12 epidemiological or field 

intervention studies) on health effects from mobile phone base stations 
published until March 2009. Within these studies, 14 papers investigated 

self-reported non-specific symptoms, and Röösli and colleagues noted that 
the studies with the most primitive exposure assessment were also the 

ones most likely to report positive associations with symptoms. The 
authors concluded that the evidence suggesting a lack of any association 

between base station exposure and acute symptoms could be considered 
strong, as it was based on randomized blinded laboratory trials, whereas 

the evidence concerning health effects of long-term exposure was 
insufficient, especially for children and adolescents. 

 

4.2.2 Experimental studies 

Laboratory studies have continued to investigate the effects of exposure 
of volunteers to the signals associated with mobile phones. Recent well-

performed studies have found that these signals appear to be without 
significant effect on cognitive function, although some studies report 

subtle effects on the electrical activity of the brain. Very few experimental 
studies have been conducted using children, and it is still not clear 

whether children are more sensitive to RF fields than adults. Overall, all 
the results of the recent studies are consistent with the evaluations 

previously reached by EMF-NET (2009) and SCENIHR (2009a) and 
generally add confidence to these health risk assessments. 

 
Sensory-related functions 

Consistent with many earlier results, most recent experimental studies 
have showed that short-term exposure to mobile phone signals does not 

appear to have any measurable effect on auditory function or the early 
processing of auditory information.  
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As part of the European project investigating effects of EMF on hearing 

(EMFnEAR), Parazzini et al (2009) reported that 20 min exposure to UMTS 
signals from a modified handset producing an SAR of 0.07 W kg-1 in the 

region of the cochlear did not have any consistent effect on auditory 
function as measured using a battery of tests, including hearing threshold 

levels, distortion product otoacoustic emissions, and event-related 
potentials (ERPs) recorded while performing an auditory oddball task. A 

similar lack of effects was observed when a patch antenna system was 
used to deliver UMTS signals at 1.75 W kg-1 for 20 min (Parazzini et al, 

2010). 
 

Kwon et al (2010a) found that short-term exposure to a GSM signal 
(902 MHz pulsed at 217 Hz, SAR of 0.8 W kg-1) did not engender any 

changes in the amplitudes, latencies or interwave intervals of the main 
components (waves I, III and IV) of the auditory brainstem response 

(ABR) in 17 healthy volunteers. In addition, Kwon et al (2009) 
investigated the effects of short-term exposure to GSM signals (peak SAR 

of 1.2 W kg-1) on a component of the EEG associated with early auditory 
discrimination processing, called mismatch negativity (MMN).  MMN 

produced in response to a specific change in tone during a series of 
standard auditory stimuli was measured in 17 healthy volunteers. 

Compared to sham exposure, no changes in MMN were observed during 
exposure. Further, Kwon et al (2010b) used the same paradigm and study 

design to investigate the effects of GSM signals on 17 school-age children. 
As with adults, short-term exposure to a GSM signal (peak SAR of 

1.2 W kg-1) had no significant effect on MMN nor on other components of 
the EEG associated with sensory encoding and attention shifting.  

 
Bak et al (2010) measured ERPs to auditory tones before, during and after 

RF field exposure in 15 healthy volunteers with normal hearing. The field 
produced by a GSM 935 MHz handset during an active call was used to 

provide exposure; the handset was turned off for sham exposure. The 
maximum SAR was taken from the manufacturers’ website as being 

0.81 W kg-1, but no dosimetry was performed3. There were no significant 
effects on P300 latencies, but P300 amplitudes were significantly 

decreased during exposure. 
  

Colletti et al (2011) reported that acute exposure to the fields from a 
mobile phone resulted in significant changes in auditory-evoked compound 

action potentials (CAP) recorded from the cochlear nerve in seven patients 
with Ménière's disease. During surgery, a phone during an active call was 

                                   
3 While the use of a mobile phone as an exposure source in human experiments may 
appear to offer some advantages over custom-built exposure systems, these studies 
should perform dosimetric assessments and not rely exclusively on manufacturers’ 
estimation of local SAR in the head: exposures from handsets depend on a complex 
interplay of many factors that include the ergonomics of the setup, morphology and 
anatomy, and on the mobile network. 
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placed above an opening in the skull for 5 min; the maximum SAR was 

stated to be 0.82 W kg-1 but no dosimetry was performed on the nervous 
tissues. All patients showed significant decreases in amplitude and 

significant increases in latency of the CAP during and for around 5 min 
after exposure, but analysis of auditory evoked brainstem potentials did 

not show any significant differences. In addition, postoperative hearing 
thresholds were not affected in any of the patients. The unusual design of 

the experiment, including the craniotomy, limit the usefulness of this 
study for risk assessment. 

 
Electroencephalography studies  

Previously SCENIHR (2009a) concluded that there was some evidence that 
exposure to RF fields may influence brain activity as measured in EEG 

studies.  Several studies have investigated this possibility further.  
 

Using an antenna-based exposure system, Henrikis et al (2008a, 2008b) 
investigated the effects on the power of the EEG from short-term, 

intermittent exposure (1 min on, 1 min off) to 450 MHz fields pulse-
modulated at different frequencies: the SAR averaged over 1 g of tissue 

was estimated at about 0.3 W kg-1. In the first study, 13 subjects were 
exposed at modulations of 7, 14 or 21 Hz (Henrikis et al, 2008a). Overall, 

significant increases in EEG power in the alpha and beta (but not theta) 
frequency bands were seen using 14 and 21 Hz; no significant effects 

were seen using 7 Hz. Only the changes in the alpha band persisted 
beyond the first 30 s of exposure. Differences between individuals in 

responsiveness to exposure were striking, with three subjects in particular 
showing very large effects. These differences in sensitivity were explored 

further in a second study (Henrikis et al, 2008b). This found that between 
13 and 31% of subjects tested showed a significant increase in beta power 

of the EEG in response to exposure to microwaves modulated at between 
7 and 217 Hz. 

 
Hountala et al (2008) explored the effects of exposure to (unmodulated) 

900 or 1800 MHz on volunteers while performing an auditory memory 
task. In this task, a tone indicated that a list of digits was to be presented 

which had to be recalled.  A significant effect on the EEG 500 ms prior to 
the tone was reported, as well as sex-related differences that depended 

on the frequency of the field. Spectral power coherence was used to 
analyse the EEG, which was considered useful to reveal very small effects.   

 
De Tommaso et al (2009) explored the effects on the EEG of acute 

exposure on the left hand side of the head to pulsed 900 MHz fields of 10 
volunteers using the paradigm of contingent negative variation (CNV). 

Subjects were presented with a warning tone followed 3 s later by a 
second tone when they had to press a response button. Compared to the 

results with a phone turned off, both exposure (maximum local SAR of 

0.5 W kg-1) and sham exposure (where the RF signal was sent to an 
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internal load) resulted in decreases in initial CNV amplitude, and greater 

habituation to the warning tone. It was suggested that both the RF fields 
and the low frequency magnetic fields produced by the phone battery had 

exerted the same effect and reduced arousal and expectation of the 
warning tone, although the low number of volunteers investigated, and 

possible laterality effects, were acknowledged. 
 

In an extension of an earlier study showing field-related effects on the 
eyes-closed, resting EEG in young subjects, Vecchio et al (2010) 

investigated the effect of age. Compared to young subjects, elderly 
subjects showed significant increases in inter-hemispheric synchronization 

of frontal and temporal alpha rhythms following exposure to a GSM signal 
(45 min at 0.5 W kg-1). 

 
Croft and colleagues have investigated the effects of exposure to 2G and 

3G signals on age-related changes on electrophysiology and behaviour in 
41 adolescents (aged 13 to 15 years), 40 young adults (aged 19-40 

years) and 20 older adults (aged 55 to 70 years). Using two phones held 
in a head-worn cradle, subjects were exposed for 50 min to either a GSM 

894 MHz signal at 0.7 W kg-1 (peak), a W-CDMA 1900 MHz signal  at 1.7 
W kg-1 (peak) or they were sham exposed.  

 
Croft et al (2010) reported that the W-CDMA signal had no effect on the 

resting alpha-band EEG power for any age group. However, a significant 
increase in alpha power (by about 10%) was seen for young adults with 

GSM exposure (but not for the other age groups). This increase was not 
confined to the areas closest to the antenna, but was seen equally across 

the scalp, suggesting both direct and remote changes had occurred. None 
of the groups could detect the presence of either signal. The effect in 

young adults replicated an earlier study from the same laboratory, 
although the lack of effects in the other groups was surprising given the 

closeness of the age groups investigated.  
 

Using tasks tailored to individual ability, Leung et al (2011) reported that 
performance of an auditory oddball detection task was not affected by 

exposure to either signal, but the amplitude of the auditory N1 component 
of the ERP was significantly increased during GSM exposure for all groups. 

Also, accuracy was reduced during performance of an N-back task during 
W-CDMA exposure, particularly in adolescents; and a significant delay in 

event-related changes in alpha-band EEG was seen during exposure to 
both signals, when all age groups were combined.  

 
Overall, it was concluded that adolescents did not show increased 

sensitivity to the effects of RF fields on resting EEG, and that these 
changes in young adults were restricted to GSM signals, possibly due to 

their pulsed nature. In addition, the functional significance of the reported 

changes in ERPs are unclear since these responses were not necessarily 
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accompanied by changes in behaviour. Nevertheless, while these studies 

provide some support for a subtle effect on brain electrophysiology, the 
effect of age on responsiveness follows no discernible pattern. 

 
Stefanics et al (2008) reported that exposure of 29 subjects to UMTS 

signals for 20 min had no significant effect on the latency or amplitude of 
the major ERP components measured while performing an auditory 

oddball task. In addition, no effects were seen on attentional mechanisms, 
as measured by analysis of early evoked gamma activity. The average 

SAR in the head was estimated to be less than 2 W kg-1. 
 

Using a non-linear method of EEG analysis, Carrubba et al (2010) 
detected ERPs in the EEGs of 18 out of 20 volunteers exposed to electric 

field pulses (0.7 ms, 0.3 Hz, at 100 V m-1). Time averaging analysis, 
however, did not detect these potentials. 

 
Sleep 

Previous studies that have examined the effects of RF fields on sleep 
behaviour and sleep EEG in volunteers have provided some evidence to 

suggest field-related responses may occur (for example, see studies by 
Regel et al, 2007; Hung et al, 2007). A few recent studies have examined 

these possibilities further. 

Danker-Hopfe et al (2010) reported that attitudes to base stations, but 

not their emitted fields, may have a significant negative impact on sleep 

quality. In this study, participants (aged 18 to 81 years) were drawn from 
the residents of 10 rural villages in Germany where no mobile phone 

signals were available. Sleep was assessed over 10 nights during which 
there was either real or sham exposure to GSM signals at 900 and 1800 

MHz from an experimental base station in test mode (so the signal would 
not be registered by a mobile phone). Participants and the experimenters 

were unaware of the exposure conditions Outdoor measurements 
confirmed only weak fields were present from other RF sources, and DECT 

phones in homes were replaced by land-lines during the study. No 
differences were found between the real and sham exposure in either 

subjective measures of sleep quality (recorded in 365 residents) or in 
objective measures of sleep (measured in 335 residents using a portable 

polygraph to record frontal EEG and eye movements). However, it was 
found that sleep quality was significantly worse during sham exposure in 

participants who had moderate or severe concerns about the possible 
health risks posed by base stations.  

Danker-Hopfe et al (2011) investigated the effects of continuous night-

time exposure to GSM 900 or UMTS 1966 MHz handset signals on sleep in 
a laboratory.  Over a period of 20 weeks, 30 male subjects were exposed 

using a head-worn antenna to either signal at 2 W kg-1 for 3 nights. Sleep 
was monitored using EEG during each 8 h exposure period. Some 

parameters appeared to show field-related changes (particularly using 
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GSM signals) but after applying correction factors for multiple testing, 

none of the 177 sleep parameters recorded during exposure to either 
signal was significantly different compared to sham exposure.  

 
Lowden et al (2011) measured EEG throughout sleep in 48 volunteers 

exposed to a GSM 884 MHz signal for 3 h prior to sleep; 23 of the 
volunteers reported symptoms, such as having headaches, vertigo or pain 

in the head, in relation to mobile phone use. Exposures were made using 
a micro-patch antenna that was held against the left hand side of the 

head in an appropriate headset. The time-averaged SAR in the head was 
estimated at 1.4 W kg-1 and the signals was constructed to mimic a typical 

phone call with alternating periods of discontinuous transmission (DTX) 
and non-DTX modes. ECG, was also measured as were eye movements, 

muscle activity and movements of the legs.  Compared to sham exposure, 
neither the time from sleep onset until final waking (sleep period time) 

nor the total sleep time was affected by exposure, and there were no 
effects on subjective measures of sleep.  However, slow-wave sleep was 

slightly, but significantly, reduced in length (by 8.3 min) and was delayed 
in onset. Stage 2 sleep was also significantly prolonged (by about 8 min). 

EEG recordings showed no changes during slow wave sleep, but significant 
increases were seen in alpha (and delta and theta) power during the first 

hour of stage 2 sleep and in theta power during the second hour of stage 
2 sleep. No differences were seen between volunteers with and without 

self-reported sensitivity to mobile phone signals. While this was a large 
and well-conducted study, and reported effects on alpha power broadly 

consistent with other EEG studies, the exposure setup did not produce a 
distribution of SAR in the tissues of the head that duplicated that 

produced by any single phone, making direct comparisons to mobile 
phone use less obvious. 

 
Cerebral blood flow and glucose metabolism  

A few studies have investigated whether exposure to mobile phone signals 
may affect brain activity in healthy volunteers by measuring regional 

cerebral blood flow (rCBF) or glucose metabolism mostly using positron 
emission tomography (PET). The results of these studies are mixed and 

inconsistent, which may reflect methodological differences between 
studies, or a high inter-individual variability and the use of relatively small 

numbers of subjects in each study. Although there are some intriguing 
results, there is as yet no compelling evidence of robust field-dependent 

changes in any particular area of the cortex.   
 

Huber et al (2005) reported exposure of 16 male volunteers for 30 min at 
1 W kg-1 to a handset-like GSM signal increased rCBF in the dorsolateral 

prefrontal cortex, the premotor cortex and the somatosensory cortex in 
the exposed hemisphere of the brain. Blood flow was measured 10 min 

after exposure ceased. The highest SAR was not coincident with the rCBF 

peak. No significant changes were seen with a base station-like signal 
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(which had a different signal structure from the handset-like signal).  The 

exposure system consisted of a pair of patch antennas mounted on either 
side of the head which resulted in a less localised RF energy deposition in 

a brain hemisphere compared to that from a typical mobile phone.  
 

Aalto et al (2006) measured rCBF during exposure of 12 male volunteers 
to GSM 900 fields at 0.743 W kg-1 from a modified mobile phone. 

Volunteers performed a simple working memory task during exposure in 
order to reduce random variation in rCBF, and they were exposed and 

sham exposed (each for 51 min) in a single session, in a blinded, 
counterbalanced order. A significant decrease in rCBF was observed in the 

posterior inferior temporal lobe, in the hemisphere beneath the antenna, 
where the maximum SAR would have occurred. However, an increase in 

rCBF was also seen at several locations in the frontal lobes in both 
hemispheres. Exposure also had no effect on task performance. 

 
After correction for multiple comparisons, and compared to sham 

exposure, Mizuno et al (2009) reported no significant differences in rCBF 
in 9 volunteers either during or after exposure for 30 min to a W-

CDMA/3G 1950 MHz signal at 2 W kg-1. In particular, no changes in blood 
flow were seen in the prefrontal or inferior temporal cortices. 

 
Functional near-infrared spectroscopy (fNIRS) is a safe, non-invasive 

technique to measure neuronal activity by measuring blood oxygenated  
and deoxygenated haemoglobin concentration using an array of optical 

fibres on the scalp. Curcio et al (2009) used fNIRS to measure 
heamodynamic changes in 11 female volunteers during and after exposure 

to a basic GSM 902 MHz signal from a mobile phone at 0.5 W kg-1 for 40 
min. Compared to sham exposure, a significant and progressive increase 

in deoxygenation was seen in the frontal lobes of both sides of the brain, 
that continued to increase after the field was turned off. Thermal 

mechanisms were rejected as likely explanations these results. 
 

Volkow et al (2011) measured brain glucose metabolism in 47 healthy 
volunteers as a surrogate for short-term, cumulative neuronal activity. 

Identical GSM 838 MHz phones were secured on either side of the head, 
and brain glucose metabolism was measured using PET following injection 

of (18F)fluorodeoxyglucose (18FDG), once with the right hand side phone 
turned on and receiving a call (but with the speaker muted) and once with 

both phones turned off. Exposures lasted 50 min: 20 min before injection 
of 18FDG and for 30 min afterwards, during which subjects remained 

quietly at rest. The local SAR in the brain during the experiment was not 
quantified, but the maximum SAR of the particular phone model used was 

quoted at 0.901 W kg-1.  It was found that there were no significant 
changes in overall activity across the whole brain, but glucose metabolism 

was increased in the right orbitofrontal cortex and in the right superior 

temporal gyrus, areas considered to have had the greatest absorption of 
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RF energy in this experiment. A positive correlation was seen between the 

increases in glucose metabolism and the estimated electric field from the 
antenna: this may have been fortuitous as the real internal electric fields 

in the brain would have been modified by the overlying tissues.  Also it 
surprising that no area of decreased metabolism was found, since there 

were local increases in metabolism and no differences in overall activity. 
The volunteers should have been blind to the status of the phones, but it 

is possible that they could have detected that a phone had been on as it  
would have become warm during use, and both this knowledge and heat 

may have had some influence on the outcome: a double-blind replication 
with detailed assessment of the local SAR in the brain is required.  

 
Cognitive effects 

Results of recent studies investigating possible effects of mobile phone 
signals on behaviour and cognition are largely consistent with earlier well 

performed studies, and there is little evidence that short-term exposures 
can have strong effects on attention, memory or executive functions. Little 

is known about the consequences of long-term mobile phone use on 
human cognitive function in either children or adults. 

 
In a double-blind study using around 160 volunteers, Cinel et al (2008) 

found that  exposure to either modulated or unmodulated 888 MHz 
(average SAR of 1.4 W kg-1) for about 40 min was without detectable 

effect on tests of short-term memory, vigilance and attention (a 
significant result in one test was attributed to chance). Some previous 

studies had suggested that changes in performance during exposure 
depended on the cognitive load, but varying the task difficulty here did not 

have any effect. There were also no effects attributable to laterality of 
exposure. 

 
Luria et al (2009) reported that the performance of a spatial working 

memory task could be transiently affected in 48 right-handed, male 
volunteers exposed to pulsed 890 MHz fields for 1 h. The task required the 

subjects to make a response with either the left or right hand, while being 
exposed on one side of the head using a pair modified handsets. 

Compared to other conditions, the average reaction times of right-hand 
responses under left–side exposure conditions were significantly longer 

during the first two blocks of trials (each lasting about 5 min) but these 
changes became insignificant after allowing for multiple comparisons. 

There were no field-related effects on accuracy of responding.  
 

However, results obtained by Hareuveny et al (2011) suggest that heating 
from the battery or other factors associated with mobile phone use may 

have an effect on the outcome of cognitive function tests. In this study, 
29 male volunteers were exposed on their right or left side to pulsed 890 

MHz fields from a mobile phone that had been modified by the addition of 

an external antenna; this reduced the local SAR in the head to negligible 
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values. Under these conditions, a transient change in performance of the 

spatial working memory task was again obtained that was similar to that 
in the previous study (Luria et al, 2009): during the first of three blocks of 

trials, the average reaction time of right-hand responses under left-side 
exposure showed a trend for longer reaction times compared to right-side 

exposures. Also an increase in reaction time was seen in left hand 
responses with left hand exposure during the second block of trials; this 

response was not seen in the previous study. 
 

Furubayashi et al (2009) exposed 54 female volunteers (11 of whom 
reported symptoms to mobile phone signals) to 2.14 GHz from a W-CDMA 

base station at 10 V m-1 for 30 min. Whole body average SAR was 
calculated to be 1.5 mW kg-1. Compared to sham-exposure and exposure 

to audible noise, continuous or intermittent (field turned on/off every 5 
min) exposure had no significant effect on the performance of a precued 

choice reaction time task, and there were no effects on skin temperature, 
cutaneous blood flow or heart rate.  

 
After applying corrections for multiple testing, Eltiti et al (2009) reported 

that short-term exposure of self-reporting sensitive and control subjects 
to GSM or UMTS base stations signals did not have any effect on attention 

and working memory, nor on blood pressure, heart rate and skin 
conduction. Differences were noted between groups, however, with 

sensitive subjects having higher mean levels of skin conductance during 
performance of the cognitive tests than control subjects. All subjects were 

exposed at 10 mW m-2 for 50 min to either a mixed 900/1800 MHz signal 
or a 2020 MHz signal in a screened semi-anechoic chamber. 

 
In an extension of the previous study by Eltiti and colleagues, and using 

the same design, Wallace et al (2011) reported that exposure to 420 MHz 
TETRA4 base station signals at 10 mW m-2 for 50 min also had no effect on 

short-term or working memory in either control or sensitive subjects. In 
addition, physiological responses measured during performance of the 

cognitive tasks were not changed in either group: skin conductance 
showed greater variability in the sensitive group compared to controls but 

this difference did not reach statistical significance The whole body SAR 
was estimated at 271 μW kg-1 and was considered representative of 

TETRA signals. 
 

Riddervold et al (2010) investigated the effects of TETRA handset signals 

on cognitive performance (and symptoms) in 53 male volunteers.  A 

                                   
4 Terrestrial Trunked Radio Telecommunication (TETRA) is a digital communications 
system that is being used by the police and other emergency services as a replacement 
for their analogue radios. It operates in the VHF and UHF frequency bands, often around 
400 MHz. Fields from TETRA handsets include pulse modulation at 17.6 Hz. There are 
anecdotal reports that some users of TETRA have complained of headaches and effects 
on memory 
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pulsed 420 MHz signal was generated for 45 min using a commercial 

TETRA handset running in a 1 min sequence to emulate a high exposure 
scenario while an exposure antenna was mounted on the left side of the 

face to produce an SAR of 2 W kg-1 in the head. No significant field-
dependent effects were found on either simple or choice reaction time, or 

on performance of the Trail Making B test, which examines a combination 
of perceptual, executive and motor functions. (Results of the study 

relating to symptoms are described below.) 
 

Sauter et al (2011) investigated the effects of GSM 900 and WCDMA/3G 
UMTS 1966 MHz handset signals on cognitive function in 30 healthy men. 

Subjects were exposed continuously from 10:45 to 18:00 to either field 
using a head-worn antenna; the local SAR in the head was 2 W kg-1. A 

battery of four tasks assessing attention, vigilance and working memory 
was conducted twice each day, beginning at 12:00 and 17:00. In total, 

each subject was exposed to either field or sham exposed, 3 times over a 
20 week period, with each testing day being separated by two weeks. 

After applying corrections for multiple testing, no field-dependent effects 
on cognitive function were seen, although a time of day effect was seen in 

a divided attention task with UMTS, and in a working memory task with 
GSM signals; in both, subjects had significantly decreased reaction times 

in the afternoon. Sauter and colleagues emphasized the necessity to 
control for time of day to avoid spurious results. 

 
Symptoms and increased sensitivity 

Investigations into the provocation of subjective symptoms by RF fields 
and the possibility that some individuals may show increased 

responsiveness (EHS) have continued (see Rubin et al (2010) for a 
review).  

 
Consistent with earlier provocation studies with GSM signals, Nam et al 

(2009) reported that CDMA signals could not be detected by either non-
sensitive individuals or those reporting EHS, nor did these signals have 

any significant effect on subjective symptoms, such as headache or 
dizziness.  In this study, volunteers were exposed for 30 min using a 

modified handset to pulsed 835 MHz at a local peak in the brain of about 
1.2 W kg-1. A significant difference between EHS and non-sensitive groups 

was noted, but this was attributed to a bias between the groups in 
reporting the presence or absence of the field. Kwon et al (2008) 

investigated whether a pulsed 902 MHz field from a modified handset 
(SAR of 1.2 W kg-1) could be perceived in 82 volunteers, six of which 

reported some sensitivity to mobile phone signals. In a series of double-
blind trials, all subjects were unable to discriminate between real and 

sham exposure at levels significantly better than chance or to determine 
whether the field changed during a trial (from off to on, or from on to off). 

Two additional volunteers who achieved a very high rate of correct 
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performance in detecting the field could not replicate this result in further 

trials one month later, suggesting a chance phenomenon. 
 

As part of the cognitive study mentioned above, Furubayashi et al (2009) 
found that both females who self-report symptoms to mobile phone 

signals and those who do not were unable to reliably detect the presence 
of a W-CDMA signal. However, significant differences in mood states   

were seen between these two groups: for example, those reporting 
symptoms had higher levels of anxiety, fatigue and confusion, and they 

experienced more discomfort during testing irrespective of the exposure 
conditions.  

 
Examining the potential role of heavy metal ions in EHS, Ghezel-Ahmadi 

et al (2010) found that overall levels of lead, mercury and cadmium in the 
blood were not different between 132 patients reporting EHS and 101 

non-sensitive subjects; higher levels of cadmium were found in controls 
but these were attributed in part to the increased numbers of smokers in 

the controls compared to the patients. 
 

Some regular users of TETRA handsets have reported symptoms such as 
nausea, fatigue and headache which they have attributed to their use of 

this radio. Two randomized, double-blind studies investigated the effects 
of short-term exposure to the signals from TETRA handsets and another 

has investigated the effects of base station signals. 
  

Riddervold et al (2010) used a computer-based questionnaire to assess 
symptoms prevalence in 53 healthy male volunteers during exposure for 

45 min to a TETRA signal in a controlled-climate chamber that minimised 
adventitious exposure from other electromagnetic fields. A pulsed 

420 MHz signal was generated using a commercial TETRA handset running 
in a 1 min sequence to emulate a high exposure scenario while an 

exposure antenna was mounted on the left side of the face to produce an 
SAR of 2 W kg-1 in the head. Compared to sham exposure, it was found 

that exposure had no significant effect on the self-reported perception of 
any of the symptoms. In addition, the volunteers could not reliably 

perceive the presence of the field. (The study also investigated effects on 
cognitive performance; these results are described above.) 

 
In a second study, Nieto-Hernandez et al (2011) examined the effects of 

exposure to TETRA-like signals for 50 min on subjective mood rating and 
on a range of symptoms, including headache and nausea, in users of 

TETRA reporting increased sensitivity to RF fields and non-sensitive users. 
Exposures were performed using a handset held next to the head, and this 

produced either pulsed (at 17.6 Hz) or unmodulated/continuous wave 
(CW) fields at 385 MHz; the maximum SAR close to the handset antenna 

was 1.3 W kg-1, while minor leakage of the signal during sham exposure 

resulted in an mean SAR of around 0.0002 W kg-1. Unexpectedly and 
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paradoxically, the sensation of itching showed a significant decrease in the 

sensitive subjects during exposure to the CW, but not with the pulsed 
field; no explanation could be offered for this result. All other measured 

outcomes were not significantly affected by either exposure, and subjects 
were unable to detect the presence of the field. 

 
Wallace at al (2010) investigated whether short-term exposure to TETRA 

base station signals had any impact on well-being or physiology in both 
self-reported sensitive and control subjects. Under double-blind 

conditions, neither group showed any significant differences on any 
variable, nor could either group reliably detect the presence of the signal 

(although a few subjects from both groups were able to correctly judge 
their exposure status). In contrast, under open provocation conditions, 

sensitive subjects did report feeling worse with increased levels of anxiety, 
arousal and tension as well as experiencing more severe symptoms during 

exposure to TETRA signals compared with sham exposure. The whole 
body SAR used in this study was estimated at 271 μW kg-1. Wallace and 

colleagues suggested that it was not the base station signal that caused 
symptoms, but the knowledge of that exposure. 

 

4.3 Summary and Conclusions 

The strength of evidence for each health outcome is summarised in Table 
4. These have been derived from the previous evaluations of EMF-NET 

(2009) and SCENIHR (2009a) coupled with the more recent data 
described in the present evaluation. For none of these outcomes is there 

sufficient evidence of a causal association between exposure and disease. 
 

Although no increase in risk was observed overall or by time since first 
use in association with use of mobile phones in the Interphone study, an 

increased risk in glioma and acoustic neuroma has been reported among 
heaviest users. The increase was greater for reported use on the side of 

the head where the tumour developed and, for glioma, in the temporal 
lobe, but biases and errors prevent a causal interpretation.  

 
Analyses of data in five countries in the Interphone study, in which a 

detailed algorithm was developed to estimate the amount of RF energy 
absorbed at the location of the tumour, found an exposure-related 

increase in the risk of glioma among longest term users. In analyses by 
tumour location, an increased risk of glioma was also found in this study 

among long term users in the most exposed areas of the brain. In a case-
specular analysis of data from seven other countries in the Interphone 

study a non-significantly increased risk was also observed in the most 
exposed area among long term users, while there was no indication of an 

association in a case-case analysis of the same data. Both these studies, 
however, are subject to small numbers of subjects and uncertainties 

regarding tumour location. 
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An increase risk of malignant brain tumours in long-term or heavy uses of 
mobile and cordless phones has been suggested in a Swedish study. 

However, these findings appear inconsistent with recently reported time 
trends of glioma incidence rates from the Nordic countries and elsewhere, 

as described below. 
 

A recent update of a Danish cohort study of mobile phone subscribers did 
not show any association with any type of brain tumour. No increased risk 

of glioma was seen in long-term subscribers of 13 or more years, based 
on small numbers of cases. There was the potential for exposure 

misclassification, as there was no information about the identity of the 
user or the amount of use, and as the reference population included 

corporate subscribers and persons who started using mobile phones after 
1995. Effect of heavy use could therefore not be investigated, and results 

of the cohort are not inconsistent with the findings of the Interphone 
study. 

 
Time trend studies from several countries have not reported any 

consistent increase in brain tumours since the introduction of mobile 
phones; this is particularly so for middle-aged men who were the first 

population group widely using mobile phones. Such studies, though they 
provide valuable surveillance tools, provide at present limited information 

on potential risks of brain tumours associated with mobile phones. Indeed, 
though mobile phone use had started already in the late 1980s and has 

become very prevalent in many countries since the mid-1990s, heavy 
mobile phone use is still a relatively recent phenomenon, and hence its 

potential impact on cancer trends may not to be appreciable yet. This may 
be of particular relevance if, as suggested by the results of the Interphone 

study, increased risks are limited to a small proportion of uses, or to the 
most heavily exposed areas of the brain. The main value of incidence time 

trends is in providing consistency checks of risk estimates derived from 
the analytical studies: there is no inconsistency with the finding of no 

association from the Danish cohort study, as well as no inconsistency with 
a modest risk increase in only the heaviest users, as seen in the 

Interphone study. 
 

Overall, the strength of evidence regarding adult brain tumours is 
considered to be best described as being limited. However, this 

classification is subject to uncertainty because the evidence for an 
increased risk of brain tumours is restricted to two large-scale case-

control studies, and there are unresolved questions relating to possible 
biases and errors inherent to retrospective epidemiological studies. 

Further, the time-trend analyses are also not compatible with a large 
increase in brain tumour incidence in relation to mobile phone use,  
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This revision updates the existing consensus opinion of EMF-NET (2009) 

and SCENHIR (2009a) but is consistent with the more recent assessment 
performed by the IARC Working Group (Bann et al, 2011) regarding the 

carcinogenicity of RF fields. 
 

Consistent with an earlier paper, a South Korean study using predictors of 
RF field intensity provides little evidence for an association between 

exposure from broadcast transmitters and the risk of childhood leukaemia. 
A study from the UK found no association between proximity to a mobile 

phone base station during pregnancy and early childhood leukaemia risk. 
Therefore the evidence regarding effects from low level, whole body 

exposures associated with base stations and broadcast transmitters is 
weak, rather suggesting a lack of effect based on few but large studies. 

Whether the higher but more localised exposures from mobile phones 
themselves could contribute to an increased risk of leukaemia in children 

and adolescents remains to be determined; therefore the overall evidence 
is considered inadequate (Table 4). 

  
Provocation and cross-sectional studies have not indicated the existence 

of field-related symptoms or of hypersensitivity to EMF, and some point to 
nocebo effects in the development of symptoms. The evidence also 

indicates that both healthy people and those report themselves to be 
sensitive to RF fields are unable to consciously detect the presence of RF 

fields. However, a nationwide cohort study of mobile phone users in 
Demark reported an increase in migraine and vertigo, and basic 

differences in physiology and psychology have been suggested between 
those who report EHS and those who do not. Overall, this suggests that 

there is evidence suggesting a lack of effect regarding hypersensitivity, 
but the classification regarding symptoms should be considered 

inadequate, and further studies are necessary to perform an improved 
health risk assessment.  

 
SCENHIR (2007, 2009a) considered that the available epidemiological 

evidence regarding adverse pregnancy outcomes and cardiovascular 
disease did not allow any definite conclusions. In the absence of new data,  

the classification for both outcomes therefore remains as inadequate.  
 

At present, there is also inadequate evidence regarding the possibility of 
an association between long-term RF field exposure and increased risks of 

dementia and Parkinson’s disease. A growing number of laboratory studies 
indicate that the fields associated with mobile phones do not have any 

detectable effect on sensory function and the early processing of 
information, or a significant influence on any tested cognitive function.   

 
This suggests that acute exposures up to guideline values are without 

significant risk. However, there is also evidence that exposure to specific 

modulated fields, including those from mobile phones, may have subtle 
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effects on the spontaneous EEG and increase the power of the alpha 

frequency band, but only in some individuals. It is possible that localised 
increases in brain metabolism may also occur following exposure from 

mobile phones.  The mechanisms behind this increased responsiveness 
are not clear at present, and the consequences for health of these subtle 

changes remain to be determined. Contrary to earlier suggestions, one 
study investigating age-related differences in potential sensitivity to RF 

fields does not suggest that adolescents are more sensitive than adults. 
 

The few recent studies investigating the possibility of field-dependent 
effects on sleep have failed to provide any evidence that RF fields have 

any negative impact on sleep quality, but it has been suggested that sleep 
may be affected in people with more than moderate concerns about the 

possible health risks posed by base stations. Effects on EEG during sleep 
are more equivocal, but one large and well-conducted study suggested 

exposure before sleep could increase alpha band power during subsequent 
sleep. 

 

Outcome Strength of evidence 

 
Cancer outcomes 

 

   Leukaemia in children Inadequate 
   Brain tumours in children Inadequate 

   Brain tumours in adults Limited 

   Breast cancer in adults Inadequate 
   Other cancer (children or adults) Inadequate 

 
Neurodegenerative diseases 

 

   Alzheimer’s disease Inadequate 
   Amyotrophic lateral sclerosis (ALS) Inadequate 

   Other neurodegenerative diseases Inadequate 
 

Reproductive outcomes 

 

   All outcomes Inadequate 

 
Cardiovascular diseases 

 
 

   All diseases Inadequate 
 

Well-being 

 

   Electrical hypersensitivity (EHS) Lack of effect 

   Symptoms Inadequate 
  

 
Table 4. The strength of evidence for any health outcome being 

associated with exposure to RF fields as suggested by EMF-NET 
(2009) and SCENIHR (2009a) and modified by the results of more 

recent research. 
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5 Interaction mechanisms  

 

While it well established that EMF at sufficiently high intensities will 
interact with living tissues to cause demonstrable biological effects, no 

mechanism have yet been established which could lead to adverse effects 
from exposures significantly below guideline values. However, given the 

continuing concerns over the possibility that EMF at environmental levels 

may lead to increased risks of cancer or other adverse outcomes, there is 
a need to consider new proposals for interaction mechanisms and to 

explore these possibilities. Interaction mechanisms for IF fields are 
considered to be a combination of those potentially occurring at low and 

high frequencies. 

5.1 Low frequencies 

Possible interaction mechanisms that may underpin biological effects at 

low frequencies continue to be of interest: if the association between 
childhood leukaemia and exposure to magnetic fields is causal, then there 

has to be an interaction mechanism. Two main mechanisms have been 
suggested that might elicit biological effects: direct effects caused by the 

magnetic field itself; or effects of time-varying currents that are induced 

in living materials by the magnetic field. Arguably, the most promising 
mechanism that is being actively investigated is that related to animal 

navigation. Birds and many other species, including some mammals, 
reptiles, amphibians, fish, crustaceans and insects, are known to orient 

and navigate in the geomagnetic field.  
 

The biophysical mechanisms that underlie the avian magnetic compass 
are poorly understood. One mechanism that is gaining support is based on 

magnetically sensitive free-radical reactions. In particular, Maeda et al 
(2008) used spectroscopic observation of a carotenoid-porphyrin-fullerene 

model system to demonstrate that the lifetime of a photochemically 
formed radical pair is changed by application of 50 µT magnetic fields, and 

to measure the anisotropic chemical response that is essential for its 
operation as a chemical compass sensor. These experiments established 

the feasibility of chemical magnetoreception and provide insight into the 
features required for detection of the direction of the geomagnetic field.   

5.2 High frequencies 

The search for interaction mechanisms other than heating at 

radiofrequencies has continued without success. The main difficulty is that 
there are no well-established biological effects for which mechanisms can 

be elucidated.  
 

A recent review by Sheppard et al (2008) considered the various main 
hypotheses that have been suggested: co-operativity, signal averaging, 

coherent detection, or by nonlinear dynamical systems, radical pair 
mechanism, and role of magnetite. None of these possibilities has been 
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validated experimentally. The only recent publications were related to the 

work of a group from the USA and the UK (Balzano et al, 2008; Kowalczuk 
et al, 2010) who used a doubly resonant cavity to search for the nonlinear 

RF energy conversion necessary for demodulation by living cells. The 
cavity operates in the TE(111) mode at 890 MHz and in the TE(113) mode 

at 1780 1MHz. Cells with a diode-like nonlinearity would generate second 
harmonic signals on exposure to a given RF signal. In none of the tested 

biological samples exposed at 890 MHz was a signal at double the 
frequency observed. The demodulation process thus does not seem to 

occur at this frequency range and is likely to be confined below around 
10 MHz. The consensus opinion that heating remains the only established 

mechanism occurring in the GHz range is still valid. 
 

6  Overall summary and conclusions  

 

EFHRAN aims to monitor and search for evidence of  health risks 
associated with exposures to EMF at low, intermediate and high 

frequencies: low frequencies are defined as time-varying EMF with 
frequencies of up to 300 Hz; intermediate frequencies as EMF of 300 Hz to 

100 kHz; and high frequencies as EMF with frequencies between 100 kHz 
and 300 GHz. In partial fulfilment of this objective, the present document 

reviews the latest research into possible health effects of EMF, and 

incorporates the results of these studies to the consensus opinions of both 
EMF-NET (2009) and SCENIHR (2009a) in order to construct an updated 

health risk assessment. Recent epidemiological and experimental studies 
have been included, as have both cancer and non-cancer endpoints.  

 
In order to evaluate the strength of evidence for any given endpoint, a 

four point classification scheme has been used that was based on the 
system devised by IARC to estimate the carcinogenic risk to humans from 

a wide range of agents. The four points are: a) sufficient evidence; b) 
limited evidence; c) inadequate evidence; and d) evidence suggesting a 

lack of effects (see Table 1). 

6.1 Low frequencies 

Inclusion of the recent data has not necessitated any revisions to the 
existing consensus opinions of EMF-NET (2009) or SCENIHR (2009a).  For 

none of the diseases is there sufficient evidence for a causal association 
between exposure and the risk of the disease (Table 5). 

 
There is limited evidence for an association between magnetic fields and 

the risk of leukaemia in children. However, it is possible that a 
combination of chance, bias and confounding may have produced this 

result. 
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There is inadequate evidence for Alzheimer’s disease, childhood brain 

tumours, and amyotrophic lateral sclerosis. However the data suggest that 
some elevated risks may exist, particularly for Alzheimer’s disease, which 

suggests that further studies on these outcomes would be useful. For all 
other cancers, other neurodegenerative diseases and for non-specific 

symptoms, evidence is also inadequate, but there appears to be no 
justification to conduct further studies. 

 
There is evidence suggesting a lack of effect for breast cancer, 

cardiovascular disease and for EHS. 

6.2 Intermediate frequencies 

There are no new data, so the opinions of EMF-NET (2009) and SCENIHR 

(2009a) remain unchanged. 

 
There is inadequate evidence for all endpoints considered (Table 5). This 

suggests that further research is necessary to formulate a health risk 
assessment. High priority could be given to investigating the effects on 

pregnancy outcomes (SCEHIHR, 2009b). This is based on concerns that it 
is possible for pregnant shop assistants to work throughout the day in 

close proximity to anti-theft devices, and that these devices may not only 
produce high exposures, but some may exceed occupational guideline 

values.   

6.3 High frequencies 

Inclusion of recent data regarding adult brain tumours necessitates a 
revision to the original classification, and it is now considered to be best 

described as being limited. However, this classification is subject to 
uncertainty, because the evidence for an increased risk of brain tumours 

is restricted to two large-scale case-control studies, and there are 
unresolved questions relating to possible biases and errors inherent to 

retrospective epidemiological studies. Further, the time-trend analyses are 
also not compatible with a large increase in brain tumour incidence in 

relation to mobile phone use. This revision updates the existing consensus 
opinion of EMF-NET (2009) and SCENIHR (2009a) but is consistent with 

the more recent assessment performed by the IARC Working Group (Baan 
et al, 2011) regarding the carcinogenicity of RF fields. 

 
Inclusion of recent data on other endpoints has not necessitated any 

revisions to the existing consensus opinions of EMF-NET (2009) or 
SCENIHR (2009a).  For none of these diseases is there sufficient evidence 

for a causal association between exposure and the risk of the disease, and 
this includes all childhood cancers. Overall, the strength of evidence for 

these outcomes remains as inadequate (Table 5). 
 

While increased responsiveness to RF fields has not been demonstrated in 
provocation studies, even in subjects that self-report hypersensitivity, the 
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possibility remains that long-term mobile phone use may induce 

symptoms, such as migraine and vertigo, and further work is required to 
clarify this issue.  

 
 

 

 
Adverse health outcome 

 
Low 

frequency 
 

 
IF 

  

 
High 

frequency  
 

 
 
 
 

Cancer 

Leukaemia in 
children 

   

Brain tumour  

in children 

   

Brain tumour  
in adults 

   

Breast cancer  
in adults 

   

All other cancers  

 

   

 
 

Neurodegenerative 
diseases 

Alzheimer’s  
 

  

ALS  
 

  

Other diseases  
 

  

Reproductive 

outcomes 

All  
 

  

Cardiovascular 
diseases 

All  
 

  

 
Well-being 

EHS  
 

  

Symptoms  
 

  

 
 

Table 5. Summary of health risk assessments: the strength of 
evidence for any adverse outcome being associated with exposure 

to low, intermediate (IF) or high frequency electromagnetic fields. 
For no outcome at any frequency is there sufficient evidence of an 

effect, but there is limited evidence of an association between 
childhood leukaemia and low frequency magnetic fields, and 

between brain tumours in adults and high frequency fields  
(shown orange). There is evidence suggesting a lack of effects for 

four outcomes (shown green) and for all other outcomes the 
available evidence is inadequate to permit a conclusion (shown 

yellow). 
 

 



 

 

 

49 

7 References 

 
Aalto S, Haarala C, Brück A, Sipilä H, Hämäläinen H and Rinne JO (2006). 

Mobile phone affects cerebral blood flow in humans. J Cereb Blood Flow 
Metab, 26(7), 885-90.  

 
Abramson MJ, Benke GP, Dimitriadis C, Inyang IO, Sim MR, Wolfe RS and 

Croft RJ (2009). Mobile telephone use is associated with changes in 
cognitive function in young adolescents. Bioelectromagnetics 30(8), 678-

86. 
 

Albert GC, McNamee JP, Marro L, Bellier PV, Prato FS and Thomas AW 
(2009). Assessment of genetic damage in peripheral blood of human 

volunteers exposed (whole-body) to a 200 muT, 60 Hz magnetic field. Int 
J Radiat Biol, 85(2), 144-52. 

 
Ahlbom A, Day N, Feychting M, Roman E, Skinner J, Dockerty J, Linet M, 

McBride M, Michaelis J, Olsen JH, Tynes T and Verkasalo PK (2000). A 
pooled analysis of magnetic fields and childhood leukaemia. Br J Cancer. 

83(5), 692-8. 
 

Ahlbom A, Feychting M, Cardis E and Elliott P (2007). Re: Cellular 

telephone use and cancer risk: update of a nationwide Danish cohort 
study. J Natl Cancer Inst, 99(8), 655 

 
Ahlbom A, Day N, Feychting M, Roman E, Skinner J, Dockerty J, Linet M, 

McBride M, Michaelis J, Olsen JH, Tynes T and Verkasalo PK (2000). A 
pooled analysis of magnetic fields and childhood leukaemia. Br J Cancer, 

83(5), 692-8. 
 

Ahlbom A, Green A, Khiefets L, Savitz D and Swerdlow A (2004). ICNIRP 
(International Commission on Non-Ionizing Radiation Protection) Standing 

Committee on Epidemiology. Review of the Epidemiologic Literature on RF 
and Health. Environ Health Perspect, 112(17), 1741-1754. 

 
Ahlbom A, Feychting M, Green A, Kheifets L, Savitz DA and Swerdlow AJ; 

ICNIRP (International Commission for Non-Ionizing Radiation Protection) 
Standing Committee on Epidemiology (2009). Epidemiologic evidence on 

mobile phones and tumor risk: a review. Epidemiology, 20(5), 639-52. 
 

Aydin D, Feychting M, Schüz J, Tynes T, Andersen TV, Schmidt LS, 
Poulsen AH, Johansen C, Prochazka M, Lannering B, Klæboe L, Eggen T, 

Jenni D, Grotzer M, Von der Weid N, Kuehni CE and Röösli M (2011). 
Mobile phone use and brain tumors in children and adolescents: a 

multicenter case-control study. J Natl Cancer Inst, 103(16), 1264-76. 
 



 

 

 

50 

Baan R, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, 

Benbrahim-Tallaa L, Guha N, Islami F, Galichet L and Straif K (2011); 
WHO International Agency for Research on Cancer Monograph Working 

Group. Carcinogenicity of radiofrequency electromagnetic fields. Lancet 
Oncol, 12(7), 624-6. 

 
Bak M, Dudarewicz A, Zmyślony M and Sliwinska-Kowalska M (2010). 

Effects of GSM signals during exposure to event related potentials (ERPs). 
Int J Occup Med Environ Health, 23(2), 191-9. 

 
Balzano Q, Hodzic V, Gammon RW and Davis CC (2008). A doubly 

resonant cavity for detection of RF demodulation by living cells. 
Bioelectromagnetics, 29(2), 81-91. 

 
Berg-Beckhoff G, Blettner M, Kowall B, Breckenkamp J, Schlehofer B, 

Schmiedel S, Bornkessel C, Reis U, Potthoff P and Schüz J (2009). Mobile 
phone base stations and adverse health effects: phase 2 of a cross-

sectional study with measured radio frequency electromagnetic fields. 
Occup Environ Med, 66(2), 124-30. 

 
Bellieni CV, Acampa M, Maffei M, Maffei S, Perrone S, Pinto I, Stacchini N, 

and Buonocore G (2008). Electromagnetic fields produced by incubators 
influence heart rate variability in newborns. Arch Dis Child Fetal Neonatal 

Ed, 93(4), F298-301. 
 

