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1. Introduction  
 
This report is produced by Maastricht University as part of Work package 1 of the 
IMBA project1. The task assigned to the Maastricht University Group is to assess the 
knowledge gaps and uncertainties relevant for the assessment of cancer risks (see Box 
1) due to radiofrequent electromagnetic radiation fields (RF EMF) associated with 
mobile phone technology (use and exposure to base stations, see Box 2) in particular, 
and similar mobile communication technologies (such as WiFi-networks).  
 

 
 
It was agreed upon that we would concentrate on epidemiological research and cancer 
research animal studies2, also referred to as in vivo studies. The emphasis in this report 
is on uncertainties and knowledge gaps that affect the further development and 
innovation of wireless communication technologies. 
 

                                                 
1 IMBA - “Implications of biomedicine for the assessment of human health risks”; project leader: dr. Peter 
Wiedemann (Research Centre Jülich)), funded by the German Helmholtz Association 
2 Also referred to as „carcinogenicity studies“; carcinogenicity refers to the question of whether a particular 
exposure may cause cancer.  This type of research employs living experimental animals, usually rats and 
mice. 

Box 1 – Health effects in the discussions on wireless communication  
 
That we confine ourselves in this work package to cancer risks is the consequence of the 
project focus, which is related to the overall aim to explore possibilities for 
toxicogenomics in risk assessment. It doesn’t mean that cancer risks are the only possible 
or most plausible health risks associated with wireless communication technology. Other 
categories of health effects that are discussed in the context of wireless communication 
technology involve (as derived from the review reports considered in this uncertainty 
assessment):  

- physiological effects on the hormone, immune, cerebral and cardiac-vascular 
systems and the organ of balance, eye diseases (such as cataract), 
neurodegenerative diseases (including Alzheimer disease), effects on 
reproduction and development (i.e. infertility, miscarriage, stillbirth, spontaneous 
abortion, congenital malformations) as well as haematological abnormalities 
(irregularities in the blood) 

- negative impacts on cognitive functions, such as perception, memory and learning  
as well as sleeping disorders  

- symptoms such as headaches, tinnitus (i.e. buzzing in the ear), dizziness, fatigue, 
sensations of warmth, nausea (i.e. stomach unrest), skin sensations (also referred 
to as dysesthesia), visual symptoms (e.g. flashes), tooth problems, spastic muscle 
tics, anxieties and other impacts on psychological well-being (depression, suicide) 

- accidents due to distraction 
- health effects due to interference with medical implantations, such as pacemakers 

and implanted hearing aids.  
Studies on such health effects may be equally justified (ICNIRP Standing Committee on 
Epidemiology et al. 2004). Most discussions focus on effects for human beings, only 
rarely reference is made to protection of other species.   
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1.1. Regulatory science 
There is no need to re-do the work that has been done by respected bodies of experts. 
Our approach to uncertainty assessment has been to perform an uncertainty-oriented 
review of review studies, i.e. (in alphabetical order; see Table 1 for a chronological 
overview):  
 

- CSTEE. (2001). "Possible effects of electromagnetic fields (EMF), radio 
frequency fields (RF) and microwave radiation on human health." 
C2/JCD/csteeop/EMF/RFF30102001/D(01), Scientific Committee on Toxicity, 
Ecotoxicity and the Environment (CSTEE), Brussels, Belgium. 

- Health Council of the Netherlands (GR). (2000). "GSM base stations." 
2000/16E, Health Council of the Netherlands, The Hague, the Netherlands. 

- Health Council of the Netherlands (GR). (2001). "Electromagnetic fields: 
Annual update 2001." 2001/14, Health Council of the Netherlands, The Hague, 
the Netherlands. 

- Health Council of the Netherlands (GR). (2002). "Mobile telephones: An 
evaluation of health effects." 2002/01E, Health Council of the Netherlands, The 
Hague, the Netherlands. 

- Health Council of the Netherlands (GR). (2003). "Health effects of exposure to 
radiofrequency electromagnetic fields: Recommendations for research." 
2003/03, Health Council of the Netherlands, The Hague, the Netherlands. 