Blettner M, Schlehofer B, Breckenkamp J, Kowall B, Schmiedel S, Reis U, 
Potthoff P, Schüz J and Berg-Beckhoff G (2009). Mobile phone base 

stations and adverse health effects: phase 1 of a population-based, cross-
sectional study in Germany. Occup Environ Med, 66(2), 118-23.  

 
Bürgi A, Frei P, Theis G, Mohler E, Braun-Fahrländer C, Fröhlich J, 

Neubauer G, Egger M and Röösli M (2010).  A model for radiofrequency 
electromagnetic field predictions at outdoor and indoor locations in the 

context of epidemiological research. Bioelectromagnetics, 31(3), 226-36. 
 

Cardis E, Varsier N, Bowman JD, Deltour I, Figuerola J, Mann S, 
Moissonnier M, Taki M, Vecchia P, Villegas R, Vrijheid M, Wake K and  

Wiart  (2011a). Estimation of RF energy absorbed in the brain from mobile 
phones in the Interphone Study. Occup Environ Med, 68(9), 686-93. 

 
Cardis E, Armstrong BK, Bowman JD, Giles GG, Hours M, Krewski D, 

McBride M, Parent ME, Sadetzki S, Woodward A, Brown J, Chetrit A, 
Figuerola J, Hoffmann C, Jarus-Hakak A, Montestruq L, Nadon L, 

Richardson L, Villegas R and Vrijheid M. (2011b) Risk of brain tumours in 
relation to estimated RF dose from mobile phones: results from five 

Interphone countries. Occup Environ Med, 68(9), 631-40. 

 



 

 

 

51 

Cardis E, Deltour I, Mann S, Moissonnier M, Taki M, Varsier N, Wake K and 

Wiart J (2008). Distribution of RF energy emitted by mobile phones in 
anatomical structures of the brain. Phys Med Biol, 53(11), 2771-83. 

 
Carrubba S, Frilot C, Chesson AL and Marino AA (2010).  Mobile-phone 

pulse triggers evoked potentials. Neurosci Lett, 469(1), 164-8. 
 

Cinel C, Boldini A, Fox E and Russo R (2008). Does the use of mobile 
phones affect human short-term memory or attention? App Cognit 

Psychol, 22, 1113-1125. 
 

Coble JB, Dosemeci M, Stewart PA, Blair A, Bowman J, Fine HA, Shapiro 
WR, Selker RG, Loeffler JS, Black PM, Linet MS and Inskip PD (2009). 

Occupational exposure to magnetic fields and the risk of brain tumors. 
Neuro Oncol, 11(3), 242-9.  

 
Colletti V, Mandalà M, Manganotti P, Ramat S, Sacchetto L and Colletti L 

(2011). Intraoperative observation of changes in cochlear nerve action 
potentials during exposure to electromagnetic fields generated by mobile 

phones. J Neurol Neurosurg Psychiatry, 82(7), 766-71. 
 

Cook CM, Saucier DM, Thomas AW and Prato FS (2009). Changes in 
human EEG alpha activity following exposure to two different pulsed 

magnetic field sequences. Bioelectromagnetics, 30(1), 9-20. 
 

Cooper AR, Van Wijngaarden E, Fisher SG, Adams MJ, Yost MG and 
Bowman JD (2009). A population-based cohort study of occupational 

exposure to magnetic fields and cardiovascular disease mortality. Ann 
Epidemiol, 19(1), 42-8. 

 
Croft RJ, Leung S, McKenzie RJ, Loughran SP, Iskra S, Hamblin DL and 

Cooper NR (2010).  Effects of 2G and 3G mobile phones on human alpha 
rhythms: Resting EEG in adolescents, young adults, and the elderly. 

Bioelectromagnetics, 31(6), 434-44. 
 

Curcio G, Ferrara M, Limongi T, Tempesta D, Di Sante G, De Gennaro L, 
Quaresima V and Ferrari M (2009) .Acute mobile phones exposure affects 

frontal cortex hemodynamics as evidenced by functional near-infrared 
spectroscopy. J Cereb Blood Flow Metab, 29(5), 903-10. 

 
Danker-Hopfe H, Dorn H, Bornkessel C and Sauter C (2010). Do mobile 

phone base stations affect sleep of residents? Results from an 
experimental double-blind sham-controlled field study. Am J Hum 

Biol,22(5), 613-8. 
 

Danker-Hopfe H, Dorn H, Bahr A, Anderer P and Sauter C (2011). Effects 

of electromagnetic fields emitted by mobile phones (GSM 900 and 



 

 

 

52 

WCDMA/UMTS) on the macrostructure of sleep. J Sleep Res, 20(1 Pt 1), 

73-81. doi: 10.1111/j.1365-2869.2010.00850.x. 
 

Dasdag S, Sert C, Akdag Z and Batun S (2002). Effects of extremely low 
frequency electromagnetic fields on hematologic and immunologic 

parameters in welders. Arch Med Res, 33(1), 29-32. 
 

Davidson HC and Lutman ME (2007). Survey of mobile phone use and 
their chronic effects on the hearing of a student population. Int J Audiol, 

46(3), 113-8. 
 

Deltour I, Johansen C, Auvinen A, Feychting M, Klaeboe L and Schüz J 
(2009). Time trends in brain tumor incidence rates in Denmark, Finland, 

Norway and Sweden, 1974-2003. J Natl Cancer Inst 101, 1721-4. 
 

Deltour I, Auvinen A, Feychting M, Johansen C, Klaeboe L, Sankila R and 
Schüz J (2012). Mobile phone use and incidence of glioma in the Nordic 

countries 1979-2008: consistency check. Epidemiology. 23(2), 301-7. 
 

de Tommaso M, Rossi P, Falsaperla R, Francesco Vde V, Santoro R and 
Federici A (2009). Mobile phones exposure induces changes of contingent 

negative variation in humans. Neurosci Lett, 464(2), 79-83.  
 

de Vocht F, Burstyn I and Cherrie JW (2011). Time trends (1998-2007) in 
brain cancer incidence rates in relation to mobile phone use in England. 

Bioelectromagnetics. 32(5), 334-9. doi: 10.1002/bem.20648 
 

Dimbylow P (2007). SAR in the mother and foetus for RF plane wave 
irradiation. Phys Med Biol, 52(13), 3791-802. 

 
Dimbylow PJ, Nagaoka T and Xu XG (2009). A comparison of foetal SAR in 

three sets of pregnant female models. Phys Med Biol, 54(9), 2755-67. 
 

Divan HA, Kheifets L, Obel C and Olsen J (2008). Prenatal and postnatal 
exposure to cell phone use and behavioral problems in children. 

Epidemiology, 19(4), 523-9. 
 

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

published online December 7, 2010 as 10.1136/jech.2010.115402 
 

Divan HA, Kheifets L and Olsen J (2011). Prenatal cell phone use and 
developmental milestone delays among infants. Scand J Work Environ 

Health, 37(4), 341-8. 
 



 

 

 

53 

Divan HA, Kheifets L, Obel C and Olsen J. (2012). Cell phone use and 

behavioural problems in young children. J Epidemiol Community Health. 
66(6), 524-9. 

 
Foliart DE, Pollock BH, Mezei G, Iriye R, Silva JM, Ebi KL, Kheifets L, Link 

MP and  Kavet R (2006). Magnetic field exposure and long-term survival 
among children with leukaemia. Br J Cancer,  94, 161-4. 

 
Elliott P, Toledano MB, Bennett J, Beale L, de Hoogh C, Best N and Briggs 

DJ (2010). Mobile phone base stations and early childhood cancers: case-
control study. BMJ, 340, c3077. 

 
Eltiti S, Wallace D, Ridgewell A, Zougkou K, Russo R, Sepulveda F and Fox 

E. Short-term exposure to mobile phone base station signals does not 
affect cognitive functioning or physiological measures in individuals who 

report sensitivity to electromagnetic fields and controls. 
Bioelectromagnetics, 30(7), 556-63. 

 
EMF-NET (2009). Report on new epidemiological studies on static fields, 

ELF, intermediate frequencies, and RF. Deliverable D15 c. Available from: 
http://web.jrc.ec.europa.eu/emf-net. 

 
Frei P, Mohler E, Bürgi A, Fröhlich J, Neubauer G, Braun-Fahrländer C and 

Röösli M; QUALIFEX team (2009). A prediction model for personal radio 
frequency electromagnetic field exposure. Sci Total Environ, 408(1),102-

8. 
 

Frei P, Mohler E, Bürgi A, Fröhlich J, Neubauer G, Braun-Fahrländer C and 
Röösli M; QUALIFEX Team (2010). Classification of personal exposure to 

radio frequency electromagnetic fields (RF-EMF) for epidemiological 
research: evaluation of different exposure assessment methods. Environ 

Int, Jun 8. [Epub ahead of print]. 
 

Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M and Schüz J 
(2011). Use of mobile phones and risk of brain tumours: update of Danish 

cohort study. BMJ. Oct 19, 343, d6387. doi: 10.1136/bmj.d6387. 
 

Furubayashi T, Ushiyama A, Terao Y, Mizuno Y, Shirasawa K, Pongpaibool 
P, Simba AY, Wake K, Nishikawa M, Miyawaki K, Yasuda A, Uchiyama M, 

Yamashita HK, Masuda H, Hirota S, Takahashi M, Okano T, Inomata-
Terada S, Sokejima S, Maruyama E, Watanabe S, Taki M, Ohkubo C and 

Ugawa Y (2009). Effects of short-term W-CDMA mobile phone base station 
exposure on women with or without mobile phone related symptoms. 

Bioelectromagnetics, 30(2), 100-13. 
 

Ghezel-Ahmadi D, Engel A, Weidemann J, Budnik LT, Baur X, Frick U, 

Hauser S and Dahmen N (2010). Heavy metal exposure in patients 

http://web.jrc.ec.europa.eu/emf-net


 

 

 

54 

suffering from electromagnetic hypersensitivity. Sci Total Environ, 408(4), 

774-8. 
 

Gobba F, Bargellini A, Bravo G, Scaringi M, Cauteruccio L and Borella P 
(2009). Natural killer cell activity decreases in workers occupationally 

exposed to extremely low frequency magnetic fields exceeding 1 microT. 
Int J Immunopathol Pharmacol, 22(4), 1059-66. 

 
Greenland S, Sheppard AR, Kaune WT, Poole C and Kelsh MA (2000). A 

pooled analysis of magnetic fields, wire codes, and childhood leukemia. 
Childhood Leukemia-EMF Study Group. Epidemiology, 11(6), 624-34.  

 
Greenland S and Kheifets L (2009). Designs and analyses for exploring the 

relationship of magnetic fields to childhood leukaemia: a pilot project for 
the Danish National Birth Cohort. Scand J Public Health, 37(1), 83-92. 

 
Ha M, Im H, Lee M, Kim HJ, Kim BC, Gimm YM and Pack JK (2007). Radio-

frequency radiation exposure from AM radio transmitters and childhood 
leukemia and brain cancer. Am J Epidemiol, 166, 270-79 

 
Hardell L, Carlberg M and Hannson Mild K. Re-analysis of risk for glioma in 

relation to mobile telephone use: comparison with the results of the 
Interphone international case-control study. Int J Epid 2011 

Aug;40(4):1126-8 
 

Hareuveny R, Eliyahu I, Luria R, Meiran N and Margalio M (2011). 
Cognitive effects of cellular phones: A possible role of non-radiofrequency 

radiation factors. Bioelectromagnetics, Apr 12. doi: 10.1002/bem.20671. 
 

Heinrich S, Thomas S, Heumann C, von Kries R and Radon K (2010). 
Association between exposure to radiofrequency electromagnetic fields 

assessed by dosimetry and acute symptoms in children and adolescents: a 
population based cross-sectional study. Environ Health, 9, 75. 

 
Heinrich S, Thomas S, Heumann C, von Kries R and Radon K (2011). The 

impact of exposure to radio frequency electromagnetic fields on chronic 
well-being in young people - a cross-sectional study based on personal 

dosimetry. Environ Int, 37(1), 26-30. 
 

Hinrikus H, Bachmann M, Lass J, Tomson R and Tuulik V (2008a). Effect of 
7, 14 and 21 Hz modulated 450 MHz microwave radiation on human 

electroencephalographic rhythms. Int J Radiat Biol, 84(1), 69-79. 
 

Hinrikus H, Bachmann M, Lass J, Karai D and Tuulik V (2008b).  Effect of 
low frequency modulated microwave exposure on human EEG: individual 

sensitivity. Bioelectromagnetics, 29(7), 527-38. 

 



 

 

 

55 

HockingB (2009). Maternal cell phone use and behavioral problems in 

children. Epidemiology 20(2), 312. 
 

Hountala CD, Maganioti AE, Papageorgiou CC, Nanou ED, Kyprianou MA, 
Tsiafakis VG, Rabavilas AD and Capsalis CN (2008). The spectral power 

coherence of the EEG under different EMF conditions. Neurosci Lett, 
441(2), 188-92. 

 
Huber R, Treyer V, Schuderer J, Berthold T, Buck A, Kuster N, Landolt HP 

and Achermann P (2005). Exposure to pulse-modulated radio frequency 
electromagnetic fields affects regional cerebral blood flow. Eur J Neurosci, 

21(4), 1000-6. 
 

Hung CS, Anderson C, Horne JA and McEvoy P (2007). Mobile phone 'talk-
mode' signal delays EEG-determined sleep onset. Neurosci Lett, 421(1), 

82-6. 
 

Huss A, Spoerri A, Egger M and Röösli M; the Swiss National Cohort Study 
(2009). Residence near power lines and mortality from neurodegenerative 

diseases: longitudinal study of the Swiss population. Am J Epidemiol, 
169(2), 167-75. 

 
IARC (2002). Non-Ionizing Radiation, Part 1: Static and Extremely Low-

Frequency (ELF) Electric and Magnetic Fields. IARC Monographs on the 
Evaluation of Carcinogenic Risks to Humans, Volume 80. Lyon. 

International Agency for Research on Cancer. 
 

ICNIRP (1998). Guidelines for Limiting Exposure to Time-Varying Electric, 
Magnetic, and Electromagnetic Fields (up to 300 GHz). Health Physics, 

74(4), 494-522. 
 

ICNIRP (2009). Exposure to High Frequency Electromagnetic Fields, 
Biological Effects and Health Consequences (100 kHz-300 GHz). Munich. 

International Commission on Non-Ionizing Radiation Protection. 
 

INTERPHONE Study Group (2010). Brain tumour risk in relation to mobile 
telephone use: results of the INTERPHONE international case-control 

study. Int J Epidemiol 2010, 39(3), 675-94.  
 

INTERPHONE Study Group (2011). Acoustic neuroma risk in relation to 
mobile telephone use: results of the INTERPHONE international case-

control study. Cancer Epidemiol, 35(5), 453-64. 
 

Ilonen K, Markkanen A, Mezei G and Juutilainen J (2008). Indoor 
transformer stations as predictors of residential ELF magnetic field 

exposure. Bioelectromagnetics, 29(3), 213-8. 

 



 

 

 

56 

Johansson A, Nordin S, Heiden M and Sandström M (2010). Symptoms, 

personality traits, and stress in people with mobile phone-related 
symptoms and electromagnetic hypersensitivity. J Psychosom Res, 68(1), 

37-45. 
 

Kheifets L, Monroe J, Vergara X, Mezei G and Afifi AA (2008). Occupational 
electromagnetic fields and leukemia and brain cancer: an update to two 

meta-analyses. J Occup Environ Med, 50(6), 677-88. 
 

Kheifets L, Ahlbom A, Crespi CM, Draper G, Hagihara J, Lowenthal RM, 
Mezei G, Oksuzyan S, Schüz J, Swanson J, Tittarelli A, Vinceti M and 

Wunsch Filho V (2010a). Pooled analysis of recent studies on magnetic 
fields and childhood leukaemia. Br J Cancer 103(7), 1128-35. Erratum in: 

Br J Cancer, 104(1), 228.  
 

Kheifets L, Ahlbom A, Crespi CM, Feychting M, Johansen C, Monroe J, 
Murphy MF, Oksuzyan S, Preston-Martin S, Roman E, Saito T, Savitz D, 

Schüz J, Simpson J, Swanson J, Tynes T, Verkasalo P and Mezei G 
(2010b). A pooled analysis of extremely low-frequency magnetic fields 

and childhood brain tumors. Am J Epidemiol, 172(7), 752-61.  
 

Kohler BA, Ward E, McCarthy BJ, Schymura MJ, Ries LA, Eheman C, Jemal 
A, Anderson RN, Ajani UA and Edwards BK (2011). Annual report to the 

nation on the status of cancer, 1975-2007, featuring tumors of the brain 
and other nervous system. J Natl Cancer Inst, 103(9), 714-36.  

 
Kowalczuk C, Yarwood G, Blackwell R, Priestner M, Sienkiewicz Z, Bouffler 

S, Ahmed I, Abd-Alhameed R, Excell P, Hodzic V, Davis C, Gammon R and 
Balzano Q (2010). Absence of Nonlinear Responses in Cells and Tissues 

Exposed to RF Energy at Mobile Phone Frequencies using a Doubly 
Resonant Cavity. Bioelectromagnetics, Jul 6. [Epub ahead of print]. 

 
Kühnlein A, Heumann C, Thomas S, Heinrich S and Radon K (2009).  

Personal exposure to mobile communication networks and well-being in 
children - a statistical analysis based on a functional approach. 

Bioelectromagnetics, 30(4), 261-9. 
 

Kwon MS, Koivisto M, Laine M and Hämäläinen H (2008). Perception of the 
electromagnetic field emitted by a mobile phone Bioelectromagnetics, 

29(2), 154-9. 
 

Kwon MS, Kujala T, Huotilainen M, Shestakova A, Näätänen R and  
Hämäläinen H (2009). Preattentive auditory information processing under 

exposure to the 902 MHz GSM mobile phone electromagnetic field: a 
mismatch negativity (MMN) study. Bioelectromagnetics, 30(3), 241-8. 

 



 

 

 

57 

Kwon MS, Jääskeläinen SK, Toivo T and Hämäläinen H (2010a). No effects 

of mobile phone electromagnetic field on auditory brainstem response. 
Bioelectromagnetics, 31(1), 48-55. 

 
Kwon MS, Huotilainen M, Shestakova A, Kujala T, Näätänen R and 

Hämäläinen H (2010b). No effects of mobile phone use on cortical 
auditory change-detection in children: an ERP study. Bioelectromagnetics, 

31(3), 191-9. 
 

Landgrebe M, Frick U, Hauser S, Hajak G and Langguth B (2009).  
Association of tinnitus and electromagnetic hypersensitivity: hints for a 

shared pathophysiology? PLoS One, 4(3), 1-6. 
 

Larjavaara S, Schüz J, Swerdlow A, Feychting M, Johansen C, Lagorio S, 
Tynes T, Klaeboe L, Tonjer SR, Blettner M, Berg-Beckhoff G, Schlehofer B, 

Schoemaker M, Britton J, Mäntylä R, Lönn S, Ahlbom A, Flodmark O, Lilja 
A, Martini S, Rastelli E, Vidiri A, Kähärä V, Raitanen J, Heinävaara S and 

Auvinen A (2011). Location of gliomas in relation to mobile telephone use: 
a case-case and case-specular analysis. Am J Epidemiol, 174(1), 2-11. 

 
Lednev VV, Belova NA, Ermakov AM, Akimov EB and Tonevitskiĭ AG 

(2008). Modulation of cardiac rhythms in humans exposed to extremely 
weak alternating magnetic fields. Biofizika, 53(6), 1129-37. In Russian. 

 
Leung S, Croft RJ, McKenzie RJ, Iskra S, Silber B, Cooper NR, O'Neill B, 

Cropley V, Diaz-Trujillo A, Hamblin D and Simpson D (2011). Effects of 2G 
and 3G mobile phones on performance and electrophysiology in 

adolescents, young adults and older adults. Clin Neurophysiol, May 11. 
doi:10.1016/jclinph.2011.04.006. 

 
Little MP, Rajaraman P, Curtis RE, Devesa SS, Inskip PD, Check DP and 

Linet MS (2012). Mobile phone use and glioma risk: comparison of 
epidemiological study results with incidence trends in the United States. 

BMJ, Mar 8, 344:e1147. doi: 10.1136/bmj.e1147. 
 

Lowden A, Akerstedt T, Ingre M, Wiholm C, Hillert L, Kuster N, Nilsson JP 
and Arnetz B (2011). Sleep after mobile phone exposure in subjects with 

mobile phone-related symptoms. Bioelectromagnetics, 32(1), 4-14. 
 

Luria R, Eliyahu I, Hareuveny R, Margaliot M and Meiran N (2009). 
Cognitive effects of radiation emitted by cellular phones: the influence of 

exposure side and time.  Bioelectromagnetics, 30(3), 198-204. 
 

Maeda K, Henbest KB, Cintolesi F, Kuprov I, Rodgers CT, Liddell PA, Gust 
D, Timmel CR and Hore PJ (2008). Chemical compass model of avian 

magnetoreception. Nature, 453(7193), 387-90. 

 



 

 

 

58 

Maslanyj M, Simpson J, Roman E and Schüz J (2009). Power frequency 

magnetic fields and risk of childhood leukaemia: misclassification of 
exposure from the use of the 'distance from power line' exposure 

surrogate. Bioelectromagnetics, 30(3), 183-8. 
 

Mezei G, Gadallah M and Kheifets L (2008). Residential magnetic field 
exposure and childhood brain cancer: a meta-analysis. Epidemiology, 

19(3), 424-30. 
 

Milde-Busch A, von Kries R, Thomas S, Heinrich S, Straube A and Radon K 
(2010). The association between use of electronic media and prevalence 

of headache in adolescents: results from a population-based cross-
sectional study. BMC Neurology, 10, 12. 

 
Mizuno Y, Moriguchi Y, Hikage T, Terao Y, Ohnishi T, Nojima  and Ugawa Y 

(2009).  Effects of W-CDMA 1950 MHz EMF emitted by mobile phones on 
regional cerebral blood flow in humans. Bioelectromagnetics, 30(7), 536-

44. 
 

Mohler E, Frei P, Braun-FahrlanderC, Frohlich J, Neubauer G, and Roosli M 
(2010). Effects of everyday radiofrequency electromagnetic-field exposure 

on sleep quality: a cross-sectional study. Radiat Res, 174(3), 347-56. 
 

Nam KC, Lee JH, Noh HW, Cha EJ, Kim NH and Kim DW (2009). 
Hypersensitivity to RF fields emitted from CDMA cellular phones: a 

provocation study. Bioelectromagnetics, 30(8), 641-50. 
 

Nieto-Hernandez R, Williams J, Cleare AJ, Landau S, Wessely S and Rubin 
GJ (2011). Can exposure to a terrestrial trunked radio (TETRA)-like signal 

cause symptoms? A randomised double-blind provocation study. Occup 
Environ Med, 68(5), 339-44. 

 
Parazzini M, Sibella F, Lutman ME, Mishra S, Moulin A, Sliwinska-Kowalska 

M, Woznicka E, Politanski P, Zmyslony M, Thuroczy G, Molnár F, Kubinyi 
G, Tavartkiladze G, Bronyakin S, Uloziene I, Uloza V, Gradauskiene E and 

Ravazzani P (2009). Effects of UMTS cellular phones on human hearing: 
results of the European project EMFnEAR. Radiat Res, 172(2), 244-51. 

 
Parazzini M, Lutman ME, Moulin A, Barnel C, Sliwinska-Kowalska M, 

Zmyslony M, Hernadi I, Stefanics G, Thuroczy G and Ravazzani P (2010). 
Absence of short-term effects of UMTS exposure on the human auditory 

system. Radiat Res, 173(1), 91-7. 
 

Regel SJ, Tinguely G, Schuderer J, Adam M, Kuster N, Landolt HP and 
Achermann P (2007). Pulsed radio-frequency electromagnetic fields: dose-

dependent effects on sleep, the sleep EEG and cognitive performance. J 

Sleep Res, 16(3), 253-8. 



 

 

 

59 

Riddervold IS, Kjaergaard SK, Pedersen GF, Andersen NT, Franek O, 

Pedersen AD, Sigsgaard T, Zachariae R, Mølhave L and Andersen JB 
(2010). No effect of TETRA hand portable transmission signals on human 

cognitive function and symptoms. Bioelectromagnetics, 31(5), 380-90. 
 

Röösli M, Frei P, Mohler E, Braun-Fahrländer C, Bürgi A, Fröhlich J, 
Neubauer G, Theis G and Egger M (2008). Statistical analysis of personal 

radiofrequency electromagnetic field measurements with nondetects. 
Bioelectromagnetics 29, 471-8. 

 
Röösli M, Frei P, Bolte J, Neubauer G, Cardis E, Feychting M, Gajsek P, 

Heinrich S, Joseph W, Mann S, Martens L, Mohler E, Parslow RC, Poulsen 
AH, Radon K, Schuz J, Thuroczy G, Viel JF and Vrijheid M (2010a).  

Conduct of a personal radiofrequency electromagnetic field measurement 
study: proposed study protocol. Environ Health, 9(1), 23. [Epub ahead of 

print]. 
 

Röösli M, Frei P, Mohler E and Hug K (2010b). Systematic review on the 
health effects of exposure to radiofrequency electromagnetic fields from 

mobile phone base stations. Bull World Health Organ 88(12), 887-96F. 
 

Rubin GJ, Cleare AJ and Wessely S (2008).  Psychological factors 
associated with self-reported sensitivity to mobile phones. J Psychosom 

Res, 64(1), 1-9. 
 

Rubin GJ, Nieto-Hernandez R and Wessely S (2010).  Idiopathic 
environmental intolerance attributed to electromagnetic fields (formerly 

'electromagnetic hypersensitivity'): An updated systematic review of 
provocation studies. Bioelectromagnetics, 31(1), 1-11. 

 
Sauter C, Dorn H, Bahr A, Hansen ML, Peter A, Bajbouj M, Danker-Hopfe 

H (2011). Effects of exposure to electromagnetic fields emitted by GSM 
900 and WCDMA mobile phones on cognitive function in young male 

subjects. Bioelectromagnetics, 32(3), 179-90. 
 

SCENIHR (2007). The Possible Effects of Electromagnetic Fields (EMF) on 
Human Health. Scientific Committee on Emerging and Newly Identified 

Health Risks.  European Commission, Health & Consumer Protection DG 
Available from: http://ec.europa.eu/health 

 
SCENIHR (2009a). Health Effects of Exposure to EMF. Scientific 

Committee on Emerging and Newly Identified Health Risks.  European 
Commission, Health & Consumer Protection DG. Available from: 

http://ec.europa.eu/health 
 

SCENIHR (2009b). Research needs and methodology to address the 

remaining knowledge gaps on the potential health effects of EMF. 

http://ec.europa.eu/health
http://ec.europa.eu/health


 

 

 

60 

Scientific Committee on Emerging and Newly Identified Health Risks.  

European Commission, Health & Consumer Protection DG. 
Available from: http://ec.europa.eu/health 

 
Schüz J and Johansen C (2007). A comparison of self-reported cellular 

telephone use with subscriber data: agreement between the two methods 
and implications for risk estimation. Bioelectromagnetics. 28(2), 130-6. 

 
Schüz J and Ahlbom A (2008). Exposure to electromagnetic fields and the 

risk of childhood leukaemia: a review. Radiat Prot Dosimetry, 132(2), 
202-11. 

 
Schüz J, Philipp J, Merzenich H, Schmiedel S and Brüggemeyer H (2008). 

Re: Radio-frequency radiation exposure from AM radio transmitters and 
childhood leukemia and brain cancer. Am J Epidemiol, 167, 883-4. 

 
Schüz J, Waldemar G, Olsen JH and Johansen C (2009). Risk for central 

nervous system diseases among mobile phone subscribers: a Danish 
retrospective cohort study. PLoS ONE, 4, e4389. 

 
Sharifian A, Gharavi M, Pasalar P and Aminian O (2009). Effect of 

extremely low frequency magnetic field on antioxidant activity in plasma 
and red blood cells in spot welders. Int Arch Occup Environ Health, 82(2), 

259-66.  
 

Sheppard AR, Swicord ML and Balzano Q (2008).  Quantitative evaluations 
of mechanisms of radiofrequency interactions with biological molecules 

and processes. Health Phys, 95(4), 365-96. 
 

Skomro P, Opalko K, Bohdziewicz O, Nocen I and Janiszewska-Olszowska 
J (2009). Limited effect of low frequency magnetic fields on the 

concentrations of calcium, magnesium and fluoride in saliva. Magnes Res, 
22(2), 89-92. 

 
Söderqvist F, Carlberg M and Hardell L (2009a). Use of wireless 

telephones and serum S100B levels: a descriptive cross-sectional study 
among healthy Swedish adults aged 18-65 years. Sci Total Environ. 407 

(2), 798-805. 
 

Söderqvist F, Carlberg M and Hardell,L (2009b). Mobile and cordless 
telephones, serum transthyretin and the blood-cerebrospinal fluid barrier: 

a cross-sectional study. Environ Health, 8, 19. 
 

Söderqvist F, Carlberg M, Hansson MK and Hardell L (2009c). Exposure to 
an 890-MHz mobile phone-like signal and serum levels of S100B and 

transthyretin in volunteers. Toxicol Lett, 189 (1), 63-6. 

 

http://ec.europa.eu/health


 

 

 

61 

Stefanics G, Thuróczy G, Kellényi L and Hernádi I (2008). Effects of 

twenty-minute 3G mobile phone irradiation on event related potential 
components and early gamma synchronization in auditory oddball 

paradigm. Neuroscience, 157(2), 453-62. 
 

Svendsen AL, Weihkopf T, Kaatsch P and Schuz J  (2007). Exposure to 
magnetic fields and survival after diagnosis of childhood leukemia: a 

German cohort study. Cancer Epidemiol Biomarkers Prev, 16, 1167-71. 
 

Swerdlow AJ, Feychting M, Green AC, Kheifets L and Savitz DA  
(International Commission for Non-Ionizing Radiation Protection Standing 

Committee on Epidemiology) (2011). Mobile phones, brain tumours and 
the Interphone study: where are we now?. Environ Health Perspect, 

119(11), 1534-8. http://dx.doi.org/10.1289/ehp.1103693. 
 

Thomas S, Kühnlein A, Heinrich S, Praml G, von Kries R and Radon K 
(2008).  Exposure to mobile telecommunication networks assessed using 

personal dosimetry and well-being in children and adolescents: the 
German MobilEe-study. Environ Health, 7, 54. 

 
Thomas S, Heinrich S, Kühnlein A and Radon K (2010a). The association 

between socioeconomic status and exposure to mobile telecommunication 
networks in children and adolescents. Bioelectromagnetics, 31(1), 20-7. 

 
Thomas S, Benke G, Dimitriadis C, Inyang I, Sim MR, Wolfe R, Croft RJ 

and Abramson MJ (2010b). Use of mobile phones and changes in cognitive 
function in adolescents. Occup Environ Med, 67(12), 861-6. 

 
van Deventer E, van Rongen E and Saunders R (2011). WHO Research 

Agenda for Radiofrequency Fields. Bioelectromagnetics, 32(5), 417-21. 
 

van Rongen E, Croft R, Juutilainen J, Lagroye I, Miyakoshi J, Saunders R, 
de Seze R, Tenforde T, Verschaeve L, Veyret B and Xu Z (2009). Effects of 

radiofrequency electromagnetic fields on the human nervous system. 
J Toxicol Environ Health B Crit Rev, 12(8), 572-97. 

 
Vecchio F, Babiloni C, Ferreri F, Buffo P, Cibelli G, Curcio G, van Dijkman 

S, Melgari JM, Giambattistelli F and Rossini PM (2010). Mobile phone 
emission modulates inter-hemispheric functional coupling of EEG alpha 

rhythms in elderly compared to young subjects. Clin Neurophysiol, 
121(2), 163-71. 

 
Volkow ND, Tomasi D, Wang G-J, Vaska P, Fowler JS, Telang F, Alexoff D, 

Logan J and Wong C (2011). Effects of cell phone radiofrequency signal 
exposure on brain glucose metabolism. JAMA, 305(8), 808-14. 

 

http://dx.doi.org/10.1289/ehp.1103693


 

 

 

62 

Vrijheid M, Martinez D, Forns J, Guxens M, Julvez J, Ferrer M and Sunyer J 

(2010). Prenatal exposure to cell phone use and neurodevelopment at 14 
months. Epidemiology, 21(2), 259-62. 

 
Wallace D, Eltiti S, Ridgewell A, Garner K, Russo R, Sepulveda F, Walker 

S, Quinlan T, Dudley S, Maung S, Deeble R and Fox E (2010). Do TETRA 
(Airwave) base station signals have a short-term impact on health and 

well-being? A randomized double-blind provocation study. Environ Health 
Perspect, 118(6), 735-41. 

 
Wallace D, Eltiti S, Ridgewell A, Garner K, Russo R, Sepulveda F, Walker 

S, Quinlan T, Dudley S, Maung S, Deeble R and Fox E (2011). Cognitive 
and physiological responses in humans exposed to a TETRA base station 

signal in relation to perceived electromagnetic hypersensitivity. 
Bioelectromagnetics, published online 6 June, doi:10.1002/bem.20681 

 
WHO (2007). Extremely Low Frequency Fields. Environmental Health 

Criteria No 238. Geneva, World Health Organization. 
 

Wiart J, Hadjem A, Wong MF and Bloch I (2008). Analysis of RF exposure 
in the head tissues of children and adults. Phys Med Biol, 53 (13), 3681-

95. 
 

Yenugadhati N, Birkett NJ, Momoli F and Krewski D (2009). Occupations 
and lung cancer: a population-based case-control study in British 

Columbia. J Toxicol Environ Health A, 72(10), 658-75. 
 

 



D3 - Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo (animals)studies 1/31 

 

 

 

 

European Health Risk Assessment Network on 
Electromagnetic Fields Exposure 

 

EFHRAN 

 

Work package 5 

 

D3 - Report on the analysis of risks 
associated to exposure to EMF: in vitro and 

in vivo (animals) studies 
 

 

Workpackage 
Leader 

IMS laboratory, Bordeaux, France 

Florence Poulletier de Gannes, Isabelle Lagroye and Bernard Veyret 
bernard.veyret@ims-bordeaux.fr 

Dissemination level Public 

Nature Report 

Delivery date to the 
Commission 

July 2010 

 



D3 - Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo (animals)studies 2/31 

 

1 Introduction ................................................................................................................. 3 
2 Radiofrequency fields ................................................................................................. 4 

2.1 Cancer studies ..................................................................................................... 4 
2.1.1 Discussion on cancer in the SCENIHR report ............................................... 4 
2.1.2 In-vitro cancer ................................................................................................ 4 
2.1.3 In vivo cancer ................................................................................................ 7 
2.1.4 Conclusion on RF & cancer ........................................................................... 7 

2.2 Nervous system effects ........................................................................................ 8 
2.2.1 Discussion on the nervous system in the SCENIHR report ........................... 8 
2.2.2 Animal studies ............................................................................................... 8 
2.2.3 In-vitro studies ............................................................................................. 12 
2.2.4 Conclusion on RF & the nervous system ..................................................... 12 

2.3 RF Development and reproduction..................................................................... 13 
2.3.1 Discussion on development and reproduction in the SCENIHR report ........ 13 
2.3.2 Development, teratology .............................................................................. 13 
2.3.3 Reproduction ............................................................................................... 14 
2.3.4 Conclusion on Development and reproduction ............................................ 15 

2.4 RF Miscellaneous ............................................................................................... 15 
2.4.1 In vivo studies .............................................................................................. 15 
2.4.2 In-vitro studies ............................................................................................. 16 

2.5 Conclusion on RF effects ................................................................................... 16 
2.6 Strength of evidence for selected biological effects from exposure to RF fields. 17 

3 Extremely low frequency (ELF) fields ....................................................................... 18 
3.1 Discussion on ELF effects in the 2009 SCENIHR report .................................... 18 
3.2 Cancer studies ................................................................................................... 18 

3.2.1 Discussion on cancer in the 2009 SCENIHR report .................................... 18 
3.2.2 In vivo studies .............................................................................................. 19 
3.2.3 In-vitro studies ............................................................................................. 19 
3.2.4 Conclusion on cancer and ELF ................................................................... 20 

3.3 Other health effects ............................................................................................ 20 
3.3.1 In vivo studies .............................................................................................. 20 
3.3.2 In-vitro studies ............................................................................................. 21 
3.3.3 Conclusion on ELF effects ........................................................................... 22 

3.4 Strength of evidence for selected biological effects from exposure to ELF 
magnetic fields. ........................................................................................................... 23 

4 Intermediate frequencies .......................................................................................... 23 
4.1 Discussion on IF effects in the 2009 SCENIHR report ....................................... 23 
4.2 Development ...................................................................................................... 23 
4.3 Genotoxicity ....................................................................................................... 24 
4.4 Conclusion on IF effects ..................................................................................... 24 
4.5 Strength of evidence for selected biological effects from exposure to IF fields. . 25 

5 Mechanisms ............................................................................................................. 25 
5.1 Radiofrequency .................................................................................................. 25 
5.2 ELF ..................................................................................................................... 25 

6 Reports ..................................................................................................................... 26 
7 Conclusion ................................................................................................................ 27 
8 References ............................................................................................................... 27 
 

 

 



D3 - Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo (animals)studies 3/31 

1 INTRODUCTION 
The aim of work package 5 is to monitor and review systematically recent key research results 

from in-vitro and in vivo studies to identify any EMF health risks. The activities and tasks for this 

work package were essentially to collate and critically review the literature. Both cancer and 

non-cancer endpoints were considered. The task complements the risk analysis performed by 

EMF-NET in WP4. The four sub-tasks in WP5 are based on the frequency range: a) extremely-

low frequency (ELF) b) intermediate frequency (IF), c) radiofrequency (RF) d) interaction 

mechanisms (whole frequency spectrum).  

This report takes into account all results published after the 2009 SCENIHR report.1 All 

publications were considered and none were excluded from the review on the basis of poor 

quality. It is also based on the conclusion of some recent expert group reports quoted below. 

Classification of the biological effects was done for exposure levels below the critical effect as 

defined by the International Commission on Non-Ionizing Radiation Protection (ICNIRP), e.g., 

100 W/kg for local RF exposures of the head and neck. 

 

In order to evaluate the strength of evidence for adverse effects arising as a consequence of 

exposure to EMF, EMF-NET had used a very simple, yet powerful, four point classification 

system that itself was based on the system used by the International Agency for Research on 

Cancer (IARC) to estimate the carcinogenic risk to humans from a wide range of chemicals and 

physical agents, including static and extremely low frequency electric and magnetic fields (IARC, 

2002). EFHRAN decided to adopt the same classification system to evaluate the strength of 

evidence for any particular effect.  The four classifications and criteria for inclusion into any 

particular category are shown in Table 1. Clearly, a classification of sufficient evidence requires 

there to have been much high quality research that produces a consistent outcome; 

independent replication is also considered a key element. Similarly, evidence suggesting a lack 

of effects indicates that several studies have reported the absence of field-related effects using 

a range of appropriate models and relevant exposure conditions. 

Classification Necessary inclusion criteria 

Sufficient 
evidence 

• when a positive relationship is observed between the exposure and the effect 
investigated  

• when the effect is replicated in several studies by independent investigators or under 
different protocols, and when there is a consistent exposure-response relationship  

• when confounding factors could be ruled out with reasonable confidence 

 

Limited 
evidence 

• when the evidence of the effect is restricted to a few studies, or when there are unsolved 
questions regarding the adequacy of the design, conduct or interpretation of the study  

• when confounding factors could not be ruled out in the studies with reasonable confidence  

Inadequate 
evidence 

• when the studies are of insufficient quality, consistency or statistical power to permit a 
conclusion 

Evidence 
suggesting a 
lack of effects 

• when no effects are reported in several studies by independent investigators under 
different protocols involving at least two species or two cell types and a sufficient range of 
field intensities 

Table 1. The four point system used in this report to classify the strength of evidence for any particular effect; a similar 

                                                        
1 SCENIHR (Scientific Committee on Emerging and Newly Identified Health Risks). Health Effects of Exposure to EMF. 19 January 2009 
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system was used by EMF-NET. 

2 RADIOFREQUENCY FIELDS 

2.1 Cancer studies 

2.1.1 Discussion on cancer in the SCENIHR report  

Seven recent studies with rodents have evaluated carcinogenicity of RF electromagnetic fields 

in vivo. Several different animal models were used including classical bioassays, studies using 

genetically predisposed animal models and co-carcinogenicity studies involving combined 

exposure to RF fields and known carcinogens. A few differences were reported for some 

endpoints, but no consistent dose-response pattern was observed, and the direction of the 

differences varied (increase or decrease in exposed animals), indicating that the few statistically 

significant differences are just statistical noise (false positive findings are unavoidable when 

many studies with multiple endpoints are conducted). 

Overall, the results of the new studies are consistent with results from previous studies, and add 

to the evidence that the RF fields such as those emitted by mobile phones are not carcinogenic 

in laboratory rodents. Some of the new studies have also used exposure levels up to 4 W/kg, 

which is high, compared to most previous studies. Thus, these studies provide additional 

evidence that carcinogenic effects are not likely even at SAR levels that clearly exceed human 

exposure from mobile phones. 

Different biological endpoints have been investigated in-vitro after RF field exposure using a 

variety of cell types and exposure conditions with diverse outcome. In the majority of studies no 

genotoxic effects were shown. A few studies suggest various biological effects (including 

genotoxic effects) from RF fields, alone or in combination with other factors, mostly at higher 

SAR values (above 2 W/kg). The biological relevance of these findings is however unclear. 

Inconsistent in-vitro findings and a lack of dose response relationships render any mechanistic 

understanding of potential non-thermal interactions between RF and living systems difficult. For 

RF fields below the recommended limits (2 W/kg) for energy absorption due to mobile phones, 

in-vitro studies have not identified reproducible effects by which carcinogenicity in living systems 

could be explained. 
 

2.1.2 In-vitro cancer 

2.1.2.1 Genotoxic effects 

In two Italian studies from the same group the SXC-1800 exposure setup of the Swiss IT’IS 

foundation was used. The human trophoblast-derived HTR-8/SVneo cell line was used as in-vitro 

model of the female reproductive system. Indeed, trophoblasts play a crucial role in maintaining 

placental physiology. The alkaline comet assay was used to assess the level of DNA damage and 

three parameters were considered (tail length, % DNA in the tail, tail moment).  

In the first paper (Valbonesi et al., 2008), it is reported that a 1-h exposure to amplitude-

modulated GSM 1800 signals (2 W/kg) did not cause increased levels of DNA damage in HTR-

8/SVneo cells, nor induced changes in the expression of HSP70 and HSC70 proteins and 
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hsp70A, B, C and hsc70 genes.  

In the second paper (Franzellitti et al., 2009), cells were exposed for 4, 16 or 24 hours to 1800-

MHz continuous-wave (CW) or amplitude-modulated GSM-217Hz and GSM-Talk. A 5-min ON, 

10-min OFF intermittent exposure was applied. CW exposure was ineffective in inducing DNA 

damage. By contrast, the GSM 1800 basic signal induced a significant increase in all comet 

parameters after 16 and 24 hours of exposure while the GSM-Talk signal induced inconsistent 

increase in DNA damage in terms of comet parameters altered and exposure duration. Such a 

discrepancy in comet parameters outcome is unusual. Trophoblast cells, however, were shown 

to recover from DNA damage rapidly, within 2 hours after RF exposure, and their viability was 

not altered. These data suggest that CW RF fields did not induce DNA damage and that 

intermittent exposure to amplitude-modulated GSM signals may have induced, for exposure 

longer than 16 hours, reversible DNA damage without altering the viability of the cells.  

In Germany, Schrader et al. (2008) evaluated the production of spindle disturbances in FC2 

cells, a human-hamster hybrid (AL) cell line, after exposure to 835 MHz RF (90 V/m, 0.06 W/kg). 

In a previous paper they had shown that spindle disturbances were increased at low exposure 

levels (20 to 90 V/m) (Schmid and Schrader, 2007). Only two independent exposures were 

performed at room temperature in a transversal electromagnetic field (TEM) cell. RF exposure 

from 0.5 to 2 hours was shown to disturb spindle at the anaphase and telophase stages of cell 

division. However, spindle disturbances did not change the fraction of mitotic cells. This paper 

was criticized because of a lack of adequate controls at the different time points, especially 

since the cells were transferred from 37°C to 20-22°C for RF exposure and for up to 2 hours 

(Swicord, 2009).  

The effect of GSM-1800 MHz RF (2 W/kg) on DNA repair was tested in HMy2.CIR human B-

lymphoblastoid cells exposed to doxorubicin (DOX, 0.05-0.20 µg/ml) by Zhijian et al. in China 

(2009, 2010). Different types of combined exposure were assayed: Sham- (S) or RF-exposure (E) 

for 2 h before DOX treatment combined with sham- or RF- exposure for 2 h during DOX treatment 

(SS, ES, SE and EE) and sham- or RF-exposure after DOX treatment for 2, 6, 12, 16 and 24 h 

(SSS, SSE, SES, ESS, EEE). The exposure was intermittent, with a 5-min ON / 10-min OFF cycle 

and use of the SxC1800 setup (GSM 1800, IT’IS, Switzerland). The comet assay was used and 

the percent of DNA in the tail (% tail DNA) served as the indicator of DNA damage. The authors 

showed that intermittent exposure to GSM-1800 did not induce DNA damage in HMy2.CIR cells. 

DOX-induced DNA damages were dose-dependent and unaffected by the double combination 

with GSM-1800 (ES, SE, EE). Among the different triple combinations of GSM-1800 exposure 

with DOX, the EEE scheme only (exposure to RF for 2 h, then simultaneous exposure to RF and 

DOX, and exposure to RF) could consistently impair DNA repair at 6 h and 12 h after exposure to 

DOX for DOX doses from 0.075 to 0.20 µg/ml. At 24 hr of RF exposure after DOX treatment, the 

level of DNA damage reached again the background level. The lack of effect of GSM-1800 

intermittent exposure for up to 30 h seems contradictory to the data reported by Franzelletti et al. 

(2009), although the cell types were not the same in the two studies. 

In China, DNA damage and intracellular ROS were assessed by Yao et al. (2008) in cultured 

human lens epithelial cells after 2-h exposures to GSM-1800 (1, 2, 3, and 4 W/kg). RF radiation 

at 3 and 4 W/kg induced significant DNA damage, assessed using the alkaline comet assay 
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(single-strand breaks), while there was no effects on double strand breaks, evaluated using the 

H2AX foci test. HLECs exhibited significant intracellular ROS increases in the 2, 3, and 4 W/kg 

groups. Surprisingly, when RF was superposed with a 2-µT magnetic noise, the increase in 

ROS and DNA damage did not occur.  

In three recent review articles (VIjayalaxmi & Prihoda, 2008; Ruediger, 2009; Habash et al., 

2009), the genotoxic effects of RF exposure were described and discussed and the conclusions 

of these publications were taken into account in the present report. 

 

2.1.2.2 Non-genotoxic cancer related effects 

Using the mouse BALB/3T3 cell transformation model, Hirose et al. (2008) evaluated the effect of 

a continuous 6-week 2140-MHz RF exposure (W-CDMA) in an anechoic chamber at 0.08 and 0.8 

W/kg on spontaneous and induced neoplastic transformation. 3-methylcholanthrene (MCA) was 

used as an initiator and phorbol-12-myristate-13-acetate (PMA) as a tumour promoter. The data 

showed that no induction (RF alone), promotional (MCA+RF) or co-carcinogenic (MCA+PMA+RF) 

effect of RF exposure was found on cell neoplastic transformation. 

Two studies by a French group (Billaudel et al., 2009a&b) aimed at a confirmation of the 

increase in ornithine decarboxylase (ODC) activity in L929 mouse fibroblasts after modulated 

RF exposure (DAMPS-835 MHz, 2.5 W/kg, 8 h), as previously reported by the Litovitz group, 

and at testing different RF signals (GSM-900 and -1800) and cell types (SH-SY5Y human 

neuroblastoma cells) for ODC activity. Exposure of L929 cells was performed in a TEM cell 

(DAMPS-835 MHz, 8 h, 2.5 and 6.0 W/kg), in a wire-patch antenna (217 Hz modulated GSM-900, 

2 h, 0.5, 1, and 2 W/kg), in a DAMPS-835 MHz waveguide (8 h, 0.5, 1, and 2.5 W/kg) or in SxC-

1800 waveguide (GSM-1800, 2, 8 and 24 h, 2.5 W/kg) under temperature control (37°C). SH-

SY5Y cells were exposed at 1 and 2.5 W/kg for 8 or 24 h to DAMPS-835 MHz and GSM-1800 

signals. ODC activities were assayed using 14CO2 generation from 14C-labeled L-ornithine either in 

live or lysed cells. Whatever the exposure condition and ODC activity testing method, the authors 

did not show any effect of RF exposure on ODC activity in either cell line tested.  

HSP70 gene and protein expression was evaluated in the human trophoblast cell line HTR-

8/SVneo after exposure to 1800-MHz continuous-wave (CW) and different GSM-1800 signals 

(217 Hz and Talk) at 2 W/kg for 4 to 24 h (Franzellitti et al., 2008). There was no alteration of the 

inducible HSP70 protein expression nor of the inducible HSP70A, HSP70B or the constitutive 

HSC70 transcripts under RF exposure with all condition tested. By contrast, the inducible 

HSP70C transcript was found significantly enhanced after 24 h of exposure to GSM-217 Hz 

signal and reduced after 4 and 16 h exposure to the GSM-Talk signal. However, the level of 

HSC70 protein was not assayed. 

An Italian study was designed to assess whether UMTS exposure (1950 MHz, 0.5 and 2.0 

W/kg) induced oxidative stress in human lymphoblastoid cells, with RF alone or in combination 

with ferrous ions, FeSO4  (Brescia et al., 2009). The production of ROS was measured by flow 

cytometry. Short 5-60 min or long 24 h duration exposures were carried out in a waveguide 

system. The non-thermal RF exposures did not increase spontaneous ROS formation under any 

of the experimental conditions investigated. There was no change in cell viability in Jurkat cells 
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exposed to RF for 24 h. Combined exposures to RF and FeSO4 did not increase ROS formation 

induced by the chemical treatment.  

2.1.3 In vivo cancer  

2.1.3.1 Genotoxic effects 

In a follow-up of the Perform-A study (Tillmann et al., 2006), genotoxicity was assessed in the 

peripheral blood erythrocytes of surviving mice (males and females, mean number of 39 animals 

/ group) exposed for 2 years (2 h/d, 5 d/w) to GSM-900 or -1800 at whole-body SARs of 0.4, 1.3, 

and 4 W/kg (Ziemann et al., 2009). Micronuclei were counted in polychromatic erythrocytes 

(PCE) and normochromatic erythrocytes (NCE) to evaluate the index of damage induced by RF 

exposure within 72 hours (acute) and 30 days (chronic) of sampling, respectively. Moreover, the 

analysis was performed blind in 2000 cells of each type and in two laboratories. In contrast to 

male and female mice treated with mytomycin C, which showed significant increased MN in 

PCE and/or NCE (females/males), no excess in MN in PCE and NCE was detected in mice 

exposed to RF. In line with the lack of carcinogenic effects of RF found in the Perform-A study, 

this state-of-the-art study showed a lack of clastogenic and aneugenic effects of long-term, 

whole-body RF exposure up to 4 W/kg.  

2.1.3.2 Non genotoxic effects 

The Drosophila model system was used by a South-Korean group (Lee et al., 2008) to assess 

the effects of exposure at 835 MHz on flies. At 1.6 W/kg, more than 90% of the flies were viable 

after the 30-h exposure. At 4.0 W/kg the viability started to drop after 12 h of exposure, which 

triggered a stress response and increased the production of ROS. There was also an activation 

of extracellular signal regulated kinase (ERK) and signalling of c-Jun N-terminal kinase (JNK), 

but not of p38 kinase. In addition, at 4.0 W/kg, the number of apoptotic cells increased in the fly 

brains. The findings thus depended on the SAR level. However, the dosimetry of the exposure 

system could not be evaluated on the basis of the description. 

2.1.4 Conclusion on RF & cancer 

The available in-vitro data suggest, depending on the cell type and exposure duration, that some 

effects of amplitude–modulated RF signals on DNA damage or DNA repair are reversible in 

time. Effects reported on mitotic spindles, suggest that low level RF exposure could be 

aneugenic. However, in view of the data obtained using integrative models (neoplasic 

transformation assay, in vivo study), these arguments seem weak and the related health 

consequences of such in-vitro effects remain questionable. 

A review has been recently published based on the ICNIRP blue book that took into account 

papers published in 1994-2008 (Juutilainen et al., 2010) on RF investigations on animals.  The 

conclusion of the review is that the results from the available literature are « rather consistent 

and indicate no carcinogenic effects at exposure levels up to 4W/kg, which is clearly higher than 

the worst-case local maximum values (up to 1.5 W/kg) associated with use of mobile phones». 

The conclusion of the present report goes along the same lines. 
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2.2 Nervous system effects  

2.2.1 Discussion on the nervous system in the SCENIHR report  

With the exception of a few findings in otherwise negative studies, there is no evidence that 

acute or long-term RF exposure at SAR levels relevant for mobile telephony can influence 

cognitive functions in humans or animals […] There is no evidence that acute exposures to RF 

fields at the levels relevant for mobile telephony have effects on hearing or vision. Furthermore, 

there is no evidence that this kind of exposure has direct neurotoxicological effects. Most studies 

show lack of effects on supporting structures like the blood-brain-barrier. The positive finding is 

lacking dose- response relationships and needs independent replication in studies with 

improved methodology. The findings of activated glial cells at relatively high SAR-values could 

indicate gliosis and thus subsequent neurodegeneration after exposure, although exposures at 

lower levels did not reveal any such effects. 

2.2.2  Animal studies 

2.2.2.1 Blood-brain barrier (BBB) 

A Japanese group has reviewed its studies on the microcirculatory parameters assessed through 

a cranial window (Hirota et al., 2009). Vascular diameter, plasma velocity, leukocyte behavior and 

BBB function were evaluated. After acute (10 min, brain-averaged SAR of 0.6, 2.4, and 4.8 W/kg) 

and chronic exposure (60 min, 5 days/week, 4 weeks, 2.4 W/kg) with a monopole antenna at 1439 

MHz, no changes were observed, irrespective of the exposure conditions. 

The Salford group had shown that GSM-900 exposure alters the permeability of the blood–brain 

barrier (BBB), resulting in albumin extravasation 14 days after 2 h of exposure and increase of 

dark neurons 28 days but not 14 days after exposure. These effects did not show a dose-

response relationship.  

In a recent study, the same group (Nittby et al., 2009) examined the effects of the same 

exposure conditions (SARs of 0, 0.12, 1.2, 12, and 120 mW/kg) in rats sacrificed 7 days after 

exposure. Albumin extravasation was greatest in animals exposed at 12 mW/kg and no effects 

on the incidence dark neurons were described.  

In 2009, three groups published the results of studies which attempted to corroborate some of 

the work of Salford and colleagues using the same rat strain, but avoiding some of the technical 

weaknesses in the original studies such as the use of rats of widely different ages, sexes and 

trying to improve fixation and staining methods. 

In the USA, McQuade et al (2009) used a similar transverse electromagnetic transmission line 

(TEM) exposure cell and similar exposure parameters to those used by Salford and colleagues. 

Extravasation of albumin in rat brain tissue was examined at the end of exposure. Brains from 

exposed or sham-exposed rats for 30 min to CW 915 MHz or 915 MHz pulse-modulated at 16 or 

270 Hz at whole-body SARs ranging between 1.8 mW/kg and 20 W/kg showed little or no 

extracellular extravasation of albumin in contrast to the effects seen in the positive control groups.   

In Japan, Masuda et al. (2009) examined the effects of a single 2-h exposure or sham exposure 

to GSM-915 MHz radiation also in a similar TEM cell at whole-body SARs between 20 mW/kg 

and 2.0 W/kg. The effects on the extravasation of albumin and on the appearance of dark 
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neurons were evaluated histologically 14 or 50 days after exposure. The authors reported that 

they were unable to find any evidence of increased albumin extravasation or dark neurons in the 

brain tissue of exposed animals. Clear increases of both parameters were seen in the positive 

control groups 

In France, Poulletier de Gannes et al. (2009) also used improved staining techniques, in order to 

identify albumin extravasation and the presence of dark neurons in rat brains 14 or 50 days after 

the head-only exposure or sham exposure of rats for 2 h to a GSM-900 signal at brain averaged 

SARs of 140 mW/kg and 2.0 W/kg. In addition, a more specific marker for neuronal 

degeneration was used and the presence of apoptotic neurons was looked. The authors 

reported that they were unable to find any evidence of increased albumin extravasation, 

neuronal degeneration, dark neurons or apoptosis in 12 different regions of rat brain tissues of 

exposed animals, although clear increases in both were seen in the positive control group.  

Thus, the observations of Salford and colleagues have not been successfully confirmed by 

these three groups, which indicates that the original observations are loosing credibility.  

 

2.2.2.2 Stress response 

The Australian group of Finnie (Finnie et al., 2009) examined the effects of GSM-900 signals 

throughout gestation on HSP expression in foetal mouse brains. Pregnant mice were exposed 

or sham-exposed (10 per group) to GSM-900 signals at a whole-body SAR of 4 W/kg for 1 h per 

day every day from day 1 to day 19 of gestation. Following exposure, pregnant animals were 

sacrificed and one foetal brain was selected from each litter for heat shock response. HSP25, 

HSP32 and HSP70 expressions were assessed in three coronal brain sections. There was no 

evidence of induction of HSP32 or HSP70 in the mouse brains, and HSP25 expression was 

limited to two brainstem regions in both exposed and sham-exposed animals.  

The same group studied the effects of a whole body exposure to GSM-900 (4 W/kg) on 

microglial cell activation (Finnie et al., 2010). After acute and long-term (2 years) exposures, no 

differences were observed between sham and exposed-groups. The positive controls obtained 

after a focal stab wound validated the method. 

The effects of 900 MHz exposures were investigated in Turkey on rat brain apoptosis and 

oxidative stress (Dasdag et al., 2009). After 10 months of exposure (2 h/day, 7 days/week), 

brains were immuno-histochemically stained for apoptosis markers (active caspase-3 and p53). 

Catalase, total antioxidative capacity (TAC), total oxidant status (TOS), and oxidative stress 

index were measured. The apoptosis score was significantly lower in the exposed group 

compared with the sham and the cage control groups, but p53 was not significantly affected by 

exposure. The TAC and catalase were increased in the exposed group while TOS and oxidative 

stress index were not statistically different between exposed and sham groups.  

The de Seze group in France  (Ammari et al., 2008) assessed the effect of exposure to GSM-

900 signals on rat brain metabolic activity by measuring cytochrome oxidase levels. The brains 

of the rats were exposed or sham- exposed at a SAR of 1.5 W/kg for 15 min per day or at 6 

W/kg for 45 min / day for 7 days. Animals were sacrificed 7 days after the end of exposure. 

Compared to the sham-exposed group, significant decreases were found in cytochrome oxidase 



D3 - Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo (animals)studies 10/31 

activity of animals exposed at 6 W/kg in areas close to the RF loop antenna (the prefrontal and 

frontal cortex) and in deeper structures (the posterior cortex, the hippocampus and septum) but 

not in those exposed at 1.5 W/kg, raising the possibility that the effects were thermal in nature.   

2.2.2.3 Gene expression  

In a collaborative project between Italy and Australia, Paparini et al. (2008) carried out 

microarray analyses of 22,600 genes in the whole brain tissue of a total of 30 mice (15 per 

group) exposed or sham-exposed to GSM-1800 MHz signals at a brain SAR of ~ 0.2 W/kg for 1 

hour. In contrast to the study by Nittby et al (2008a) described below, gene expression in the 

brain tissue of exposed mice was not significantly different from that of the sham-exposed. 

Applying a weakly stringent constraint revealed that 75 genes modulated their expression 

between 0.67 to 2.8 fold, including several gene ontology functions such as transcription 

regulation and transporter activity. However, real-time RT-PCR analysis did not confirm the 

expression changes observed. 

In Sweden, Nittby et al (2008a) carried out microarray analyses of 31,099 genes from 

hippocampal and cortical tissue of the brains of a total of 8 rats (4 per group) following exposure or 

sham-exposure to GSM-1800 signals at an average whole-body SAR of 13 mW/kg (brain SAR of 

30 mW/kg) for 6 h. The authors reported significantly altered expression in some categories of 

gene in both cortex and hippocampus of the exposed rats compared to those from sham-exposed 

controls using gene ontology analysis to examine the expression of various functional categories 

of genes. Four of the 10 most significantly altered categories were associated with membrane 

receptor function. The authors reported that these results might have a relation to their previous 

observation of albumin transport through brain capillaries. However, the number of animals per 

group and the exposure SAR levels were very low. 

A recent review by McNamee and Chahan (2009) on gene and protein expression in vivo and 

in-vitro under RF exposure, came to the conclusion that “Numerous studies have investigated 

the potential ability of RF radiation to modify gene transcription and protein levels in a variety of 

cellular and animal models. A selected few of these investigations have reported RF-radiation-

induced effects, but under conditions where the possibility of thermal confounding cannot be 

excluded. Other studies report RF-radiation-induced alterations in gene/protein expression 

under non-thermal RF-radiation exposure conditions, but typically in unique (unreplicated) 

conditions/ models or under experimental conditions with methodological shortcomings. 

Furthermore, there are no clear trends in the list of responsive genes/proteins across studies of 

various experimental designs, thereby diminishing the biological plausibility that responses 

observed in individual studies are genuine. When taken collectively, the weight of evidence does 

not support the notion of specific, non-thermal responses to RF radiation at the gene or protein 

level. Nevertheless, a few well-conducted studies have observed sufficient evidence of possible 

RF-radiation-induced gene/protein interaction to warrant further investigation.” 

 

 

 

 



D3 - Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo (animals)studies 11/31 

2.2.2.4 Neurodegenerative diseases and neuronal loss 

The paper by Arendash et al. (2010) is the first describing cognitive benefits after RF exposure 

(918 MHz; ca. 0.25 W/kg) in both normal and transgenic mice developing Alzheimer’s disease 

(AD). The cognitive interference task used in that study was designed to mimic the 

corresponding human task. The improvement in cognitive functions in transgenic mice was 

linked to reduced brain amyloid- (A) deposition through A anti-aggregation actions as 

demonstrated in-vitro. Several hypothesis on the possible mechanisms of RF action were 

proposed by the authors including increased A clearance from the brains of AD mice, 

increased neuronal activity, and increased cerebral blood flow and glucose utilization. 

Nevertheless, the authors noted an increase in both body and brain temperature during 

exposure that could be a key feature of the mechanism. If confirmed, RF exposure may 

represent a new therapeutic approach against AD. However, the poor description of the 

dosimetry warrants a replication study. 

In South Korea, the influence of RF exposure (CDMA 835 MHz) on calcium homeostasis was 

followed by immuno-histochemistry through changes in the expression of calcium binding 

proteins (CaBP) such as calbindin D28-k (CB) and calretinin (CR) in the hippocampus of mice 

(Maskey et al., 2010). Various exposure durations and SARs were tested: 1 h/day for 5 days at 

1.6 or 4 W/kg, 5 h/day for 1 day at 1.6 or 4 W/kg, and daily exposure for 1 month at 1.6 W/kg. 

The main effect was observed after a one-month exposure yielding a complete loss of pyramidal 

cells in the CA1 area stained by CR. Image analysis of CaBP and CR labelling also revealed 

significant differences in all of the brain hippocampal areas studied and for the majority of 

exposure conditions. The exposure system was designed for free-running animals but the 

experimental and numerical dosimetry was not well described and thermal effects cannot be 

ruled out. 

 

2.2.2.5 Neurogenesis 

The possible effects of whole-body pulsed 2.45 GHz exposures (2.8 mW/cm2) was studied in 

the Slovak Republic on rat postnatal neurogenesis using the BrdU proliferating cell marker 

(Orendácová et al., 2009). Two animal ages were taken into account: newborn (P7) and old (24 

months) rats. Two exposure durations were compared: 2 days (4 h/day) and 3 days (8 h/day), 

considered by the authors as short and long term exposures, respectively! The recovery period 

was acute (24 h) or chronic (1-4 weeks). The most significant changes were only observed in 

the newborn rats after either short or long exposures, in terms of altered proliferation of cells in 

the rostral migratory stream. The RF source was an ill-defined microwave oven and no SAR 

determination was done. 

 

2.2.2.6 Behaviour 

In South Africa, Daniels et al. (2009) exposed rat pups to a 840 MHz signal from post-natal day 

2 to 14 for 3 h per day and behaviour tests were performed at P58 using the Morris water maze 

to assess spatial memory and the ability to learn a specific task, and the Open Field test to 

assess anxiety-like behaviour and mood disturbances. At P62, the presence of dark neurons 
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and corticosterone levels were evaluated. No significant differences were observed in the spatial 

memory test and dark neurons in the hippocampus. However, in exposed males, increased 

grooming and decreased locomotor activity were noticed, with no significant effect on basal 

corticosterone levels. The decrease in locomotor activity together with the increase in grooming 

suggested that RF exposure might lead to behavioural abnormalities, at least in males. These 

results should be taken with caution as the dosimetry was not carried out and the reported 

incident power in the far field was only 60 µW/m2! 

 

2.2.3 In-vitro studies 

A Japanese group has examined the consequences of a 2-h exposure at 1950 MHz (0.2, 0.8, 

and 2.0 W/kg) on microglial cells, which constitute the immune system of the brain (Hirose et al., 

2010). Classical markers of microglial activation were assayed in primary microglial cell cultures, 

24 and 72 h after exposure, such as histocompatibility complex class II. No statistically 

significant differences were observed between sham and exposed groups. The production of 

Tumour Necrosis Factor-, interleukin-1, and interleukin-6 were also measured and did not 

reveal any effect. These findings suggest that exposure to 1950 MHz did not activate microglial 

cells in-vitro. 

In a collaborative work of research groups in Bologna, Italy, the viability, proliferation, and 

vulnerability of two models of neuronal cells (SN56 cholinergic cell line and rat primary cortical 

neurons), were assessed after exposure to GSM-900 and in the presence of neurotoxic 

molecules, (glutamate, 25-35AA beta-amyloid, and hydrogen peroxide) (Del Vecchio et al., 

2009). Exposure to RF did not change viability/proliferation of the SN56 cholinergic cells or 

viability of cortical neurons. The neurotoxic effect of hydrogen peroxide was increased by RF 

exposure in SN56 but not in primary cortical neurons. These results suggest that combined 

exposure to RF and some neurotoxic agents might alter oxidative stress in cells.  

The purpose the Chinese study by Xu et al. (2010) was to determine whether RF exposure 

caused oxidative damage to mitochondrial DNA mtDNA, known to be susceptible to oxidative 

stress. Primary cultures of cortical neurons were exposed for 24 hours to GSM-1800 signals 

(2 W/kg, ITIS’ sXc-1800 system, Switzerland). Exposure induced a significant increase in the 

levels of a common biomarker of DNA oxidative damage: 8-hydroxyguanine in the mitochondria 

of neurons. The number of copies of mtDNA and the levels of RNA transcripts were also 

affected after RF exposure. All these damages diminished in the presence of melatonin, a well-

known antioxidant.  

 

2.2.4 Conclusion on RF & the nervous system  

The most surprising finding is the beneficial effect of RFR on cognitive function in Alzheimer 

disease mice.  

The very recent animal studies relevant to mobile telephony show a lack of effect on the BBB, 

microglial cell activation, and stress response.  

There is some evidence that RF exposure influences gene expression, behaviour, and the 

number of neurons but these studies were done with small number of animals or absence of 
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dosimetry. Some in-vitro studies seem to show an effect of mobile telephony signal on oxidative 

stress that must be confirmed.  
 

2.3 RF Development and reproduction  

2.3.1 Discussion on development and reproduction in the SCENIHR report  

The recent studies that addressed RF field effects on prenatal development in animals and the 

association of maternal mobile phone use with behavioural effects in children have not provided 

new information that would change the conclusions of the previous opinion that there are no 

adverse effects at nonthermal exposure levels. Studies on male fertility are inadequate due to 

low statistical power and/or methodological problems. 

 

2.3.2 Development, teratology 

In Japan, Ogawa et al. (2009) examined the effect of head-only exposure to a 1950 MHz W-

CDMA RF signal on embryogenesis in rats. The authors exposed or sham-exposed 60 pregnant 

rats for 90 min/day from day 7 to 17 of gestation at average brain SARs of 0.67 or 2 W/kg 

(whole-body SARs of 0.4 W/kg). The pregnant rats were sacrificed on gestational day 20. All 

organs of dams were macroscopically observed and foetuses examined for a number of 

conventional teratological parameters. There were no statistically significant differences in any 

parameters either for health or pregnancy of the dams or for embryo or foetal development.  

The consequences of exposure to RF emitted by a “real” mobile telephone were tested on the 

retina of developing chicken embryos (Zareen et al., 2009) in Pakistan. At different ages of 

development, the retinal thickness and epithelial pigmentation grades were measured. Statistical 

differences between sham and exposed embryos were noticed, depending on the duration of 

exposure. According to the authors, EMF modified the normal developmental processes of 

retina in chick embryos. However, the use of a phone as RF source precludes any validation of 

the dosimetry making the results of this study very difficult to interpret. 

A Turkish group (Tomruk et al., 2010) has evaluated the possible biological effects of whole-

body 1800 MHz exposure of rabbits (15 min/day for a week) on liver lipid peroxidation and 

oxidative DNA damage. Nonpregnant and pregnant rabbits and their newborns in both control 

and exposed conditions were followed. No significant differences were found in DNA damage 

using the 8-OHdG marker.2 Lipid peroxidation using malondialdehyde (MDA) and ferrous oxidation 

in xylenol orange (FOX) levels were increased in the exposed non-pregnant group. In newborns, 

no significant differences were found in 8-OHdG and MDA levels while liver FOX levels were 

found significantly decreased in exposed newborns. The authors did not discuss the absence of 

effect in pregnant rabbits and the decrease in FOX level observed both in exposed pregnant 

rabbits and their newborns. The dosimetry of the exposure system (horn antenna in the near field) 

was not done and no SAR was given, making the data difficult to interpret. 

Lee et al. (2009a) in South Korea exposed pregnant mice (whole-body at 2.0 W/kg) to a CDMA 

signal or simultaneously to CDMA and WCDMA signals throughout the entire gestation period 

                                                        
2 8-hydroxy-2-deoxyguanosine 
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(days 1-17). Mice received two 45-min RF-field exposures, separated by a 15-min interval. On 

the 18th day of gestation, foetuses were examined for teratological evaluation. Simultaneous 

experimental exposure to CDMA and WCDMA signals did not cause any observable adverse 

effects on mouse foetuses. 

 

2.3.3 Reproduction 

2.3.3.1 In vivo 

Pregnant rats were exposed by a Turkish research group to a “real” mobile phone in a standby 

position for 11 h 45 min and turned on to speech position for 15 min during the whole 21-day 

pregnancy (Gul et al., 2009).  The battery was charged continuously. The number and the 

weight of pups were followed after delivery. The ovaries of the female pups were removed 21 

days after delivery and the volumes and number of follicles were measured and counted 

respectively. The statistical analysis revealed that the number of pups and follicles were 

decreased in the exposed group, but the use of a phone as an RF source precludes any 

validation of the dosimetry making the results of this study very difficult to interpret. 

Rabbit testicular function and structure were compared among 800 MHz mobile-phone exposed 

animals (8 h daily for 12 weeks) placed in a specially designed cage, sham-group (stress control 

rabbit placed in the same kind of cages) and cage control group (Salama et al., 2008). The 

mobile phone was on the stand-by mode. A weekly analysis of sperm concentration revealed a 

significant drop after 8 weeks of exposure and in sperm motility at 10 weeks. Histological 

testicular sections showed also a significant decrease in the diameter of seminiferous tubules in 

the exposed group while testosterone concentration measurement did not show any differences. 

However, there was no dosimetry and moreover it s well known that a mobile telephone in the 

stand-by emits very rarely and therefore the total exposure of the animals was extremely small. 

To find an explanation for the impact of RF exposure on sperm motility previously described, the 

same group studied the levels of both fructose and citrate known as important components in 

semen that facilitate sperm motility (Salama et al., 2009a). The exposure system and the tested 

groups were the same as used previously but the frequency was 900 MHz. The number of 

motile sperms and the fructose levels were significantly decreased after 10th week of exposure. 

The sham-exposed animals showed a similar tendency looking at the motility. No significant 

changes were observed for the other studied parameters (citrate level and histologic sections of 

prostatic complex, ampulla, and vesicular gland).  

Rabbit male sexual behaviour was analyzed after exposure under the same conditions 

described above (Salama et al., 2009b). The copulatory behaviour (duration, frequency and type 

of mounts) was significantly modified in the exposed group. These modifications were not linked 

to hormonal disruption (testosterone, dopamine and cortisol).  

The interpretation of these three papers is hindered by the lack of dosimetry and the likely 

absence of RF exposure! 

Male mice were exposed to RFR coming from GSM base stations placed around an office block 

complex or around a residential quarter in Lagos, Nigeria (Otitoloju et al., 2010). Both exposure 

conditions caused an increase in sperm head abnormalities compared to the control group 
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located away from GSM base stations. The observed sperm head abnormalities were also found 

to be dose dependent. However the quality of the exposure assessment and living conditions of 

the mice seem to be so poor that the results must be taken with extreme caution. 

 

2.3.3.2 In-vitro 

In Australia, human spermatozoa from 22 donors were exposed in a home-made cylindrical 

waveguide to a GSM-1800 signals (de Iuliis et al., 2009). Different SARs from 0.4 to 27.5 W/kg 

were tested. Both spermatozoa motility and vitality were reduced in a dose-dependent manner 

above 1 W/kg. The authors also observed an increase in reactive oxygen species (ROS) 

generation after 1 W/kg and above which seemed to be of mitochondrial origin and not related to 

thermal effect. The ROS production seemed to be related with the observed increase in 

oxidative DNA damage and fragmentation. The dosimetry was done using crude methods and 

the validation of this exposure system is uncertain in terms of SAR determination and heating of 

the sample at high SAR.  
 

2.3.4 Conclusion on Development and reproduction  

 

Most of the studies described above have shown effects of RF on teratology and reproduction. 

Nevertheless, in all these papers, the exposure systems are not appropriate and dosimetry data 

are absent or not correct. 

The conclusions of the SCENIHR report are thus still valid. 

 

2.4 RF Miscellaneous  

2.4.1 In vivo studies 

2.4.1.1 Auditory 

The cochlear functions of female infant and adult rabbits was investigated in Turkey by 

measuring the Distortion Product Otoacoustic Emission (DPOAE) response amplitudes under 

exposure to GSM-1800 signals, 15 min daily for 7 days (Budak et al., 2009a). DPOAE 

alterations were found under GSM exposure, more in adult than infant rabbits. According to the 

authors, prolonged exposure and hyperthermia, increasing the temperature in the ear canal, 

may have decreased the DPOAE amplitudes. However no dosimetry was performed for the 

near-field exposure system (horn antenna), which makes the data very difficult to interpret.  

Within the framework of the European EMF nEAR Project, an Italian research group (Galloni et 

al., 2009) investigated the effects of UMTS exposure on the functionality of cochlear outer hair 

cells (OHCs) in rats, locally exposed on the right ear or sham-exposed at 1946 MHz, 10 W/kg, 2 

h/d, 5 d/w, for 4 weeks. DPOAEs were performed before, during and 1 week after exposure. 

There were no statistically significant differences among the groups. These findings are very 

much in line with the consensus of an absence of effects of RF exposure on the auditory system 

of animals. 
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2.4.1.2 Immunology 

An Italian research group (Prisco et al., 2008) examined the effects of exposure to a GSM-900 

signal on the ability of bone marrow cells to differentiate, colonize lymphatic organs, and rescue 

lethally X-irradiated mice from death. X-irradiated mice were injected with medium containing 

bone marrow cells from either RF-exposed (2 W/kg, 2 h/day, 5 days/ week, 4 weeks) or sham-

exposed donor mice. All mice that received bone marrow cells survived. Three and 6 weeks 

after bone marrow cell transplantation, no differences in thymus cellularity or in the frequency of 

differentiating cell sub-populations (identified by CD4/CD8 expression) were observed among 

the three transplanted groups. Mitogen-induced thymocyte proliferation yielded comparable 

levels in all transplanted groups. There were no effects of exposure on spleen cell number, 

percentages of B and T cells, proliferation, and IFN- production in transplanted mice.  

 

2.4.2  In-vitro studies 

2.4.2.1 Immunology  

In Croatia, Pavicic and Trosic (2008) studied the influence of CW 935 MHz exposure on the 

structure and growth of V79 cells. A Gigahertz Transversal Electromagnetic Mode cell (GTEM-

cell) was used to expose the cell cultures and the SAR was estimated at 0.12 W/kg. Cell 

samples were exposed for 1, 2, and 3 h. Cell growth was determined during 5 days. Microtubule 

structure was altered after 3 h of exposure and cell growth was decreased three days after 

exposure. The authors concluded that the 935 MHz exposure altered microtubule proteins, 

which consequently may have affected cell growth. 

A similar study was performed by the same group (Trosic and Pavicic, 2009), who monitored the 

proliferation, cytoskeleton structure, and mitotic index of V79 cells after 1, 2, and 3 h of exposure 

(935 MHz, calculated SAR of 0.12 W/kg). The proliferation of exposed cells declined for those 

exposed for 3 hours, 72 h after irradiation. Microtubule structure was altered after 3 hours of 

exposure. The mitotic index was not affected. The authors suggested that exposure may have 

slowed down cell division kinetics as a consequence of microtubule impairment caused by 

exposure. 

In both investigations by this Croatian group the GTEM exposure system was not well adapted 

to this type of studies and there was no accurate dosimetry. 
 

2.5 Conclusion on RF effects 

 

In the last 15 years most of the research on RF and health has been devoted to the search for 

nonthermal biological effects of exposure. This search has been unsuccessful so far in spite of 

the report of many uncorrelated findings. The collection of recent papers does not change the 

overall picture and, on the contrary, it appears that the quality of the work in particular in terms 

of exposure systems and dosimetry has not been satisfactory, despite the availability of such 

devices and methods. Results from the high-quality studies are mostly negative. A few major 

studies are ongoing that will not be completed before the coming health risk assessments. This 
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is true in particular for the bioassay investigation under progress in Chicago (McCormick et al., 

DMccormick@iitri.org). 

Overall, in agreement with the conclusions of recent international reports, one can conclude that 

there are no well-established positive effects of low-level RF exposure (SAR < 2 W/kg). The 

open questions that can be addressed in animal and cell investigations are mainly related to the 

possible greater sensitivity of children. 

 

2.6 Strength of evidence for selected biological effects from exposure to RF fields.  
 

Outcome Strength of evidence 
Cancer studies  

- Genotoxic effects  
 In vitro Limited evidence 
 In vivo Lack of effect 
  
- Non genotoxic effects  
 In vitro Inadequate evidence 
 In vivo Inadequate evidence 

Nervous system  
- BBB Lack of effect 
- Stress response Limited evidence 
- Gene expression Inadequate evidence 
- Neurodegenerative disease Inadequate evidence 
- Neurogenesis Inadequate evidence 
- Behaviour Inadequate evidence 
- In vitro Limited evidence 

Development and reproduction  
- Development, teratology Inadequate evidence 
- Reproduction Inadequate evidence 
- In vitro Inadequate evidence 

Miscellaneous  
- Auditory Lack of effect 
- Immunology  
 In vivo Inadequate evidence 
 In vitro Inadequate evidence 
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3 EXTREMELY LOW FREQUENCY (ELF) FIELDS 
 

3.1 Discussion on ELF effects in the 2009 SCENIHR report  

The previous opinion stated that ELF magnetic fields are a possible carcinogen. This conclusion 

was chiefly based on childhood leukaemia results. 

It was also concluded that a consistent relationship between ELF fields and self-reported 

symptoms has not been demonstrated. 

Regarding breast cancer and cardiovascular disease, an association was considered unlikely. 

For neurodegenerative diseases and brain tumours, the link to ELF fields remained uncertain. 

The new information available is not sufficient to change the conclusions of the 2007 opinion. 

The few new epidemiological and animal studies that have addressed ELF exposure and cancer 

do not change the previous assessment that ELF magnetic fields are a possible carcinogen and 

might contribute to an increase in childhood leukaemia. At present, in-vitro studies did not 

provide a mechanistic explanation of this epidemiological finding. 

No new studies support a causal relationship between ELF fields and self-reported symptoms. 

New epidemiological studies indicate a possible increase in Alzheimer's disease arising 

from exposure to ELF. Further epidemiological and laboratory investigations of this 

observation are needed. 

Recent animal studies provided an indication for effects on the nervous system at flux densities 

from 0.10-1.0 mT. However, there are still inconsistencies in the data, and no definite 

conclusions can be drawn concerning human health effects. 

Very few recent in-vitro studies have investigated effects from ELF fields on diseases other than 

cancer and those available have very little relevance. There is a need for hypothesis-based in-

vitro studies to examine specific diseases. 

It is notable that in vivo and in-vitro studies show effects at exposure levels (from 0.10 mT and 

above) to ELF fields that are considerably higher than the levels encountered in the 

epidemiological studies (µT-levels) which showed an association between exposure and diseases 

such as childhood leukaemia and Alzheimer's disease. This warrants further investigation. 

 

3.2 Cancer studies 

3.2.1 Discussion on cancer in the 2009 SCENIHR report  

The previous assessments are unchanged. The fact that the epidemiology findings of childhood 

leukaemia have little support from known mechanisms or experimental studies is intriguing and 

it is of high priority to reconcile these data. A recent study on rats has provided additional 

evidence of co-carcinogenic effects from exposure to ELF magnetic fields at 100 µT. However, 

the findings still need independent confirmation. 

Although many earlier in-vitro studies did not show any effects, some studies indicated that ELF 

magnetic fields alone and in combination with carcinogens induce both genotoxic and other 

biological effects in-vitro at flux densities of 100 µT and higher. Recent studies support this 

effect. Direct field-inducing damage to DNA is unlikely; therefore alternative mechanisms must 
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be hypothesised. As already pointed out in the last opinion there is still a need for independent 

replication of certain studies suggesting genotoxic effects and for better understanding of 

combined effects of ELF magnetic fields with other agents and their effects on free radical 

homeostasis. 

3.2.2 In vivo studies 

In a Japanese study, cancer was initiated in new-born CD-1 mice with a single subcutaneous 

injection of 60 µg 7,12-dimethylbenz(a)anthracene (DMBA) within 24 h after birth (Negishi et al. 

2008). At 4 weeks of age, groups of 50 males and 50 females mice either served as cage 

controls or were exposed to 0 (sham-exposed), 7, 70, or 350 µT circularly-polarized 50 Hz 

magnetic fields for 22 h/d, 7 d/w for 30 weeks in Merritt-type coils having two orthogonal sets of 

four square coils. Animals were observed daily and the development of malignant 

lymphoma/lymphatic leukaemia was examined histopathologically. The experiment was 

conducted twice for testing reproducibility. All examinations and histopathological evaluations 

were conducted blind.  

The data showed that the incidence of malignant lymphoma/ lymphatic leukaemia and the 

cumulative proportions of mice with malignant lymphoma/lymphatic leukaemia in the MF-

exposed groups were not significantly higher than those in the sham-exposed group of each sex 

in individual experiments and in males and females combined in each experiment, and in all the 

animals (experiments combined). Immunohistochemical analysis revealed that the lineage of the 

origin of all malignant lymphoma/lymphatic leukaemia was T-cell. Therefore, while showing no 

promotional effect of the magnetic fields, this state-of-the-art study used a model of adult 

leukaemia. Such study using an animal model of childhood leukaemia would be highly valuable. 

The French study of Bernard et al. (2008) was the first using a chemically-induced rat model of 

acute pro-B lymphoblastic leukaemia. The possible co-initiating or co-promoting effects of 

sinusoidal 50 Hz MF (100 μT, with or without harmonics) were assessed on the development of 

leukaemia. Body weight, survival time, percentage of bone marrow blast cells, cumulative 

incidence of leukaemia and type of leukaemia were found to be similar between exposed and 

unexposed groups. By contrast, γ-irradiation induced significant changes in the leukaemia type.  

3.2.3 In-vitro studies 

A few previous studies had suggested that 50/60 Hz magnetic fields reduced the antiproliferative 

effect of melatonin on MCF-7 human breast cancer cells (Liburdy et al., 1993). In the German 

study by Girgert et al. (2009), the effect of a 48-h exposure to a 1.2 µT, 50 Hz MF was studied in 

oestradiol- and/or melatonin-stimulated MCF-7 cells and MCF-7 mel1a cells (i.e. MCF-7 cells 

transfected with the MT1 melatonin receptor gene). The authors showed that MF inhibited the 

melatonin-induced decrease in oestradiol-stimulated MCF-7 mel1a cell proliferation. Based on a 

single blot picture, the authors claimed that estradiol-increased binding of CREB to the promoter 

of BRCA-1 was diminished by treatment with melatonin, and that exposure to MF almost 

completely abolished binding of CREB. Expression of BRCA-1, p53, p21WAF, and c-myc 

(oestrogen-responsive genes) was increased by estradiol in both cell lines, except for p53 

expression in MCF-7 mel1a cells, but the amplitude was always less than a factor 2. Melatonin 

mostly diminished the effect of estradiol, except for c-myc. In estradiol-treated cells, magnetic 
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fields had either no effect (c-myc in both cell lines, BRCA1 and p53 in MCF-7 Mel1a cells) or an 

effect similar to melatonin. The only exception was the combination of estradiol/melatonin and 

magnetic fields, which exhibited a significant 2.4 increase in c-myc expression in MCF-7 mel1a 

cells. Based on this study, the picture of the effects of 50 Hz MF is still unclear as the effects 

described here mostly mimic those of melatonin with some exceptions (proliferation and c-myc 

expression). 

3.2.4 Conclusion on cancer and ELF 

Of importance is the bioassay using a model of childhood leukaemia (proB lymphoblastic 

leukaemia), that showed no influence of 50 Hz MF. A new bioassay using polarised magnetic 

fields (as present in the environment) instead of linear fields also showed no influence on 

chemically-induced lymphoma/ lymphatic leukaemia.  

New data on the influence of low-level 50 Hz electromagnetic fields on melatonin effects provide 

no clear evidence of melatonin being a target of MF.  

The need is still of more bioassays using childhood leukaemia models. 
 

3.3 Other health effects  

3.3.1 In vivo studies 

3.3.1.1 Auditory 

A Turkish group had studied the effects of RF exposure on the auditory system of rabbits (see 

above). In the present study the same group (Budak et al., 2009b) assessed the effects of 50 Hz 

electric fields (5.1 and 10.2 kV/m, 3 h/day for 14 days). Electric field exposure altered hearing 

functions and high-field exposure caused an increase in cochlear activity.  

3.3.1.2 Behaviour  

The long-term consequences of 50 Hz magnetic field exposure on the development of chronic 

stress and stress-induced psychopathology in rats were investigated in Hungary by Szemerszky 

et al. (2010). Adult male Sprague-Dawley rats were exposed to 50 Hz, 0.5 mT fields for 5 days, 

8 h daily or for 4-6 weeks, 24 h daily. Anxiety was assessed in elevated plus maze test, and 

depression-like behaviour of the long-exposure group in the forced swim test. After behavioural 

tests, organ weights, blood hormone levels as well as proopiomelanocortin mRNA level from the 

anterior lobe of the pituitary gland were measured. Both exposure protocols were ineffective on 

somatic parameters. An enhanced blood glucose level was found after prolonged exposure. The 

hormonal stress reaction was similar in control and short-term exposed rats, but significant 

proopiomelanocortin elevation and depressive-like behaviour were found following long-term 

ELF exposure. The authors concluded that long and continuous exposure to 0.5 mT magnetic 

fields may be a mild stress situation and could contribute to depressive state or metabolic 

disturbances.  

In a Turkish study (Gulturk et al., 2010), the effects of long-term magnetic field exposure (5 mT, 

165 min/d, 30 days) or insulin, and their combination on blood-brain barrier (BBB) permeability 

in a diabetic rat model (diabetes mellitus, induced with streptozotocin) were investigated. Both 
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diabetes mellitus and ELF exposure increased BBB permeability and even more in combination. 

Insulin decreased their effect on the BBB.  

3.3.1.3 Memory  

Memory impairment in newly hatched chicks was investigated in China (Sun et al., 2010) 

following in-ovo exposure on embryonic days 12-18 to a 50 Hz magnetic field at 2 mT (60 

min/day). The effect of stress during training, and memory retention were tested at 10, 30, and 

120 min, following exposure to a bitter-tasting bead. While sham chicks had good memory 

retention levels at 30 and 120 min, those exposed to MF did not. This suggests a potential 

disruption of memory formation caused by in-ovo exposure. This effect only occurred in the 

more stressed isolated chicks. 

3.3.1.4 Haematology 

In still another study from Turkey, Cakir et al. (2009) investigated the effects of ELF exposure 

(0.97 mT, 50 and 100 days, 3 h/day) on whole-blood haematological parameters in rats. 

Eosinophil, hemoglobin and MPV levels decreased significantly in rats exposed for 50 days. 

There were no alterations in total leukocyte, neutrophil, lymphocyte, monocyte, eosinophil and 

basophil counts, or in erythrocytes, between exposed and sham groups. Exposure had no effect 

on body weight. The authors concluded that exposure induced only slight but statistically 

significant alterations in some haematological parameters, but within the physiological range. 

 

3.3.2 In-vitro studies 

3.3.2.1 Calcium ion 

A study was conducted by Piacentini et al. (2008) in Italy to determine whether ELF magnetic 

fields influenced the neuronal differentiation of neural stem/progenitor cells (NSCs) of mice by 

modulating the Cav1-channel function. In cultures exposed to 1 mT 50 Hz fields, the proportion 

of cells with immunoreactivity for neuronal markers and for Cav1.2 and Cav1.3 channels was 

increased. There was also a significant increase in spontaneous firing, percentage of cells 

exhibiting Ca2+ transients in response to KCl stimulation, amplitude of these transients and Ca2+ 

currents generated by the activation of Cav1 channels. According to the authors, these data 

suggest that field exposure promotes neuronal differentiation of NSCs by upregulating Cav1-

channel expression and function. 

3.3.2.2 Reactive Oxygen Species (ROS) 

In Rostock, Germany, the Mattsson group investigated the effects of exposure to 50 Hz, 1 mT 

magnetic fields on the production of ROS in macrophages of mice (Frahm et al., 2010). The 

ROS level was increased by exposure and there was a modulation of the expression level of 

important proteins acting in redox regulatory processes: there was slight and transient 

decreases after short-term exposures (2 h or less) of clathrin, adaptin, PI3-kinase, protein 

kinase B (PKB) and PP2A, whereas longer exposures had no effect. The levels of the NAD(P)H 

oxidase subunit gp91phox oscillated between increased and normal levels. The stress proteins 

Hsp70 and Hsp110 exhibited increased levels at certain time points. The effects of MF on 
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protein levels were different from the effects exerted by TPA or LPS, although all factors caused 

increases in ROS release. As suggested by these authors, ELF magnetic fields initially and 

immediately influenced redox-mediated pathways by modulating NAD(P)H oxidase as shown in 

the altered gp91phox level. The effect is not on the transcriptional level, but either on 

recruitment of pre-existing mRNA or on stability of the enzyme. 

Henrykowska et al., (2009) in Poland assessed the influence of the shape of an ELF magnetic 

field on catalase and superoxide dismutase activity, malondialdehyde concentration and free 

radicals generation in human blood platelets. The suspension of platelets was exposed for 15 

min to 50 Hz magnetic fields of different shapes, at 10 mT. Free radicals, malondialdehyde and 

catalase levels were increased following exposure, regardless of the shape of the magnetic field 

applied, but superoxide dismutase activity was lowered.  

An Italian study was carried out to investigate the influence of ELF magnetic fields on protein 

oxidation and on the 20S proteasome functionality, the complex responsible for the degradation 

of oxidized proteins (Eleuteri, 2009). Caco 2 cells were exposed, for 24-72 hours, to 1 mT 50 Hz 

magnetic fields. The treatment induced a time-dependent increase in both cell growth and 

protein oxidation, while there was no change in cell viability. EGCG, a natural antioxidant 

compound, counteracted the field-related pro-oxidant effects. According to the authors, this 

suggests that the increased proteasome activity was due to an enhancement in free radicals. 

3.3.2.3 Genotoxicity  

Exposure to 50 Hz 1 mT for 24 h had been reported to induce DNA damage in human fibroblast 

cells using the Comet assay (Ivancsits et al. 2002). These findings have been criticised because of a 

lack of reproducibility, technical and statistical concerns, and the absence of a plausible mechanism. 

However, in a confirmation study by Focke et al. (2010), intermittent (but not continuous) 

exposure of human primary fibroblasts to 1-mT magnetic fields (15 h) was shown to induce a 

slight but significant increase in DNA fragmentation, and it is suggested that the magnetic rather 

than the electric field plays a role. According to the authors, the effect depended on cell 

proliferation, with a concomitant reduction of actively replicating cells and an increase in 

apoptotic cells, but no contribution of oxidative DNA base damage. However, these latter 

demonstrations appeared weak, mostly based on duplicated experiments. Globally, the 

statistical analysis is not adequate for these small samples. Indeed, for the comet assay, the 

sample unit is the culture (or the animal in in-vivo experiments), not the cell. The authors 

suggest that the processes involved in DNA replication rather than DNA itself may be affected 

by MF exposure. 
 

3.3.3 Conclusion on ELF effects 

 

Many new findings have been published in the last years. They are mostly uncorrelated and 

performed under high-level exposure, i.e., in the mT range. Moreover, most of them are not 

addressing the main issue, which is the association between exposure and childhood 

leukaemia. In the context of decreasing funding, this situation is not likely to change in the 

coming years. 
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3.4 Strength of evidence for selected biological effects from exposure to ELF 
magnetic fields.  
 
 

Outcome Strength of evidence 
Cancer studies  

- In vivo Lack of effect 
- In vitro Inadequate evidence 

Other health effects  
In vivo  

- Behaviour Limited evidence 
- Memory Limited evidence 
- Haematology Inadequate evidence 

In vitro  
- Calcium ion Limited evidence 
- ROS Limited evidence 
- Genotoxicity Limited evidence 

 
 

4 INTERMEDIATE FREQUENCIES 
 

4.1 Discussion on IF effects in the 2009 SCENIHR report 

The previous opinion expressed its concern that very little useful epidemiologic data on 

intermediate fields and health risks are available. Furthermore, it was noted that in vivo and in-

vitro data are very sparse. Well-established acute effects occur and these are explained by 

extrapolation from ELF and RF field mechanisms. Thus it was concluded that there was no 

basis for an appropriate assessment of long term effects. 

Occupational exposure to IF fields in certain areas is considerably higher than exposure to the 

general public. However, very little research on IF and health risks in occupational settings or for the 

general public have been presented since the previous opinion, and no epidemiological studies have 

appeared. Consequently, the data are still too limited for an appropriate risk assessment. 