- Health Council of the Netherlands (GR) (2005). "Electromagnetic fields: Annual 
update 2005." Health Council of the Netherlands, The Hague, the Netherlands. 

- Health Council of the Netherlands (GR). (2006). "Proposals for research into 
health effects of electromagnetic fields (o Hz - 300 GHz)." 2006/11, Health 
Council of the Netherlands, The Hague, the Netherlands. 

Box 2 – Problems with risk comparison 
 
In many risk assessment studies it is argued that the exposure from base stations is several 
orders of magnitude below that of phones. Nevertheless, social protest is targeted towards 
base stations. The suggestion embedded in the lower exposure argument seems that publics 
worry about the wrong risks (with SSI (2003) as an exception, in which report it is argued 
that risks associated with base stations need to be studied because they give rise to extended 
exposure to the whole body and during longer time periods). However, research by risk 
communication experts (for a summary, see (van Asselt 2000), Chapter 3B) has made clear 
that risk comparisons should not be used to settle questions, such as: 

The risk of a (base stations) is lower than the risk of b (mobile phones). Because you 
find b acceptable, you should also accept a. 

This argumentation strategy has some basic flaws and unproductive effects, such as: 
- it seems to minimize and trivialize the concern 
- risks differ in character, e.g. nonconsensual exposure (often referred to as 

“involuntary risks”) is judged differently than consensual exposure (also referred to 
as “voluntary risks”) (this is also recognized in SSI, 2003) 

- the issue of accumulation of risk: “because I already accept b, which is risky, I don’t 
want to take more risks”. 

Roosli (2003) and Slovic (1991) observed that such risk comparisons do not influence risk 
judgments. The use of this type of risk comparison can even undermine trust in experts and 
regulators.  
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- Health Council of the Netherlands (GR). (2007). "Electromagnetic fields: 
Annual update 2006." 2007/06, Health Council of the Netherlands, The Hague, 
the Netherlands. 

- ICNIRP Standing Committee on Epidemiology, Ahlbom, A., Green, A., 
Kheifets, L., Savitz, D., and Swerdlow, A. (2004). "Epidemiology of health 
effects of radiofrequency exposure." Environmental Health Perspectives, 
112(17), 1741-1754. 

- IEGMP. (2000). "Mobile phones and health." Independent Expert Group on 
Mobile Phones (IEGMP), Chilton, Didcot, Oxon, UK. (also known as the 
Stewart report) 

- NRPB. (2003). "Health effects from radiofrequency electromagnetic fields: 
Report of an independent advisory group on non-ionising radiation." Volume 14 
No. 2, National Radiological Protection Board (NRPB), Chilton, Didcot, 
Oxfordshire, UK. 

- Roosli, M.. (2003). "Hochfrequente Strahlung und Gesundheit: Bewertung von 
wissenschaftlichen Studien an Menschen im Niedrigdosisbereich." Umwelt-
materialen Nr 162, Bunderamt für Umwelt, Wald und Lanschaft (BUWAL), 
Bern, Switzerland 

- SCENIHR. (2006). "Opinion on possible effects of electromagnetic fields (EMF) 
on human health." European Commission - Scientific committee on emerging 
and newly identified health risks (SCENIHR), Brussels, Belgium. 

- SSI. (2003). "Recent research on mobile telephony and cancer and other selected 
biological effects: First annual report from the SSI's independent expert group on 
electromagnetic fields." Swedish Radition Protection Agency (SSI), Stockholm. 
Sweden. 

- SSI. (2004). "Recent research on mobile telephony and health risks: Second 
annual report from the SSI's independent expert group on electromagnetic 
fields." Swedish Radiation Protection Agency (SSI), Stockholm, Sweden. 

- SSI. (2005). "Recent research on EMF and health risks: Third annual report from 
the SSI's independent expert group on electromagnetic fields." Swedish Radition 
Protection Agency (SSI), Stockholm, Sweden. 