In view of the increasing occupational exposure to IF among workers in e.g. security, shops, and 

certain industries it is important that research in this area is given priority. 

 

4.2 Development  

A previous study of the Lee group in Korea had shown no effect of a 20 kHz exposure at 

6.26 µT on foetal development of pregnant mice. The same authors (Lee et al., 2009) performed 

a complementary teratological evaluation by increasing the peak intensity to 30 µT, which is the 

occupational exposure limit at 20 kHz in Korea. The animals were killed on the 18th day of 

gestation and foetuses were examined for mortality, growth retardation, changes in head size 

and other morphological abnormalities. Exposure to IF fields did not cause any observable 

adverse effects on mouse foetuses.  

White fertile eggs were either exposed in a blind fashion to a 20 kHz, 1.1 mT sinusoidal magnetic 
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field or sham-exposed during the first 2, 7, or 11 days of embryogenesis (Nishimura et al., 2009). 

Data from the present study indicate that exposure did not induce any significant embryotoxicity. 

No dose–response relationship was also found, in a range from 0.01 to 1.1 mT, in the 2-day 

embryos. Additional eggs treated with all-trans-retinoic acid, a known teratogen, before sham or IF 

exposures, did not show any potentiation of the embryotoxic action of retinoic acid. 

 

4.3 Genotoxicity 

In Japan, the mutagenicity, co-mutagenicity, and gene conversion after 48 h of IF magnetic field 

exposure (2, 20 and 60 kHz) was investigated using bacterial mutation and yeast genotoxicity 

tests (Nakasono et al., 2008). Cells were exposed in a Helmholtz type exposure system that 

generated vertical and sinusoidal IF magnetic field: 0.91 mT at 2 kHz, 1.1 mT at 20 kHz and 

0.11 mT at 60 kHz. Mutagenicity was tested in four strains of Salmonella typhimurium (TA98, 

TA100, TA1535, TA1537), and two strains of Escherichia coli (WP2 uvrA and WP2 

uvrA/pKM101), co-mutagenicity was assayed in TA98, TA100, WP2 uvrA and WP2 

uvrA/pKM101 with five chemical mutagens, and gene conversion assays, as well as DNA repair 

assay, were performed in Saccharomyces cerevisiae XD83. No statistically significant effects 

were observed between exposed and control groups in any of the genotoxicity tests. Moreover, 

the IF magnetic field tested did not induce gene conversion nor affect the repair process of DNA 

damage induced by UV irradiation.  

In another Japanese cellular study (Sakurai et al., 2009), the effects of 23 kHz IF fields 

(6.05 mT, 2 h) were evaluated in CHO-K1 cells on cellular genotoxicity as determined by cell 

growth, comet assay, micronucleus formation and hypoxanthine-guanine 

phosphoribosyltransferase (HPRT) gene mutation, and on stress responses measured through 

the expression and activation of heat shock protein (Hsp) 27, 70, 105 and phosphorylated 

Hsp27. Irrespective of the parameter studied, no effect of the IF exposure could be detected. 

 

4.4 Conclusion on IF effects 

Very few new findings have been published on effects of IF exposure. Most of them originated 

from South Korea and they were negative. 

In the context of the continuous development of the related technologies, further research is 

warranted but the current conclusion based on few investigations is that no health hazards are 

foreseen. 
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4.5 Strength of evidence for selected biological effects from exposure to IF fields 
 

Outcome Strength of evidence 
 

Development Lack of effect 
Genotoxicity Lack of effect 

 
 

5 MECHANISMS 

5.1 Radiofrequency 

The search for mechanisms of RF bioeffects other than heating has continued without success. 

The main difficulty is that there are no well-established bioeffects for which mechanisms must be 

elucidated! A recent review by Sheppard et al., (2008) evaluated the various hypotheses 

(cooperativity, signal averaging, coherent detection, or by nonlinear dynamical systems, radical 

pair mechanism, role of magnetite). None of them have been validated experimentally. 

The only new publications were related to the attempt of the groups of Balzano in the USA and 

Exell in the UK to detect demodulation by living cells (Balzano et al., 2008): a doubly resonant 

cylindrical microwave cavity to allow a search for nonlinear RF energy conversion in biological 

cells. Cells with a diode-like nonlinearity could demodulate a modulated RF carrier wave and 

generate low frequency signals in an exposed biological sample. The cavity operates in the 

TE(111) mode at 890 MHz and in the TE(113) mode at 1780 MHz. In none of the tested 

biological samples exposed at 890 MHz has a signal at double the frequency been observed. 

The demodulation process thus does not seem to occur at this frequency range and is likely to 

be confined below around 10 MHz. 

The consensus of the heating mechanism as the only mechanism occurring in the GHz range is 

still valid. 

5.2 ELF 

The search for mechanisms of ELF bioeffects is also active and there a few observations of 

bioeffects that are under replication. There are still the two open possibilities for the magnetic 

field itself or for the time-varying magnetic-field induced currents to elicit bioeffects.  

One of the mechanisms that is still being actively investigated is the one behind animal 

navigation. Many species, including birds, mammals, reptiles, amphibians, fish, crustaceans and 

insects, are known to orient and navigate in the geomagnetic field. The biophysical mechanisms 

that underlie the avian magnetic compass are poorly understood. One mechanism, based on 

magnetically sensitive free radical reactions, is gaining support. Maeda et al. (2009) have used 

spectroscopic observation of a carotenoid-porphyrin-fullerene model system to demonstrate that 

the lifetime of a photochemically formed radical pair is changed by application of 50 µT magnetic 

fields, and to measure the anisotropic chemical response that is essential for its operation as a 

chemical compass sensor. These experiments established the feasibility of chemical 

magnetoreception and gave insight into the features required for detection of the direction of the 

geomagnetic field. 
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6 REPORTS 
 

Scientific reports written by groups of experts have recently been published. They have been 

taken into account in this report in terms of health risk assessment. 

 

 The ICNIRP3 has just published a “blue book”4 on the biological effects and health 

consequences of exposure to RF fields in the range 100 kHz-300 GHz (ICNIRP, 2009). Its 

conclusions, based on publications collected up to the beginning of 2009, are in line with 

those of the present report. 

 

 The annual report of the SSM5 was published at the beginning of 2010 and spans over 2008 

and 2009. This issue was devoted to RF bioeffects and the summary on animal and cell work 

was the following: “A large number of cell studies are done on both genotoxic and non-

genotoxic outcomes, such as apoptosis and gene expression. There are no new positive 

findings from cellular studies that have been well established in terms of experimental quality 

and replication. Potential heating of the samples is still seen as a major source of artefacts. 

Moreover, these few positive results are not related to each other and/or are not relevant for 

health risk assessment. 

There are animal studies on brain structure and brain function as well as on genotoxicity and 

cancer. Also reproductive effects are looked at. However, animal studies have not identified 

any clear effects on any of a number of different biological endpoints following exposure to 

RF radiation typical of mobile phone use, generally at levels too low to induce significant 

heating.” 

 

 The French Agency for Environmental and Occupational Health Safety (Afsset)6 is a public 

body reporting to the French Ministers for ecology, for health and for employment. 

It recently published a major report on RF and health: More than 1,000 studies were reviewed 

by AFSSET, focussing on mobile phones, Wi-Fi emitters, microwave ovens, cordless home 

phones and other devices that use frequencies of between 9 kilohertz (kHz) and 300 

gigahertz (GHz). Most of the studies did not show any negative impacts. Some research, 

however, did point to possible health problems, including cell damage, reduced male fertility 

and a lower blood flow to the brain. All of these studies had been performed at levels far 

above ambient and close to the thermal threshold. 

 

 

 

 

 

 

                                                        
3 International Commission on Non Ionizing Radiation Protection 
4 www.icnirp.de/documents/RFReview.pdf  
5 Swedish Radiation Safety Authority www.stralsakerhetsmyndigheten.se  
6 www.afsset.fr  
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7 CONCLUSION 
 

For the three frequency ranges examined, the conclusions of the 2009 SCENIHR report are still 

valid in spite of the publication of several positive findings.  

Many of the new publications originate from laboratories and countries that are new to 

bioelectromagnetics research. This translates sometimes into unsatisfactory dosimetry or 

statistical analysis. Health risk assessment to be performed in the coming years (e.g., WHO 

EMF project) will need to be carried out with strict quality criteria.  
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1 Introduction 

 

The main task of this WP is to estimate the distribution of amount and pattern of exposure of 

the public to radiofrequency (RF) electromagnetic fields (EMF) in the European Union. This 

will be achieved by data modeling, using as input the available information on exposure 

provided by measurement campaigns, monitoring systems and audit of emissions available 

in several Member States. The main conclusions of WP6 provide essential information for 

the risk identification and analysis as well as for the dose response evaluation of the human 

exposure to EMF. Further aim of the present work is to attempt creating exposure categories 

and classification within the population. In the evaluation of human exposure to EMF several 

possible classifications and clusters of exposure have been recognised such as: indoor vs. 

outdoor, long term vs. acute, exposure by sources far from human body (far-field exposure) 

vs. sources close to human body (near-field exposure). The classification by the perception 

of the exposure such as voluntary vs. involuntary exposure is also regarded, however this 

categorization does not have scientific basis or real exposure assessment.  

Considering the relative diffusion of the various devices generating EMF at different 

frequencies, the available data are mainly at extremely low frequency, mostly generated by 

power lines and, especially, radiofrequency, mostly generated by broadcasting and radio 

base stations for telecommunications. Some more difficulties are expected for data on 

assessment of emissions at intermediate frequencies and wireless communication systems 

such as RFID, WiFi, WLAN, WiMax. However, the scientific and political interest on the 

emissions from these devices is increasing day after day and more data can be expected to 

be available in the next years. 

In present document the human exposure to EMF fields is evaluated by high frequency and 

low frequency range. In each frequency ranges the public exposure was investigated by the 

sources far from the human body and the sources close to the human body. The European 

activities of the EMF exposure assessment, the general trends of EMF exposure in the 

environment and the expected exposure from the new technologies will also be discussed. 

 

2 EMF exposure assessment in European countries 
 
During the last decade intensive European activities have been recognized on the EMF 

exposure assessment in several countries of member states (e.g. France, Germany, Greece, 

Hungary, Italy, Slovenia, UK, Ireland) and also outside EU member states (in particular 

Switzerland). Most of exposure assessment studies were performed in the high frequency 

(RF) range mainly related to the mobile (wireless) technology. Several types of EMF 

exposure assessments were elaborated such as: radiation/exposure surveys and 
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campaigns, personal exposimetry surveys, area radiation monitoring, exposure modeling and 

retrospective exposure assessment. Most of exposure models were related to 

epidemiological studies. These activities among different European countries are 

summarized in the Table 1 and Fig.1. by type and frequency range of the public exposure 

assessment.  

 

Table 1. EMF public exposure assessments in the European countries 

 

Country 

Method of exposure assessment 

Survey by in-
situ 

measurements 

Long term RF 
radiation 

monitoring system 

Personal 
exposimetry 

Modeling of 
exposure  

Austria RF - RF, ELF RF, ELF 

Belgium RF - RF,  RF 

Bulgaria RF, ELF    

Croatia RF - -  

Denmark RF - - RF 

France RF, ELF RF RF, ELF RF 

Germany RF, ELF RF RF, ELF RF, ELF 

Greece RF, ELF RF - RF 

Hungary RF - RF, ELF - 

Ireland RF - - - 

Italy RF, ELF RF RF, ELF RF, ELF 

Netherlands RF - RF RF 

Portugal RF RF - RF 

Slovenia RF, ELF - RF RF 

Spain RF - - - 

Sweden RF, ELF - - RF, ELF 

Switzerland RF - RF RF, ELF 

UK RF RF RF RF, ELF 
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Fig.1. EMF public exposure assessments in the European countries. The size  

of circles represents the level of activity on the corresponding exposure  
methods as: i) long term RF radiation monitoring systems, ii) survey by in-situ  

measurements, iii) personal exposimetry and iv) exposure modeling to RF and/or  
ELF range. 

 
 

3 Radiofrequency (RF) exposure assessment 
 

The following review on the European exposure assessments is based on the classification 

of the sources such as: body-far fixed sources (sources far from the human body) and body-

close portable sources (sources close to the body). The evaluation of public exposure to RF 

including both kinds of sources were considered based on scientific publications, national 

databases of exposure survey campaings, databases of national monitoring projects and 

exposure assessment performed within epidemiological studies in several European 

countries.  
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3.1 Exposure assessment of sources far from the body: body-far fixed sources 
 
The most of data on public exposure to RF radiation are available from the following types of 

exposure assessments:  

 permanent (continuous) RF radiation monitoring systems 

 on-site measurement campaigns 

 personal exposimetry studies  

 assessments by modeling the exposure from different sources supporting the 

epidemiological studies.  

All exposure assessment studies intend to evaluate the public exposure to RF instead of the 

compliance test of RF devices such as radiation pattern of an antenna configuration or other 

RF transmitters.  

 

3.1.1 Permanent RF radiation monitoring systems in EU countries 

 
During the last decade several continuous RF radiation monitoring system have been 

introduced in the European countries. These survey programs are based on innovative 

monitoring systems for the continuous monitoring of radiation at radio frequencies, emitted to 

the environment by various sources, such as radio and television station transmitting 

antennas, mobile telephony antennas, radars, etc. The monitoring systems are used to 

monitor the levels of electromagnetic fields continuously, usually by using broadband 

equipment and/or frequency selective radiation probes. These monitoring programs aim to 

provide valid and up to date information to citizens about the results of these measurements. 

Such RF monitoring systems have been developed and installed in Italy, Greece, Germany, 

Portugal, Malta, Slovenia and UK (Table 2).  

Monitoring networks have been established as tools in attempting to deal with public 

concerns about the potential health effects of non-ionizing electromagnetic radiation, 

however, there effectiveness has not been independently evaluated. The networks use to be 

consisting of the remote measurement stations (broadband or frequency selective) and one 

or more control unit(s). Each station communicates with the control unit via a public wireless. 

The control unit controls the remote units, stores the measurement data, and hosts the web 

site. The public can access the results through an Internet gateway. One part from these 

monitoring systems have on-site monitor device that works continuously (even until today), 

while others based on monitors moving from site to site providing exposure data during a 

certain period (Gotsis, 2008). For example in Italy within the monitoring campaign over 

almost 8000 monitored places (including schools, public buildings, private rooms) by more 

than 4 million total observed hours were performed during the last decade (Troisi, 2008).  
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Table 2. Permanent RF radiation monitoring systems in Europe 
 

Country 
Name of the 

project 
Number 
of sites 

Year of 
starting 

Number of 
measurement days 

Homepage 

Greece HERMES 106 2002 continuous http://www.hermes-
program.gr/en/main.html  

Greece Pedion24 160 2006 continuous http://www.pedion24.gr/en/index_en.jsp  
Greece FASMA 30 2008 continuous http://www.fasmaprogram.gr/fasmaprogr

am_08_en.asp  
Germany EMF-

Datebank 
14 2007 continuous http://emf2.bundesnetzagentur.de/  

Italy ARPA/Fond
azione 
Bordoni 

7792 2002 from 24 h to 2 
weeks (replacing 
site) 

http://www.monitoraggio.fub.it/,  

Malta Gardjola 10  continuous http://gardjola.eng.um.edu.mt/emr/index
.php  

Portugal monIT 144  ~3 months/site 
(replacing site) 

http://www.lx.it.pt/monit/index_en.htm  

Slovenia Forum EMS ~55  ~1 month/site 
(replacing site) 

http://www.forum-
ems.si/merilna_kampanja_rezultati.html  

Spain Tech.Univ. 
of Valencia 

15  continuous http://www.smp.upv.es/  

Switzerland REMS-
Network 

25  ~2250 http://www.e-
smogmessung.ch/i4Def.aspx?Tabindex=0
&TabId=50  

UK Cassiopea 110  ~1 week/site http://www.stroud.gov.uk/docs/cassiope
a/cassiopea.asp  

 
 

3.1.2 On-site RF measurement campaigns  

 

On-site exposure measurement campaigns were elaborated almost in all European countries 

since the middle of 90th. These on-site (also called spot) measurement campaigns were 

performed by systematic planning process and also by on request of the public or local 

authorities. Most of them were focused on the exposure to RF of mobile phone base stations. 

One of the first campaigns was processed in Germany by RegTP (Regulierungsbehörde für 

Telekommunikation und Pos, now: Federal Network Agency, BNetzAt) in the years of 90s. 

The RegTP/BNetzA performed two series of measurements to assess the exposure of RF 

fields (1996/7, 1999/2000). Since 2003 they performed 2000 measurements per year 

(RegTP, IZMF, LUBW, LFU, homepages). The first series of survey was performed by 

broadband measurements than followed by frequency selective recordings which is a more 

sensitive method and may provide more exact results including the identification of the 

sources. Since 2003 the data are presented in the internet. Users both have access to 

transmitter locations, site certificates and measurements (EMF-Datebank, homepage). 

Similar measurement campaigns (audit, ad-hoc measurements and other studies) were 

elaborated during the last decade in several EU countries such as Austria (Garn, 1996, 

Neubauer, 2005, 2007), Switzerland (Altpeter, 1995, 2000), France (ANFR, homepage), 

Greece (GAEC, RCL AUTH, homepage), Italy (ARPA, homepage), Ireland (Ireland Report, 

2009), Hungary (Thuróczy, 2006, 2008), Malta (Malta Communications Authority, 

http://www.hermes-program.gr/en/main.html
http://www.hermes-program.gr/en/main.html
http://www.pedion24.gr/en/index_en.jsp
http://www.fasmaprogram.gr/fasmaprogram_08_en.asp
http://www.fasmaprogram.gr/fasmaprogram_08_en.asp
http://emf2.bundesnetzagentur.de/
http://www.monitoraggio.fub.it/
http://gardjola.eng.um.edu.mt/emr/index.php
http://gardjola.eng.um.edu.mt/emr/index.php
http://www.lx.it.pt/monit/index_en.htm
http://www.forum-ems.si/merilna_kampanja_rezultati.html
http://www.forum-ems.si/merilna_kampanja_rezultati.html
http://www.smp.upv.es/
http://www.e-smogmessung.ch/i4Def.aspx?Tabindex=0&TabId=50
http://www.e-smogmessung.ch/i4Def.aspx?Tabindex=0&TabId=50
http://www.e-smogmessung.ch/i4Def.aspx?Tabindex=0&TabId=50
http://www.stroud.gov.uk/docs/cassiopea/cassiopea.asp
http://www.stroud.gov.uk/docs/cassiopea/cassiopea.asp
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homepage), Portugal, (MonIT project, homepage), Slovenia (Trecek, 2007), Spain 

(Paniagua, 2009), Sweden (Uddmar, 1999) and UK (NRPB, 2004, OFCOM, homepage). The 

first attempt for international measurement campaign was processed within the COST244bis 

project where six EU countries (Austria, Belgium, France, Germany, Hungary and Sweden) 

tried to harmonize their protocol in order to measure the RF exposure from mobile telephone 

base stations (Bergqvist, 2001). The first general review of the European exposure 

assessment activities was issued by the EIS-EMF Project (European Information System on 

Electromagnetic Fields Exposure and Health Impacts) conducted by JRC (Joint Research 

Centre) on behalf of DG SANCO (EIS-EMF, 2005).  

Regarding some samples of data by countries, for example in Germany within the second 

campaign in 1997 the locations nearby the base stations, and sensitive places (i.e. hospitals 

or schools) were investigated. The maximum and minimum measured RF power densities 

were 0,04 W/m² and 0,0000016 W/m², respectively. The mean value was 0,0052 W/m² and 

0,0046 W/m² when not considering the extreme values (Bornkessel, 2004, 2005). In Malta 

on-site measurements of 55 randomly selected sites were performed during 2002. This 

survey was extended through 2003 and 2004 where about 50 new sites were audited each 

year (Malta Communication Authority, homepage). In Spain on-site measurements were 

performed in 3,818 locations at a maximum distance of 100 meters from a base station and 

included sites like 2,152 schools or similar buildings, 667 hospitals and 999 green zones 

parks and residential areas since 2002 (MITYC, homepage). The power densities obtained 

by these measurements were between a minimum value of 0,000081 W/m² and a maximum 

of 0,0118 W/m², which is quite small compared to the limits (4,5 W/m²). In a Spanish case 

study the medium power density in outdoor urban area showed 0,000082 W/m2. The 

frequency bands that most contributed to these levels were the three of mobile telephony 

with a 34,8%, those of FM and TV contributed to a lesser extent with 6,5% and 0,9%, 

respectively (Paniagua, 2009). In Italy innovative communication actions were combined with 

measurement campaign. The action was introduced in 2003 where a mobile EMF laboratory 

called “BluBus” and later “BluShuttle” cars were moving across the country equipped with a 

wideband portable RF field meter and an autonomous control centre. In each point a short 

monitoring campaign (lasting no more than half an hour) was performed (Troisi, 2008). To 

the end of 2009 the cars had over 50 000 km with more than 70 stops. According to the 

summary of these measurements more than 88% of recorded electric field strength were 

below 1 V/m, 8,1% between 1-3 V/m, 2,6% between 3-6 V/m and less than 0,3% above 6 

V/m (BluShuttle, homepage). Within a large measurement campaign in France more than 20 

thousands of site measurements were elaborated by ANFR (Agence Nationale des 

Fréquences) since 2001. All results of measurements are available for the public on the 

ANFR website (ANFR, homepage). More than 60% of measured total field were below 1 
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V/m, less than 0,1% above 20 V/m and around 2,8% between 6 V/m and 20 V/m. Currently a 

new project has been started in France called SAMPER running by ANR (l‟Agence Nationale 

de la Recherche) where the aim is to deal with complex exposure situations such as a dense 

urban environment since it is impossible to simulate the exposure because of the lack of 

information about sources present and the exact properties of the various obstacles between 

the transmitter and given point in space (SAMPER, homepage).  

Recently a large exposure assessment campaign was performed in Austria where the RF 

levels in the vicinity of mobile stations of the GSM and UMTS were measured by single 

measurement overall in 106 communities in 255 different measurement points. The 

measurement results were also published on-line recently (FMK, 2010). The most recent 

campaign was elaborated in three countries, Belgium, Netherlands and Sweden between 

2009 September and 2010 April where at 311 locations (243 outdoor, 68 indoor) short term 

measurements (30 minutes per location) and at 14 sites long-term recording at least 4 

successive days (2 weekdays and 2 weekend days) in 6 categories (rural, residential, urban, 

suburban, office, industrial) were performed (Joseph, 2010a). The main focus of this study 

was to measure the environmental exposure due to signals from GSM, UMTS, HSPA, LTE 

(Long Term Evolution, 4G), WiMAX and if present FM, DAB and DVB. The maximal total field 

was 3,9 V/m in residential environment mainly due to the GSM900 signal. The exposure was 

the lowest in the rural environment with median value of 0,09 V/m, while the urban, office, 

industrial, suburban and residential environment the median exposures were about 0,4-0,8 

V/m. The exposure ratio (ER: the ratio between the maximal measured electric field value for 

the considered signal and the corresponding ICNIRP reference level) was from 0,5% 

(WiMAX) to 9,3% (GSM900). Regarding the emerging technology the ER were 2,3% of 

UMTS, 1,2% of LTE and 0,5% of WiMAX respectively. The contributions of power density by 

the considered technology were more than 60% from GSM900+1800, more than 5% from 

UMTS and less than 1% from LTE and WiMAX. The second highest contribution generated 

by DECT systems. The contribution was 15% in residential environment and 23,8% in 

suburban environments respectively. The contribution of FM, T-DAB, PMR, TV/DVB-T was 

less than 20% in all environments. Regarding the indoor versus outdoor exposure the 

GSM900+1800 is the highest contributor in both environments. The GSM900 has the highest 

contributions with 57,5% at outdoor and 42,4% at indoor environment. The DECT has higher 

contributions indoor with 28,9%. The contributions of broadcast systems have no much 

difference between outdoor and indoor exposures. FM signal and WiMAX have the lowest 

variations during time. The highest long term variations have the GSM and UMTS signals at 

weekdays. The variations are higher during daytime than during nighttime and lowest 

standard deviations are obtained in the rural environment (Joseph, 2010a). 
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Many countries upload their measurement results on the internet and/or publish the data in 

every year. Within these documents the contribution of different RF sources of the total 

exposure and/or the distribution of the measured field by exposure levels use to be 

evaluated. Some European countries have database on the location of radio stations which 

open for the public. In many cases the database of radio broadcast and communication 

stations are merged with the database of results of exposure measurement. For example in 

Portugal to verify the compliance, entities qualified to install and use radio-communications 

stations must present every year to the national radio-communications regulator a monitoring 

and measurement plan of the levels of electromagnetic fields arising from radio 

communication stations, requesting the approval afterwards. The results of these monitoring 

activities must be presented every three months to ANACOM (Autoridade Nacional de 

Comunicasoes) to the Ministry for Health, and to the municipal councils of the places where 

the radio-communications stations are installed (ANACOM, homepage). Similar databases 

are available in UK such as “sitefinder” and database of mobile phone base stations (UK 

Database, web), Spain (MITYC, homepage), France (ANFR antenna database, homepage), 

Germany (RegTP, homepage) and also in many EU countries. 

In summary the general results of European site measurements surveys showed that more 

than 60% of measured total EMF exposure were below 1 V/m (~0,003 W/m2), less than 1% 

above 6 V/m (0,095 W/m2) and only less than 0,1 % were above 20 V/m (1 W/m2) field 

strength (power density). The relevant recommended exposure limit for the public is in the 

range of 40-60 V/m (~ 4-10 W/m2). The absorbed power in the human body is related to the 

power density in free space. No exposure data above the public exposure limit were obtained 

from these surveys. Otherwise contribution of the RF exposure from wireless 

telecommunication technology is continuously increasing and now is above 60 % of the total 

exposure. Looking the geographical distributions no noticeable differences between the EU 

countries, however the exposure levels and contribution of different sources showed 

differences in rural an urban area. Nevertheless the contribution of RF exposure from mobile 

technology is higher in the urban area than in rural. Interestingly no differences was found in 

the countries where the 1999/519/EC European Recommendations on the exposure limits of 

general public has been implemented comparing where stricter limits and/or additional 

precautionary measures are introduced (EU Recommendation, 1999). Namely the level of 

public exposure is independent from the exposure limit in the considering country.  

 

3.1.3 Personal and micro-environmental RF exposimetry 

 

Recently the attempts of the assessment of individual RF exposure (personal exposimetry) 

have been appeared in the RF surveys. The reasons of this approach were providing more 
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exact data of personal exposure and reducing the uncertainty of the exposure assessment of 

the public. Moreover the personal exposimetry was also challenged by epidemiological 

studies where measurements of different RF-EMF sources at various places, long term 

measurements and measurements when the investigated person moving were requested. 

The on-site measurement studies have focused mainly on maximum exposure levels, as 

appropriate for assessing compliance with safety limits, but not on exposure patterns in the 

general population such as average personal exposure, time spent above a threshold or rate 

of change. These quantities would be more interesting for health risk assessment and also 

for epidemiological studies. The availability of RF-EMF exposure meters (exposimeters) for 

the last few years provides frequency selective exposure assessment means that personal 

RF-EMF exposure to multiple sources in the everyday environment can be more accurately 

assessed (Knafl, 2008, Mann, 2005, Neubauer, 2008, Röösli, 2010, Thomas, 2008). The 

applicability of the RF exposimetry in several studies have been demonstrated on different 

population samples in the European countries such as Austria, Belgium, France, Germany, 

Hungary, Netherlands, Slovenia, Switzerland and UK. During more than 3900 person-days 

more than 260 million measurement samples were recorded in the last five years by this 

technology in Europe (Table.3).  

 

Table 3. Personal and microenvironmental RF exposimetry studies in the European countries 
 

Country Recorded 
person-days 

Estimated number 
of samples 

Aim of the 
study 

Publication Comments 

Austria N.A. N.A. Evaluation of the 
device 

Neubauer, 2008, 
2010 

Feasibility  
studies 

Belgium 61 24 000 Exposure 
modeling 

Joseph, 2010b  

France 377 2 500 000 Exposure 
assessment 

Viel et al, 2008 2005-2006 
two region  

Germany 3000 2560 000 000 Exposure 
assessment, 
well being study 

Thomas, 2008, 
a,b 
Radon, 2007 

1500 children 
1500 adolescent 
 

Hungary 160 920 000 Exposure 
assessment 

Thuróczy, 2008; 
Juhász, 2010 

Adults, students, 
microenvironment 
in nursery schools  

The 
Netherlands 

103 >32 000 Exposure 
assessment 

Bolte, 2008 Microenvironment 
exposure 

Slovenia 51 66 000 Exposure 
assessment 

Trcek, 2007; 
Valic, 2009 

 

Switzerland 166 650 000 Prediction of 
exposure 

Frei,2009a,b Recording 1 week 
per person 

UK 10 50 000  Mann, 2005  

Total 3928 >260 000 000    

 
 

Nevertheless comparing exposure levels between countries using data from these first 

studies seems to be problematic due to the different types of measurement devices and/or 

different protocols and procedures of data analysis. Recently there is an attempt to 

harmonize these procedures for future studies (Röösli, 2010).  
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The general results of the personal exposure assessment show that the average RF level by 

personal exposures are lesser than the results from on-site measurements. According to the 

time analysis of the measurements, the individuals spent small fraction of the total measuring 

time above the detection limit of the exposimeter, that means less than 0,05 V/m (~0,007 

mW/m2) in average. Therefore robust regression on order statistics (ROS) method were have 

to be used calculating the arithmetic mean values including the none detect exposures 

(Röösli, 2008). According to the personal exposimetry data the averaged RF exposure is 

generally less than 0,2 V/m (~0,1 mW/m2). The personal exposure measurements also 

showed that the contribution of exposure from mobile technology is in over 60 % of total RF 

exposure of the person (Frei, 2009a,b). For example in France according to the results of a 

personal exposimetry campaign shows that in the frequency range in the downlink of GSM 

900 MHz, approximately 50 % of the measurement samples were below the detection limit 

(0,05 V/m). The same results in the GSM 1800 MHz and the 3G systems were 60% and 80% 

respectively (Viel, 2009). Also in France a trial of geostatistical estimation of electromagnetic 

exposure has been proposed providing an example of application of geostatistical methods 

combined with electric field recording with personal exposimeter to radio-electric exposure 

mapping (Isselmou, 2008). In a Swiss study (QUALIFEX project) the exposure on workdays 

was higher during daytime than night time (0,16 and 0,08 mW/m2, respectively). Exposure 

levels and contributions of different sources at workdays and weekends were virtually the 

same (Frei, 2009a,b, Frei, 2010). Exposure levels were in general lower in private houses or 

flats than in offices and outdoors. At home, contributions from various RF sources were quite 

different between countries. Highest total personal RF-EMF exposure was measured inside 

transport vehicles although well below international reference levels. This is mainly due to 

mobile phone handsets. Mobile telecommunication can be considered the main exposure 

contribution to total RF-EMF in all microenvironments. Since the comparison between 

countries regarding typical exposure levels is lacking it is very much on the agenda 

comparing the mean exposure levels and contribution of different sources in specific 

environments among different European countries. This trial has been performed within five 

EU countries (Belgium, Switzerland, Slovenia, Hungary and The Netherlands). In each of 

these countries large measurement campaigns were performed using the same type of 

personal exposimeter. In all countries, exposure in offices was higher than in urban homes. 

One explanation for this might be that only daytime exposure was considered for offices as 

most people are at their offices during daytime, whereas in urban homes night-time 

measurements were also considered. It was shown that daytime values are in general higher 

than night-time values. In outdoor urban environments, mobile phone base stations (all 

countries) and mobile phone handsets dominate the exposure. Finally, exposure in all 

investigated countries is of the same order of magnitude. In all these countries there is a 
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similar standard of living and the same RF-EMF sources and technologies (mobile phones, 

base stations, radio, TV/DAB) are present in similar amounts and densities (Joseph, 2010b). 

 

3.1.4 Modeling of retrospective and predictive exposure assessments 

 

Similar data were obtained from the exposure modeling and retrospective exposure 

assessments. These models generally support the epidemiological studies and provide long 

term retrospective exposure data and/or long term exposure predictions. However these data 

usually are valid for a selected population only (i.e. persons with certain diseases and their 

controls) these models may give valuable exposure assessment and can be considered (and 

extrapolated) to wide range of population. The most relevant data were obtained from the 

exposure modeling of population living around the radio and TV broadcast antennas. The 

exposure patterns of these fixed sources are more defined and the field strength generally 

depends on the distance from the antenna of the transmitter source (Fig.2).  

 

 
Fig.2. Scatter plot of total radio frequency electromagnetic fields in relation to distance of study  

subjects’ place of residence to the nearest main transmitter, Germany, 1984–2003.  
For example, 120 dB(µV/m) = 1 V/m. (from Merzenich, 2008) 

 
According to the validation by measurements in German childhood leukemia epidemiological 

study the distance from the antenna seems to be a good exposure proxy for a single 

transmitter only which uses the frequency bands of amplitude modulated radio, whereas it 

appeared to be of limited informative value in studies involving several transmitters, 

particularly if these are operating in different frequency bands (Merzenich, 2008, Schmiedel 

2009). In this study 8,000 subjects and 20 years retrospective study period was evaluated. 

Recently in many countries terrestrial digital video (DVB-T) and audio broadcast (DAB) are 

going to replace the existing analogue broadcast systems. In Germany a measurement 

campaign was performed at more than 300 identical points, in a „before‟ and „after‟ 
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switchover of this technology. The results of the measurement showed that the maximal 

exposure value for analogue TV in the „before‟ measurement was 0,9 mW/m2 and 6,5 mW/m2 

was „after‟ measurement for DVB-T respectively. A comparison of analogue FM radio and 

DAB showed that FM exposure was higher with more than a factor of 10 (Schubert, 2007). 

The field strengths inside the house are always lower depending on the frequency and the 

construction of each house. In the European houses the indoor power density values use to 

be approximately 10 times lower than outdoor. The range of the exposure of the population is 

very wide approximately 40 dB (covering the range of 10 000 in power density) with 0,17 V/m 

(0,08 mW/m2) at 50% cumulative percent of distribution. Similarly in Switzerland according to 

the exposure models validated by measurements, the calculated averaged field strength on 

the street was 0,45 V/m (measured 0,37 V/m), the indoor level was 0,12 V/m (measured 0,13 

V/m) respectively (Bürgi, 2009).  

In another German study the applicability of a model to estimate radiofrequency 

electromagnetic field strength from mobile phone base stations in households was evaluated 

with technical data of mobile phone base stations available from the German Net Agency. 

Dosimetric measurements were performed in an epidemiological study participating more 

than 1300 households. The results of this measurements show that indoor exposures in 61% 

of the households were below the sensitivity threshold of the dosimeters (0,05 V/m). The 

average measured value of field strength (power density) was 0,072 V/m (~0,014 mW/m2) 

the value calculated by the exposure model was 0,076 V/m (~0,015 mW/m2). In this study the 

upper 10th percentiles (above of both outcomes were defined as the „higher exposed‟ 

groups(Breckenkamp, 2008).  

By similar approach in Switzerland the objective of the study was to develop a prediction 

model which can be used to predict mean RF-EMF exposure from different sources for a 

large study population in epidemiological research. For the development of the exposure 

prediction model they used measurements over one week of 166 volunteers carrying a 

personal exposimeter (Frei, 2009a), combined with information from questionnaires as well 

as modeled RF-EMF from fixed site transmitters at the homes of the volunteers (Bürgi, 2008, 

2010). It should be noted that simulation studies showed that personal exposimeter 

measurements underestimate true exposure due to the impact of the body. For GSM 900 the 

average degree of underestimation by the exposimeter was 0,76, and for UMTS 0,87; for FM 

no underestimation was found, the ratio was 1. In the case of WLAN the degree of 

underestimation was more pronounced, the ratio was 0,64 (Neubauer, 2008, 2010). 

In France a city-wide experiments will be started in 2010 reducing the RF emitted power of 

base stations with decreasing the exposure to electromagnetic fields in the environment of 

17 cities, to see if this is technically and financially feasible. The mapping of exposure level 
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will be performed by frequency selective personal RF exposimeters in parallel computing the 

reduction of RF exposure by mathematical computer modeling (COMOP Project, 2009).  

 

3.1.5 Dosimetric considerations of far field exposure 

 

The absorption of RF radiation in the far-field exposure assessment of the human body 

(called dosimetry of RF exposure) taking place more importance during the last decade. 

Recent results show that for adults, compliance with reference levels ensures compliance 

with basic restrictions, but concerning children models the whole-body-averaged SAR 

(Specific Absorption Rate) goes over the fundamental safety limits up to 40% (Conil, 2008). 

The ICNIRP also notes that there has been considerable advance in dosimetric 

investigations. According to the ICNIRP statement released on this issue, for bodies shorter 

than 1,3 m in height (corresponding approximately to children aged 8 y or younger) at the 

recommended reference level the induced SARs could be up to 40% higher than the current 

basic restriction under worst-case conditions in the frequency range 1-4 GHz. The ICNIRP 

concludes that this is negligible compared with the large reduction factor of 50 (5,000%) for 

the general public (ICNIRP, 2009). It is well known that the smaller the size of the human 

body phantom relative to wavelength, the higher the whole-body SAR. According to a similar 

study in Belgium the whole-body averaged SAR for a realistic (multipath) exposure exceeds 

the worst-case single plane wave exposure in approximately 10% of the exposure samples 

(Vermeeren, 2008). On the contrary in very recent results under multipath exposure 

(regarding to the real exposure conditions) the whole body exposure decreasing around 30% 

compare to the plane wave radiation (Kientega, 2010, MULTIPASS, homepage).  

Another important dosimetric approach is the whole body SAR estimation in real exposure 

conditions. Statistical evaluation of the whole-body SAR in a human body phantom in a 

realistic exposure environment has been developed and the results shows that the whole-

body SAR in a complex environment complies with the ICNIRP basic restriction when the 

averaged field over the human body is equal to the ICNIRP reference level (Vermeeren, 

2008). In another research personal electromagnetic field measurements were converted 

into whole-body SAR for exposure of the general public assessed by personal RF 

exposimetry (Joseph, 2008, 2010c). The highest total whole body SAR was found at 1-year-

old child, with 11,5 µW/kg (at 0,48 V/m). All other values were many times below the basic 

restriction of 0,08 W/kg (80 000 µW/kg) for the general public according to the EU 

recommendations.  

By using realistic data on personal RF-EMF exposure and mobile phone use from a 

population based cohort study in Switzerland (QUALIFEX Project) the whole body averaged 

SAR (WBA-SAR) was compared from various near-field (i.e. mobile phone) and far-field 
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sources (i.e. base stations, broadcasts) of the everyday environment (Lauer, 2010). The 

induced WBA-SAR caused by far field sources sums up to 561 nW/kg. In comparison, an 

average mobile phone user causes a self-induced WBA-SAR of 2µW/kg, when using the 

GSM 900 service exclusively. Using GSM 1800 or UMTS causes an induced WBA SAR of 

1,26µW/kg and 12,6 nW/kg, respectively. The WBA-SAR of an average mobile phone user is 

dominated by the use of his or her own mobile phone when a GSM 900 or GSM 1800 phone 

is used. However, for a UMTS phone the far-field sources feature the dominant contribution 

to the WBA-SAR (Lauer, 2010). 

 

3.2 Exposure assessment of RF sources close to the body: body-close portable 

sources 

3.2.1 Mobile phones 

 

The exposure assessment of RF sources close to the human body needs dosimetric 

evaluation due to the complex RF electromagnetic field nearby the RF devices. The most 

important device producing the highest exposure to RF of the public are the mobile phones 

(also called cellular phone or handy-phone). Other portable RF wireless devices which also 

can be proximate to the body expose the body by many time less exposure than mobile. The 

penetration of mobile phone across Europe is beyond 100% in many countries and Europe 

leads in mobile penetration worldwide (Fig.3,4).  

 

 
Fig.3. Penetration of mobile phones per 100 inhabitants in the World (ITU, 2009). 
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Fig.4 Mobile phone penetration in Europe 2009 (from Wikipedia)  
Data are also available from International Telecommunication Union (ITU, 2009) 

 
The averaged local exposure in the head induced by the mobile phone is considerably higher 

than that of the far field sources such as base stations and broadcasts sources. For example, 

the spatial peak SAR value in the brain during usage of a mobile phone can reach 1 W/kg 

which is more than five orders of magnitude larger than the corresponding value in a person 

exposed to an incident field of 1 V/m (corresponds ~ 1 μW/kg), for whole body averaged 

SAR levels of about 10 μW/kg, approximately corresponding to >0,5 V/m incident plane wave 

exposure. Estimating the cumulative exposure, about 30 min of mobile phone use 

corresponds to 1 day exposure from far field source at an incident level of 1–2 V/m 

(Neubauer, 2007). However the EU limit of permissible SAR in the head is 2 W/kg, the real 

life exposure to RF fields from mobile devices is less than the results of compliance tests. 

According to a study in Switzerland, the compliance tests of more than 600 mobile phones 

frequently used in the European countries produced between 2000 and 2005 and (Fig.5) at 

maximum radiated RF power provided a Gaussian distribution with around 1 W/kg peak 

frequency of maximum SAR measured according to EN standard in liquid head phantom 

(Kühn, 2007). Similar studies were performed in Germany with 0,8 W/kg peak. The most 

important variation of the output RF power emitted by GSM phones is due to the network 

parameters and mainly due to the adaptive power control (PWC) and discontinuous 

transmission (DTX) technique. PWC technique allows a power reduction of the power 

emitted by the handset. Therefore, close to a base station with an unobstructed 

communication path between handset and base station antenna, the emitted power of a 

GSM handset can be very low, while far away or due to shielding by buildings, the power 

may be constantly on the highest level (Wiart, 2000). The efficiency of power control 

depends on the technical parameters and systems of operators that can be different by the 
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countries. The cumulative dose may also be affected by the radiation effectiveness of the 

phone, network coverage, environmental and user factors. In general the communication 

technology is a strong predictor of exposure from mobile phones. Different technologies can 

have a strong impact on the actual exposure, such as a factor over 100 between GSM and 

UMTS systems (Gosselini, 2010). Limited data are available about these differences within 

the EU countries so far.  

 

 
 

Fig.5. Statistical distribution of maximum 10g SAR measured for 668 mobile phones  
in Switzerland according to EN50361 from years: 2000 – 2005 (from Kühn, 2005, 2007). 

 
According to the exposure assessment of epidemiological studies and the information from 

the operators, the phones in GSM mode work 30-50% of time in maximum power, while in 

3G mode only 1 % of time. The largest exposure assessment study among the mobile phone 

users worldwide was performed within the INTERPHONE case-control epidemiological study 

(Berg, 2005, Cardis, 2007,). This population-based case–control study started in 2000 and is 

conducted according to a common core protocol in 13 different countries including eight 

European countries (Cardis, 2007, 2008, 2010). The exposure duration of mobile phone 

(duration of call) in the validation study of INTERPHONE shows that the average duration of 

call in Europe is approximately 500 min/month (~ 16 min/day). These data is different by 

countries, for example lower data were obtained in Germany and UK, higher data in Italy, 

Finland and Israel respectively. The number of calls and duration of calls can be a sufficient 

parameter to estimate the cumulative power emitted by the handset of a cellular telephone. 

Nevertheless some data shows that a high number of phone calls are operated at maximum 

power levels. For GSM900 maximum power is transmitted when establishing the connection 

with the base station and then PWC becomes active. Thus, with a longer duration of a call, 
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the cumulative power increases only slowly. For example averaging the data over a sliding 

window of 6 min width in France gives a mean value of 25% of the maximum emitted power 

for a GSM900 phone (Wiart, 2000). The same is not true of 3G/WCDMA or other new mobile 

technologies. (Andersen, 2010). According to the Swiss QUALIFEX study the average 

mobile phone call time of the participants was 25,6 minutes per week. The average output 

power was 133 mW of GSM 900 mobile phone, 62,2 mW of GSM 1800 and 650 µW of 

UMTS phone (Frei, 2009a,b). 

The field strength and distribution of SAR within the head are dependent on the phone 

design and the communication system. The influence of the hand was mainly present for the 

UMTS communication system, since in GSM the average output power in dominated by peak 

power excursion during handovers (Gosselin, 2010). It is important to emphasize that at 

distance 10 cm from the mobile phone the absorbed power in the head decreasing more 

than 10 times comparing assessed close to ear. At 40 cm in front of the head the maximum 

SAR over 10g is close to 1% of the SAR touching the phone to head (Gati, 2009).  

 

3.2.2 Short range wireless devices (DECT, WiFi, WLAN, Bluetooth) 

 

The normal operation for short range wireless devices and cellular phones fundamentally 

differ. Usually, exposure from DECT (cordless phone technology), Bluetooth and WLAN and 

WiFi devices is generally smaller than from cellular phones however present for a longer 

exposure period. The largest and comprehensive studies were reported by IT‟IS Foundation 

in Switzerland on the exposure and dosimetry of short range wireless devices, body worn 

devices and base station wireless data communication devices in home and office 

environments (Kühn, 2005, 2007). Another study conducted by the in Germany reports on 

the measurement of exposure by the WLAN infrastructure in classrooms of university and in 

Austria where reports on exposure measurements from a notebook with integrated WLAN 

modules. In four cities of Germany the power density in different spots close to public WLAN 

802.11b facilities was measured. The results showed a great spread of the power densities 

measured, ranging from some μW/m² to 23 mW/m². They concluded that the exposure of 

WLAN reduces rapidly with distance from the source and that at a distance of about one 

meter from the WLAN-Card the emission ranges from 15 to 20 mW/m² (Eddelbüttel, 2002). 

Similar studies were performed in Italy, UK and in Romania on the exposure assessment of 

WiFi technology indoor and the classroom of schools (Liberti, 2010, Miklaus, 2009, Peyman, 

2007). A study from in Croatia reports on far-field measurements of DECT signals at different 

distances (1,5 m; 4,5 m; 5,5 m) from the DECT base station and also with the base station 

behind a wall (Simunic, 2000).  
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Considering the power levels of these short range wireless devices for DECT telephone a 

peak power of 250mW and for WLAN (802.11b) a peak power of 100mW is permitted. 

However the average output power of DECT handsets can be less than 10mW (Kühn, 2005, 

2007). Additionally, in contrast to, for example, GSM cellular phones, DECT handsets are in 

general of larger size. Consequently, the position of the transmitting antenna can significantly 

vary in relation to the head. 

Exposures from DECT handsets are rather low, i.e., below 0,1 W/kg. The maximum 

exposure of WLAN and highest power of Bluetooth device (class 1) can lead to levels similar 

to those of mobile phones, i.e., in the range of 0,1 - 1W/kg, on the other hand under normal 

operational circumstances these devices are operated at lower output power (Fig.6). The 

Bluetooth mobile headset devices operate at higher frequency than GSM and 3G mobile 

phones, they produce very low level SAR less than 0,005 W/kg. The Bluetooth USB dongle 

devices can produce higher SAR touching the body, but the uses of these devices are in 

general not operated as close to the body. The maximum exposures within a radius of one 

two meters of these transmitters corresponds to typical exposures inside apartments close to 

mobile phone base stations. 

 

 
 

Fig.6. Overview of maximum and minimum measured E-fields (1m distance) and  
maximum and minimum determined 10g SAR of different device groups (from Kramer, 2005) 

 
The maximum electric field strength at 0,5 m distance from the base station wireless data 

communication devices varies between 0,6-4 V/m with corresponding maximum peak SAR 

with touching position 1,6 W/kg for the access point and 0,5 W/kg for PC cards respectively 

while but 5 cm from SMC access point the maximum SAR can be around 0,05 W/kg. It can 

be summarized that the dominant source of near-field exposure remains the cellular phone. 

However, the average SAR values for cellular phones can be reached by some home and 

office devices. In worst case situation the PDA showed peak spatial SAR values above the 2 
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W/kg limit. However the PDAs used to be keeping in the hand; therefore the 4 W/kg limit has 

to be applied (Kramer, 2005). 

The wireless mice and wireless keyboard of PCs operate at 20-40 MHz frequency range that 

is lower than other wireless systems. These devices transmit RF radiation if they are under 

operation (moving, clicking or typing). The measured SARs were below 0,005 W/kg 

(detection limit) the electric field strength were also low 5 V/m around at 5 cm from the 

keyboard and ~2-5V/m at the fingers moving the mouse respectively (Kramer, 2005). For 

baby surveillance devices that are operated at 40-800 MHz, the determined 10g SAR is 

comparable to DECT handsets and is 10 times lower than cellular phones. It must be 

mentioned that under normal conditions a baby phone is not operated close to the body, but 

at approximately 0,5-1 m distance. The manuals of these devices generally recommend 

choosing a distance above 1 m.  

It is also interesting to compare the exposure from short range wireless devices with 

exposure from body-far (outdoor) sources. Typical values inside buildings at distances up to 

100m from GSM base station sites are in the range of 0,1-1V/m. Consequently, the electric 

field exposure caused by wireless home and office devices is in the range of exposure from a 

base station operated in close vicinity to an office or apartment (10-200m). However, with the 

growing the penetration of the wireless devices in home and office the exposure by a set of 

these devices will be necessary to assess the combined exposure (Kühn, 2005, 2007). 

 

3.3 Trends of the RF exposure – future technologies  

 

The exposure level in the living area is continuously increasing. According to the results of 

the first measurement campaign in several cities in USA, the average exposure level in 

urban areas in 1975 was approximately 0,05 mW/m2 (Tell, 1977). In 1998 similar survey was 

elaborated in Sweden where the RF exposure level in the urban area was ~ 0,5 mW/m2 

(Uddmar, 1998). Recent results from the survey measurements in dense populated areas in 

Greece show ~ 10mW/m2 averaged power density, 3,9mW/m2 in urban areas and 1,3 

mW/m2) in rural areas (Manassa, 2009). While the measurements in US in 1975 show that 

the principal sources of radio-frequency radiation are from signals in the broadcast bands, 

nowadays more than 60% of RF the exposure radiated by the wireless telecommunication 

devices. This trend seems to be continuously increasing. The major part the RF public 

exposure comes from mobile and wireless portable devices, not from the fixed transmitters. 

Based on this fact researchers are currently working to develop a new technology that would 

allow to harvest and convert ambient electromagnetic radiation from phone antenna or other 

RF wave source to electricity so that the mobile device can be continuously powered up for 

longer talk time without the need of recharging. Reducing the emitted RF power of base 
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stations may result in an increase in the number of base stations to provide services to 

mobile devices with limited sensitivity. Industry estimates suggest that decreasing the RF 

power by a factor of ten will require two and a half times more base stations for the same 

level of service. 

Regarding the trend of development of new wireless technologies, the new design is moving 

toward the “Quality of Services, (QoS)” that operates “focusing area” instead of “covering 

area” in the wireless services, Access Point (AP) instead of base station (BS), “relaying” and 

not “endnote” systems (Gati, 2009). By the adaptive data rate the downlink sources will not 

have power control as was used in the GSM systems. The introducing of LTE system may 

generate maximum +10% increasing of the environmental exposure levels with very high 

capacity and speed services. Due to the request of higher capacity and higher speed of data 

transfer the frequency range of wireless technology will be increasing beyond 5 GHz. For 

example the frequency range of WiFi (nowadays is 2,45 GHz) will be increased up to 60 GHz 

in the WiGig (Wireless Gigabit) technology providing 10 times faster service than the highest 

WiFi (WiGig, homepage). High data rate induces a higher power levels but not necessary a 

higher exposure due to the different positioning of the device than the position of mobile 

phones (Gati, 2009). New technologies called Wireless Body Area Networks (WBANs) are 

deployed for higher data rates. Recently the Ultra-wideband (UWB) technology is foreseen 

as one of the main candidates for the wireless technology. Main advantages of UWB are 

potentially high data rates, low power consumption and restricted levels of emitted power due 

to very short and low-power impulse signals between 3 and 10 GHz (Klemm, 2006, Chen, 

2006). The RFID (Radio Frequency Identification) systems are also increasing worldwide. 

Generally the indoor RF exposure seems to be increasing faster than outdoor exposure due 

to the increasing of home and office wireless devices. Therefore, in the very near future the 

background exposure in everyday life situations will exceed exposures from base stations 

and broadcast stations (Kramer, 2005). 
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4 Conclusions 

 A number of RF exposure survey and/or modeling has been performed in EU 

member states since 2000. There are four main type of exposure assessment have 

been introduced in the European countries such as i) permanent RF radiation 

monitoring systems, ii) on-site measurement campaigns, iii) personal and micro-

environmental RF exposimetry and iv) modeling of retrospective and predictive 

exposure. There are different activities of RF exposure assessment within the 

member states nevertheless the highest activities could be recognized in France, 

Italy, Germany, Spain and UK.  

 The general RF exposure level of the population from the fixed RF sources including 

LF/MF broadcast,  VHF broadcast, UHF TV and telecommunications is very low. The 

range is between 0,01-1 V/m in Europe that is many times below the exposure limits 

of EU recommendations. The results of exposure measurements show that more than 

60% of recorded total EMF exposures were below 1 V/m, less than 1% above 6 V/m 

and only less than 0,1 % were above 20 V/m field strength. The relevant European 

recommended exposure limit for the public is in the range of 28 V/m to 87 V/m. 

Otherwise the contribution of the RF exposure from wireless telecommunication 

technology is continuously increasing and now is above 60 % of the total exposure.  

 Looking the geographical distributions, no noticeable differences are between the EU 

countries (or difficult to recognize), however the exposure levels and contribution of 

different sources showed differences in rural and urban areas. Nevertheless different 

technologies can have a strong impact on the actual exposure, such as a factor over 

hundred for example between GSM and UMTS. Limited data are available about 

these differences within the EU countries so far. 

 The major part the RF public exposure comes from mobile and wireless portable 

devices, not from the fixed transmitters. The cumulative dose may also be affected by 

the radiation effectiveness of the phone, network coverage, environmental and user 

factors. 

 The indoor RF exposure seems to be increasing faster than outdoor exposure due to 

the widespreading of home wireless devices. This will considerably increase the 

complexity of epidemiological studies. The dominant source with respect to local and 

cumulative exposure will, however, be the cellular and portable phone. 

 Regarding the exposure classification from the point of view of risk analysis, four main 

categories can be recognized: i) intermittent variable local exposure; ii) intermittent 

variable low level exposure; iii) continuous variable low level exposure and iv) 

continuous determined low level exposure (Table 4.). 
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Table 4. Classification of RF public exposure 

 

Exposure classification Description, main sources and relevance of risk evaluation 
 
Intermittent variable 
local exposure 

- Highest level of exposure category including mostly the mobile and 

wireless handsets (body-close portable devices). The exposure 

levels are highly variable and local. The exposure is intermittent. 

The levels of exposure are below the recommended European 

exposure limit (2 W/kg), but the local maximum may close to the 

limit. The most characterstic exposure unit is the SAR (W/kg). 

- Typical sources: mobile handsets (GSM, 3G), DECT phones, other 

wireless handsets. 

- This category is the most important for some risk evaluation 

studies.  

Intermittent variable low 
level exposure 

- Medium level of exposure category including mostly the indoor 

wireless portable and fixed devices. The exposure levels are 

variable, inhomogeneous, local and/or whole body. The exposure is 

intermittent, the mean and maximum exposure levels are well 

below the recommended European exposure limits. The most 

characteristic exposure units are the electric and magnetic field 

strength or under special conditions the SAR.  

- Typical sources: WiFi, WLAN, wireless and Bluetooth USB dongle 

devices, other wireless portable devices.  

- This category has limited importance for risk analysis, but under 

some conditions (i.e. children exposure from WiFi, baby 

surveillance systems) may be relevant for investigations. 

Continuous variable low 
level exposure 

- Low level of exposure category including mostly the fixed outdoor 

sources of wireless telecommunication systems (mobile base 

stations, body-far fixed sources). The exposure levels are variable 

in space and time. The exposure is continuous, whole body and the 

mean and maximum exposure levels are many times below the 

recommended European exposure limits (typically less than 1 V/m). 

The most characteristic exposure units are the electric and 

magnetic field strength. 

- Typical sources: mobile telephone base stations (GSM, 3G, LTE), 

WiMAX base stations. 

- This category has very limited importance for risk analysis except 

the investigations of long-term changes exposure to RF of general 

population. 

Continuous determined 
low level exposure 

- Low level of exposure category including mostly the fixed outdoor 

sources of TV and radio broadcasts systems. The exposure levels 

are variable, but better determined in space. The exposure is 

continuous, whole body and the mean and maximum exposure 

levels are many times below the recommended European exposure 

limits. The frequency range is wide from kHz to GHz. The most 

characteristic exposure units are the electric and magnetic field 

strength. 

- Typical sources: radio and TV broadcasts systems, other 

continuous radio communication systems. 

- This category has been studied previously for risk analysis 

therefore has limited importance for investigations except of certain 

cohort epidemiological studies. 
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1. Sources and source characterization  

 

Time-varying electric and magnetic fields (EMFs) with a frequency below 300 Hz are 

defined as being extremely low frequency (ELF). The most prominent frequency in 

Europe is 50 Hz (often called power frequency) and its harmonics, mainly the third 

one. Electric trains are operated at 16.7 Hz in some EU countries, so public 

exposures at this frequency also have to be taken into account (WHO, 2007).  

The main sources of exposure for the general public are from household and similar 

electric appliances, transmission power lines, transformer stations, the wiring of 

buildings and from electric transportation systems. Of these, the most important 

source are household electric appliances, and millions of these devices are used in 

everyday life. Exposures from these devices are localized and strongly depend on 

the distance from the appliance. The spatially most extended outdoor sources are 

high-voltage overhead power lines used for the transmission and distribution of 

electricity, including the feeder lines for electric vehicles like trams and commuter 

trains. There are approximately 360,000 km of overhead transmission power lines in 

the EU at voltages of between 110 - 400 kV (ENTSO-E, 2009, COM, 2003). A large 

country such as France, has approximately 47,000 km of these lines while a smaller 

countries like  Hungary has approximately 3,000 km (Table 1).  

Underground cables are also used to deliver electrical power. Approximately 2% of 

all electric power transport system is supplied by underground cables in Europe 

(ENTSO, 2009). The electric field at ground level is negligible  because the cables 

are usually very close one another and the cables themselves are shielded with 

metallic sleeves. In addition, the magnetic fields from underground cables are usually 

significantly lower than those from an equivalent overhead line (Fig.1), but on the line 

of the route itself the field can be higher (ICF, 2003). 

Low voltage electricity supply networks also produce magnetic fields. These systems 

are either wired in buildings, or placed on, or in, walls. The estimation of magnetic 

fields from these systems is difficult due to the large variation of system 

configuration..  
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Table 1: High-voltage power lines used in 27 different  European countries   

Country 
110-150 kV 

(km) 
220-300 kV 

(km) 
380-400 kV 

(km) 

Austria 6000 3760 2148 

Belgium 3717 267 883 

Bulgaria n.a. 2745 2336 

Cyprus 1227 - - 

Denmark 3954 260 1346 

Estonia 3434 184 1541 

Finland 15200 2400 3793 

France n.a. 25496 20869 

Germany n.a. 19000 18869 

Greece 7745 - 2153 

Hungary 157 1187 2000 

Ireland 3611 1676 438 

Italy 31158 12557 316 

Latvia n.a. n.a. 1249 

Lithuania 5000 1670 n.a. 

Luxemburg - 259 - 

Netherland 6011 677 2003 

Norway 10470 5257 2144 

Poland n.a. 7919 5274 

Portugal 2400 2588 1235 

Romania n.a. 4096 4740 

Slovakia n.a. 962 1776 

Slovenia n.a. 328 508 

Spain 20706 16351 15892 

Sweden 15000 4435 10706 

Switzerland n.a. 5116 1597 

UK n.a. 13434 1052 

Total EU25 135790 132624 104868 

 

Various automobile components require electrical energy. This produces a low-

frequency magnetic field in the cables and components that conduct the electricity. 

The frequency range is wide, from few Hz to kHz. The new hybrid cars may produce 

higher magnetic fields than those with only petrol or diesel engines (WHO, 2007).  

EMFs of  between 300 Hz and 100 kHz are defined as intermediate frequencies (IF). 

Sources of IF fields include computer and television screens containing cathode ray 

tubes, anti-theft devices in shops, toils including electric engines, and induction 

hotplates. Recently, others sources have appeared on the market ,such as compact 

fluorescent lamps (energy saving incandescent bulbs), and devices to allow inductive 
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charging of batteries wirelessly by electromagnetic field (BIO Intelligent Services, 

2010). 

 

 

Fig.1 Examples of changes in magnetic fields with distance from a high-voltage underground cable (red) and a 

high voltage overhead power line, both operating at 380 kV (ICF, 2003) 

 

2. Exposure assessment campaigns in Europe 

 

Only a few countries, such as France, Germany, and the UK, have conducted large-

scale assessments of public exposure to ELF fields.. In some European countries, 

assessments of exposure to ELF fields were performed that were limited to either a 

selected environment, a certain population (i.e. children, workers) or in a particular 

region of the country (i.e. in a specific town). Many of the studies with  ELF magnetic 

fields were performed in support of epidemiological studies of childhood leukaemia.  

The aims of these exposure assessment studies were to estimate the level of  

magnetic field in case-control studies, and to classify participants into exposed and 

non-exposed groups regarding the levels of 0.4 µT and/or 0.2 µT, exposure 

categories  suggested by pooled epidemiological studies (Greeland, 2000). Different 

methods of exposure assessments have been performed in Europe during the last 

decades including (i) indoot and outdoor spot measurements , (ii) personal (or 

individual) exposimetry, (iii) modelling exposures using the arrangement of wire 

systems, and (iv) measuring  the magnetic fields around electric devices and 

household electrical appliances. So far, there has been no harmonized exposure 

assessment campaign on ELF within the EU , the exception being for those  

countries who are involved in the International Study of Childhood Leukemia and 
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Residences Near Electrical Transformer Rooms (Transexpo, 2010). Measurement 

studies were conducted to characterize ELF magnetic field exposure in apartments 

directly above a built-in electrical transformer, and in apartments in the same building 

that are located some distance from the transformer., It has been suggested that 

such an international study has a strong potential to provide new data by focusing on 

the population with high exposures and it has the added ability to evaluate selection 

bias. Several European countries are already involved in the project where the 

harmonized protocol looks feasible (i.e. Bulgaria, Finland, Hungary, Netherland, Italy, 

and Switzerland) and more are considering it (i.e. Portugal, Spain, Greece and 

Denmark).  

 

2.1 Outdoor spot measurements in EU countries 

 

Exposure measurement of ELF magnetic fields in urban environments has been 

performed in Spain, Italy, Sweden, Norway and in the UK. In Spain, spot 

measurements were evaluated in five cities. The average magnetic field was 0.2 µT 

in a range of 0 – 7.04 µT. (Paniagua et al., 2004, 2007). In Sweden, the ELF 

magnetic fields along certain stretches of sidewalk in the centre of Göteborg were 

mapped. About 50% of the investigated streets shows magnetic fields  of the same 

order of magnitude. The median value of magnetic field was 0.2 µT (Lindgren, 2001). 

Similar surveys were conducted in Turin, a town located in the northwest of Italy, with 

approximately 1 million inhabitants. Measurements were made while walking at 

normal speed along an established path. Data were collected each 1.5 s, which 

corresponds to an interval of about 1.8 m. The measured data, consisting of more 

than 100,000 samples, did not follow a normal distribution, and showed an arithmetic 

mean (AR) of 0.19 µT, a median of 0.08 µT and a geometric mean (GM) of 0.06 µT 

(d’Amore, 2001). Between 2006 and 2008, outdoor and indoor measurement 

campaings were carried out in the town of Aosta in Italy,  . The highest outdoor 

measurement of 80 µT was measured against the wall of a transformer box, this 

reduced to 1.34 µT at 1 m from the wall (Bottura, 2009). In order to evaluate the 

seasonal variations due to power consumption, ELF magnetic fields were measured 

both during summer and winter In a city in Norway. Magnetic fields were mapped 

1.0 m above the ground. In summer, less than 4% of the streets showed values 

exceeding 0.4 µT, but this increased to 29% and 34% on cold and on snowy winter 
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days, respectively. The average levels were 0.13 µT (summer), 0.85 µT (winter, 

cold), and 0.90 µT (winter, snow), with the highest recorded value of 37 µT (Straume 

et al. 2008). The exposure of the general public from Belgian power distribution 

substations that transform the voltage from 11 to 0.22-0.4 kV were reported by 

Joseph et al. (2008). The magnetic field values were within the range of 0.025 to 47.4 

µT. Average exposures of 0.4 µT were obtained at a minimum distance of between 

5.4 m (average day) and 7.2 m (average year) . In the UK, the NRPB (now part of the 

Health Protection Agency) has performed measurements on 27 substations. Typical 

values at the perimeter fence were 10 μT for 275 and 400 kV substations , and 1.6 

μT for an 11 kV substation. The mean field at the substation boundary was 1.1 μT, 

with a field of 0.2 μT up to 1.5 m from the boundary,(Maslanyj, 1996).  

Many measurements have been carried out around high-voltage power lines in order 

to map the spatial distribution of magnetic and electric fields. A large electricity pylon 

carrying a 380/400kV conductor produces a magnetic field of around 10 - 20 μT 

directly under the line, and an electric field of around 3 – 5 kV/m. These levels fall 

with distance from the sides of the line. For example, approximately 25 ms to the side 

of the pylon, the magnetic field is estimated to be below 5 μT, and the electric field is 

between 200 – 500 V/m. At a distance of 50 m,  the magnetic field level was typically 

found to be below 1 µT, and less than 0.2 µT at 100 m . The value of magnetic field not 

only depends on the actual current in the line but also on the structure of wire system 

of the power line (WHO, 2007). While exposure assessment for magnetic fields is a 

major challenge, exposure assessment for electric fields is even more difficult and is 

less well developed. The main reason is that the ELF magnetic fields can penetrate 

into the body and pass through the non-metallic objects, but electric fields do not. 

Therefore, both measurement and calculation of electric fields in the presence of 

objects such as trees or buildings represents a difficult task (Kheifets, 2010). 

In summary, the outdoor average ELF magnetic field in public areas in urban 

environments  is around 0.05-0.2 µT, but  higher values may occur directly beneath  

high-voltage power lines, at the wall of transformer buildings, and at the boundary 

fences of substations. In the case of the latter, the maximum field can reach up to 20 

- 80 µT. The results of these surveys indicate that knowledge of urban background 

magnetic field levels is very important for a complete definition of general public 

exposure. 
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2.2 Residential and indoor exposure assessments 

 

For residential exposure, the major sources of magnetic fields are household 

appliances, nearby power and high-voltage transmission lines, and domestic 

installations. Long-term exposures are mainly caused by power lines, transformer 

stations and domestic electrical wiring installations . In some cases exposures form 

electric trains also need to be considered. Power lines frequently cross built-up areas 

and these cause elevated magnetic fields in those homes that are situated under or 

near these lines (WHO, 2007, SCENIHR, 2009).  

The largest campaign of residential exposure assessment was performed in 

Germany. with measurements of magnetic field at 50 Hz and 16.7 Hz  made in  1,835 

fixed-location residences. Fields were measured in children's bedrooms for 24 h.  

Median 50 Hz magnetic fields above 0.2 µT were found only in 1.4% of all homes.  

Higher magnetic fields were less frequently encountered:  0.3 μT was found in  0.4 % 

,and 0.4 μT was found in 0.2 % of residences. The fields produced by high-voltage 

power lines (123 - 420 kV) were lower than expected, and  the median magnetic field 

was above 0.2 µT in only 8 of 25 residences (32.0%) that were located 50 m or 

closer to the power line. Higher magnetic fields were measured in apartment 

buildings (Schüz et al, 2000). 

In the UK, a week-long survey of power-frequency magnetic field measurements was 

conducted in 258 homes . The strongest identified factor influencing exposure at 

home was the presence or absence of overhead lines at voltages of 132 kV or above 

within 100 m of the home. The geometric-mean of time-weighted average field 

encountered was 0.208 µT within 100 m from the lines, and 0.054 µT not near to the 

lines. (Merchant, 1994). Similar studies were carried out in Austria with spot 

measurements at the bedside in 226 households. Average night-time ELF magnetic 

fields above 0.1 µT were obtained in 2.3% on households. Highest ELF electric fields 

were primarily due to the prersence of lamps beside the bed (maximum of 166 V/m). 

Highest ELF magnetic fields were attributed to the transformers of these devices 

(maximum of 1.03 µT) or high current of power lines (maximum of 0.38 µT). Simple 

reduction measures resulted in an average decrease to 0.023 µT for the magnetic 

fields and to 23 V/m for the electric fields. The most frequent reduction measures 

were removing or rearranging clock radios and transformers of devices, removing or 

rearranging bedside lamps, rearranging extension cables and multiple outlets, 
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removing fuses or changing phase and neutral line (Tomitsch, 2010). In the UK, both 

electric and magnetic fields were measured in 549 homes within the United Kingdom 

Childhood Cancer Study (UKCCSI, 1999). In a follow-up study, 196 homes were 

identified and categorized into high (> 0.2 µT) and low (< 0.2 µT) exposure (Maslanyj, 

2005). The possible sources of exposure were also analyzed. In 102 homes with 

fields estimated at or above 0.2 µ, exposure was attributed to the low voltage (0.4 kV) 

supply to the home.  

In Sweden, ELF field measurements were performed in 100 houses, randomly 

selected to be in either urban areas or in the countryside. The study found that 

almost 90 % of the measured houses had magnetic fields below 0.2 μT, with a mean 

value of 0.11 μT and a median value of 0.05 μT. The magnetic field was found to be 

highest on the ground-floor  in most of the houses as compared to middle or top 

floors. About 36 % of the houses had the highest magnetic fields  on the ground-floor 

This was due to underground heating systems and the electric wiring in the houses. 

Total harmonic distortion was found to be high in some houses and the reason for 

this was the large amount of non-linear loads (Khan and Silva, 2010).  

In Italy,  to evaluate the background levels of magnetic fields, a survey was 

performed in different rooms of 37 houses with no nearby overhead power lines. The 

field levels were measured under “power-off” (i.e., household devices were turned 

off) and power-on (i.e., household devices in normal use) conditions. The average 

magnetic field level was higher in apartments (0.8 μT) than in houses (0.3 μT) 

(Anversa, 1995).  

In some European countries, 10/0.4 kV transformer stations are being installed in 

multilevel residential buildings. The built-in transformer stations elevate the magnetic 

field exposure in the rooms directly above the station. The source of magnetic field is 

mainly due to the distribution bars mounted on the ceiling of the room containing the 

transformer. The magnetic field reached  as high as some tens of μT at the floor, but 

decreased to a few μT 1 m above from the floor. These results are consistent with a 

study performed in Hungary, where the mean magnetic field exposure of a number of 

rooms were characterized using five spot measurements made at a height of 1 m 

above the floort. The results of the measurements in 31 multilevel buildings showed 

that in the apartments just above the transformer station the mean exposure to 50 Hz 

magnetic fields was 0.98 µT, whereas in the apartments on other upper floors it was 

only 0.1 µT (Thuróczy, 2008). In another study (Szabó, 2007), time-weighted average 
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personal exposure in the apartment above the transformer were found to be 0.825 

and 1.033 µT, for home and in bed respectively. In a Finnish study, the mean of spot 

measurements was found of 0.62 µT in the apartments immediately above 

transformers, 0.21 µT for apartments on the first floor, and 0.11 µT in apartments in 

other upper floors  (Ilonen, 2008). Moving the distribution of bars/cables onto the floor 

can significantly reduce the exposure (by 3-10 times less) in the apartment above the 

transformer station. Similar studies have been conducted in Switzerland:  the 

magnetic field was 0.59 μT on average in apartments that were either directly above 

the transformer or were in contact with the transformer room, but exposure was 

reduced to 0.07 μT in apartments which did not touch any wall of the transformer 

buildings (Röösli, 2010). Preliminary results from Bulgaria show that in the 

apartments above the transformers the average magnetic field was 0.4 μT, while on 

other floors it was 0.10 μT (Transexpo, 2010).  

Data from various countries show that the geometric mean of spot measurements in 

homes do not vary strongly. In Finland, the geometric mean is 0.060 µT, and between 

0.026 to 0.029 µT in Germany, 0.037 to 0.048 µT in Sweden, and 0.029 to 0.064 µT in 

the UK. There is a tendency to find higher fields in countries with lower distribution 

voltages. These data should, however, be interpreted with care, given great differences 

in the evaluation conditions (WHO, 2007).  

Residential exposure from transport systems was surveyed in Lower Austria, where 

both 16.7 and 50-2000 Hz magnetic field exposure was measured for 8 h at the 

bedside of 226 residences. The arithmetic means were 0.0023 and 0.025 µT, 

respectively for the above mentioned frequencies (Tomitsch, 2010). 

 

2.3 Exposure measurements of electric devices  

 

For members of the public, the highest ELF fields are found in close vicinity of 

household and similar appliances, and these fields may reach up to few mT. 

However, these high fields are very localized and are limited to very short distances 

(less than some centimetres) from the surface of the equipment. According to 

SCENIHR (2009) the maximum possible exposure next to a specific source often 

differs by some orders of magnitude from the average for individual exposure. For 

assessment of compliance with exposure limits, the maximum possible exposure 

next to devices must be measured. Additionally, the exposure times are usually also 
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limited for short-term use. The highest exposures in the ELF range occur during the 

use of electrical appliances that are held in close proximity to the body; for example, 

the use of electric razors or hair dryers (WHO, 2007). 

In a survey of 50 homes in the UK,  magnetic fields were assessed at various 

distances from domestic appliances, The 50 Hz fundamental and harmonic magnetic 

fields generated by 806 domestic appliances found in the houses were measured. 

Appliances were measured at standard distances and the magnetic fields were 

calculated from a mathematical model at 100 and 50 cm to remove room background 

contributions (Preece, 1997). The fields generated by a few appliances were in 

excess of 0.2 μT at a distance of 1 m: microwave cookers produced 0.37 μT; 

washing machines 0.27 μT; dishwashers 0.23 µT; some electric showers 0.11 µT; 

and can openers produced 0.2 µT. Of continuously operating devices, only three 

devices produced significant fields at 0.5 m: central heating pumps produced 0.51 

μT, central heating boilers 0.27 μT and fish-tank air pumps produced 0.32 μT. 

Persons spent on average about 4.5 h per day in the kitchen, where the strongest 

sources of magnetic field were located (Preece, 1997). According to another survey  

from the UK, typical magnetic fields from underfloor heating systems of up to a few 

microtesla can occur at floor level,  falling to a few tenths of a microtesla at 1 m 

above the floor. It ws found that the magnetic field depende on the configuration and 

depth of the cables, and the current flowing in them. Many systems draw current only 

overnight, using off-peak electricity, and relying on the heat capacity of the floor to 

provide warmth during the day (Allen et al, 1994). 

In a German study, exposure to the magnetic fields from household appliances was 

quantified as net appliance-years of lifetime use and cumulative µT-hours, on the 

basis of measurements of appliances available in the published literature. Exposure 

was assessed on three different levels of precision: ever use, cumulative appliance-

years, and average time of daily use (Behrens, 2004). Altogether, use of 8.454 

appliances was reported in the structured interview of the 3,041 subjects. In total, 

152,580 appliance-years were reported of which TVs had the greatest share 

(107,704 years), followed by microwave ovens (16,134 years), and electric blankets 

(10,375 years). The lifelong cumulated values were calculated from the questionnaire 

information on average time of daily use, the number of appliance-years, and 

estimated average magnetic field of the appliances. Electric alarm clocks and 

electromechanical digital alarm clocks showed the highest number of µT-hours of all 
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appliances (7,688,126 and 2,854,417 µT-hours, respectively) followed by electric 

blankets (1,695,462 µT-hours) and TVs (498,152 µT-hours). For comparison, in the 

German study mentioned above, the measurements of magnetic fields from outdoor 

sources in residences exceeded 0.2 µT in only 1.4% of homes, with a mean value of 

approximately 0.04 µT (Schüz et al, 2000). Considering an average exposure of 12 h 

per day, a 10-year cumulative exposure would, therefore, add up to 1,752 µT-hours 

from outdoor sources in residences. Another example is the daily exposure of 

workers with 8 h working day and a 5-day working week, where cumulative exposure 

in 10 years would be roughly 6250 µT–hours (Kheifets 1997). These exposures are 

still way below the exposure caused by, for example use of an electrical alarm clock 

next to the bed assuming that a 10-year cumulative exposure would total 21,608 µT–

hours. These data suggest that one third of the total exposure to magnetic fields can 

be attributed to personal appliance use (Behrens, 2004).  

More than 1,000 electric appliances have been investigated in Austria regarding their 

emission of magnetic fields. It was found that complex frequency spectra measured 

from 5 Hz to 2 kHz are common and single frequency (i.e. 50 Hz) emissions are rare 

(Leitgeb, 2008a). Usually, the devices emit complex frequency spectra, particularly 

those with electronically switched power control and/or electric motors. Since exposure 

assessment requires frequency weighted sums, root-mean-square (rms) values are 

not appropriate for comparison with exposure reference levels (ICNIRP, 2010). This is 

because, rms-values considerably underestimate exposure compared to peak field 

values used for health risk assessment. Analysis of groups of devices showed a wide 

span of emission values of up to two orders of magnitude, with only weak associations 

to power consumption. Electric appliances usually simultaneously emit both electric 

and magnetic fields and expose almost the same body region. Since the sum of 

induced current densities is limited, one field component reduces the available margin 

for the other. It was found that many devices considerably exceeded the permitted 

reference levels and require a closer analysis to demonstrate conformity with basic 

restrictions (Leitgeb, 2008b, 2008c). 

Within homes, house wiring and appliances (operating or just plugged in) are the 

most common sources of electric fields, and levels typically range between 1 and 10 

V/m. Appliances can result in high electric field exposures and are on the order of a 

few hundred V/m near some appliances, though these fields diminish to the levels 

present from other sources after about one meter (Kheifets, 2010). 
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2.4 Exposure from transport systems  

 

Relatively few studies have been conducted within the EU on the ELF exposure 

levels from transport systems such as trains, trams and hybrid cars. The maximum 

levels of recorded magnetic field strength are emitted at 50 Hz in a tram, 15.25–

16.50 Hz in a train, and 12 Hz in a hybrid car (Halgamuge, 2010). 

According to WHO (2007), peak magnetic fields of up to a few tens of μT have been 

recorded on the platform of a local city railway line. In France, measurements inside 

a high-speed train, and at a distance of 10 m outside the train, showed peak values 

around 6 to 7 μT during high-speed drive (Gourdon, 1993). In a Swedish study, field 

values in the driver cabin ranged from a few μT to over 100 μT, with mean values for 

a working day between a few μT to up to tens of μT depending on the engine. The 

measurements of magnetic field strength in the front of a train at floor level were in 

the range of 3.4–8.7 µT. In a tram, the peak magnetic field strength of 7.6 µT was 

recorded in the middle of the tram on the floor level when another tram passed in 

close proximity. The magnetic field strength near the floor on the outside of the tram 

reached up to 3.5 µT when a tram passed on the rail. Most of the field strength was 

in the range of 0.01–5.5 µT.  

Cars are another source of ELF magnetic fields. The range of magnetic fields in a 

hybrid car was found to vary between 0.03-2.4 μT.. Low frequency magnetic fields (5-

2000 Hz) in all four seats of seven stationary cars were determined with their engine 

and air conditioning running. Magnetic field averaged over the body were between 

0.03-4 μT. At the left rear seat, a maximum magnetic field of 14 µT was measured at 

foot level (Vedholm, 1996). The Swiss Federal Office of Public Health (FOPH) 

commissioned a study in which the magnetic fields produced by car tyres were 

measured. Since the low-frequency magnetic fields are produced when the magnetic 

tyres rotate, measurements were made in cars travelling at 80 km/h. The magnetic 

fields were measured at frequencies of 5 to 2,000 Hz in 12 different cars. High values 

were measured in the foot area of the passenger seat and on the back seat. In 33% 

of the cars, values above 2 µT were measured; in 25% of the cars values were above 

6 µT. However, these data are referring to old technologies (form about 15 years 

ago) and should be updated. The fundamental frequency of the magnetic fields is 10-

12 Hz at a speed of 80 km/h. However higher harmonic frequencies were also 

measured (Stankowski, 2006, FOPH, 2009). 
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2.5 Personal ELF exposimetry 

 

Monitoring the individual magnetic field exposure of a subject using a personal 

exposure meter (sometimes called a “dosimeter”) worn on the body is attractive 

because it captures exposure to fields from all sources and at all places the individual 

encounters. Since for all practical purposes, the human body does not perturbate the 

magnetic field at ELF frequencies, the recorded magnetic field may represent a 

reliable estimation of the real exposure levels. The values of magnetic field exposure 

recorded by personal (isotropic) meter tend to be higher than those derived from spot 

or long-term measurements in homes, because the device will measure the field from 

all sources (WHO, 2007). 

Most of the personal exposimetry studies were performed using the same type of 

device (EMDEX-II or EMDEX-PAL) both in Europe and elsewhere.. Therefore the 

results derived from different studies in various countries are comparable. Personal 

ELF exposimetry studies have been performed in a number of European countries in 

the last decade,  including Germany, France, the UK, Denmark, Switzerland, Austria, 

and Hungary. The largest studies were conducted in Germany, France, and 

Switzerland.  

In Germany, individual magnetic field measurements at 50 Hz and 16.7 Hz of 1,952 

people selected from the Bavarian population were performed between 1996 and 

1997. The mean of the 1,952 individual means was 0.101 µT and that of the 

individual medians was 0.047 µT at 50 Hz. Only 2,4% of the subjects showed 

individual medians higher than 0.2 µT. Fields exceeding 100 µT at 50 Hz were 

measured in 31 persons. The total time with such extreme exposures only amounted 

to about  21 min, which was less than 0.001% of the total time for all measurements 

(5.3 years). For persons living next to railway lines, the mean individual magnetic 

field at 16.7 Hz was calculated to be 0.156 µT, and the mean individual median was 

0.102 µT (Brix, 2001). 

In Switzerland, a study with 552 volunteers was performed over 24 h period in order 

to assess typical levels of 50 Hz magnetic fields and to identify the main causes for 

elevated field levels,. The participants were selected from different professions and 

areas of northern Switzerland. The daily averages were found to be below 0.2 µT for 

75 % of the volunteers and for only 3 % of the cases this value was above 1 µT. The 



EFHRAN Report D4 - Report on the level of exposure in the European Union - ELF 

 15 

data showed an almost lognormal distribution (Stratmann, 1994).  

Exposure to 50 Hz electric and magnetic fields for 24 h was measured for 301 

volunteers in Denmark. Electric and magnetic fields were measured with personal 

dosimeters, and the mean values were calculated for work and non-work periods. 

The magnetic field exposure in residences away from power lines was 0.04 µT, and 

in residences near power lines was 0.29 µT (Skotte, 1994). According to a recent 

study in Austria, the median exposure form  both ELF and radiofrequency fields in 

residential areas were measured for 226 individuals. The magnetic and the electrical 

field components of the night-time ELF exposure close to the bed were 0.02 μT and 

26.2 V/m, respectively, and 25% of the measured (Tomitsch, 2010). The feasibility of 

measuring exposure to ELF magnetic fields in the UK Adult Brain Tumour Study was 

examined in 81 individuals in the UK. Exposure data were collected for 3-4 

consecutive days. Data were collected over a total of 321 days, including non-

occupational periods. There were no statistically significant differences between the 

populations in exposure during travel and domestic periods. The average daily 

exposure was 0.13 µT while exposure for domestic periods was 0.08 µT. The results 

showed occupational exposure to be the main determinant of overall exposure (van 

Tongeren, 2004).  

In 2006, the French Ministry of Health initiated a large study of personal exposure of 

the French population to 50 Hz magnetic fields (called the EXPERS Study). The 

objective was to collect a database of 1000 children (0-14 years) and 1000 adults. 

The exposure data were collected during three measurement campaigns between 

2007 and 2009. The arithmetic mean (AM) and geometric mean (GM) were 0.09 μT 

and 0.02 μT for children, and 0.14 μT and 0.03 μT for adults, respectively. Exposures 

for the out of sleep periods were 0.05 μT (AM) and 0.02 μT (GM) for children, and 

0.10 μT and 0.03 μT for adults. The percentage of children with a 24 h mean 

exposure higher than 0.4 μT was 3.1% (AM), and 0.2 % (GM). The highest 

exposures for adults represented 11 individuals , with a 24 h mean exposure higher 

than 1,54 μT (AM), and 0.26 μT (GM). It was  found that most of these high 

exposures were caused by placing the dosimeter very close to a clock radio during 

the night or close to an electric appliance with a transformer. Taking into account the 

exposures out of the periods of sleep, 11 children (1.1%) had a mean exposure 

higher than 0.4 μT (AM), and 2 (0.2%) (GM). The mean 50 Hz magnetic field 

exposures were higher for adults than for children. The children were more exposed 
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inside the home than outside, while the opposite was true for adults. At home, both 

adults and children were more exposed during the day than during the night (Bedja, 

2008, 2010; Magne, 2010)  

In general, measurements of personal exposure are higher than the background fields 

measured away from appliances, largely because of the extra contributions of 

additional appliances and any other sources within the home. The ratio of average 

personal exposure to average field away from appliances varies from 1.0 to 2.3, with 

an average of 1.44 (WHO, 2007). 

 

3. Typical ELF exposures in the ambient outdoor and indoor environment of 

the population 

 

Several reports have been published in the last few years on typical population 

exposures to ELF fields, including the relevant exposures from different sources 

(WHO, 2007, SCENHIR, 2009, BIO Intelligent Services, 2010). The highest magnetic 

fields can be found close to several domestic appliances that incorporate motors, 

transformers, and heaters. Such exposure levels are very local and decrease rapidly 

with distance from the appliance, plus exposure form these sources is not constant . 

German data suggest that one third of the total cumulative exposure to ELF fields 

can be attributed to personal appliance use. Some data on individual exposures are 

also available from epidemiological studies. WHO summarised measurement studies 

in the ELF range conducted until 2007. In all studies, the majority of studied persons 

were exposed to magnetic field levels below 0.1 μT (73.6- 89.9 %), but a few (0.5-

4.5%) had exposure levels above 0.3 μT (based on arithmetic means). Geometric 

means were only available for a small number of studies, but more than 90% had 

exposures of more than 0.1 μT and 0.4-1,2 % had exposures of more than 0.4 μT. 

The electric field component was more difficult to assess as it is more susceptible to 

shielding and perturbation by conduction bodies (WHO, 2007). Regarding individual 

exposure, only a few percent of the European population are exposed to levels 

above a median magnetic field of 0.2 μT in their homes (SCENIHR, 2009).  

According to the epidemiological studies on childhood leukemia, the differences 

between the average field strengths to which “highly exposed” and “less highly 

exposed” individuals in a population are subjected are not great. The typical average 

magnetic fields in homes appear to be about 0.05–0.1 μT. In pooled analyses of 
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childhood leukemia studies, magnetic fields of 0.4 μT have been used as a high-

exposure category, but these differ by factors of only 2 or 4 from those in a low 

exposure category, and ideally these categories should be higher by at least one 

order of magnitude. Those in the high exposures category can be found only above 

apartments with built-in transformers . In theses apartments, exposure can be around 

0.5-5 μT (Transexpo, 2010).  

Several fixed installed sources are operated in outdoor environments. Prominent 

examples are high-voltage transmission lines operated between 110 and 400 kV at 50 

Hz. The average magnetic field  measured directly beneath overhead power lines can 

reach 30µT for 765-kV lines, and 10 µT for the more common 380-kV lines. The 

exposure of people under the line can typically reach values of 2 to 5 kV/m for the 

electric field strength. The magnetic field produced depends on the current on the line; 

so fields up to 20-40 μT are possible, but are usually lower. It is important to note that 

such exposure levels occur only directly below the lines; exposure decreases with the 

square of distance to the lines. In addition, intermediate voltage transmission lines (10 

kV to 30 kV) and distribution lines (400 V) have to be considered; exposure levels are 

in such cases much lower. Typical values from these lines can reach 100 to 400 V/m 

and 0.5 to 3 μT  

According to an estimate in Italy, the percentage of the population that is exposed to 

magnetic fields above 0.2 µT that are generated by power lines is around 0.54% 

(~300,000). The largest fraction comes from 132/150 kV power lines (0.31%), the 

lowest from the 380 kV (0.08%) (Anversa, 1995). Similar studies have been 

conducted in the UK and Denmark (Olsen et al., 1993, Swanson, 1999, UKCCSI, 

2000). Extrapolating these data to the whole of the EU (which consists of about 500 

million inhabitants), it is estimated that approximately 2.7 million inhabitants could be 

exposed above 0.2 µT due to the power lines. While it is likely that elevated magnetic 

field levels can be  measured in homes close to power lines, the actual magnetic field 

level depends on the power load of the lines, which is depends on the individual 

power line and time, and therefore the distance to a power line is not a perfect 

indicator of magnetic field exposure. According to most studies, power lines are a 

major source of exposure for less than 1% of the population. It appears that average 

exposure over 24 hours is usually well below 0.1 μT, and the proportion of the 

general population exposed to average ELF magnetic fields above 0.2 μT is small, 

i.e., between 1-5%; average exposures to magnetic fields exceeding 1 μT are 
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exceptional but may occur in residences immediately beneath high-voltage power 

lines or those with transformers in their basements. These field may alo occur in 

certain occupations, e.g., among electric welders, electricians, electric power 

engineers, or locomotive engineers. Substations and power plants are usually not 

accessible to the general public except in the case of apartments with built-in 

transformers. In case of underground cables, the electric fields can be neglected; the 

distribution of the magnetic field is different compared to overhead power lines. 

Underground cables can produce higher magnetic fields directly above them than an 

equivalent overhead line, since the physical distance from the underground cable to 

the surface of the the ground is smaller. For example, 400kV cables can produce 

over 30 μT at ground level,falling to 10 μT at 2 m above the ground (see Fig.1). The 

magnetic field also falls very rapidly with distance from the side of the cable (ICF, 

2003).  

Security or anti-theft devices in shops and other premises, as well as low frequency 

RFIDs, are common sources of exposure to intermediate frequency (IF) fields (i.e., 

between 10 KHz to about 10 MHz). While customers may be transiently exposed, 

some shop assistants may be exposed throughout their working day especially if they 

are required to work close to these installations. It is possible that the reference 

levels for exposure of the general public might be exceeded in the immediate vicinity 

of some of these devices. However, no large-scale systematic measurement surveys 

have been undertaken, and there is little monitoring of compliance with protection 

guidelines once the devices are installed. Most other significant sources of EMF 

exposures are occupational. Visual display units containing cathode ray tubes are 

still common sources of exposure and they produce magnetic fields in both the ELF 

and the IF range, in the order of 0.001 to 0.05 μT. Radio transmitters operated in the 

long-wave range (30 kHz to 300 kHz) can cause exposure in the IF range with levels 

above the ICNIRP recommendations , and therefore safety measures are 

implemented for both the general public and workers (BIO Intelligent Services, 2010).  

Starting in 2009, certain types of incandescent light bulbs have been withdrawn from 

the market in the EU and elsewhere. However, compact fluorescent lamps that are 

among the candidates to replace them, produce IF electric fields much higher than 

any other device or appliance previously available to the general public. Energy 

saving lamps produce fields at about 30-60 kHz. These frequencies vary slightly 

between different lamp types. As with other electrical appliances, they also generate 
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ELF fields (Dürrenberger, 2004). Results of measurements of the  electric fields 

showed that the maximum electric field strength in the 1.2–100 kHz frequency range 

in close proximity to the lamps was higher than 42 V/m for all tested lamps. In nine 

cases from 17, the field strength exceeded 87 V/m, and the highest measured value 

was 216 V/m (Bakos, 2010). The induced current density of all investigated bulbs at 

a separation of 20 mm were within the ICNIRP guildlines , mostly with large margins. 

However, based on the observed large variations between the bulbs, it cannot be 

concluded that energy saving bulbs are intrinsically compliant with the ICNIRP 

recommendations (Jagadish, 2010). 

 

4. Conclusions 

 

 A number of exposure surveys and/or modeling studies have been performed in 

EU member states at power frequencies since 1980 with many conducted before 

2000. No systematic surveys have been carried out on other low frequencies  or 

at intermediate frequencies. There are four main type of ELF exposure 

assessment that have been performed in European countries i) outdoor spot 

measurements of electric and magnetic fields (in the area of high-voltage electric 

power lines, outdoor city area), ii) indoor spot and/or permanent recording of ELF 

magnetic fields with modeling of retrospective exposure, iii) measurement of ELF 

fields in proximity to household and other electric devices, including cars and 

transport systems, iv) personal exposimetry by personal exposimeters. 

Throughout the EU, individual member states have undertaken different amounts 

of activity, with the highest activity in France, Italy, Germany and the UK.  

 The general ELF exposure level of the population is very low, between 0.01 and 

0.1 µT. Approximately 0.5 % of general population are exposed continuously to 

levels above 0.2 µT from the fixed outdoor ELF sources (i.e. high-voltage power 

lines, lines of transport systems). Elevated ELF exposure (up to a few µT) can be 

seen in apartments above built-in line transformers.  

 Looking at geographical distributions, no noticeable differences are seen among 

the different EU countries. 

 The major part the ELF public exposure comes from electric household devices 

that are everyday used by the general public,  but in this case the duration of 
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exposure is very limited. For cumulative exposure, approximately one thrd of the 

total exposure can be attributed to personal appliance use. 

 The exposure to EMFs beyond 50 Hz and up to some kHz have not been 

examined systematically so far. No exposure assessment studies on general 

population have been performed in the EU. Some studies on exposure and 

compliance of devices have been conducted on energy saving lamps, security 

systems, cars and transport systems. 

 The exposure levels for both electric and magnetic fields in areas accessible to 

the general public are below the reference levels set by ICNIRP for limiting 

exposure. These reference levels are dependent on the frequency of the field. 

Regarding 50 Hz fields, the ICNIRP reference level for the electric field is 5 kV/m 

and the reference level for the magnetic field is 200 μT (ICNIRP, 2010). The EU 

issued a recommendation in 1999 concerning restrictions on the exposure of the 

general public to electric and magnetic fields. These restrictions are 100 μT for 

magnetic fields and 5 kV/m for electric fields (EU, 1999). These values are 

recognized in many EU countries, but some national or local governments have 

issued their own exposure guidelines.  

 Regarding the classification of exposure to 50 Hz fields from the point of view of 

risk analysis, three main categories of exposure can be recognized: i) intermittent 

variable local exposure; ii) continuous elevated level of exposure and iii) 

continuous low level background exposure (Table 2.). No clear classification is 

available for all  other frequencies .  
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Table 2. Classification of ELF public exposures 
 

Exposure classification Description, main sources and relevance for risk assessment 
 
Intermittent variable 
local exposure 

- Highest level of exposure category, including the exposures from 

household electric devices. The exposure levels are highly variable 

and local. The exposure is intermittent and limited in time. The 

levels of exposure are below the recommended European 

exposure limits but the local maximum may be close to, and in 

some cases could be higher that the EU reference levels reaching 

up to few hundreds of µT. Typical sources: household appliances, 

some transport systems. This category is considered in the risk 

assessment studies of general public exposure to ELF that have 

been performed so far.  