- SSK. (2001). "Grenzwerte und Vorsorgemaßnahmen zum Schutz der 
Bevölkerung vor elektromagnetischen Feldern." Strahlenschutzkommission 
(SSK), Bonn, Germany. 

- VDE. (2002). "Positionspapier Mobilfunk und Gesundheit." VDE Verband der 
Elektrotechnik - Elektronik - Informationstechnik, Krankfurt am Main, 
Germany. 

- Wiedemann, P. M., Schütz, H., and Thalmann, A. T. (2003). "Mobilfunk und 
Gesundheit." Environment 42, Forschungszentrum Jülich, Jülich, Germany. 

- Wiedemann, P. M., Schütz, H., and Spangenberg, A. (2005). "Risk evaluation of 
the health effects of mobile phone communication: Results of a scientific 
dialogues: Presentation and discussion of the topic areas." Jülich research centre, 
Jülich, Germany.3 

 
 

                                                 
3 This study is not a classic review study. The aim was to articulate expert opinions, which was used to identify topic 
areas. Wiedemann et al. used the expert opinions to draw evidence maps, which indicate the basis of evidence in terms of 
the number of relevant studies, arguments pro and con health risks as well as the ‘remaining uncertainties’. As this study 
can also be considered as an attempt to perform an uncertainty assessment, we decided to include this study in our 
uncertainty-oriented review of review reports.  
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year author(s)s Number 
 

2000 Health Council of the Netherlands (GR); 
IEGMP 

2 

2001 CSTEE; GR; SSK 3 
2002 Boice & McLaughlin; GR; VDE 3 
2003 BUWAL; GR; NRPB; SSI 5 
2004 ICNIRP et al.; SSI 2 
2005 GR; SSI; Wiedemann et al.  3 
2006 GR; SCENIHR 2 
2007 GR 1 

 
Table 1 – Chronological overview of review studies considered in this report  

 
 
During our research, another review report, produced by a well respected group of 
experts, was published:  

- Krewski, D., Glickman, B.W., Habash, R.W.Y, Habbick, B., Lotz, W.G., 
Mandeville, R., Prato, F.S., Salem, T., Weaver, D.F (2007). “Recent advances in 
research on radiofrequency fields and health: 2001-2003”, J. Toxicol Environ 
Health B, 10(4), 287-318. 

 
We didn’t analyse this review in detail, but it is clear that this review report reinforces 
the conclusions of most of the reviews included in our uncertainty assessment.  
 
Reviews are usually commissioned by regulators and/or policy bodies. Experts are 
asked to provide a review with the aim to inform policy-making. Sheila Jasanoff (1990) 
coined the notion “regulatory science” to refer to this type of science / expertise. Due to 
the policy context in which the knowledge production takes place, regulatory science 
differs from what is usually referred to as science. It is done in the margins of existing 
knowledge and it usually involves a greater degree of knowledge synthesis than actual 
research (Hannigan 2006). The constituting aim of regulatory science is to be relevant 
for decision-making processes. Regulatory science aims to disseminate the state of the 
art to a wider audience, however, at the same time regulatory science is the ‘science on 
stage’ (Hilgartner 2000). Basic science and the primary publications are backgrounded 
or fade into the background in the societal arena, while the reports produced in 
regulatory science are central references in political decision-making and societal 
debates. We would like to emphasize that it is fact that regulatory science is an 
important factor in modern society. We do not aim at a normative discussion on whether 
this should or should not be the case.  
 
Regulatory science is by definition framed by the implicit or explicit question(s) 
bothering policy-makers and/or society at large. The notion of ‘framing’ refers to 
‘schemata of interpretation’ (Goffman 1974), which enable to organise experience and 
knowledge as well as to set boundaries, and which serves as ‘bias for action’ (Perri 6 
2005). In the context of regulatory science, framing refers to the pattern that political 
and/or societal concerns define what counts as relevant for attention and assessment 
(Perri 6 2005). In the context of RF EMF and health risks, it is clear that societal worries 
constitute the framing. Some would argue that as a consequence the review reports 
assessed in this report are mixtures of ‘science’ and ‘worries’, and that also our 



Maastricht University  IMBA WP 1 

 9 

assessment of the uncertainties lacks a kind of ‘scientific purity’.4 We would like to 
argue that an uncertainty assessment of review reports is more likely to provide insights 
into uncertainties, which are salient in view of the societal debates on wireless 
communication technology.  
 