Continuous elevated 
level of exposure 

- Medium level of exposure category including exposures from built-

in transformers, and high voltage power lines within 20-50 m. The 

exposure levels are variable. The mean and maximum exposure 

levels are well below the recommended European exposure limits, 

reaching up to few µT.  

- Typical sources: built-in transformers, substations, and high voltage 

power lines.  

- This category has importance for risk analysis, when 

epidemiological studies on childhood leukemia are considered. 

Continuous low level 
background exposure  

- Low level of exposure category as the background of todays 

electromagnetic environment. The exposure is continuous. The 

mean and maximum exposure levels are many times below the 

recommended European exposure limits and are in the range of 

0.01-0.1 µT. 

- Typical sources: low-voltage wiring systems, continuously operating 

household electric devices. 

- This category has very limited importance for risk analysis. 
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Introductory note 

This report comprises two assessments in which the potential health impacts to the European 
population of exposures to electromagnetic fields are estimated. Based in part on the findings 
reported in EFHRAN deliverables D2 (Report on the analysis of risks associated to exposure to 
EMF – Human exposure) and D4 (Report on the level of exposure (frequency, patterns and 
modulation) in the European Union), these assessments were carried out for those associations 
between exposure and disease best supported by evidence obtained from epidemiological 
studies. 

The first of these assessments estimates the potential health impacts associated with non-
occupational exposure to extremely low frequency (ELF) magnetic fields. The second focuses 
on exposure to radio frequency (RF) electromagnetic fields from mobile phone use. 

When conducting such estimations of the burden of disease attributable to exposure to EMF (i.e. 
the “health impact assessment”), the dose-response assessment (i.e. evaluation of the degree to 
which risk of disease is predicted by exposure) forms an essential and central part. The exposure 
metrics that are used in the epidemiological studies from which such dose-response (or 
exposure-response) information is derived are the same that must then be employed in 
estimating the health impacts. For this reason, the two assessments described in this report detail 
not only descriptions of the most appropriate dose-response metrics for risk assessment, but go 
considerably further, both in developing estimates of exposure for the general European 
population and in estimating the risks attributable to these exposures. 

Since the two assessments were divided on the basis of EMF frequency, given that both were 
carried out by similar methods, and because both are in the process of submission to scientific 
journals, they are presented separately. 

  



Executive summary 

Exposure to electromagnetic fields (EMF) across the frequency spectrum is ubiquitous across 
the European Union and the developed world. Increasing use of a variety of technologies has 
seen exposures to EMF increase over the past few decades. Concerns about possible effects of 
EMF on health have led to their investigation using a variety of methods. Epidemiological 
studies have demonstrated possible associations between exposure to EMF and some health 
outcomes; little work has been done thus far in estimating the possible magnitude of the impacts 
on health in large populations. 

The overall objective of this work was to estimate the number of cases of those health outcomes 
most consistently associated with exposure to EMF that could be attributed to such an exposure 
in European populations, if observed epidemiological associations were assumed to be causal. 

This work builds on the findings of EFHRAN work packages 4, 5, and 6, which served to 
identify the types of EMF exposures and health outcomes of most concern. In particular, 
EFHRAN produced a review of the latest published research exploring the possible effects of 
EMF on humans in order to identify potential health concerns (EFHRAN Consortium 2012). 
This review considered both epidemiological and experimental studies, for both cancer and non-
cancer endpoints, relating to low, intermediate and high frequencies (for the purposes of 
EFHRAN, low frequencies were defined as time-varying EMF with frequencies of < 300 Hz; 
intermediate frequencies (IF) as EMF of 300 Hz < 100 kHz; and high frequencies as EMF with 
frequencies of 100 kHz < 300 GHz). Taking this as a starting point, we then reviewed 
epidemiological data investigating those health effects for which most convincing evidence 
exists, and then developed exposure-response functions for exposure to both extremely low 
frequency (ELF) magnetic fields and radio frequency (RF) EMF (insufficient information was 
available for IF). Exposure distributions to these were constructed for the general population of 
all 27 EU Member States using available data and expert elicitation. Using up-to-date 
demographic and incidence data for the health outcomes of interest (childhood leukaemia for 
ELF, and glioma for RF), we estimated the probabilistic distributions number of cases of these 
diseases that could be attributable the exposure, and the associated population attributable 
fractions. 

If the associations observed in epidemiological studies are causal, exposure of the EU 
population to both ELF and RF EMF would potentially be associated with small increases in 
cases of childhood leukaemia and glioma, respectively, although estimates of the attributable 
burden are characterized by relatively large uncertainties owing to lack of data and insufficient 
mechanistic and aetiological knowledge. Data on exposure to ELF and, in particular, RF EMF 
(in terms of mobile phone use and call times) among the general population of the EU at the 
present time are sparse. Improvements in collection and availability of such data, and advances 
in understanding of if and how cancer might be caused by exposure to EMF would greatly 
improve the accuracy of our estimates of the disease burden attributable to EMF. 

  



Assessing potential health impacts of residential exposures to extremely low frequency 
magnetic fields in Europe 

Background 
Residential exposure to extremely low frequency magnetic fields (ELF MF) has been associated 
with leukaemia in children in a large number of epidemiological studies. We estimated the 
number of childhood leukaemia cases that could be attributable to exposure to ELF MF in the 
European Union (EU27), if the association seen in epidemiological studies between exposure 
and disease is causal. 

Methods 
We attempted to estimate plausible distributions of exposure to ELF MF by way of literature 
review and expert elicitation. For each method, individual distributions of exposure were 
integrated using a probabilistic mixture distribution approach and summary exposure 
distributions were generated. Exposure-response functions were estimated from summary data 
presented in the most recently published pooled analysis, using models both with and without a 
threshold. Probabilistic simulation methods were subsequently used to estimate distributions of 
population attributable fractions and the number of attributable cases of childhood leukaemia in 
Europe, and to quantify related uncertainties. 

Results 
Pooled estimates of exposure derived from expert elicitation were considered to be unreliable 
when compared to much lower estimates derived from the literature. Through applying solely 
the literature-based exposure distribution to all EU27 countries, we estimated the attributable 
fraction corresponds to between 1.5% and 2.0% of all childhood leukaemia cases in Europe, 
depending on whether a categorical or continuous model of exposure-response was used. 

Discussion & conclusions 
The magnitude of our estimates demonstrates that, if we assume causality, this environmental 
exposure makes a relatively small contribution to the factors involved in causing this disease. 
Uncertainties in these estimates are considerable, chiefly as a result of scarce exposure data, and 
due to the choice of exposure-response model, which demonstrates the importance of 
understanding better any mechanism explaining the association between ELF MF exposure and 
childhood leukaemia. This study has also demonstrated a need for improved surveying and 
monitoring of residential exposures to ELF MF in Europe. 

  



Assessing potential health impacts of exposures to radio frequency electromagnetic fields 
from mobile telephones in Europe 

Background 
The use of mobile phones has grown rapidly since their introduction some 25 years ago, and 
public health concerns have grown concomitantly. Potential associations between mobile phone 
use and brain tumours has been investigated by several epidemiological studies, and these 
currently form the basis of the 2011 IARC classification of mobile phones as possibly 
carcinogenic to humans (Group 2B). We estimated the number of cases of glioma—the most 
common malignancy of the brain—that could be attributable to use of mobile telephones in the 
European Union (EU27) in 2008, if the association observed in epidemiological data collected 
for largest case-control study carried out to date (INTERPHONE) is causal. 

Methods 
Estimates of cumulative call time were constructed using annual proportions of mobile phone 
users and call time over the period 1988-2008 obtained from controls in the INTERHPONE 
study and other sources, and these were assigned to the 2008 populations of the EU27 member 
states. Exposure-response data were obtained from epidemiological data, and were adjusted 
using 3 methods to account for bias. Exposure-response was modeled as both a non-threshold 
and threshold effect. Probabilistic simulation methods were used to propagate uncertainty in 
each of the model inputs through to estimates of attributable burden of disease (numbers of 
attributable cases of glioma, and population attributable fractions). 

Results 
Under a scenario of moderate call time, we found between -4,610 (95% CIs: (-10,314, -219) and 
2,684 (95% CIs: 5,100, 8,146) cases of glioma could be attributed to cumulative mobile phone 
use over the period 1988-2008 across the EU27, depending on how biases in exposure- response 
data were adjusted, and assuming a non-threshold model of exposure-response. This 
corresponds to a population attributable fraction (AFP) of between -15.2% (95% CIs: -34.0%, - 
0.7%) and 8.9% (95% CIs: -16.8%, 26.9%). Assuming a threshold model we estimated between 
251 (95% CIs: -13, 1,342) and 680 (95% CIs: 67, 2,649) attributable cases, corresponding to 
AFP of between 0.8% (95% CIs: 0.0%, 4.4%) and 2.3% (95% CIs: 0.2%, 8.7%), for the same 
call time scenario. 

Discussion & conclusions 
In this study we present novel estimates of the burden of glioma cases attributable to the use of 
mobile telephones in the EU27 population in 2008. Overall, there was considerable variation 
between estimates of AC and AFP, in terms of both magnitude and precision, which was 
dependent on assumptions relating to the method used to adjust for bias in exposure-response 
data, the presence or absence of a threshold in the exposure-response, the choice of call time 
scenario assigned to the target population, the assignment of a single age-stratified trend for 
mobile phone uptake to all EU countries, and the means of deriving incidence estimates for 
glioma. The results of this study highlight the importance of correctly characterizing exposure 
in the general population of the EU. 
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This report is based on the findings of the EFHRAN activities reported in deliverables D2 (Report on the 

analysis of risks associated to exposure to EMF – Human exposure), D4 (Report on the level of exposure 

(frequency, patterns and modulation), D6 (Health risk characterization related to EMF exposure), D7 (Report 

on health risk characterization of EMF exposure in Europe), and on the results of discussions held during the 

workshop on Risk Assessment on Electromagnetic Field Exposure: the activities of the European Project 

EFHRAN, which was held in Brussels on 5
th

 July 2012. This workshop comprised project partners presenting 

detailed descriptions of the main contents of the cited deliverables. Participants discussed a number issues 

relating to the presentations and to the project in general. The workshop closed with a Round Table 

discussion, chaired by Guglielmo d'Inzeo, whereby the main points were summarised and conclusions drawn 

from the discussions of the day.  

This report details and evaluates the main items and considerations identified during the workshop, and 

outlines how these constitute possible inputs to policy and health authorities and which should be considered 

as priorities for future health risk management and risk communication initiatives on electromagnetic field 

(EMF) exposure. 

 

Executive Summary 

The main inputs and priorities to future risk management processes that were identified are as follows: 

 Investment in the collection of data on the actual levels of EMF exposure among the European 

population, for all frequency ranges. Currently, few data are available and these are collected in a 

uncoordinated way. Policy and health authorities should invest in actions focused on providing 

harmonized data, collected using the same or similar protocols across Europe, and with sufficient 

statistical power so as to maximise reliability of the results. 

 Investment in the study of biophysical and biological mechanisms of interaction, using innovative 

theory and techniques, such as quantum mechanics (QM) molecular simulations, systems biology 

and proteomics. 

 Investment in studies related to specific novel uses of EMF-emitting devices, in particular 

Intermediate Frequency technologies, such as radio frequency identification systems (RFID), anti-

theft gates, and specific population subgroups, such as children. 

 Building upon existing epidemiological resources (birth cohorts, INTEROCC, Mobi-Kids etc) with 

improved exposure assessment and exposure validations to provide answers to outstanding questions 

on EMF health effects (reproductive, behavioural, cancer, etc.) in relation to RF and IF wherever 

possible rather than setting de novo expensive epidemiological studies to investigate specific 

outcomes and exposures. Evaluating, where possible, joint effects of EMF and of other 

environmental agents to which humans are exposed in the general environment and at work, 

 Investment in (technical and non-technical) methods for reducing exposure of the population, and to 

improve and facilitate health risk communication to the general public. This should include a 

quantitative analysis of the effect that such methods might have on reducing any potential health 
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impacts in the EU population (combining dose-response assessment and risk characterization). This 

should be achieved both through modelling and through experimental measurement studies. 

 Improvement in health risk communication to reduce the gaps between relevant scientific evidence 

and European citizens’ health risk perception. 

 

Survey on EMF exposure levels in Europe  

An important priority for future risk management and communication actions relates to the lack of an 

accessible, structured database of the levels of the exposure to EMF across all EU Member States. These data 

are missing across all the frequency bands.  

As to Extremely Low Frequency fields (ELF, i.e., in the range from few Hertz to 3 kHz), the lack of 

measurement surveys could be compensated for by studying emission levels and distributions of major ELF 

EMF environmental sources, together with collecting data on their numbers and the possibility to calculate 

magnetic fields based on the characteristics of these installations. Most of those studies come from northern 

and western Europe and, with the exception of Hungary, little information is available for the central and 

eastern European region. In addition, specific investigations should be carried out into ELF near-field 

exposures, that is, exposure of part of the body to ELF sources close to it, such as electrical appliances.   

Little is known about exposure levels to intermediate frequencies (IF – between 300 Hz and 100 kHz, but 

sometime referred as in a range of 300 Hz - 10 MHz); information compiled in the course of the EFHRAN 

exposure assessment, indicates that though exposure sources are increasing, few of them affect the general 

public (the main source being induction cookers), and most are occupational. Of particular concern for 

workers are anti-theft portals and the increasing use of readers for RFID. Additional information on exposure 

levels need to be collected and compliance with current protection guidelines should be better investigated, 

especially in the case of sensitive subpopulations, such as pregnant women.  

In the RF and MW range (100 kHz or 10 MHz to 300 GHz), the measurement surveys are focused on some 

specific sources (mobile phones and, in more general terms, telecommunication devices) and little is 

generally known about personal exposure.  

From the perspective of RF surveying, three questions are of particular interest:  

1)  What is the distribution of integrated RF exposure levels (from all sources) of the general population in 

different locations in Europe?  

2)  Do the sources contributing to total integrated RF exposure level vary with location? I.e., which field 

sources contribute most to the overall exposure?  

3)  Are exposure levels lower in areas with defined precautionary measures (such as protection limits lower 

than those given by ICNIRP, as in Brussels, Italy or Switzerland)? 

Work performed in the course of the EFHRAN exposure assessment stresses the importance of well-

designed and representative measurement campaigns to monitor exposure distribution at different locations 

in Member States. The monitoring must be complete and accurate to adequately support the communication 

process discussed below in this report.  
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Different protocols might be proposed for carrying out population measurement surveys (the sample has to 

be representative of the target population, and the timing of measurement representative of study 

participants’ usual activity patterns) and/or other measurements for microenvironment surveys (the target 

being microenvironments under normal operating conditions; population exposure will be estimated based 

on time spent in each microenvironment).  

Among the main methodological issues requiring attention, there is a need to further improve personal 

exposure meters to characterise exposure of individuals to ELF, IF and RF fields and to develop a standard 

for a measurement protocol to enable the comparison of measurements made in different studies and various 

countries, etc. 

Effort should be also spent in the quality of the dissemination of the future surveys on monitoring of EMF 

levels. In that perspective standardisation of reported values is strongly needed, considering that the few data 

currently available are hardly comparable. A web portal can be a useful instrument for exchange collected 

information and data among EU national and local authorities, improving coordination of the various 

national initiatives. 

The scientific community in the field recently submitted a proposal for a COST Action aimed at identifying 

and preparing the methodological instruments for these monitoring campaigns. 

 

Studies on EMF Interaction Mechanisms 

A further priority is to reinforce and support research into mechanisms of interaction between 

electromagnetic fields and biological systems. This argument is a key problem across the whole arena of 

bioelectromagnetics research, spanning the whole frequency range.  

Some interaction models, such as radical-pair mechanisms, are increasingly considered to be more likely 

candidates for a mechanism than others; preliminary results on the action of EMF on molecular structure 

indicate that only high intensity electric fields are capable of inducing an effect.  

These investigations should be continued and supported, specifically since they have the potential to provide 

mechanistic explanation of associations seen in epidemiological studies and of other possible health effects 

which are currently only considered to present “limited evidence of effect”, as was done in the EFHRAN 

reports on the health risk analysis.  

The introduction of promising new theory and techniques such as quantum mechanics (QM), molecular 

simulations, systems biology and proteomics applied to EMF and health issues should be also specifically 

supported. 

 

Studies on specific EMF devices: the case of radio frequency identification systems 

RFID (Radio Frequency IDentification) is an emerging technology, already diffuse in a huge number of 

applications in Europe and globally. This technology allows the identification of objects and persons using 

remote wireless radio-frequency interrogation of tags contained or attached to them. After a long period of 

international standardization, the technology is currently applied in a huge number of environments as a 

means of managing distribution systems, libraries, markets, hospitals, etc. It can be used in almost any 
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complex environment as a means of tracking objects and reading information about their characteristics and 

state.  

The frequencies used by RFID are allocated in several different regions of the electromagnetic spectrum 

(from kHz to GHz).  

Apart from the evident need of funding studies on RFID exposure assessment and investigation into their 

possible health effects (specifically addressing exposure from EMF emitted by the readers, since the tags are 

known to emit extremely low level EMF fields), attention should also be paid to the risk perception of the 

public regarding these devices.  

Similar considerations hold for anti-theft gates and systems, particularly important for occupational 

exposure, taking into account, also in this case, the possible exposure of subjects such as pregnant women. 

In that perspective, even in this case, high-quality, evidence-based scientific information is needed, to allow 

policy and health authorities to establish a health risk communication process. To that end, specific studies 

should be supported both on the possible health effects of RFID and on their levels of exposure among the 

European population. 

 

EMF exposure of adolescents, children and pregnant women/foetuses 

Studies on the EMF exposure of adolescents, children and pregnant women/foetuses should be strongly 

supported. These groups might be expected to be more sensitive to EMF fields, considering that they 

represent the first generation of Europeans to be exposed to diffuse EMF fields since conception and birth.  

Studies on possible health effects should be supported across the whole frequency range, together with ad 

hoc exposure assessment techniques that should be also improved. Although some recent computational 

human models of foetuses and children have been developed for scientific purposes, many issues should be 

still investigated, such as change in dielectric properties of different tissues with age. The issue of sensitive 

groups should also be considered by regulatory bodies, which so far publish regulations geared towards 

adults (i.e. only taking into account the dielectric properties of adult bodies), and do not explicitly include 

consideration of younger subjects. 

 

EMF Exposure assessment and epidemiology  

So far, the interpretability of the results of epidemiological studies has been limited due to the low reliability 

of exposure information. It is crucial to invest in new methods and new approaches for exposure assessment 

applied in such studies. This also implies the use of new statistical approaches, improvement of real-time 

exposure assessment devices (also in terms of personal measurement devices), improved capability in data 

processing and analysis of large masses of data.  

While there are new questions of importance in the field of EMF and health (effects of new IF emitting 

technologies, effects of RF, effects of mixtures of exposures as the IARC Monographs evaluation evaluated 

the animal evidence on the carcinogenicity of RF mainly based on results of co-carcinogenicity experiments) 

efforts should be made to explore these, where possible, in the framework of existing epidemiological studies 

(birth cohorts, studies of brain tumours in young people, studies of occupational exposures such as 
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INTEROCC) – increasing follow-up time, adding additional questions to existing questionnaires, building 

exposure surveys in subsets of the study participants to validate and improve exposure assessment – rather 

than on setting up costly de novo studies. An exception may be, however, studies of new IF applications 

which may have been too rare in existing populations to be addressed properly. The feasibility and 

informativeness of any new such study, however, should be evaluated carefully. 

 

Reduction of EMF exposure levels  

Investment is needed in better understanding potential technical and non-technical methods for reduction of 

the exposure of the population. Apart from identifying the best available techniques for exposure reduction 

(that differ across the EMF frequency range), efforts should be made to investigate quantitatively the actual 

change in potential health impacts attributable to EMF when each of these methods is used. This should be, 

for example, performed by application of both computational electromagnetism and/or experimental 

measurements, by which the impact on population exposure of the different reduction systems can be 

estimated and compared, and by application of different exposure-response models for specific frequency 

bands and health effects. The action that the European Commission already started supporting the running 

FP7 Project LEXNET Low EMF Exposure Future Network is in that direction.  

These initiatives could also help to improve and facilitate health risk communication to the general public, 

taking also into account the issue of risk perception. 

 

Improvement of EMF and health risk communication  

As described in the various EFHRAN reports on risk analysis
1,2,3

, there is, at present, no health outcome for 

which there is  “sufficient evidence” of a relationship with EMF exposure on the basis of the current 

scientific evidence-based knowledge, if the international safety standards are applied and respected.  

There is, however, “limited evidence” of a possible relationship between some EMF frequencies and some 

health outcomes (for example ELF magnetic fields and childhood leukaemia, RF from mobile 

communication devices and brain tumours) and these should be investigated and clarified more thoroughly in 

the near future.   

 

The current state of scientific knowledge about possible health effects of EMF does not fully correspond to 

the perception the general public has of the effects of EMF although this varies strongly from EU country to 

country, as clearly shown in the Eurobarometer report
4
, as shown, for example in Fig. 1. 

The fact that the EMF and health risk perception in the population differs from the health risk assessment 

outcomes should suggest to policy and health authorities in Europe, starting from the European Union, that 

                                                           
1
 EFHRAN Report on Risk analysis of human exposure to electromagnetic fields - revised version (2012). Available at: 

http://efhran.polimi.it/docs/D2_Finalversion_oct2012.pdf 
2
 EFHRAN Report on Risk analysis of human exposure to electromagnetic fields (2010). Available at: 

http://efhran.polimi.it/docs/EFHRAN_D2_final.pdf 
3
 Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo (animals) studies (2010). Available 

at: http://efhran.polimi.it/docs/IMS-EFHRAN_09072010.pdf 
4
 Electromagnetic fields. Report. Special Eurobarometer 347 / Wave 73.3 – TNS Opinion & Social, June 2010 

http://efhran.polimi.it/docs/D2_Finalversion_oct2012.pdf
http://efhran.polimi.it/docs/IMS-EFHRAN_09072010.pdf
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they need to invest in improving communication strategies related to EMF, allowing Europeans to have 

access to high quality and referenced information about the scientific state of the art on EMF and health 

issues. 

The European Union could achieve this through the use of the (new) electronic means to communicate and 

distribute the information. The development of an ad hoc website (portal) at the European level (possibly 

integrating blogs and Twitter information) might be a good means of aiding the European Union and national 

authorities to serve the population with referenced, high-quality and evidence-based information on EMF 

and health issues.  

This portal should be designed in such a way that it links the knowledge coming from the scientific 

community and the expertise of communication experts. This could represent a first positive step in the 

direction of improving the quality of communication between policy and health authorities and citizens on 

EMF and health issues.  

To increase the efficacy of this communication instrument a continuous link between the scientific 

community and the EU Offices should be established and maintained, as was done in the recent past by 

means of the two projects, EMF-NET (Effects of the Exposure to Electromagnetic Fields: from Science to 

Public Health and Safer Workplace, FP6 Coordination Action 2004-2008), as well as EFHRAN. Both were 

as instruments that provided evidence-based information to the European Commission, assisting the EU in 

scientific evidence and responding to the public and stakeholders. This process could be improved using 

instruments such as the Fast Response Team on EMF and Health that was established in the course of the 

EMF-NET Coordination Action, as a team of scientists, organized to provide quick answers to scientific 

questions coming from the EU Parliament and the Commission Officers. 
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Fig. 1: EU citizen’s perception of the risk associated to mobile masts exposure. From Electromagnetic fields. Report. 

Special Eurobarometer 347 / Wave 73.3 – TNS Opinion & Social, June 2010. 
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University of Western Ontario, London, On, Canada, 3Hydro-Québec, Montréal, Qc, Canada, 4Service des 
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*Corresponding author e-mail: alegros@lawsonimaging.ca  

INTRODUCTION 

Extremely Low Frequency (ELF, < 300 Hz) Magnetic Fields (MF) effects have been 
extensively studied over the last three decades (see [1] for an extensive review of the 
literature). However, the main limitation in this research field appears to be the difficulty to 
reproduce experimental results. One of the reported causes is the inconsistency in terms of 
MF characteristics used between experiments (differences in field duration, amplitude, 
frequency, intermittency, continuity etc.). Since 2005, we therefore decided to focus one of 
our research programs on 60 Hz MFs, with the strategy of gradually increasing the exposure 
levels until we could report a reliable effect in humans. The Phase I of this program was 
targeting the 1.8 mT MF amplitude, which corresponds to the flux density calculated from 
the International Commission on Non-Ionizing Radiation Protection (ICNIRP, [2]) basic 
restriction of 10 mA/m2 [3]. Phase I investigated non-invasive physiological and 
neurophysiological indicators during and after one hour of exposure. The second step of this 
program (Phase II) was based on the exposure limit proposed by the Institute of Electrical 
and Electronics Engineers (IEEE) in a controlled environment (2.71 mT, [4]). The effects of 
a 3 mT exposure level (still at 60 Hz) on human cognitive functions and functional brain 
activity were thus studied. Here, we are summarizing Phase I results, reporting the up-to-date 
Phase II results and presenting our strategy for Phase III over the next 3 years.  

MATERIALS AND METHODS 

The procedure in Phase I consisted of collecting data from electroencephalography (EEG), 
standing balance (force plate), finger tip physiological tremor (laser), heart rate and heart rate 
variability (ECG), peripheral blood perfusion (laser Doppler), and rhythmic motor control 
(3D tracking system) before, during and after one hour of MF exposure (60 Hz, 1.8 mT) in 71 
volunteers. Phase II consisted in testing the effect of an hour exposure to a 60 Hz, 3 mT MF 
on 1) the cognitive performances of 99 healthy volunteers measured by 10 validated 
psychometric tests (whole body exposure) and 2) human functional brain activation measured 
by functional Magnetic Resonance Imaging (fMRI at rest, during a finger tapping task and 
during a mental rotation task) in 21 healthy volunteers (head only exposure produced by the 
MRI scanner, 3T Verio, Siemens). 

RESULTS 

Phase I results did not show any significant effect of one hour of exposure on human EEG, 



cardiovascular parameters or voluntary movement production. However, a significant 
increase in tremor amplitude was shown during exposure. Moreover, an interesting 
significant decrease of natural standing balance oscillations (in both amplitude and velocity) 
was found in the exposed condition with eyes closed, which is consistent with the findings of 
an previous study from our group. Two experiments were conducted in Phase II. Experiment 
1 did not show any performance modulation due to the 3 mT exposure in 9 over 10 analyzed 
psychometric tests. However, one of the indices indicated an abolition of the learning effect 
associated with repetition of a memory task (digit span forward). Experiment 2 demonstrated 
with its first test (mental rotation task) a reduction of the fMRI activation in regions 
corresponding to visual attention (after "exposure" as compared to after "sham"). This 
suggested a facilitation of visual attention processes. Second, we have shown using a finger 
tapping task that, after 1 hour of exposure, task-induced brain activation was higher in the 
somatosensory motor cortex and in the cerebellum as compared to "sham", suggesting an 
improved haptic sensitivity (i.e., improved tactile perception). This last result at 3 mT is 
crucial since it is consistent with a similar experiment we have previously performed at 1.8 
mT. Finally, Arterial Spin Labeling (ASL) was used to image brain blood flow at rest, before, 
and after the hour of exposure. ASL results will be reported at the conference. 

CONCLUSIONS 

At 60 Hz, MF effects found on human cognition are persistent after the exposure offset 
and seem to interfere with learning processes at 3 mT. This suggests an effect on synaptic 
plasticity and should be further investigated through learning protocols. A simple motor task 
can be modulated during (tremor and standing balance, 1.8 mT) and after (tapping, both 1.8 
and 3 mT) MF exposure. The MF seems to interact with perceptive pathways (proprioceptive 
and vestibular systems). However, a reliable effect has not been found yet. 
Magnetophosphenes are often reported as well-established consistent effects of ELF MF 
exposure on humans. They can be induced by intermittent MF exposure (5-20 mT depending 
on frequency: 5-60 Hz) [5]. Phase III is being set up to test the effects of a 60 Hz MF of up to 
50 mT (local cortical and global head exposures) on magnetophosphenes perception, using 
EEG and fMRI (sequentially and simultaneously, EEG during exposure), evoked related 
potentials, tremor and standing balance to detect a threshold for reliable responses.  
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Introduction 

The development of new technologies emitting electromagnetic fields makes often necessary to update our knowledge 

about health risks for the exposed individuals. Actually, new technologies may involve different exposure scenarios 

with regard to body site, duration of use, target population, and simultaneous exposures to complex multiple 

frequencies spread over a potentially large frequency range [3]. Moreover, the introduction of a new electromagnetic 

field-emitting technology may add uncertainties to the already numerous uncertainties in our knowledge of potential 

health risks of electromagnetic fields. Therefore, it may be necessary to evaluate such a new technology also in the 

perspective of the precautionary principle, which applies when health risks are not established. 

In airports of several countries, X-rays or microwaves-emitting imaging equipments for detection of hidden weapons or 

explosives (the so-called “body scanners”) have been installed. In Italy, where intentional exposure of people to 

certainly carcinogenic ionizing radiations for non-medical purposes is explicitly forbidden by law, independently on 

the dose absorbed by the exposed individual, just microwave body scanners have been installed in order to be tested. 

However, some consumers’ associations have called for precaution, proposing not to use this technology (at least not in 

an obligatory way). Moreover, some Italian scientific societies have affirmed that, due to the lack of information about 

possible medium- and long-term effects of the microwaves generated by body scanners, a prudential approach remains 

necessary. 

In order to discuss this issue under a precautionary perspective, the current status of scientific knowledge about health 

effects of exposures to body scanner microwaves has to be described, discriminating what is established from what is 

still uncertain. 

Established knowledge 

Recently developed technologies for detection and identification of concealed explosives and weapons emit 

microwaves in the millimeter wave range, or far infrared radiation in the terahertz region of the electromagnetic 

spectrum. The particular active body scanners installed in Italian airports (“ProVision 100”, produced by L3 

Communications) emit microwaves at frequencies from 24 to 30 GHz (wavelengths from 1 to 1.25 cm), i.e. centimeter 

waves (Super High Frequencies), very near to the lower edge of the millimeter wave frequency range. 

A fraction of the electromagnetic radiation impinging upon the body is reflected (and used by the device to reconstruct 

an image of the surface body, and therefore of possible concealed objects), while the remaining fraction is absorbed in 

a ∼1 mm thick layer of skin or of the outer regions of the eye (the cornea and part of the aqueous humour filled anterior 

chamber): inner organs are therefore not exposed. 

The superficially absorbed electromagnetic energy is converted in heat which, if not sufficiently transferred to the 

environment by physiological thermoregulatory mechanisms, can give rise to a local temperature elevation and 

possibly to short-term adverse effects which are the only established health effects of radiofrequency (RF) 

electromagnetic fields: these thermal effects are possible only above threshold exposures, and are completely prevented 

if exposure levels comply with exposure limits well below the thresholds. Experimental results for body scanners [1] 

show that exposure levels are about 1 millionth of the exposure limit: the only established effects of RF fields are 

therefore impossible in the case of body scanners. 

Scientific uncertainties and the precautionary principle 

Differently from the established short-term thermal effects, it is not possible to completely dismiss the possibility of 

long-term effects of chronic low-level exposures due to body scanners. Overall, the results of epidemiological and 

experimental studies do not give cause for concern, not suggesting that there are adverse health effects from exposures 



to RF fields below exposure limits. However, several biological effects of RF energy have been reported, some at low 

exposure levels, many of which cannot be independently confirmed. Several epidemiological studies have reported 

weak associations between exposure to RF fields and risk of various diseases including cancer, but these studies have 

flaws, e.g. an inadequate exposure assessment. A possibility therefore remains that there could be health effects from 

exposure to radiofrequency fields below exposure limits. 

According to the precautionary principle in one of its most cited formulations (principle 15 of Rio Declaration, 

referring to environmental protection) lack of full scientific certainty has not to be used for postponing cost-effective 

measures to prevent serious or irreversible damages. This is one of the weakest versions of the principle, insofar it is 

not requiring, but just allowing, protective measures. According to other stronger versions of the principle, measures 

should be taken in response to limited, but plausible and credible, evidence of likely and substantial harm, and the 

burden of proof has to be shifted from demonstrating the presence of a risk to demonstrating its absence [2]. In the 

most extreme formulation of the precautionary principle, no new technology has to be adopted if not shown absolutely 

safe. Which version of the precautionary principle has to be adopted, is not only a matter of science, but depends also 

on political considerations. 

One reasonable way to apply the principle of precaution seems to be to judge, on the basis of all the available scientific 

knowledge, if there are reasons to deem plausible the possibility of long-term effects: the entity of the cautionary 

measures may then depend on the strength of these reasons. 

An updated review of scientific evidences was recently performed in France in view of the introduction of body 

scanners in airports [1]. Briefly, some in vitro studies suggest biological effects of millimeter waves at non thermal 

levels, like an antiproliferative action on some tumoral cell culture systems, or perturbations of structural and 

functional properties of cell membranes. However, the reported effects seem to be strictly dependent on the irradiation 

frequency or on the cell type, their significance for health is unclear and remains to be evaluated, and, most 

importantly, they were obtained at exposure levels ranging from about 10 mW/m
2
 to more than 100 W/m

2
, values 

which are to be compared with the 0.64 mW/m
2
 maximum value measured for body scanners. 

Exposures from body scanners are not only very low, orders of magnitude lower than the levels suspected to induce 

biological effects (whose health implications are not clear), but they have even a very short time duration: it was 

evaluated that airport personnel could be exposed for up to about 18 hours along the whole life [1]: this is another point 

that has to be considered when deciding if and how precautionary measures are to be applied. 

Central to the precautionary principle is the identification of safer alternatives: in the case of body scanners, 

notwithstanding the lack of reasons of concern, it can be appropriate to evaluate the possibility of using passive devices 

which do not emit electromagnetic fields, like that installed to be tested at the airport of Venice: however, according to 

press news (to be verified), the performance of such systems has not been regarded as acceptable. 

Summary and Conclusions 

Microwaves-emitting whole body scanners for detection of hidden weapons or explosives have been installed in 

several airports. Exposure levels are very low and thermal acute effects are not possible. However, consumers’ 

associations and scientific societies have affirmed that, due to the lack of information about possible long-term effects 

of the microwaves generated by body scanners, a prudential approach is necessary. This issue is discussed under a 

precautionary perspective, on the basis of the current status of scientific knowledge about health effects of exposures to 

body scanner microwaves, discriminating what is established from what is still uncertain. 

Exposures from body scanners are very low, orders of magnitude lower than the levels suspected to induce biological 

effects of unclear health significance, and are characterized by very short time durations, up to about 18 hours along 

the whole life for airport staff. Even if unproven long term effects of RF electromagnetic fields were real, airport body 

scanners do not seem to be a priority for precautionary measures. 
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Introduction 
Patients who have questions about the health risks linked to electromagnetic fields (EMF) exposure tend to go and see 
their GP first. Among these patients, some of them attribute symptoms to EMF exposure. 

Information on health effects of EMF may come different sources. The news coverage are abundant, but controversial 
and potentially disturbing. Persons who suffer from electrohypersensitivity (EHS) often accentuate or dramatize their 
symptoms in communicating to the general public.  

In this context, it is important to know what GP know about non ionizing radiation, what are their sources of 
information, what are the concerns of the patients about EMF, and what is the extent of EHS syndromes in France. 

Other major issues that have motivated this sample survey study among a representative population of French GPs 
include: What sources of information do GPs trust the most? Are they often confronted with patients complaining of 
EHS? What are the reported disorders? 

 

The result of this study will allow comparison of the position of GPs towards EMF in France with those previously 
reported in Germany, Switzerland and Austria [1-3]. 

Materials and Methods 
A pollster (Kantar Health, ex Sofres) competent in matters relating to health was selected to conduct the survey via the 
Internet from September 27 to October 8, 2010 by the quota method among 600 GPs. 

The method of sampling by quota consists in making sure of the representativeness of the sample by allocating him a 
distribution similar to that of the basic population :  sex, age and geographical region of exercise of the GP. It is widely 
for inquiries on little sample (less or equal to 1000 units). Although empirical, this method gives very satisfactory 
results. It presents the advantage to be faster and less expensive than a random survey. 

The questionnaire included 6 questions on personal data (gender, age, region of practice, ...) and 16 questions divided 
in 4 groups. 

 2 questions on the environmental risks and sources of EMF, 
 4 questions on human perception of EMF, 
 6 questions on practical experience of the GPs, 
 4 questions about information sources and their credibility.  

Results 
Among the respondents, 73% were men, 42% were under 50 years of age (mean age 50 years), 50% had less than 20 
years of seniority in the profession (average length was 21 years), 55 % worked in urban areas of more than 20 000 
inhabitants, and 10% had practice in Paris and its suburb. The general medicine is the exclusive mode of exercise for 
63% of them. Others had a secondary and complementary practice, the most common being homeopathy (15%). 

Over 80 % of the GPs mentioned mobile phone antennas, mobile phones and high-voltage power lines as sources of 
EMF, but less than 20 % knew that electric shavers and hairdryers also emit EMF. 

To the question “Can people perceive EMF?”, the answers was split one-thirds for yes, no or “Do not know”. A third 
of the GPs believed that it is scientifically proven that living near a high-voltage power line causes adverse effects on 
health. There are 22 % of them who think that it is scientifically demonstrated that mobile phone use is dangerous to 
health and 17 % in the case of mobile telephony base stations. 



A third of the GPs were frequently or occasionally questioned by their patients (44 % for the homeopaths), most often 
by women (69 %) than men. As for cause of this questioning, the mobile phone was listed first by 54% of the doctors, 
mobile phone antennas by 24% and high voltage lines by 14%. 

Seven GPs out of 10 have not been confronted with complaints related to EHS during the last 12 months and the most 
frequent symptoms reported were headaches (38 %), sleeping disorders (19 %) and asthenia (17 %). 

Much of the GPs’ information (74 %) came from the mainstream media: newspapers, television, radio and the internet. 
The medical press and specialized websites were cited by 55 % of them. More than 90 % of the GPs trust the scientific 
community and particularly in Academies (Medicine, Sciences, Technology), 75 % placed their trust in government 
agencies (57 % for the homeopaths). But government ministries (43 %, 32 % for the homeopaths) came after 
consumers groups (54 %; 65 % for the homeopaths). In contrast, only 7 % of the doctors relied on the utilities and 4 % 
in the telecommunications companies. At last, 72 % of the GPs consider that public authorities are not enough attentive 
to the concerns of the French people about EMF. 

Summary and Conclusions 
The French GPs believed that EMFs could have health effects, but a very large majority of them admit in being 
misinformed about the subject. They mainly trust scientists and Academies, which is reassuring. In general, they are 
rarely questioned by their patients or confronted with EHS's somatic complaints. 
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Introduction 
Nearly one third of EU citizens believe that high-voltage power or mobile phone masts have a serious effect on their 
health, and a further third of people think that they have some effect [1]. On the other hand, there is no clear scientific 
evidence for health effects after decades of intensive research, and science has not found a reliable interaction 
mechanism to create such effects. This demonstrates the broad inconsistency between major scientific knowledge and 
public perception about possible effects of electromagnetic fields (EMF) on humans and the environment. Especially 
with regard to the planned expansion of high-voltage power grids and mobile communication networks (e.g. wireless 
broadband internet access, TETRA digital radio of security authorities and organizations) the need for further effective 
risk communication about possible effects of EMF becomes obvious and is recognized by governments and 
stakeholders [2]. 

To meet these challenges, in January 2010 the Scientific Institute for Infrastructure and Communication Services 
GmbH (WIK) has established the working group “EMF and Environment” to monitor scientific advances and 
developments in the public debate within Germany and abroad and to provide clear up-to-date and background 
information as well as effective communications on research, mainly – but not exclusively – focused on RF EMF. The 
WIK commitment is encouraged and backed by the German Federal Ministry of Economics and Technology that 
attaches great importance to an objective and informed public debate, to prevent a further splintering of the RF-related 
discourse. 

Materials and Methods 

The working group is focusing on continuous network activities instead of single campaigns (Fig. 1). This approach 
allows to establish an open dialogue between the participating actors, which are the public, the media, politicians, 
members of the scientific community, and clients of the working group. A knowledge and information exchange with 
all actors in the network is established through a continuous flow of current information which is offered at no charge. 
Top priorities are transparent, up-to-date and easy to understand presentation of the complex scientific research 
approach and its results about possible effects of EMF on humans and the environment, as well as the assessment of 
these results which leads to a reliable knowledge base. 

 

 
Figure 1: Network activities instead of single campaigns 



 
 
 
These actions fill the information gap after closure of the German Forschungsgemeinschaft Funk e.V. (FGF) by the end 
of 2009 (http://fgf.de/english/index.php). The Working Group has established an early warning system for their clients, 
offers an array of clear, accurate informational materials, and fulfils networking and communication activities. Two 
former FGF employees complement the WIK Institute’s existing expertise: WIK is active and well positioned in the 
field of risk communication since 1982, has carried out a number of studies, and has assumed advisory tasks in risk 
communication, e.g. for the German Federal Office for Radiation Protection and for the German Bundestag. 

Action Details and Products  

The “EMF and Environment” working group 
1. Monitors EMF science through continuous analysis and evaluation of research results, 
2. Initiates scientific discourse, 
3. Continuously manages, bundles, and documents information, 
4. Serves as a point of contact for EMF information, 
5. Performs public relations (periodic publication and dissemination of printed information and electronic 

newsletters, information offered on a website), 
6. Coordinates information exchange and sustains networking among scientists, stakeholders, health officials, and 

authorities, 
7. Organizes scientific workshops, informative events and reviews on certain EMF topics. 

 
The working group is neutrally staffed with scientific experts in biomedicine, public relations, and risk communication. 
The permanent, weekly, and quarterly information channels are offered in German and English free of charge (Fig. 2). 
On the group´s website (http://www.wik-emf.org/home.html?&L=1) the user gets basic information on EMF research 
and health risk assessment. On the publication page all issues of the weekly and quarterly information media “EMF 
Brief” and “EMF Spectrum” are available for download. They can also be subscribed free of charge on the service page. 
An extranet for paying clients serves as particularly topical information source on a daily basis. Clients have access to 
an online information center with a daily news service and a structured knowledge collection with background 
information, original documents, expert comments, media contributions, summaries, etc. – hierarchically structured 
according to EMF-relevant topics. The working group project is open in any direction for cooperation with 
organizations, official bodies, companies, etc. 
 

 
 

Figure 2: Public and non-public information offer of the working group 

Summary and Conclusions 

Since January 2010, the WIK Working Group “EMF and Environment” provides services and advisory functions to all 
those who in some way are involved in the EMF debate, and have diverse needs for support. In particular, the group 
offers a point of contact and a cooperative partner for those who have lost an information platform formerly provided by 
the FGF. Furthermore, the group provides a continuous flow of reliable and easy-to-understand scientific information to 
the public. The group’s independence and expertise make it a key contact for different parties searching for reliable 
information and advice in the field of EMF science. 
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Introduction 
Scientific knowledge is essential to the resolution of disputes in law and administrative applications [1]. There are no 
socially agreed-upon rules for the application of this knowledge except in the law. On a practical level, the legal system 
lacks the capacity to evaluate the validity of knowledge as evidence and therefore relies heavily on expert opinion [1-
3]. 

A key-issue is how to assure that professionals in any field provide judges with sound advice, based on relevant and 
reliable scientific evidence. 

The search for solutions to this problem seems particularly urgent in Italy, a country where a number of verdicts of 
guilty have been given in trials for personal injuries from exposure to electromagnetic fields. 

Materials and Methods 
An Italian Court has recently recognized the occupational origin of a trigeminal neuroma in a user of mobile phones, 
and ordered the Italian Workers' Compensation Authority (INAIL) to award the applicant a pension for a high degree 
(80%) permanent disability [4]. 

We describe and discuss the salient aspects of this sentence as a case-study in the framework of the use (and misuse) of 
scientific evidences in toxic-tort litigation. 

Results 
Based on the motivations of the verdict, it appears that the judge relied on seriously flawed expert testimonies. 

The experts who served in this particular trial were clearly inexperienced in forensic epidemiology [5] in general, and 
in the topic at hand.  

Selective overviews of scientific evidence concerning tumour risks from mobile phone use were provided, along with 
misleading interpretations of findings from relevant epidemiologic studies (including the dismissal of the Interphone 
study results on the ground of purported biases resulting from industry funding). 

The requirements needed to proceed to causal inferences at the individual level were not taken into account, and 
inappropriate methods to derive estimates of personal risk were used. 

Conclusions 
A comprehensive strategy to improve the quality of expert witness testimony in legal proceedings and promote just and 
equitable verdicts is urgently needed in Italy. 

Legal standards for expert testimony (including preliminary assessments of scientific evidence admissibility and 
qualification requirements for professionals acting as experts in the courtroom) are lacking in our country. 

In this and similar contexts, recommendations issued by professional and/or scientific associations might exert a role of 
paramount importance [7-8]. 

We suggest that EBEA BEMS, ICNIRP and IEEE endorse a joint statement on the role of expert witnesses in legal 
proceedings and the best strategies for improving the quality of expert witness testimony in cases concerning 
electromagnetic fields and health. A possible outline of such a statement is provided in the Appendix. 
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[5] Loue S. Forensic epidemiology. Jones and Bartlett Publishers, Sudbury, MA (USA), 2010. 
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Appendix – Possible outline for EBEA, BEMS, ICNIRP, and IEEE guidelines 
for expert witness testimony in the field of bioelectromagnetics 
Expert witnesses have an obligation to present complete, accurate, and unbiased information to assist the triers of facts 
to understand the scientific issues so that they can arrive at a fair and equitable judgement. 

EBEA, BEMS, ICNIRP and IEEE believe that the best strategies for improving the quality of expert witness testimony 
in legal proceedings must include strengthening the qualifications for serving as experts in bioelectromagnetics, 
educating professionals about standards for experts, and providing more specific guidelines for expert conduct 
throughout the legal process. 

Therefore EBEA, BEMS, ICNIRP and IEEE support the following efforts: 

− Implement the recommendations of this statement through legislative or regulatory reform of expert witness 
testimony. 

− Provide continuous education about the expert witness process at all levels of professional experience in 
bioelectromagnetics. 

− Aid in the establishment of expert panels to study, standardize, and disseminate elements of expert testimony that 
have been inadequately addressed (e.g. establish the role of evidence-based public health in expert opinions). 

Recommendations 
• Bioelectromagnetics scientists should limit their participation as experts to cases in which they have genuine 

expertise. 

• Expert witnesses should be capable of demonstrating sufficient training or experience in the specific area at issue 
to be qualified and accepted as an expert. 

• Expert witnesses must have been actively engaged in the specialty or area of bioelectromagnetics about which they 
testify. The expert should be able to demonstrate updated professional competence within a reasonable time period 
contiguous to the alleged act. Evidence of updated competence could include university training or resident 
teaching, relevant publications, or research. 

• Expert witnesses should not give false, misleading, or misrepresentative details about their qualification. 

• Expert witnesses should take all necessary steps to provide thorough, fair, objective, and impartial review of 
scientific facts. 

• Regardless of the source of the request for testimony (plaintiff or defendant), expert witnesses should lend their 
knowledge, experience, and best judgment to all relevant facts of the case. 

• Expert witnesses should not exclude relevant information for any reason and certainly not to create a perspective 
that favor the plaintiff or the defendant. 

• The expert witness should be comfortable with his or her testimony regardless of whether it is to be used by the 
plaintiff or defendant. 

• Expert witnesses must take all necessary precautions to ensure that the expert work is relevant, reliable, honest, 
unbiased and based on sound scientific principles. 

• Expert witnesses must know that transcripts of depositions and courtroom testimony are public records and may be 
reviewed by others outside the courtroom. 
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Introduction 
EFHRAN (European Health Risk Assessment Network on Electromagnetic Fields Exposure) is a three-year project 

of the European Commission (February 2009 – January 2012) in the framework of the Programme of Community 
Action in The Field of Health (2008-2013), Health 2008. EFHRAN is coordinated by Paolo Ravazzani and involves 7 
additional partners from different countries in Europe. More than 15 European research centers, universities and other 
stakeholders have already provided their interest in the activities of this project. 

Objectives and expected outcomes 
The general objective of this project is to establish a European health risk assessment network on EMF. EFHRAN is 
designed to achieve the following strategic objectives: 

 
• Monitor and search for evidence of health risks related to EMF exposure. 
• Characterize and, where appropriate, quantify potential health risk posed by EMF exposure. 
• Enhance the EC's ability to respond rapidly to health issues and concerns related to EMF using scientifically 

sound advice and analyses. 
• Improve the compilation of knowledge and its dissemination on issues related to EMF and health. 

 
The specific objectives of the project can be summarized as follows:  

 
• Monitor, analyse and identify health risks due to EMF exposure on the basis of in vitro/in vivo studies and human 

studies; 
• Provide quantitative EMF exposure assessment to estimate the amount, duration, and pattern of exposure to EMF 

from various sources.  
• Provide exposure-response assessment and related metric for EMF exposure, to estimate the magnitude of 

possible risks due to exposure to electromagnetic fields, considering their pattern and modulation;  
• Provide risk characterization and related indicators, to characterize population risks, using information on 

exposure response and exposure distribution obtained within the project;  
• Provide input to communication and risk management processes, to identify priority areas for immediate 

intervention where appropriate and main needs for risk communication.  
 
EFHRAN is expected to provide EC and the EU with a health risk assessment process on EMF exposure that will allow 
these bodies to react to the concerns in full understanding of the scientific issues. EFHRAN is also expected to provide 
input for future risk management steps. 

  



Results achieved so far 
The main outcomes of the project in its first two year of activity will be presented and can be summarized as: 

• EMF and health risk analysis, based on the results of studies on in vitro, in vivo animals and humans 
(laboratory studies), together with epidemiological studies;  

• EMF and health exposure assessment.    
This paper will be in the line of proposing, even during this conference, a larger platform for discussion about EMF 
and health risk assessment issues, in a form of round table or special session, in order to exchange different point of 
views and compare different approach at both European and international level. 

Project partners 
• CNR Consiglio Nazionale delle Ricerche Istituto di Ingegneria Biomedica (CNR-ISIB), Italy - Paolo 

Ravazzani (Coordinator) 
• Centre National de la Recherche Scientifique (CNRS), France - Bernard Veyret      
• Fundacio Centre de Recerca en Epidemiologia Ambiental (CREAL), Spain - Elisabeth Cardis  
• Health Protection Agency (HPA), United Kingdom - Zenon Sienkiewicz  
• ICEMB Centro Interuniversitario per lo studio delle Interazioni tra Campi Elettromagnetici e Biosistemi, 

Università degli Studi di Genova (UNIGE), Italy - Gugliemo D'Inzeo  
• Institute of Nonionizing Radiation (INIS), Slovenia - Peter Gajsek  
• Kraeftens Bekaempelse, Institute of Cancer Epidemiology (DCS), Denmark – Aslak Harbo Poulsen and 

Joachim Schüz  
• National "Frederic Joliot-Curie" Research Institute for Radiobiology and Radiohygiene (NRIRR), Hungary - 

György Thuroczy  

About EAHC 
The Executive Agency for Health and Consumers (EAHC), established by the European Commission, implements the 
EU Health Programme, the Consumer Programme and the Better Training for Safer Food initiative. 
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 Evidences that ELF MF can modulate brain rhythms, cognitive
and motor functions in humans:

 Electroencephalogram (EEG1,2) and evoked potentials3

 Cognitive performances (selective attention3, syntactic
reasoning4, vigilance4, working memory5)

 Spontaneous normal motor activity (standing balance6,7 and
physiological postural tremor7,8)

1Cook et al., Bioelectromagnetics (2004)
2Ghione et al. Neuroscience Letters (2005)

3Crasson et al., Bioelectromagnetics (1999)
4Stollery et al., Br J Ind Med (1986)

5Preece et al., Int J Radiat Biol (1998)
6Thomas et al., Neuroscience Letters (2001)

7Legros et al., REE (2010)
8Legros et al., Med Eng and Phys (2006)

4

General Background

Research program: establishing the threshold for a 
consistent effect at power frequency (60 Hz) 

mailto:alegros@lawsonimaging.ca
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Phase I : 71 subjects - 1800 µT at 60 Hz - 1 hour 
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 Sway velocity  while exposed to the MF with eyes closed (F = 3.38 ; p 
< 0.05 ; ηp

2 = 0.05)

Phase I - 60 Hz MF at 1800 µT and postural sway
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 Tremor absolute power in the 7-12 Hz frequency band  while 
exposed to the MF (F = 3.38 ; p < 0.05 ; ηp

2 = 0.05)

Phase I - 60 Hz MF at 1800 µT and tremor intensity 

7

*

Legros et al., REE (2010)
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Phase I - Conclusions

1 hour exposure to a 60 Hz, 1800 µT magnetic stimulus:

No effect on cardiovascular parameters1, electroencephalographic
(EEG) activity2, voluntary rhythmic movements2

 Induces an increase of physiological tremor amplitude in the
frequency band corresponding to the central contribution (during
exposure) 2

Reduces standing balance oscillations (during exposure) - only in
the eyes closed condition which suggests that the exposure may act on
proprioceptive and/or vestibular functions2

The effect takes time to appear (45 mins) and seems to disappear after
the exposure offset

8

1McNamee et al., Int Arch Occup Environ Health (2009)
2Legros et al., REE (2010)
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Phase II experiment 1 - 99 subjects – 3 groups –
10 psychometric tests – 3000 µT at 60 Hz – 1 hour 

OFF

ON

B1Rest Rest Rest Rest Rest Rest

G1: Sham/Sham G2: Real/Sham G3: Sham/Real

B1B1B2 B2B2

1 1 12 2 2
Time [hours] Time [hours] Time [hours]
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Phase II experiment 1 - 60 Hz MF at 3000 µT – Digit Span Forward1

Interaction effect: F = 4.74 ; p < 0.02 ; ηp
2 = 0.09

10

1Corbacio et al., Bioelectromagnetics (under review)
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Phase II - experiment 1 conclusions1

 Practice effect is expected to occur with repeated measures
testing (short term learning)

 Practice effect is associated with synaptic plasticity

 Elimination of the practice effect in a memory task
associated with MF exposure

 MF seems to interfere with the neurophysiological processes
underlying the plastic adaptation of neural pathways in these
regions

 MF interfering with learning processes (i.e. synaptic
plasticity)?

11

1Corbacio et al., Bioelectromagnetics (under review)
© Copyright 2011 Alexandre Legros – Lawson Health Research 
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 1 experimental session, 3 tests before and 3 tests after MF exposure

rest tap. MR rest tap. MR

60Hz MF (real or sham), 60 
minutes

3 x 5 min 30 sec 3 x 5 min 30 sec

Phase II expe 2 - 60 Hz MF at 3000 μT - fMRI

0 μT                          3000 μT

12
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Phase II expe 2 - Finger-tapping and fMRI - 60 Hz MF at 3 mT

Post-minus-Pre SHAM (n=11)

13

Post-minus-Pre EXPO (n=9)

 Higher post-exposure task induced activation after 1 hour of 
exposure to a 60 Hz, 3000 μT MF as compared to SHAM (in S1 and 
the cerebellum) - consistent in 2 different studies1

 S1: associated with haptic stimulation2 (i.e. tactile sense); Cerebellum: 
optimizes the movement by using sensory feedback3 

 Speculation: MF exposure might induce 
plastic changes detectable using fMRI4

1 Legros et al., Bioelectromagnetics (submitted)
2Johansen-Berg et al., Neuroreport (2000)

3 Allen et al., Science (1997)
4Karni et al., Nature (1995)

© Copyright 2011 Alexandre Legros – Lawson Health Research 
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• Hebb D. O. (1949). Organisation of Behaviour. New York: Wiley.
• Neves G, Cooke SF and Bliss TV (2008) Synaptic plasticity, memory and the hippocampus: a neural 

network approach to causality. Nat Rev Neurosci 9:65-75
• Martin SJ, Grimwood PD and Morris RG (2000) Synaptic plasticity and memory: an evaluation of the 

hypothesis. Annu Rev Neurosci 23:649-711
• Bush D, Philippides A, Husbands P et al Spike-timing dependent plasticity and the cognitive map. Front 

Comput Neurosci 4:142

Possible mechanism: Synaptic Plasticity 

Hebb (1949): “When an axon of cell A is near enough to excite cell B
and repeatedly or persistently takes part in firing it, some growth process
or metabolic change takes place in one or both cells such that A’s
efficiency, as one of the cells firing B, is increased”

Long Term Potentiation (LTP): strengthening of synaptic transmission 

Long Term Depression (LTD): weakening of synaptic transmission 

LTP and LDP together: supports for learning and memory

© Copyright 2011 Alexandre Legros – Lawson Health Research 
Institute

EBEA 2011 - Rome

Delayed spike can induce 
depression instead of potentiation

Advanced spike can induce 
potentiation instead of 
depression

Weak time-varying magnetic MFs may interfere with plasticity

Courtesy of Dr. Julien Modolo 

Time (1/100 ms)
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Phases I and II: General Conclusion

60 MF at 1.8 and 3 mT seem to have cognitive and motor
effects

“sub threshold” intensity time-varying MF may modulate
specific neurophysiological processes

These neurophysiological effects seem to have functional
consequences: potential for clinical applications (e.g. movement
disorders, cognitive or learning disorders, pain management)

Computational neurosciences provide elements allowing to
speculate on the involved mechanisms – synaptic plasticity

16
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Threshold for acute synaptic interaction at 60 Hz 
magnetophophenes and neuromotor manifestations

0 – 50 mT
 Guidelines: based on threshold for magnetophosphenes detection and 

safety factor

 Threshold at 20 Hz ≈ 5 to 20 mT (ICNIRP, 2010, Silny, 1986; following the work from Losvund et al., 1979 
and 1980)

 But: methods not entirely described and work “difficult to evaluate” 
(Saunders and Jefferys, 2007)

 But: “guidelines are based on upon upon very limited data and 
assumptions regarding phosphenes” (Kavet, 2008)

Lack of reliability of the available data in humans and threshold 
regarding the 50/60 Hz corresponds to extrapolated values

© Copyright 2011 Alexandre Legros – Lawson Health Research 
Institute

EBEA 2011 - Rome18

Objectives

 Identifying a threshold of MF amplitude at which a systematic effect
can be detected at 60 Hz (magnetophosphenes and neuromotor
modulations investigated using EEG, EMG and/or fMRI)

 Characterize the brain structures and neuronal activity associated with
the perception of magnetophosphenes

 Propose mechanisms of action supporting the experimental
observations at 60 Hz

Toward an Experimental Threshold Detection 
at 60 Hz in Humans – 5 to 50 mT

© Copyright 2011 Alexandre Legros – Lawson Health Research 
Institute

EBEA 2011 - Rome

 Threshold determination at 60 Hz (up to 50 000 T) – Investigating 
systematic neurophysiological responses using:

 Magnetophosphenes perception
 EEG rhythms and Evoked potentials
 fMRI activations
 Electromyography (EMG)
 Physiological tremor
 Standing balance 
 Computational neurosciences
(Challenge mathematical model results with 
experimental results and reverse)

19

Future developments – 60 Hz program Phase 3

 Further approaching the mechanisms - predict the outcome of a 
specific exposure

 Systematic responses to specific MF (hybrid imaging and 
functional/behavioral outcome)

© Copyright 2011 Alexandre Legros – Lawson Health Research 
Institute

EBEA 2011 - Rome
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Airport security body scanners 
in a precautionary perspective

Alessandro Polichetti, Roberta Pozzi

Department of Technology and Health
Istituto Superiore di Sanità, Rome, Italy

A case study on risk assessment and

management of a new electromagnetic field

emitting technology:

whole body imaging equipments for detection of

hidden weapons or explosives installed in

airports (body scanners).

First of all, it is necessary to take into

account the new exposure scenario in order to

assess the possibility of established (thermal)

health effects.

This new technology is based on a little

investigated part of the electromagnetic

spectrum, therefore it can give rise to new

concerns about not established (non thermal)

effects of electromagnetic fields.

It is necessary to evaluate this new technology

also in the perspective of the precautionary

principle which deals with not established

health effects.
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The three kinds of body scanners

1) X-rays emitting

Backscatter technology projects
low level X-ray beams over the
body to create a reflection of
the body displayed on the
monitor.

They are not legal in Italy:
no intentional exposure of
people to ionizing radiation is
allowed by law for not-medical
purposes.

The three kinds of body scanners

2) passive, just-receiving microwaves

The device installed in
some Italian airports in
order to be tested.

The three kinds of body scanners

3) microwaves emitting

The device installed in some
Italian airports
(and in French ones, too).
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Facts about “ProVision 100” body scanner

Frequencies: 24-30 GHz (λ: 1–1,25 cm in air)

Penetration depth in the skin: 1 mm

Exposed organs: skin, outer regions of the eye

Maximum power density: 0,64 mW/m2

Exposure time:  2 s

Exposure limit (ICNIRP): 10 W/m2 averaged on

2 minutes

Averaged power density: 10 W/m2

There is no possibility of established effects!

According to an italian consumers association:

“No one can certify that the electromagnetic

millimeter waves have no adverse health

effects, since there are no studies on the

subject and THz technology has never really

been used in humans. Then, the precautionary

principle would exclude this technology”.

According to four Italian scientific societies:

due to the complete lack of knowledge about

possible long-term effects of the microwaves

generated by body scanners, a prudential

approach remains necessary.

Complete lack of knowledge?
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Again:

“A prudential approach remains necessary”

OK, even if we are not in a complete ignorance, a

prudential approach is justified by uncertainties.

However, what does a prudential approach

implies?

Different versions of the

precautionary principle

Principle 15 of Rio Declaration

“Where there are threats of serious or

irreversible damage, lack of full scientific

certainty shall not be used as a reason for

postponing cost-effective measures to

prevent environmental degradation.”
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Different versions of the

precautionary principle

“Measures should be taken in response to

limited, but plausible and credible, evidence

of likely and substantial harm and the

burden of proof has to be shifted from

demonstrating the presence of a risk to

demonstrating its absence (Grandjean et al.,

2004).”

Different versions of the

precautionary principle

In the most extreme formulation of the

precautionary principle, no new technology

has to be adopted if not shown absolutely

safe.

One possible, reasonable way to apply the

principle of precaution:

to judge, on the basis of all the available

scientific knowledge, if there are reasons to

deem plausible the possibility of long-term

effects; the entity of the cautionary

measures may then depend on the strength

of these reasons.

Some in vitro studies suggest biological effects

of millimeter waves at non thermal levels, like

an antiproliferative action on some tumoral cell

culture systems, or perturbations of structural

and functional properties of cell membranes.

However, the reported effects seem to be

strictly dependent on the irradiation frequency

or on the cell type, and their significance for

health is unclear and remains to be evaluated.
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The reported effects were obtained at

exposure levels ranging from about 10 mW/m2

to more than 100 W/m2, values which are to be

compared with the 0.64 mW/m2 maximum value

measured for body scanners.

Moreover, exposures from body scanners have

a very short time duration: it was evaluated

that airport personnel could be exposed for up

to about 18 hours along the whole life.

Application of the precautionary principle: 

evaluation of alternatives

Passive body scanner have been tested in two

italian airports.

According to ENAC (the Italian civil aviation

authority) there are too many false alarms and

too long time durations of controls:

they will not be used in italian airports.

However, the precautionary principle has been

applied!

Conclusions

Evaluation of all available scientific evidence do

not indicate that there are health risks related

to body scanners.

Even if still unproven long term effects of RF

electromagnetic fields were real, airport body

scanners do not seem to be a priority for

precautionary measures.

Thank you for your attention!
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Introduction
 GPs are questionned by their patients on EMF health 

risks
 Information on health effects of EMF is controversial and 

potentially disturbing
 Persons suffering from EHS and their symptoms are 

often dramatized in the media
 Objectives of the survey:

– Estimate the global perception of the GPs on the EMF health 
risks as well as their knowledge and their information sources on 
the subject 

– Know the frequency of their patient’s questions about the EMF 
health risks

Context and methods (1)

 With the SFRP and before the publication of the book 
« Champs électromagnétiques, environnement et 
santé », scientific but designed for a large audience

 Selection of a pollster: Kantar Health (ex Sofres)
 Method of sampling by quota 
 Sex, age, region of exercise

 Poll through internet among 600 GPs, from September 
27th till October 8th, 2010, according to the CAWI 
method 
(Computer Assisted Web Interviewing)

Context and methods (2)

 6 questions on personal data
 16 questions distributed in 4 groups

– 2 questions on environmental risks and EMF sources
– 4 questions on EMF perception by human
– 6 questions on practical experience of the questioned GP
– 4 questions on information sources and their credibility

When the answers contained more than 3 items, 
these were presented in a random way

http://www.ebea2011.org/index.html
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Results : personal data
600 GPs
 Men: 73 % - Women: 27 %
 Mean age: 50 y
 Mean service: 21 y
 55 % practice in towns of more
than 20 000 inhabitants
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Mode of exercise

In your practice, have you one or any of  the 
following orientations?
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Homeopathy

Acupuncture

Osteopathy

Mesotherapy

Sport medicine

Geriatry

Naturopathy

Nutition

Other

No one

Among the following behaviors or situations, please indicate the 5 that you 
consider as the most dangerous for the health
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Be close to smokers (passive smoking )

Drink some water coming from lead pipes

Live near a nuclear power plant

Live near a high-voltage power-line 

Live near a mobile phone base station

Live near a highway

Use regularly a mobile phone

Eat transgenic corn (GMO) 

Work several hours a day on computer

Use regularly a microwave oven

Drink a glass of wine every day

In 1st In 2sd In 3rd In 4th In 5th Non quoted

According to you, which of the following devices or installations generate 
electromagnetic fields?
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Mobile phone base station
Mobile phone

High-voltage power-line 
Microwave oven

Wifi 
Television mast

Substation
Computer

DECT phone
Antitheft device

Induction cooktop
GPS

Domestic appliances
High speed train line

Baby phone
Fluocompact lamp

Clock radio
Car

Electric shave
Hair dryer
Compass

Smok detector

Quote at least a 
delusion: 44 %

↘ Women (77 %)
↗ Sufficiently
informed( 96 %)

↘ Women (47 %)

↘ Women (35 %)

↘ Women (18 %)

↘ Women (25 %)

↘ Women (10 %)

↘ Women(9 %)

↘ Women (6 %)

↗ Sufficiently informed ( 52 %)

↗ Sufficiently informed ( 52 %)

↗ Sufficiently informed ( 28%)

↗ Sufficiently informed ( 30%)

http://www.ebea2011.org/index.html
http://www.ebea2011.org/index.html
http://www.ebea2011.org/index.html
http://www.ebea2011.org/index.html


15/03/2011

3

Would you say that the studies showed …

Women: 32 %
Sufficiently informed: 56 %

↗ Women (23 %)

↗ Sufficiently informed (57 
%)

↘ Homeopaths (51 %)

↗ Sufficiently informed (81 %) ↘ Homeopaths (52 %)

↘ Women (29 %)

↗ Sufficiently informed (38 %)

↗ Sufficiently informed (34 %)↗ Women (25 %)

↗ Women (31 %)

↗ At least a particular exercise (11 %)

↗ Homeopaths (11 %)

For each of the following electromagnetic fields sources, would you say 
that negative health effects are scientifically demonstrated, anticipated 
but not demonstrated, or that that no clear dangerousness evidence had 
been scientifically established?
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Live near a high-voltage power-line 

Use a mobile phone several hours a day 

Have a base station on the roof of his (her) building

Have his(her) switched on mobile phone (or in sleep mode) permanently 
on oneself

Use Wifi

Pass through antitheft device

Work daily on computer

Use daily appliances such electric shave, hair dryer,  refrigerator, 
microwave oven, clock radio …

Live near a  high speed train line

Proven effects Suggested effects  but non proven No evidence of health adverse effect

Do you think that living near a high-voltage line or near a 
mobile phone base station, or to use regularly a mobile 
phone increases the risk of developing diseases?

No: 21 %
Yes: 79 %

- ↗ Particular exercise (85 %)
- ↘ Sufficiently informed (55 %)
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Cancers / Tumors

Migraine, headaches

Neurological troubles

ORL troubles (acouphens, vertigo, postural 
impairements)

Mood troubles, irritability

Blood diseases (other than leukemia)

Depression

Fatigue, asthenia

Cardiovascular troubles 

Anxiety, distress

Fertility troubles  / Impact on pregnancy

No answer

If yes, which ones?

Base : 473 positives 
responses

↗At least a particular exercise (27 %)
↗ Homéopaths (28 %)
↘ 35-44 y (9 %)

1,7 pathologies quoted in average
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Are you sometimes questioned by your patients about the 
health risks of the electromagnetic fields? 

 Often: 3 %
 From time to time: 28 %
 Rarely: 43 %
 Never: 26 %

 Your patient’s questions are essentially about:
 Mobile phone: 79 %
 Mobile phone base station: 69 %
 High-voltage power line: 53 %
 Wifi: 30 %
 Television mast: 24 %
 Computer: 17 %
 Substation: 9 %

During the last twelve months, have you been confronted 
with patients complaining about EHS, and if yes how 
many?

70

28

1 1

0 1 à 5 6 à 10 More than 10

69 % Women
Swiss survey

Among the symptoms listed below, what are the 3 most 
frequently reported by the patients complaining about 
symptoms associated with an electromagnetic field exposure?
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Headaches
Sleeping troubles

Fatigue
Nervousness

Vertigo
Acouphens

Difficulties of concentration
Anxiety
Tickles

Feelings of cutaneous heat
Memory troubles

Palpitations

In 1st In 2sd In 3rd Non quoted

Do you consider yourself sufficiently or insufficiently 
informed about the questions of health effects related to the 
electromagnetic fields?

Sufficiently informed: 11 %
Unsufficiently informed: 89  %

- ↗ women GPs (96 %)
- ↗ < 15 years of  practice (96 %)

http://www.ebea2011.org/index.html
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Do you get out information about the electromagnetic fields rather from …

↘ Sufficiently informed ( 14 %)

↘ Sufficiently informed ( 10 %)

↗ Sufficiently informed ( 45 %)

↗ Sufficiently informed ( 69 %)
↗ > 30 y (64 %) 
↗ 55-64 y (64 %)
↘ < 50 y (48 %)
↘ women (69 %)
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2
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0 20 40 60 80

Sub-total Media

The non-specialized print media

The television

Internet

The radio

The medical press and the specialized …

Scientific publications

Your family circle

Other

No information source

↘ Homéopaths (32 %) & ↗ Sufficiently informed (58 %)

↘ Homéopaths (84 %)

↘ At least a particular exercise (69 %) & Homéopaths (57 %)

↗ Homeopaths (36 %)   

↗ Homeopaths (65 %)           ↗ Sufficiently informed (64 %)

↗ Homeopths (49 %)  ↗ Sufficiently informed (86 %)

Among the following information sources, please mark those to which 
you rely to inform you on the electromagnetic fields 
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The scientific community

The Academiesties) of medicine, sciences and/or 
technologies

The governmental sanitary agencies (In France: InVS, 
Anses, HAS)

The WHO organization

The consumer associations

The ministry of health, environment, work …

The NGO 

The sick persons associations

The ecologist associations

The energy companies 

The telecommunications companies

Confidence No confidence

In your opinion, are public authorities attentive to the 
French people concern with electromagnetic fields? 

1%

27%

61%

11%

Yes, completely Yes, rather No, rather not No at all

Sub total No : 72 %

↘ Women (16 %)
↗ Sufficiently informed (54 %)
↗ Confidence in ministry
sources (42 %)

Sub total Yes : 28 %

Conclusions (1)
 The great majority of French GPs thinks that EMF could have 

effects on the health, but 89% of them recognize to be 
insufficiently informed about this subject. 

 For 79 % of French GPs, living near a high-voltage line or near a 
mobile phone base station, either using regularly a mobile phone 
handset, increase the risk of developing some diseases.

 In this case, they think that EMF are responsible for cancers (53 
%), migraines and headaches (25 %) and neurological disorders 
(19 %).

 Consultations for EHS are not frequent and are mainly related to 
women.

 The associated sources are mobile phone, base stations, high 
voltage power-lines, microwave ovens and WiFi

 Without surprise, the main evoked symptoms are headaches, 
sleeping troubles and fatigue.

http://www.ebea2011.org/index.html
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Conclusions (2)
 The women and the homoeopaths represent particular 

populations inside the GPs population regarding knowledge, 
faith, and confidence.

 The massive feeling of a lack of information is surprising 
because they are 55 % who declare to find information in the 
medical press and specialized Web sites and 26 % in scientific 
publications.

 French GPs mainly trust the scientists, belonging to the scientific 
community, the academies of medicine, sciences or 
technologies, governmental sanitary agencies or WHO, which is 
reassuring.

Thank you for 
your attention

http://www.ebea2011.org/index.html
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Actions taken by the WIK
„EMF and Environment“ Working Group

to provide reliable and understandable EMF Information

Frank Gollnick, Gabi Conrad, Annette Hillebrand, Franz Büllingen, Karl-Heinz Neumann

10th International EBEA Conference - Rome, 21. February 2011

1

Eurobarometer 2010
Electromagnetic Fields

Nearly 30% of EU citizens
believe that EMF have a 
serious effect on their health

Further 30% believe that
they have some effect

There is no clear scientific
evidence for health effects
from EMF

There is no reliable
mechanism found to cause 
such effects

2

Why?
Inconsistency between scientific evidence and public perception

EMF
Research

Biomedicine Engineering

Physics

 Great impact of sensational news in the media 
(broad coverage, attractive presentation, easy to understand)

 Skepticism towards governmental risk assessment and regulations

 Deficiencies or lack of knowledge about the scientific approach and 
risk assessment

 General information overload 

 Complexity of the EMF topic (Physical, biological, chemical 
knowledge necessary)

3

Information overload
„We are drowning in information but starved for knowledge”

(John Naisbitt)

Media

Caution!

No risk

Critics

Authorities
Scientists

Industry

No risk

Medical Doctors

Caution!

No risk

No risk

Caution!

More
research

Risk

More
research

No risk
Caution!

More
research

?
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Information Flow and Transfer

Monitoring, Analysis, Transfer

5

Our mission

Providing a balanced
and generally
understandable flow of
current information

Making science and
scientific work more
transparent

Pointing a better way to
existing knowledge

To support perception 
and understanding of the 
scientific facts

To build up confidence in 
the scientific approach 
and risk assessment

To support broad and 
balanced public 
information

6

Key Actions
Monitoring, analysis and transfer

 Monitoring of EMF science through continuous analysis and evaluation of 
research results and related discussion

 Continuous bundling and management of knowledge 

 Public information (Newsletter, Journal, Website)

 Networking among scientists, scientific networks, stakeholders, and  authorities

 Organization of workshops and informative events

 Reviews on certain EMF topics

 Design and performance of studies on risk communication

7

Public and non-public information offer
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Extranet for Clients

9

Extranet for Clients

10

Public and non-public information offer

11Daily Weekly

Layout,
Publishing

Weekly Newsletter „EMF Brief“
Information Retrieval and Processing
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Broader Context
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Analysis,
Translation

Experienced 
Knowledge

R
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Analysis

Automatic
Detection of

Changes/Additions

Personal Information

Push Services
(RSS-Feeds, Newsletters)

Networking

Sophisticated 
Management~ 1500 relevant 

Websites
• Authorities
• Universities
• Databases
• Media
• Critics
• Stakeholders
• Committees
• …

Print
Media

Personal
Contacts
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Cooperation welcome! 

Cooperation:

 Cooperate with the information network (contribute Articles, News, Personal 
Exchange)

 Recommend WIK EMF Group to others to enlarge the information network

Startup money from the German Federal Ministry for Economics and 
Technology and cooperation with FMK Austria, FSM Switzerland, COST 
BM0704, and the newly established German „Science Forum EMF“

Support to ensure long-term perspective:

 Become a client to be informed day-by-day and be consulted upon request
 Contract individual advisory services
 English translation of journal „EMF Spectrum“

13

Conclusion

Visit us at: http://www.wik-emf.org

EMF Information

Free subscription and
archives of our publications

Login to the Extranet

Contact information

14

Contact

WIK Wissenschaftliches Institut
für Infrastruktur und 
Kommunikationsdienste GmbH
Rhoendorfer Str. 69
D-53588 Bad Honnef
Germany

Tel.: +49 2224-9225-42
Fax: +49 2224-9225-69
E-Mail: emf@wik.org
http://www.wik-emf.org

Working Group „EMF and Environment“

Annette Hillebrand      Gabi Conrad
Dr. Frank Gollnick     Dr. Franz Büllingen

Team Assistant: Karin Wagner
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A CASE-STUDY OF THE
COMPLEX RELATIONSHIPS BETWEEN 

SCIENCE AND LAW

Susanna Lagorio and Paolo Vecchia

National Institute of Health
Rome (Italy)

The case
• A judgement was issued by the Work Section of an

Italian Court of Appeal in December 2009
• A professional was diagnosed with a trigeminal

neuroma, claimed to be due to the intensive use of
mobile phone

• The court recognized the occupational cause of the
tumor

• The Italian Workers' Compensation Authority
(INAIL) was ordered to award the applicant a
compensation for a high degree (80%) permanent
disability

The Sentence - 1

Emphasis on

• a recent review (Kundi, 2009): “a very clear table
summarizing some studies published between 2005
and 2009. In three of them (Hardell group) a
significant increase of acoustic neuroma is evident”

• a single paper (Hardell & Carlberg, 2009): “based on
a review of studies previously published by the same
group […]. For acoustic neuroma, the findings
indicate ORs of 1.5 for cordless use and 1.7 for
mobile phone use. For use >10 years, ORs are 1.3
and 1.9, respectively”.

The Sentence - 2

“The WHO study (?), dating back to 2000, and obviously
based upon even older data (?), does not take into account
the more recent - and much more intensive and diffuse - use
of such devices, nor of the slow growth of the tumors under
consideration. Therefore, the 2009 studies, based on more
recent data, are per se more reliable.

The number of cases [in the 2009 studies] is not low; on the
contrary, it is definitely exaustive, since cases are 678 (?).

Differently from the IARC study (?), co-funded by mobile
phone manufacturers, the studies quoted by the Expert are
independent (?).”
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Critics and questions

• Knowledge of the literature
• Wheighing of evidence
• Understanding of the issues

• Expert witness (role and qualification)
• Court (ability to evaluate the relevance and the reliability

of the expert testimony)

Who were the experts?

Court-appointed:
Physician, General Medicine

Plaintiff-appointed:
Physician, Neurosurgery

Are these profiles enough for qualification
as experts in the case?

Do criteria for such a qualification exist?

Federal Rules of Evidence
U.S. Federal Law 1975, Last Amendment Dec. 2010

Rule 702 – Testimony by experts

• The expert must be qualified to render opinion

• Trial courts must ensure that scientific evidence is
relevant and reliable before admitting it at trial
• Testimony based on sufficient facts or data
• Testimony product of reliable principles and methods
• Witness reliably applied the methods to the facts of the case

• The subject of the expert’s testimony must be “scientific
knowledge”. Admissible expert testimony must be based
on knowledge derived by the scientific method and not on
subjective belief or unsupported speculation

The “Daubert Standard”

The reliability of an expert’s witness can be judged 
based on:
•whether the expert’s theory or technique can be (or 
has been) tested 
•whether the theory or technique has been subjected to 
peer review or publication 
•the known or potential error rate of the theory 
•whether there is general acceptance in the relevant 
scientific community
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Practical tools

A demonstration Project of the American 
Association for the Advancement of Science Annex to the

Civil Procedure Rules 
(UK)

Research Project in France:
Judicial Expertise

National Research Council National Academy of Science

The debate is open...



15/03/2011

4

Conclusions

• The Italian case reflects the importance and the urgence of
established criteria for the selection of experts in courtrooms

• Such criteria do not exist in Italy and, apparently, do not exist
in most Countries

• The contribution of scientific bodies to the establishmnt of
criteria and guidelines is essential

• More in general, actions are needed to bring law closer to
science, and science closer to law
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Paolo Ravazzani

The EFHRAN Project
European Health Risk Assessment Network on Electromagnetic Fields 

Exposure:
The Risk Analysis and Risk Assessment outcomes

IStituto di Ingegneria Biomedica ISIB

EBEA 2011 – February 21-24, 2011, Roma

The EFHRAN Project
 Executive Agency for Health and Consumers EAHC
 Health 2008 Programme - Second programme of community 

action in the field of health (2008- 2013)
 Starting date: February 1, 2009
 Ending date: January 31, 2012

 Consiglio Nazionale delle Ricerche, Istituto di Ingegneria Biomedica – Italy - Paolo 
Ravazzani

 Fundació Centre de Recerca en Epidemiologia Ambiental (CREAL) – Spain - Elisabeth 
Cardis

 ICEMB – Italy - Guglielmo D’Inzeo
 Institute of Nonionizing Radiation – Slovenia - Peter Gajšek
 Kraeftens Bekaempelse (Danish Cancer Society) – Denmark - Aslak Harbo Poulsen & 

Joachim Schüz
 Health Protection Agency – United Kingdom - Zenon Sienkiewicz
 National "Fréderic Joliot-Curie" Research Inst. for Radiobiology and Radiohygiene –

Hungary - Gyorgy Thuroczy
 Laboratoire de l'Intégration du Matériau au Système, UMR 5218 CNRS – France - Bernard 

Veyret

Objectives
 To monitor, analyse and identify health risks due to EMF 

exposure on the basis of in-vitro, in-vivo (animals) and human 
studies.
 To monitor and review key research results on the possible effects of exposure to EMF 

and to identify any potential EMF health risks

 Quantitative EMF exposure assessment
 To estimate the amount, duration, and pattern of exposure to EMF from various sources

 Exposure-response assessment and related metric on EMF 
exposure
 To estimate the magnitude of possible risks due to exposure to electromagnetic fields, 

considering their pattern and modulation

 Risk characterization and related indicators
 To characterize population risks, using information on exposure response and exposure 

distribution obtained within the project

 Input to communication and risk management processes
 To identify priority areas for immediate intervention where appropriate. Identify main 

needs for risk communication

Elaboration  Process

Steering
Committee

Advisory Board

Consultation Process

Coordinator

Validation Process

Steering
CommitteeWP Manager

Main Task Manager

Technical Working
Group

Publication Process

EC Services
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Scientific evidence? 

 sufficient evidence

 limited evidence

 inadequate evidence

 evidence suggesting lack of effects

Definition obtained by consensus among the scientist 
involved in the research and rewieved by SC

An IARC like-approach Sufficient evidence

- when a positive relationship is observed between the 
exposure and the effect investigated. 

- when the effect is replicated in several studies by 
independent investigators or under different protocols, 
and when there is a consistent exposure-response 
relationship. 

- when confounding factors could be ruled out with 
reasonable confidence.

Limited evidence

- when the evidence of the effect is restricted to a few 
studies, or when there are unsolved questions 
regarding the adequacy of the design, conducting or 
interpretation of the study.

- when in the studies confounding factors could not be 
ruled out with reasonable confidence. 

Inadequate evidence

- when the studies are of insufficient quality, consistency 
or statistical power to permit a conclusion. 
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Evidence suggesting lack of effects

- when no effects are reported in several studies by 
independent investigators under different protocols 
involving at least two species or two cell types and a 
sufficient range of field intensities.

in vitro _ in vivo animals: ELF magnetic fields

in vitro _ in vivo animals: 
Intermediate frequencies

Sufficient evidence

Limited evidence

Inadequate Evidence

Lack of effects

Sufficient evidence

Limited evidence

Inadequate Evidence

Lack of effects

in vitro _ in vivo animals: RF radiofrequencies
Humans

Sufficient evidence

Limited evidence

Inadequate Evidence

Lack of effects
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Summary of RF Exposure Assessment 

1. The general RF exposure level of the population from the fixed RF sources 
including LF/MF broadcast, VHF broadcast, UHF TV and telecommunications is 
very low. The range is between 0,01-1 V/m in Europe that is many times below 
the exposure limits of EU recommendations. 

2. The results of exposure measurements show that more than 60% of recorded 
total EMF exposures were below 1 V/m, less than 1% above 6 V/m and only 
less than 0,1 % were above 20 V/m field strength. 

3. The relevant European recommended exposure limit for the public is in the 
range of 28 V/m to 87 V/m. 

4. The contribution of the RF exposure from wireless telecommunication 
technology is continuously increasing and now is above 60 % of the total 
exposure. 

http://efhran.polimi.it

Science consists in grouping facts so that general laws or 
conclusions may be drawn from them

Charles Darwin
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Workshop on Risk Assessment on Electromagnetic Field Exposure: 
the activities of the European Project EFHRAN 

Bruxelles, July 5, 2012 
 

Venue: National Research Council Liaison Office; Rue du Trône, 98 - Bruxelles 
 
 
EFHRAN (European Health Risk Assessment Network on Electromagnetic Fields Exposure) is a project 
of the European Commission (February 2009 – July 2012) in the framework of the Programme Health 2008 
of Community Action in The Field of Health (2008-2013), implemented by the Executive Agency for 
Health and Consumers (EAHC). Detailed list of participants, project description, its activities and the 
published reports are available at: http://efhran.polimi.it 
 
The general objective of EFHRAN is to establish a European health risk assessment network on 
electromagnetic fields (EMF) and health. It is designed to achieve the following specific objectives: 
 

• Monitor, analyse and identify health risks due to EMF exposure on the basis of in vitro/in vivo studies 
and human studies; 

• Provide quantitative EMF exposure assessment to estimate the amount, duration, and pattern of 
exposure to EMF from various sources.  

• Provide exposure-response assessment and related metric for EMF exposure, to estimate the 
magnitude of possible risks due to exposure to electromagnetic fields, considering their pattern and 
modulation;  

• Provide risk characterization and related indicators, to characterize population risks, using information 
on exposure response and exposure distribution obtained within the project;  

• Provide input to communication and risk management processes, to identify priority areas for 
immediate intervention where appropriate and main needs for risk communication.  
 

The main outcomes of the project can be summarized as: 
 

• EMF and health risk analysis, based on the scientific results of in-vitro and in vivo (animals) studies;  
• EMF and health risk analysis, based on the scientific results of in humans (laboratory) studies, 

including epidemiological studies;  
• EMF and health exposure assessment at ELF and RF  
• EMF dose response assessment at ELF and RF 
• EMF risk characterization 
• Priorities for EMF risk management and risk communication  

 
This workshop aims to present and discuss the EFHRAN activities and main outcomes, at the end of the 
project. 
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Agenda 
 
10:00-10:15 Welcome Address and Presentation of the participants 
 
10:15-10:30 The EFHRAN Project 
 Paolo Ravazzani (CNR-ISIB) 
 
10:30-11:15 EMF and health risk analysis: human studies 
 Zenon Sienkiewicz (HPA) 
 
11:15-12:00 EMF and health risk analysis: in-vitro and in vivo (animals) studies 
 Bernard Veyret (CNRS-IMS) 
 
12:00-12:15 Coffee Break 
 
12:15-12:35 EMF Exposure Assessment in Europe: Part I – ELF exposure 

 József Bakos (NRIRR) 
 
12:35-13:00 EMF Exposure Assessment in Europe: Part II – RF exposure 

 Peter Gajšek ((INIS) 
 
13:00-14:00 Lunch 
 
14:00-15:15 EMF Dose Response Assessment and Risk Characterization in the ELF and RF 

frequency ranges 
 Elisabeth Cardis and James Grellier (CREAL) 
 
15:15-16:15 Inputs on the Future Risk Management Plans 
 Moderator: Guglielmo D’Inzeo (ICEMB UNIGE La Sapienza) 
  
16:15-16:30 Final remarks and conclusions 
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General Objectives

 To establish a European health risk assessment network on EMF

 Strategic objectives: 

 Risk analysis of exposure to EMF

 EMF exposure assessment in Europe

 Dose-response assessment and related metric on EMF 
exposure

Health risk characteri ation related to EMF e pos re Health risk characterization related to EMF exposure

 Inputs on the future risk management phases 

EFHRAN Final Meeting – Bruxelles – July 5, 2012
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Objectives 1 & 2

To monitor, analyse and identify health risks due 
to EMF exposure on the basis of human studies.

 To monitor and review key research results on the possible 
effects of exposure of humans to EMF and to identify any 
potential EMF health risks

To monitor, analyse and identify health risks due y y
to EMF exposure on the basis of in vitro/in vivo 
studies

 To monitor and review key research results from in vivo/in vitro 
(animals) studies to identify any EMF health risks

EFHRAN Final Meeting – Bruxelles – July 5, 2012

Objective 3

Quantitative EMF exposure assessmentQuantitative EMF exposure assessment

 To estimate the amount, duration, and pattern of exposure to 
EMF from various sources

EFHRAN Final Meeting – Bruxelles – July 5, 2012



4

Objective 4

Exposure-response assessment and relatedExposure response assessment and related 
metric on EMF exposure

 To estimate the magnitude of possible risks due to exposure to 
electromagnetic fields, considering their pattern and 
modulation

EFHRAN Final Meeting – Bruxelles – July 5, 2012

Objective 5

Risk characterization and related indicatorsRisk characterization and related indicators

 To characterize population risks, using information on 
exposure response and exposure distribution obtained within 
the project

EFHRAN Final Meeting – Bruxelles – July 5, 2012
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Objective 6

Input to communication and risk managementInput to communication and risk management 
processes

 To identify priority areas for immediate intervention where 
appropriate. Identify main needs for risk communication

EFHRAN Final Meeting – Bruxelles – July 5, 2012

Approach 2/2

 Technical Working Groups of experts

Approach

 Preparation of reports addressing specific objectives

 Advisory Board Consultation Process

 Steering Committe Validation Process

 Delivery to EC Services and publication

EFHRAN Final Meeting – Bruxelles – July 5, 2012
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Consultation Process

Main Task Manager

Techincal Working

Coordinator

Validation Process

Steering
CommitteeWP Manager

g
Group

Steering
CommitteeAdvisory Board

Consultation Process Publication Process

EC Services

EFHRAN Final Meeting – Bruxelles – July 5, 2012

Outputs
 Report on input to future risk management actions [under 

preparation]

 Report on EMF dose response assessment and risk 
characterization at ELF and RF frequencies [ready for the

Reports

characterization at ELF and RF frequencies [ready for the 
consultation process]

 Report on Risk analysis of human exposure to electromagnetic 
fields (update 2012) [ready for the consultation process]

 Report on the level of exposure (frequency, patterns and 
modulation) in the European Union Part 2 [published]

 Report on the level of exposure (frequency, patterns and 
modulation) in the European Union Part 1 [published]

 Report on Risk analysis of human exposure to electromagnetic 
fields [published]

 Report on the analysis of risks associated to exposure to EMF: in 
vitro and in vivo (animals) studies [published]

 and…..EFHRAN Final Meeting – Bruxelles – July 5, 2012
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Outputs

Systematic electromagnetic field (EMF) exposure assessment in Europe
To be submitted in 2012 to the Journal of Exposure Science and Environmental Epidemiology
(JESEE) [under internal revision]

Peer-reviewed publications

Assessing potential health impacts of residential exposures to extremely low frequency magnetic 
fields in Europe
To be submitted in 2013 to Environmental Health Perspectives or International Journal of 
Epidemiology

Estimating cases of glioma attributable to mobile phone use in Europe
To be submitted in 2013 to Environmental Health Perspectives or International Journal of 
Epidemiology

EMF and health risk analysis
To be submitted in 2013To be submitted in 2013

EFHRAN Final Meeting – Bruxelles – July 5, 2012
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Outputs
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Risk analysis of human exposure to 
electromagnetic fields

EFHRAN Final Meeting – Bruxelles – July 5, 2012

Main participants

 Elizabeth Cardis, CREAL, Barcelona, SpainElizabeth Cardis, CREAL, Barcelona, Spain 

 Aslak Harbo Poulsen, DCS, Copenhagen, 
Denmark

 Joachim Schüz, IARC, Lyon, FranceJoachim Schüz, IARC, Lyon, France

 Zenon Sienkiewicz, HPA, Chilton, UK
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Scope of deliverable
 Monitor literature and search for evidence of health 

risks
 Improve knowedge and so provide sound advice to 

EC
 dessiminate information (Report D2) 

 Initial view provided by scientific reviews
 EMF-NET (2009); SCENIHR (2009);  WHO and ICNIRP

 Examine more recent publications in epidemiology 
and laboratory studies with volunteers
 adjust, as appropriate, initial view to form consensus 

opinion
 updated following IARC Working Group on RF fields 

(May 2011)

• when a positive relationship is observed between the exposure 
and the effect investigated 
• when the effect is replicated in several studies by independent 
i ti t   d  diff t t l  d h  th  i   

Sufficient

The four point evidence 
system

investigators or under different protocols, and when there is a 
consistent exposure-response relationship 
• when confounding factors could be ruled out with reasonable 
confidence

Limited • when the evidence of the effect is restricted to a few studies, or 
when there are unsolved questions regarding the adequacy of the 
design, conduct or interpretation of the study 
• when confounding factors could not be ruled out in the studies 
with reasonable confidence

Inadequate • when the studies are of insufficient quality, consistency or 
statistical power to permit a conclusion

Lack of effects • when no effects are reported in several studies by independent 
investigators under different protocols involving at least two 
species or two cell types and a sufficient range of field intensities
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Low frequency fields 
(up to 300 Hz)

IARC (2002)
 ELF magnetic fields
 limited evidence for childhood leukaemia
 inadequate evidence for all other cancers
 possibly carcinogenic to humans (Group 2B)

 ELF electric fields
 inadequate evidence in humans
 no data relevant in animals
 not classifiable as to their carcinogenicity to humans 

(Group 3)
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Recent studies
 Few studies with low frequency magnetic fields 

confirm previous findings, none with electric fields
 Pooled analysis of childhood leukaemia 

consistent with earlier analyses
 OR of about 2 above ~ 0.4 µT

 Volunteer studies provide very limited additional 
information

 Interaction via magnetically-sensitive radical pair 
reactions
 cryptochromes 

 Overall, these studies do not modify opinion

Consenus opinion
Cancer outcomes

Leukaemia in children Limited
Brain tumours in children Inadequateq
Brain tumours in adults Inadequate
Breast cancer in adults Lack of effect
Other cancer (children or adults) Inadequate

Neurodegenerative diseases
Alzheimer’s disease Inadequate
Amyotrophic lateral sclerosis (ALS) Inadequate
Other neurodegenerative diseases Inadequate

Reproductive outcomesReproductive outcomes
All outcomes Inadequate

Cardiovascular diseases
All diseases Lack of effect

Well-being
Electrical hypersensitivity (EHS) Lack of effect
Symptoms Inadequate
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Intermediate frequency fields
(300 Hz - 100 kHz)

Recent studies
 Initial opinion largely based on old studies (VDU 

mainly)

 No  new studies identified, despite emerging 
applications such as RFID and domestic hobs 

 Overall,  no change to opinion
 IARC Working Group defined frequencies above 30 

kHz as RF fields
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Consenus opinion

All outcomes Inadequate

High frequency fields 
(100 kHz- 300 GHz) 
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IARC Working Group (May 2011)
 Radiofrequency electromagnetic fields
 limited evidence in humans of carcinogenicity* based g y

on positive studies of glioma and acoustic neuroma 
with wireless phones

 limited evidence in animals
 weak mechanistic evidence
 possibly carcinogenic to humans (Group 2B)

* a positive association observed for which a causal interpretation is credible

but chance, bias or confounding not ruled out with reasonable confidence 

Recent brain tumour studies
 All studies subject to bias, error or uncertainty
 Swedish pooled analysis found increased tumour riskSwedish pooled analysis found increased tumour risk 

(astrocytoma) with latency period and cumulative hours 
of use
 both for mobile and cordless phones

 Combined Interphone study found no increased risks 
 reduced ORs for glioma, meningioma, acoustic neuroma 
 but suggestion of increased risk of glioma at highest 

exposure level, particularly in temporal lobe 
 no increased risk in areas with higher exposure in 7 

countries 
 increased risks in most exposed areas in long-term and 

heavy users      in 5 other countries
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Recent brain tumour studies

 No increase risks seen in 7-19 y olds in multicentreNo increase risks seen in 7 19 y olds in multicentre 
study

 Danish cohort study
 no increased risk in glioma after 10 or more years 

subscription
 large study, but subject to some limitations

 Time-trend data 
 tumour incidence rates not showing increase to 

2007/2008
 rule out ORs of about 1 5 with ever use of mobile 10

Other endpoints
 Childhood leukaemia
 2 studies negative, so less likely now   g y

 Child development
 behavioural problems at 7 years with mothers phone 

use 
 aggressive activities in adolescents, not children

 Cognitive performance
 No field-related effects in 12-13 year olds (MoRPhEUS)

 Symptoms and hypersensitivity
 increased migraine and vertigo in Danish cohort 
 no consistent effects observed in German studies with 

children (MobilEe) or adults (QUEBEB) 
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Recent experimental studies
 Many volunteer studies, providing useful data
 studies on EHS, hearing and cognitive effects negativeg g g
 changes in regional cerebral blood flow or glucose 

metabolism
 subtle EEG changes possible, may depend on age and 

signal; relevance to health unclear 

Interaction mechanisms Interaction mechanisms
 few investigations
 demodulation not likely, second harmonics not 

generated in vitro

Consenus opinion 
Cancer outcomes

Leukaemia in children Inadequate
Brain tumours in children Inadequateq
Brain tumours in adults Limited
Breast cancer in adults Inadequate
Other cancer (children or adults) Inadequate

Neurodegenerative diseases
Alzheimer’s disease Inadequate
Amyotrophic lateral sclerosis (ALS) Inadequate
Other neurodegenerative diseases Inadequate

Reproductive outcomesReproductive outcomes
All outcomes Inadequate

Cardiovascular diseases
All diseases Inadequate

Well-being
Electrical hypersensitivity (EHS) Lack of effect
Symptoms Inadequate
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Overall summary
For no outcome is there sufficient evidence of a 

causal association between any exposure and 
disease

 Limited evidence
 childhood leukaemia and low frequencies
 adult brain tumours and high frequencies

 Lack of evidence
 breast cancer in adults and cardiovascular diseases in 

low frequencies
 hypersensitivity in low and high frequencies

Many thanks to Paolo Ravazzini and all our 
colleagues for useful feedback and discussion 
throughout the project 

Thank you for listening 
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In vitro and in vivo studiesIn vitro and in vivo studies

bernard.veyret@ims‐bordeaux.fr

EFHRAN Final Meeting – Bruxelles – July 5, 2012

Risks associated to exposure toRisks associated to exposure to 
EMF: in vitro and in vivo studies

IMS laboratory, Bordeaux, France 

July 2010 

Florence Poulletier de Gannes, 
Isabelle Lagroye and Bernard Veyret 
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Sources

• Literature databases

EMF NET (2009) SCENIHR (2009)• EMF‐NET (2009); SCENIHR (2009);  
WHO and ICNIRP reports

• National reports

• IARC   RF classification 2011

• HPA‐AGNIR RF review 2012

Extremely‐low frequency fields

• Cancer studies (leukaemia)

• A bioassay using a model of childhood leukaemia (proB
lymphoblastic leukaemia) showed no influence of 50 Hz MF.