Notwithstanding the policy support orientation, regulatory science aims to synthesize 
and translate knowledge according to traditional scientific conventions pertaining to 
comprehensiveness, quality, methodology and a critical attitude, which shape the 
scientific enterprise. Although not in itself part of the academic peer review system, the 
question whether or not research is peer reviewed is an important evaluation criterion. 
Moreover, the multidisciplinary committees that usually perform regulatory science, can 
also themselves act as peer reviewers of studies which have not been published in the 
scholarly literature. In some cases, that is even explicitly their role. Furthermore, in the 
case of RF EMF and health effects, stakeholders demand that ‘studies’ that they are 
aware of are also included. In a way regulatory science can be considered as a balancing 
act between the policy support orientation and the service orientation. The difficulty of 
the balancing act is also visible in the review reports that we have assessed. 
Notwithstanding some style changes in recent years, many reports furthermore adopt an 
ex cathedra style, mirroring a dominant rhetorical strategy used in science. On the other 
hand, these reports are meant for a wider audience. Many of the reports are hard reading 
for people who are not familiar with the topic nor used to scientific conventions: an 
account recognised as scientifically justified is usually at odds with a readable, easy to 
understand evaluation.    
 
The various review reports also make use of other reviews, often even as starting point 
(see Table 2 and Figure 1 for examples). For example, the SSI (2003) and the (NRPB 
2003) took the Stewart report (IEGMP, 2000) explicitly as their starting point and 
SCENIHR (2006) used CSTEE (2001) as the point of departure. Such a reference is also 
used to defend the focus on studies made available since then. In the (NRPB 2003) 
report it is even explicitly stated that “The NRPB report does not review studies that are 
reviewed in the IEGMP report, although some results are presented in tabular form” (p. 
8). As is clear from Table 2 and Figure 1, making use of other review reports is very 
common. Especially the  Stewart report (IEGMP, 2000), the review by NRPB (2003) 
and review by ICNIRP are central nodes in the review report network. Some experts 
involved in the topic of RF EMF and health effects complain that there are more review 
reports than original studies.5  
 
 
Year Review report Previous reports 

used as a basis 
2000 GR - 
 IEGMP (Stewart 

report) 
- 

2001 CSTEE - 
 GR GR ‘00 
 SSK - 
2002 SSI (Boice & 

McLaughlin) 
- 

 GR - 

                                                 
4 Comments at the second IMBA workshop, Berlin, May 2007. 
5 Comments at the second IMBA workshop, Berlin, May 2007. 
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 VDE SSK ‘01; IEGMP 
‘00; GR ‘00 & 
‘02; ICNIRP ‘98 

2003 Röösli et al 
(BUWAL report) 

- 

 GR GR ‘01; GR ‘02 
 NRPB IEGMP ‘00 
 SSI IEGMP ‘00 
2004 ICNIRP et al. NRPB ‘03 
 SSI IEGMP ‘00; 

NRPB ‘03 
2005 GR - 
 SSI - 
 Wiedemann et al. IEGMP ‘00; SSK 

‘01; Röösli ‘03 
2006 GR ICNIRP ‘98 & 

‘03; NRPB’ 04 6 
 SCENIHR CSTEE ‘01 
2007 GR GR ‘01 

 
Table 1 – Overview of the use of review reports in other review reports 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – Network of review reports  
 
 
Also reviewers do have prior beliefs. Notwithstanding the fact that many review reports 
build upon, discuss or even review earlier review reports, this set of review studies 
contains various points of view and perspectives, and as a consequence also differing 
conclusions. This selection seems to provide a sufficiently broad overview of the 

                                                 
6 The ICNRIP ’98 & ’03 reports as well as the NRPB ’04 report also were review reports by the expert 
bodies included in our sample. Although they were not explicitly used as a reference in this sample, we 
decided to include them in figure 1 table 2 since they help to illustrate the general pattern which shows that 
review reports are building blocks for other review reports. 
 