• A new bioassay using polarised magnetic fields also showed no 
influence on chemically‐induced lymphoma/ lymphatic leukaemia. 

• New data on the influence of low‐level 50 Hz electromagnetic fields
on melatonin effects provide no clear evidence of melatonin being a 
target of MF.

• The need is still of more bioassays using childhood leukaemia
models. 
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Extremely‐low frequency fields

• Other health effects 

• Many new findings have been published in the last years. They are 
mostly uncorrelated and performed under high‐level exposure, i.e., 
in the mT range. 

• Moreover, most of them are not addressing the main issue, which is 
the association between exposure and childhood leukaemia. In the 
context of decreasing funding, this situation is not likely to change in 
the coming years. 

Extremely‐low frequency fields
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Intermediate frequencies
30 MHz > f > 300 Hz 

• Development negative
• Genotoxicity negativey g

• Conclusion 
• Very few new findings have been published on effects of IF exposure.
• Most of them originate from South Korea and are negative.
• In the context of the continuous development of the related technologies, 

further research is warranted
• but the current conclusion based on few investigations is that no health

hazards are foreseenhazards are foreseen.

• These conclusions are still valid today

Intermediate frequencies
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Radiofrequency fields (30 MHz‐300 Hz) 

• Cancer studies
•

The available in‐vitro data suggest, depending on the cell type and 
exposure duration, that some effects of amplitude–modulated RF 
signals on DNA damage or DNA repair are reversible in time. 

• The review based on the ICNIRP blue book (Juutilainen et al., 2010) 
on RF investigations on animals concludes that the available data 
are “rather consistent and indicate no carcinogenic effects at 
exposure levels up to 4 W/kg. 

• The conclusion of the EFHRAN report goes along the same lines. 

• Data published since the publication of this report confirm this 
conclusion.

Radiofrequency fields

• Nervous system effects

• The most surprising finding is the beneficial effect of RFR on 
cognitive function in Alzheimer disease mice.

• Recent animal studies relevant to mobile telephony show a lack of 
effect on the BBB, microglial cell activation, and stress response. 

• There is some evidence that RF exposure influences gene expression, 
behaviour, and the number of neurons but these studies were done 
with small number of animals or absence of dosimetry. 

• Some in‐vitro studies seemed to show an effect of mobile 
telephony signal on oxidative stress but have not been confirmed. 
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Radiofrequency fields

• Development and reproduction

Some of the studies published since the SCENHIR report have shown
effects of RF on teratology and reproduction.

• However, in all these papers, the exposure systems were not 
appropriate and dosimetry data absent or not correct.

Th l i f th SCENIHR t th till lidThe conclusions of the SCENIHR report are thus still valid.

Radiofrequency fields

• Miscellaneous 
In the last 15 years most of the research on RF and health has been y f
devoted to the search for nonthermal biological effects of exposure. 
This search has been unsuccessful so far in spite of the report of many 
uncorrelated findings. The collection of recent papers does not change 
the overall picture and, on the contrary, it appears that the quality of 
the work in particular in terms of exposure systems and dosimetry has 
decreased, despite the availability of such devices and methods. 

• Results from the high quality studies are mostly negative A few major• Results from the high‐quality studies are mostly negative. A few major 
studies are ongoing that will not be completed before new health risk 
assessments (e.g., bioassay investigation under progress in Chicago by 
McCormick et al.).
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Radiofrequency fields

• Conclusion

• Overall, in agreement with the conclusions of recent international 
reports, one can conclude that there are no well‐established 
positive effects of low‐level RF exposure (SAR < 2 W/kg). The open 
questions that can be addressed in animal and cell investigations 
are mainly related to the possible greater sensitivity of children. 

Radiofrequency fields
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Mechanisms

• ELF
h ifi h i k l l l– There are no specific mechanisms known at low levels 
(< 100 µT) but the potential role of the radical pair mechanism is 
being actively investigated (e.g., bird navigation).

• RF
– The consensus of the heating mechanism as the only 

mechanism occurring in the GHz range is still valid. g g

Research recommendations

• WHO 2010 research agenda for RF

• GLORE – COST BM0704 2012

• HPA  AGNIR report 2012 on RF

• upcoming EHC of WHO on RF

• e.g., RF in the AGNIR report:

– Cells: 

• RF fields combined with known stressors, either physical or chemical 
agents, 

• cell membranes and protein structure; 

– Animals: 

• Alzheimer’s disease models

• development of the brain and nervous system of young or immature 
animals 
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Thank you for your attention

bernard.veyret@ims‐bordeaux.fr
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Main Tasks of WP6

• Estimate the distribution, amount and pattern of EMF 
exposure in the European Unionexposure in the European Union

• Monitoring and collecting the available information on 
exposure provided by measurement campaigns

• Estimation of the exposure in terms of frequency and 
exposure pattern as feasible 

• ad hoc survey involving all 27 Members States

• Generate a registry on relevant EMF sources

Chapters of D4 (WP6)
Part 2: ELF

1. Sources and source characterization

2 Exposure assessment campaigns in Europe2. Exposure assessment campaigns in Europe

2.1 Outdoor spot measurements in the EU countries

2.2 Residential and indoor exposure assessments

2.3 Exposure measurements of electric devices

2.4 Exposure from transport systems

2.5 Personal ELF exposimetry2.5 Personal ELF exposimetry

3. Typical ELF exposures in the ambient outdoor and indoor 
environment of

the population

4. Conclusions
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SOURCES AND SOURCESOURCES AND SOURCE 
CHARACTERIZATION

Sources of ELF exposure 
(f ˂ 300 Hz)

Frequencies are mainly 50 Hz and its harmonics:

• household and similar electric appliances

• transmission power lines 

• transformer stations 

• the wiring of buildings and 

• electric transportation systems (16.7 Hz in
some EU member states)
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Sources of IF exposure 
(300 Hz ˂ f ˂ 100 kHz)

• electric components of cars

• electric components of hybrid cars

• television screens with cathode ray tubes

• anti‐theft devices in shops

• tools with electric motors

• induction hobs

• compact fluorescent tubes

SOURCE CHARACTERIZATION

• The exposure to EMF of houshold and similar 
l t i d i i ll hi hl l li d ielectric devices is generally highly localised in 
space and limited in time.

• The transmission lines produce the most 
spatially extended fields in the environment. 
Temporal variation is strongly depend on load.p g y p

• Low voltage electricity supply wiring of 
buildings and built in transformers also 
produce considerable  E&M fields. 
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EXPOSURE ASSESSMENT 
CAMPAIGNS IN EUROPE

• Only a few countries (F, D, UK) conducted 
large scale assessments of public exposure to 
ELF fields.

• In some European countries assessments of 
exposure to ELF fields were limited to either a
selected environment, a certain population 
(children, workers) or a particular region of 
the country (in a specific town). y ( p )

• Many of the studies with ELF magnetic fields 
were performed in support of epidemiological 
studies of childhood leukaemia.
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Different methods of exposure assessments 
have been performed in Europe during the last

decades including 

(i) indoor and outdoor spot measurements(i) indoor and outdoor spot measurements , 

(ii) personal (or individual) exposimetry, 

(iii) modeling exposures using the arrangement of 
wire systems and 

(iv) measuring the magnetic fields around electric 
d i d h h ld l t i l lidevices and household electrical appliances. 

So far, there has been no harmonized exposure

assessment campaign on ELF within the EU.

Outdoor spot measurements in EU 
countries

Exposure measurement of ELF magnetic fields in urban 
environments has been performed in Spain, Italy,environments has been performed in Spain, Italy, 
Sweden, Norway and in the UK.

Country Place of 
measurement

Peak of MF
(µT)

Avg. of MF
(µT)

Reference

Spain 5 cities 7.04 0.2 Paniagua et al., 2004, 
2007

Italy Turin 5.73 0.19 d’Amore, 2001
Near transf.‐s 80 2.0 Bottura, 2009

Sweden Göteborg 1.0 0.2 Lindgren, 2001

Norway City 37 0.13(summer)
0.90(winter)

Straume et al., 2008

UK Substations
fence

10 1.1 Maslanyj, 1996
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Outdoor spot measurements

In summary, the outdoor average ELF magnetic 
fi ld i bli i b i t ifield in public areas in urban environments is 
around 0.05‐0.2 μT but higher values may occur 
directly beneath high‐voltage power lines, at the 
wall of transformer buildings and at the 
boundary fences of substations. In the case of 
the latter, the maximum field can reach up to 20

‐ 80 μT.

Indoor measurements

Country Place of 
measurement

Peak of MF
(µT)

Avg. of MF
(µT)

Reference

Germany Near PL 0.4 ˂0.2(98.6%) Schüz et al, 2000

UK Near PL 0.208 Merchant, 1994

Austria Near PL 1.03 ˂0.1(97.7%) Tomitsch, 2010

Sweden random 0.2 0.11 Khan and Silva, 2010

Italy Not near PL 0.8 0.3 Anversa, 1995

Hungary Above TR 0 98 Thuróczy 2008Hungary Above TR 0.98 Thuróczy, 2008

Finland Above TR 0.62 Ilonen, 2008

Switzerland Above TR 0.59 Röösli, 2010

PL: overhead powerline
TR: transformer station



8

ELF MF above transformer station
(Hungary)

Thuróczy, 2008

Indoor measurements

Summary

Data from various countries show that 
the geometric mean of spot 
measurements in homes do not varymeasurements in homes do not vary 
strongly between 0.026 and 0.064 μT.



9

Exposure measurements 
of electric devices (ED)

• The highest fields for pulic were found in the 
i i it f ED t f Tvicinity of EDs: upto few mT.

• The exposure is very localised (some cm from 
EDs) and limited in time of use 

• At 1 m the max.: 0.37 µT; at 0.5 m: 0.51 µT

• But the cumulative exposure (µTh) is• But the cumulative exposure (µTh) is 
considerably high: 1/3 of total exposure to MF 
attributable to use of EDs.

• Electric field max: few hundred V/m near EDs.

Exposure from transport systems

• Few studies available

Max exposures to MF:

Vehicle Frequency Flux density

• Tram:  50 Hz,  7.6 μT 

• Train:  16.3 Hz,  8.7 μT

• On the platforms:  few tens of μT

• Hybrid car:  12 Hz,  4‐6 μT (14 μT at foot)
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Personal ELF exposimetry

Country No of pers. Mean exp. (μT) Note Reference

Germany 1952 0.1 (50 Hz) >100 μT at 31 pers. Brix, 2001
0.156 (16.7 Hz) 21 min/5.3 years

Switzerland 552 ˂0.2 in case of 75 
%

>1 μT in case of 3 % Stratmann, 1994

Denmark 301 0.04  0.29 μT near PLs Skotte, 1994

Austria 226 0.02 26.2 V/m Tomitsch, 2010

UK 81 0.13 0.08 at home Tongeren, 2004

France 1000 0 09 Children Bedja 2008 2010France 1000
1000

0.09
0.14

Children
adults

Bedja, 2008, 2010
Magne, 2010

Classification of ELF public 
exposures
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Intermittent variable local exposure:

• Highest level of exposure category, including the 
exposures from household electric devices. 

• The exposure levels are highly variable and local. 

• The exposure is intermittent and limited in time. 

• The levels of exposure are below the recommended 
EU ELVs but the local maximum may be close to, and 
in some cases could be higher that the EU reference 
levels. Typical sources: household appliances, some 
t t ttransport systems. 

• This category is considered in the risk assessment 
studies of general public exposure to ELF that have
been performed so far.

Continuous elevated level of exposure:

‐Medium level of exposure category including exposures 
from built in transformers, and high voltage power lines 
within 20‐50 mwithin 20 50 m.
‐ The exposure levels are variable. The mean and 
maximum exposure levels are well below the 
recommended European exposure limits, reaching up to 
few μT.
‐ Typical sources: built‐in transformers, substations, and 
high voltage power lines.
‐ This category has importance for risk analysis, when
epidemiological studies on childhood leukemia are 
considered.
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Continuous low level background exposure:

‐ Low level of exposure category as the background of 
todays electromagnetic environment. 
‐ The exposure is continuousThe exposure is continuous. 
‐ The mean and maximum exposure levels are many 
times below the recommended EU exposure limits and 
are in the range of 0.01‐0.1 μT.
‐ Typical sources: low‐voltage wiring systems, 
continuously operating household electric devices.
‐ This category has very limited importance for risk 
analysis.

CONCLUSIONS



13

Main conclusions: ELF

• A number of exposure surveys and/or 
modeling studies have been performed in EU 

b f i imember states at power frequencies since 
1980 with many conducted before 2000. No 
systematic surveys have been carried out on 
other low frequencies or at intermediate 
frequencies. Throughout the EU, individual 
member states have undertaken different 
amounts of activity, with the highest activity 
in France, Italy, Germany and the UK.

Main conclusions: ELF

• The general ELF exposure level of the 
population is very low, between 0.01 and 0.1 
T A i l 0 5 % f l l iμT. Approximately 0.5 % of general population 

are exposed continuously to levels above 0.2 
μT from the fixed outdoor ELF sources (eg. 
high‐voltage power lines, lines of transport 
systems). Elevated ELF exposure (up to a few 
μT) can be seen in apartments above built‐in 
line transformers.
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• Looking at geographical distributions, no 
noticeable differences are seen among the 
different EU countries

Main conclusions: ELF

different EU countries.

• The major part the ELF public exposure comes 
from electric household devices that are used 
everyday by the general public, but in this y y y g p ,
case the duration of exposure is very limited. 
For cumulative exposure, approximately one 
third of the total exposure can be attributed 
to personal appliance use.

• The exposure levels for both electric and magnetic 
fields in areas accessible to the general public are 
below the reference levels set by ICNIRP (2010) for

Main conclusions: ELF

below the reference levels set by ICNIRP (2010) for 
limiting exposure. Regarding 50 Hz fields, the ICNIRP 
reference level for the electric field is 5 kV/m and the 
reference level for the magnetic field is 200 μT.

• The EU recommendation (1999) on the exposure of 
the general public to electric and magnetic fields arethe general public to electric and magnetic fields are 
100 μT for magnetic fields and 5 kV/m for electric 
fields. These values are recognized in many EU 
countries but some national or local governments 
have issued their own exposure guidelines.
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• The exposure to EMFs beyond 50 Hz and up to 
kH h t b i d

Main conclusions: IF

some kHz have not been examined 
systematically so far. 

• No exposure assessment studies on general
population have been performed in the EU. 

• Some studies on exposure and compliance ofSome studies on exposure and compliance of 
devices have been conducted on energy 
saving lamps, security systems, cars and 
transport systems.

Thank you

for your y

attention!
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EMF Exposure Assessment in 
Europe: Part II – RF exposure

Peter Gajšek
Institute of Nonionizing Radiation (INIS)

EFHRAN Final Meeting – Bruxelles – July 5, 2012

Ljubljana, Slovenia

Introduction 1
 There has been a substantial 

increase in average exposure of
l bli t RF EMF thgeneral public to RF EMF over the 

last few decades due to the 
introduction of new technologies, 
especially those related to wireless
communication.

 RF exposure of public is 
essentially universal and wellessentially universal and well
above the natural background
(range of nW/m2).

 This development has led to 
concerns regarding possible 
effects of exposure to 
environmental RF-EMF on health
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Exposure to RF EMF
 RF-EMF risk assessment has 

been hampered by the lack of 
li bl treliable exposure assessment 

methods.
 Most of measurement studies 

have focused mainly on 
maximum exposure levels 
occurring over space and/or 
time as appropriate fortime, as appropriate for 
assessing compliance with 
safety limits

 Only a few studies investigated
exposure patterns in the general 
population such as average 
personal exposure time spent

Main of RF sources being
investigated
 Mobile communications (phone and BS)
 GSM 900
 GSM 1800/1900 GSM 1800/1900
 UMTS
 LTE

 Broadcasting (radio and TV transmitters – analog and
digital)

 TETRA
 Wimax, Wman, WPAN

Wi Fi Wi-Fi
 DECT
 Bluetooth
 Ultra wideband (UWB)
 RF ID
 PC and peripheral wireless devices (keyborad, 

mouse )
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EMF public exposure 
assessments in the Europe

Exposure assessment -
EFHRAN
 RF sources far from the body:  
 spot and long term (permanent) measurementp g (p )

campaigns
 Personal and micro-environmental RF 

exposimetry
 RF sources close to the body:  
 Mobile phones
 Short range wireless devices (DECT, WiFi, 

Bluetooth)
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Spot and long term RF 
measurements

 spot measurement campaigns 
were performed in almost all
Europe by systematic planningEurope by systematic planning 
process and also by on request 
of the public or local 
authorities. 
 Mainly on exposure to RF of 

mobile phone base stations. 
 Long term RF measurements

are elaborated mostly from
central and south Europe (Italy, 
Greece, Slovenia, Spain)

Spot /long term measurements
country Max  E 

(V/m)
Mean E (V/m) Reference

Germany 3,9 1,4 1000 Sensitive
places –close to 
BS

Bornkessel et al.,
2004, 2005

BS

Spain - 0,6 18 outdoor
locations
0.5 to 2,200 MHz

Paniagua et al., 
2009

Italy 68.8% below 1 V/m, 
22.6% between 1-3 V/m, 
6.3% between 3-6 V/m, 
2,2% from 6 to 20 V/m 
0 1 % higher than 20 V/m

nationwide EMF 
long term 
monitoring 
network

Troisi et al., 2008

0.1 % higher than 20 V/m.
France 60% below 1 V/m, 

2,8% between 6 V/m and 20 
V/m < 0,1% above 20 V/m.

20.000 site 
measurements by 
ANFR 

http://www.anfr.fr

Belgium,  
Netherland
s Sweden

3,9 0.74 - urban 
env. 
0.46 - suburban 
0.40 -

id ti l 0 09

311 locations, 68 
indoor and 243 
outdoor, in three 
European countries 

Joseph et al., 
2012
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country Max  E 
(V/m)

Mean E (V/m) Reference

Slovenia 2,4 (GSM 
BS)

1 4 t t l

0,37 outdoor
0,10 indoor
0 22 t t l

Nationwide
campaign
70 muncipalities

Gajšek et al,
2011

Spot /long term measurements

1,4 total 0,22 total 70 muncipalities
Long term and
spot 
measurements
accrioss
spectrum

Germany 2,1 (DECT)
1,9 (GSM 
BS)

0,11 (DECT)
0,11 (GSM BS)
0,14 total

1,348 households in 
Germany

Breckenkamp et 
al., 2012

1,15 total
UK 0,17 outdoor

0,07 indoor
0,19 total

541 sites with
3321 
measurements
BS spectrum

Mann 2011

Germany 0,10 outdoor
0.02 indoor

LTE , 70 spot 
measurements

IZMF 2011

Personal exposimetry
 The data collected from spot 

measurements in outdoor and indoor 
environments do not provide good p g
insight into the exposure levels of 
individuals, who are often exposed to 
multiple sources at the same time and 
who move from one place to another. 

 Data on the EMF exposure of individuals 
can only be obtained by explicit 
measurements, using for example 
personal exposimeters.personal exposimeters.

 Moreover the personal exposimetry was 
also challenged by epidemiological 
studies where measurements of different 
RF-EMF sources at various places, long 
term measurements and measurements 
when the investigated person moving 
were requested. 
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Personal exposimetry

Personal exposure
 comparing results between countries seems 

to be problematic due to the different types of p yp
measurement devices and/or different 
protocols and procedures of data analysis. 

 observed differences in exposure 
measurements may be due to methodological 
differences and may not reflect real exposure 
differences between populations.

 Need to harmonize these procedures for 
future studies 
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Joseph et al., 2011
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Mean total exposureJoseph et al., 2011

1

1,2

0,4

0,6

0,8

1

B

CH

SLO

H

NL

0

0,2

transport home outdoor office

Summary - Sources far from the body
 The average RF level by personal exposures are 

lesser (0,2 V/m or  ~0,1 mW/m2) than the results 
from spot measurements (ca. 0,5 V/m).

 The personal exposure measurements also 
showed that the contribution of exposure from 
mobile technology is over 60 % of total RF 
exposure of the person
The major part the RF public exposure (local and The major part the RF public exposure (local and 
cumulative) comes from mobile and wireless 
portable devices, 

 Base stations represent main fixed sources of
exposure in urban environemnt. 
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Summary - Sources far from the
body
 Comparison of the exposure from short range 

wireless devices with exposure from body-far 
(outdoor) sources. 
 Typical E inside buildings at distances up to 100 m 

from GSM base station sites are in the range of 0,1-
1V/m. 

 E caused by wireless home and office devices is in 
the range of exposure from a base station operated g p p
in the range between 10-100 m). 

 With the growing the penetration of the wireless 
devices in home and office the exposure by a set 
of these devices will be necessary to assess the 
combined exposure.

emitting devices - close to 
body
 The exposure assessment of RF 

sources close to the human body 
needs dosimetric evaluation due 
to the complex RF 
electromagnetic field nearby the 
RF devices. 

 The most important device 
producing the highest exposure toproducing the highest exposure to 
RF of the public are the mobile 
phones

 Other portable RF wireless 
devices which also can be 
proximate to the body cause
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Close to body devices
Frequency Max. SAR

J or E
E max  
20 cm

E max
1 m

Reference

phone /T650i 890 MHz 1,8 - - Kühn, 2005,
Kühn 2007

Eddelbüttel
2002
Liberti, 2010,
Miklaus, 2009,
Peyman, 2011

Keyboard 27-40 MHz 0,005 5,7 1,5

Mouse 27-40 MHz 0,005 8,3 1,5

babyphone 446 MHz 0,08 8,5 3,2

DECT 1880 MHz 0,1 11,5 2,9

Bluetooth 2402 MHz 0,48 (cl.1)
0,005 (cl.2)

3,1 1

Wi-Fi 2.484 MHz 0,81 3,9 1,1

RF ID 30 kHz 32 mA/m2 80 45

FEMTO cell 2127 MHz
20 mW

0,031 7 0,31 Gajšek et al
2010

Inductive
hobs

35  kHz E=0,7 V/m B=14 T B=2 T Kos et al 2011

Close to body devices

Keyboard 

Titolo del grafico

DECT 
babyphone 

Mouse 
bluetooth dongle

3G Femto cell
Bluetooth-earphone 

0% 20% 40% 60% 80% 100%

mobile phone /T650i 
Inductive hobs 

RF ID 
WLAN 
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Summary - Close to body
devices
 The most important device producing the highest

localized SAR exposure to RF of the public are 
the mobile phones. 
 Max localized SAR values up to 90 % of the limit 

values
 The SAR may also be affected by the radiation 

effectiveness of the phone, network coverage, 
environmental and user factors. 
 When increasing the distance for10 cm from the ear the

SAR decreases more than10-times. 
 For rural areas the output power was about 2 dB 

higher, on average, than in urban areas.
 30 min of mobile phone use corresponds to 1 day 

exposure from far field source at an incident level of 

Exposure characterization Souces
Highest level of
exposure category

•Intermittent –
•Higly variable

Highest level of exposure 
category 
Above 50% of limit value
including mostly the mobile 
and wireless handsets

Mobile handset
Inductive hobs
EAS

Higly variable
•Local

and wireless handsets 
(body-close  devices). 

Medium level of 
exposure 

•Intermittent 
•inhomogeneous, 
•local and/or 
whole body

Medium level of exposure 
category 
Up to 30 % of limit value
includin indoor wireless 
portable and fixed devices.
The mean and maximum 
exposure levels are well

Indoor portable & fixed
devices
DECT, wi-fi, bluetooth, Baby
monitor

whole body. exposure levels are well 
below the exposure limits. 

Low level
exposure category

•Continious
•variable in space
or time
•Whole body

Low level of exposure 
category including mostly the 
Lower than 10 % of limit 
value
The exposure levels are 
variable in space and time. 

fixed outdoor sources of 
wireless telecommunication 
systems (mobile base 
stations, body-far fixed 
sources). 
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Trends 1
 The major part the RF public exposure comes 

from mobile and wireless portable devices, not 
from the fixed transmittersfrom the fixed transmitters.

 Exposure to RF EMF is increasing
 average exposure in urban areas (USA) was 0,05 

mW/m2 (Tell, 1977). 
 the RF exposure level in the urban area (Sweden)

was ~ 0,5 mW/m2 (Uddmar, 1998). 
 averaged exposure in urban area (Greece) was

3,9mW/m2 and 1,3 mW/m2 in rural areas 
(Manassa, 2009).

 The introducing of LTE system may generate 
maximum +10% increasing of the environmental 
exposure levels with very high capacity and

Trends 2
 Generally the indoor RF exposure seems to be 

increasing faster than outdoor exposure due to 
the increasing of home and office wireless 
devices (more devices, lower power).

 Therefore, the background exposure in everyday 
life situations will exceed exposures from base 
stations and broadcast stations 
On the other hand trend in instantaneous On the other hand, trend in instantaneous
exposure to public from mobile communication
devices will most likely be downward due to 
 Technology (NMT – GSM – UMTS – LTE) 
 power control , spectral efficiency methods to reduce

interferences
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Trends - Future challenges

Conclusion 1
Soures far from the body

 The typical public exposure to RF EMF from theThe typical public exposure to RF EMF from the 
fixed RF sources in environment (radio, TV, base 
stations, radars, telecommunication) in Europe is 
very low - between 0,01-1 V/m (many times below 
the exposure limits).

 The results of total EMF exposures show  
60% b l 1 V/ > 60% were below 1 V/m, 

 less than 1% above 6 V/m 
 less than 0,1 % were above 20 V/m. 

 The contribution of the RF exposure from wireless 
telecommunication technology is continuously 
increasing and now is above 60 % of the total
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Conclusion 2
Soures far from the body

 Looking the geographical distributions, noLooking the geographical distributions, no 
noticeable differences are between the EU 
countries 

 The exposure levels and contribution of different 
sources showed differences in rural and urban 
areas.

 different technologies can have a strong impact 
on the actual exposure, such as a factor over 
hundred for example between GSM and UMTS
(only limited data available within EU)

Conclusion 3
Sources close to the body

 The major part the RF public exposure comes 
f bil d i l bl d ifrom mobile and wireless portable devices, not 
from the fixed transmitters. 

 The indoor RF exposure seems to be increasing 
faster than outdoor exposure due to the 
widespreading of home wireless devices. 

 The dominant source with respect to local and The dominant source with respect to local and 
cumulative exposure will, however, be the cellular 
and portable phone. 
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Conclusion 4
 It is difficult to predict whether groups in the

population with elevated exposure exist and, if
so, to what extent they are exposed above the
normal ’background‘ level. 

 Technologies are also changing rapidly and the
impact of this on total exposure of an individual
remains unclear.

Thanks you for attention.
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WP7 – EMF exposure-response 
assessment and risk characterization inassessment and risk characterization in 

the ELF and RF frequency ranges
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EFHRAN Final Meeting – Bruxelles – July 5, 2012
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Elisabeth Cardis

James Grellier 

Introduction

Elisabeth Cardis
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Objectives and approach
 Objective (WP7+WP8)

 Estimate number of cases of various diseases that could be 
attributable to EMF exposure in Europe if observed 
associations are causal

 Approach

 Build upon results of WPs 4, 5 - frequencies and potential 
health outcomes identified

 Derive exposure-response models to estimate the magnitude 
of risk, accounting for patterns of exposure and potential 
modifiers (age, sex, …) 

 Build upon results of WPs 6 - for frequencies and potential 
health outcomes identified 

 Try to characterise exposure distribution in Europe

Approach cont’d
Review and choice of risk assessment methods to be 

used – includes

 Choice of models for different endpoints (WP7)

 Choice of statistical packages

 Choice of risk measures (WP8)

 – annual number of cases in EU27

 – fractions of all cases in EU 27

 … that could be attributed to EMF if observed 
associations are causal

2: Review and choice of method for uncertainty 
analyses 

3: Choice of relevant populations and collection of 
di t i f ti
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Generic four-step risk assessment 
process

Hazard identification
-What health problems are 

d b  EM ?

1

caused by EMF?

Exposure-response assessment
-What are the health effects at 

different exposure levels?

Exposure assessment

Risk 
characterisation

-What is the 
excess risk in the 
exposed portion 

2

3

4
WP7

Exposure assessment
-What level of  EMF are people 
exposed over a specific period?

-What proportion of  the 
population is exposed?

exposed portion 
of  the 

population?

Figure adapted from US EPA:
http://www.epa.gov/risk/risk-characterization.htm

WP8

Extremely low frequency magnetic fields ELF 
MF

James Grellier
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ELF MF - epidemiology
 Various health endpoints have been investigated

 Extremely low frequency magnetic fields (ELFExtremely low frequency magnetic fields (ELF 
MF) have been fairly consistently linked to 
childhood leukaemia by epidemiologic studies, 
using a variety of study designs (mainly case-
control)
 Calculated fields

P l t t f fl Personal exposure meter measurements of flux 
density

 Small increased risk associated with childhood 
leukaemia found at exposure >0.3 µT (1%-4% of 
children in measurement-based studies)

Risk assessment of ELF
 Existing regulatory risk assessments
 Animal evidence inconsistent and/or lackingg
 Consistent epidemiological evidence used instead

 Existing attributable burden/public health risk 
assessments
 in need of update (new epidemiological studies not 

used)
geographically limited (no assessment for EU) geographically limited (no assessment for EU)

 simplistic (weak characterisation of uncertainty)
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Objectives of our assessment
 Estimate the number of cases of childhood 

leukaemia that could be attributable to domestic 
ELF magnetic field exposure in the European 
Union (EU27) if observed association is causal

 Investigate and characterise uncertainties
 Probabilistic simulation methods
 Alternative models of exposure-response

E pos re estimates deri ed from different data Exposure estimates derived from different data 
sources
 Expert elicitation

 Review of literature and available databases

Overview of assessment method

Incidence of  
childhood 

(2)

Exposure

(3)

Estimation of AFP

Exposure to 
residential ELF 
magnetic fields

Population 
attributable 

fraction

Attributable 
cases of  

childhood 
leukaemia

leukaemia
Exposure 

assessment

(1)

Estimation of AFP

(4)

Data
collection

and synthesis

(5)
Estimation of 

attributable 
cases

μT %

Exposure-
response 
function

Population 
estimates

(1)

Analysis of summary
epidemiologic data

β
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Incidence of  
childhood 

Exposure to 
residential ELF 
magnetic fields

Population 
attributable 

fraction

Attributable 
cases of  

childhood 
leukaemia

leukaemia

Exposure-
response 
function

Population 
estimates

Exposure-response
 In the absence of raw epidemiological data, 

summary data from Kheifets et al. (2010) y ( )
pooled analysis was used (threshold and 
non-threshold effects)

Exposure 

category –

magnetic flux 

density (µT)

Number of 

cases

Number of 

controls
N

Odds ratio (adjusted for age, sex 

and SES) with 95% confidence 

intervals

0 1 10 691 12 501 23 192 1 00 (1 00 1 00) R f<0.1 10,691 12,501 23,192 1.00 (1.00, 1.00) Ref

0.1-0.2 79 202 281 1.16 (0.83, 1.61)

0.2-0.3 22 53 75 1.30 (0.67, 2.54)

≥0.3 26 50 76 1.56 (0.78, 3.10)
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Threshold exposure-response 
function (ERF) derived from 
summary data
 Exposure-response has previously been 

interpreted as a threshold effect
 No increase in risk until threshold or 0.3 or 0.4 µT 

e.g. IARC 2002, WHO 2007

 OR=1.56 (0.78, 3.10) applied to that portion of 
population exposed >0.3 µT

Continuous, non-threshold ERF 
derived from summary data

1.0

0.0

0.07 (-0.21, 0.34) 0.15 (-0.36, 0.66) 0.36 (-0.13, 0.86)0.00L
og

  o
dd

s 
ra

ti
o 

(L
nO

R
)

PDF
of beta

-1.0

0.1 0.2 0.3 0.40

Exposure

Generalised least 
squares regression, 
constrained to origin
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What is the exposure of children in 
EU27 to ELF MF?
 Starting point: review by EFHRAN WP6
 No regular monitoring in any EU27 country. 
 Sporadic monitoring and surveys
 Capture a fraction of variability
 Often focused on highly exposed

 Exposure metric same or similar to epidemiologic 
studies from which ERF was derived
 Time-averaged (>24 hours) power frequency residential 

ELF MF measured or calculated in microTesla (μT)ELF MF, measured or calculated, in microTesla (μT)

 How to derive necessary exposure estimates for each 
country?
1.Literature review
2.Expert elicitation

1. Literature review
 Systematic review carried out to derive relevant 

exposure distributions for EU27 countries

 Published descriptive statistics used to generate 
a single distribution for each study

 Lognormal distributions fit to all study data
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Exposure distributions based on 
literature review

1

0.9

10.0001 0.001 0.01 0.10.0005 0.005 0.05 0.5
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Brix et al. 2001
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Decat et al. 2005
Tomitsch et al. 2010
Bédja et al. 2010
Gobba et al. 2011

2. Expert elicitation
 Pilot questionnaire (sent by email) had very low 

participation rates

 Link to free online questionnaire with simpler 
questions sent to 91 experts, asking for
 Best estimates of exposure distributions in their 

country of work
 Their expertise and confidence in their estimate

39 t li d ti 17 EU t t 39 experts replied, representing 17 EU states
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Exposure distributions based on 
expert elicitation
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Synthesis of exposure data
 How to synthesize estimates from each 

study/each expert?

 How to synthesize exposure estimates from 
literature with those from experts?
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“Mixture distribution” method for 
synthesis of several distributions
 Averaging not appropriate 
 SD of an averaged distribution decreases in g

proportion 1/n (where n is the number of 
distributions being averaged) due to central limit 
theorem

 Mixture distribution generated by iteratively 
sampling from each distribution
 Equal numbers of samples taken from all Equal numbers of samples taken from all 

distributions
 Samples contribute to a distribution that represents 

range of variability of individual distributions 

Literature review mixture
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Expert elicitation mixture

Exposure categorisation under each 
exposure method (geometric mean)

Exposure 
category

Literature 
review

Expert
elicitation

0≤0.1 µT 95.3% 56.1%
0.1≤0.2 µT 3.9% 16.2%
0.2≤0.3 µT 0.6% 6.9%

0 3 T 0 2% 20 7%>0.3 µT 0.2% 20.7%

For comparison, worldwide measurement surveys 
have reported between 0.5-7% of mean exposures 
to be >0.3 µT, and 0.4-3.3% of >0.4 µT (WHO 
2007)
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Problems with eliciting from experts
 Resources limited
 How to validate or calibrate their estimates?
 Should experts be asked to reconsider their 

estimates of exposure and/or generate new 
estimates based on discussion?

 Method could be improved by separating effects 
of two kinds of uncertainty
 Error in measurement and assessment process 

(measurement error systematic error model(measurement error, systematic error, model 
uncertainty) 

 Natural variation (portion of variability inherent in 
dynamic systems)

 Expert elicitation results were not used further

Calculation of population attributable 
fraction (AFP)
 Amount of cases that would be avoided if 

exposure was removed for entire population

 AFp was calculated thus, using probabilistic 
definitions for all terms:

)exp(
1)exp(

xb
xb

AFp





 Where b is the distribution of beta and x is the 
exposure distribution assigned to the assessment 
population
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Population attributable fraction

Exposure-
AFP % (95% CIs) 

(Literature review
response model

(Literature review
exposure)

Threshold >0.3 µT 0.1% (0.0%, 0.4%)
Non-threshold 

continuous
2.0% (-0.3%, 15.5%)

Calculation of attributable cases
 The number of attributable cases (AC) are 

estimated thus:

AC = AFp· IEU·PopEU/100,000

IEU are the estimated age- and sex-stratified 
incidence rates of total child leukaemia cases (per 
100,000 of population) in each of the EU27 
countries for 2008 (GLOBOCAN)

PopEU are the age- and sex-stratified population 
estimates for the EU27 member states for 2008 
(EUROSTAT)
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Annual attributable cases in 
EU27

Exposure-response 
AC (95% CIs) 

(Literature review
model

(Literature review
exposure)

Threshold >0.3 µT 14 (-6, 54)
Non-threshold 

continuous
64 (-10, 509)

WHO assessment in 2007 (risk estimates based on Ahlbom et al. 2000):
Threshold model: 

•Low exposure scenario AC= 9 (4 – 12); 
•High exposure scenario AC = 58 (16 – 122)

(Note: only 25% of current EU population) 

Summary
 Estimates of baseline health impacts in EU27 - annual 

cases of childhood leukaemia attributable to “current” 
domestic exposure to ELF MF

 Cases attributable are low
 less negligible when non-threshold model used (4-fold increase in 

AC)

 Exposure may be underestimated due to exclusion criteria

 For comparability, repeat with risk estimates from Ahlbomy
et al. 2000 study

 Flexible assessment framework allows comparison of 
other scenarios and/or policy options

 Identified gaps in knowledge/data
 Exposure/exposure-response
 Synthesis of exposure estimates from different sources
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Radio frequency electromagnetic fields (RF 
EMF)

James Grellier

Background – exposure
 Use of mobile telephones has increased 

dramatically since their introduction in the mid-
1980s

 Global mobile subscriptions were estimated at 
almost six billion (International 
Telecommunication Union 2011)

 Number of mobile contracts approaches or 
exceeds 100% in several European countriesexceeds 100% in several European countries, 
and total mobile voice call volumes over the 
period 2004-2009 approximately doubled 
(OFCOM 2011)



17

Background – health effects
 RF EMF was classified as possibly carcinogenic to 

humans (Group 2B) (IARC 2011) due to limited 
evidence in human and animal studies

 Greatest exposures to head - epidemiologic studies for:
 Glioma, meningioma, eye, salivary gland, acoustic nerve

 Epidemiological evidence suggestive of association for 
glioma & acoustic neuroma

 Gliomas represent 30% of all primary brain and central 
nervous system tumours (both benign and malignant)... 
~ 80% of malignant

 Acoustic neuroma 
 Rarer tumours
 Not generally recorded in cancer registry (predominantly

Objectives
 To quantify the number of cases of glioma that 

can be attributed to scenarios of mobile phone 
use in the EU27 assuming the association 
reported by INTERPHONE are causal

 To investigate the effect of uncertainties in 
exposure and exposure-response using 
probabilistic simulation and sensitivity analyses
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Exposure-response
 Largest case-control study to date 

(INTERPHONE) found increased risks of glioma
in the uppermost decile of cumulative call time

 Reduced risk estimates for lower exposures were 
attributed to biases; partially explained by 
participation biases (using non-participation 
questionnaires)

A number of means have been suggested for A number of means have been suggested for 
adjusting the INTERPHONE reported ORs to 
account for these biases

Adjustment of 
exposure-
response

1.0

1.2

1.4

O
R

ORs as
originally
published in

1 2 3 4 i

0.8

Exposure category

p
INTERPHONE
study
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Method 1 – raise 
ORs by common 
factor to account 
for participation bias
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F t b d
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on published
correction for
participation 
Bias (Vrijheid
et al. 2009)

Method 2 – raise 
ORs so that none 
are below 1.00
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O
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Exposure category

Factor based
on downward
bias in lowest
OR
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Method 3 –
reanalysis of data 
excluding “never 
users”

1.0

1.2

1.4

O
R Re-analysis

of the data
with redefined

1 2 3 i

0.8

Exposure category
i

reference
category

Method 4 – only 
apply OR from top 
decile

1.0

1.2

1.4

O
R

1 2 3 4 max

0.8

Exposure category
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Exposure assessment
 Inadequate data presently available for EU27 

Member States (MS) on prevalence and quantity 
of mobile phone use over assessment period 
(defined as 1988-2008 to cover most use)

 Necessary to construct variable of cumulative call 
time for each EU27 MS population in 2008 
based on:
 Population fraction using mobiles by year Population fraction using mobiles by year
 Annual hours of use for the same time period

 Simulated “exposure histories” for the 2008 
populations of each EU27 MS generated using 
data based on controls in several countries in 
INTERPHONE data

Probabilistic estimate of annual percentage users of mobile phones 
as applied to EU27 member states, based on the INTERPHONE 

controls (aged 30-59), median and 95% CIs
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Median age category-specific percentage users of mobile phones, 
based on assumptions relating to mobile phone uptake in different 

age categories
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Annual call times (hours) based on INTERPHONE controls. 
Scenarios based on comparison with OFCOM data for several 

European countries

p
population in each exposure 
category



24

Calculation of population attributable 
fraction (AFP)

Formula for polytomous exposure:

PF1…i are the proportions of the 
population within exposure categoriespopulation within exposure categories 
1…i, and OR1…i are the odds ratios 
associated with each of those exposure 
categories

Calculation of population attributable 
fraction (AFP)

Latency period = 0 
years
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Results (1a)
 Population attributable fractions for three non-

threshold models (95% CIs) – latency = 0 years
Call time 
scenario

Method 1
“Common 

factor”

Method 2
“No OR <1.00”

Method 3
“Re-analysis”

Low -8% (-18%, 5%) 6% (-11%, 21%) 8% (-15%, 35%)

Moderate -8% (-19%, 7%) 8% (-7%, 23%) 13% (-8%, 41%)

High 1% (-15%, 19%) 18% (-3%, 43%) 22% (-6%, 53%)

Results (1b)
 Population attributable fractions for the threshold

model – latency = 0 years
Call time 
scenario

Method 4 
“Top decile 

only”

Low 0% (0%, 0%)

Moderate 1% (0%, 7%)

High 8% (1%, 24%)
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Results (2a)
 Attributable cases for the three non-threshold

models – latency = 0 years
Call time 
scenario

Method 1
“Common 

factor”

Method 2
“No OR <1.00”

Method 3
“Re-analysis”

Low -2514 (-5475, 
1388)

1871 (-3320, 
6422)

2505 (-4658, 
10562)

Moderate -2317 (-5641, 
2036)

2312 (-2043, 
6870)

3912 (-2466, 
12221)

Hi h 348 ( 4594 5606 ( 1057 6651 ( 1949High 348 (-4594, 
5475)

5606 (-1057, 
12959)

6651 (-1949, 
16064)

Results (2b)
 Attributable cases for the threshold model –

latency = 0 years
Call time Method 4

y y
Call time 
scenario

Method 4 
“Top decile 

only”

Low 0 (-8, 111)

Moderate 428 (46, 1851)

High 2413 (354, 6568)
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Discussion (1)
 Estimates depend considerably on exposure 

scenarios and exposure-response assumptions in 
terms of their magnitude and precision 

 Highly uncertain estimates in non-threshold 
models due to “noise” introduced from 
uninformative risk estimates for those categories

 Some authors have attempted to demonstrate 
that trends in brain cancer do not support athat trends in brain cancer do not support a 
causal association, but competing risks could 
explain effect if brain tumours are caused by 
multiple factors

Discussion (2)
 Attempts at adjusting for bias relatively crude in 

this assessment due to lack of precision in 
exposure data

 Simple mobile telephone usage data for EU 
populations lacking at present – more uncertainty 
propagated through model to results due to 
extrapolation from available data

Not a true life table approach: Not a true life table approach:
 Population does not dynamically change through 

time
 Once a portion of the population is assigned 

“regular user” status, it retains it permanently
 Unlikely to be chief source of uncertainty, however
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Thank you for your attention

Risk characterisation in context

Paolo Ravazzani