  

  SSK ‘01   ICNIRP ‘98 GR ‘00   

VDE 
‘02   

GR ‘01   

GR ‘02   

GR ‘03   

NRPB ‘03   SSI ‘03   

ICNIRP ‘04   SSI ‘04   

Wiedemann ‘05   

Röösli 
‘03   

GR ‘06   

CSTEE ‘00   

SCENIHR   
 ‘06   

GR ‘07   

ICNIRP ‘03   

N RPB ‘04   
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knowledge usually qualified as scientific and of authoritative interpretations of this 
knowledge. We consider this set of reports therefore as an appropriate basis for our 
uncertainty assessment.  
 

1.2 Interphone 
An example of solving uncertainties in the future by increased research efforts is the 
INTERPHONE-study, coordinated by the International Agency for Research on Cancer 
(IARC) and sponsored by the European Commission and the International Union 
against Cancer (1, see reference list on the next page). Thirteen countries are 
participating in the epidemiological study of the association between mobile phone use 
and (mainly) brain tumours. By using common protocols the researchers expect that by 
pooling the country data the question whether mobile phone use enhances cancer risk 
can be answered with more certainty.   
 
Noordegraaf (2000), Mesman (2002), Uggla (2004) and van Asselt (2005) observe that 
scientific uncertainties are partly managed with reference to future research. It is usually 
emphasized that further investigations are needed or under way, which serves as a 
reassuring suggestion of complete knowledge in the future. In other words, the future is 
depicted as a world of scientific certainty (Collins 1987). Some examples of such 
references from the review reports: 

- “These questions will probably be answered by ongoing or planned animal 
studies” (SSI, 2003; p. 16; the same sentence can be found on p.9 in the 
executive summary, in which animal studies is replaced by “carcinogenicity 
studies”).  

- “Final conclusions, however, will only be possible with further studies 
investigating the effect of longer terms of mobile phone use”. (Roosli, 2003; 
p.130 – our translation) 

 
Such depiction, routinely practiced in RF EMF reviews with the Interphone study as the 
key reference, is a particular framing of uncertainty. It enables to present research and 
gathering of information as the proper strategy to deal with uncertainty. In other words, 
this framing of uncertainty has a particular effect, i.e. it communicates that more or 
better research, will solve the problem, and it thus turns attention (and usually 
resources) away from other strategies (for example, preventive or precautionary 
measures). Research, both in the sense of fundamental research which aims at 
understanding the underlying mechanisms, as well as monitoring which aims at 
identifying effects, can also be a precautionary measure. However, the expectation 
associated with the Interphone study which has been commissioned by WHO and the 
European Union, is that the research will reduce the uncertainties and solve the 
discussion with regard to risks. In such a context, references to future research can be 
read as attempts to neutralize the uncertainties.     
 
Until now results of some of the national studies and a limited pooled analysis have 
been published (2-13). Conclusions drawn from these publications, however, were 
instrumental in emphasizing the uncertainties and not in reducing them (see e.g. 14-15). 
It remains to be seen whether the pooled analysis of all data will partly settle the cancer 
risk question, apart from the fact that the mobile phones in the study  is increasingly 
being replaced by 3G (UMTS) instruments. 
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1.3 Structure of the report 
In this report, we describe our uncertainty-oriented review of the listed review reports, 
with a focus on epidemiological and animal studies. We aim to identify sources of 
uncertainty.  In Chapter 2, we describe our uncertainty assessment approach, as well as 
some background to it. In Chapter 3, we discuss the main findings in terms of which 
uncertainties can be identified from the review reports. In text boxes, we also discuss 
some problems in dealing with uncertainty inspired by our findings pertaining to RF 
EMF and cancer risks. In Chapter 4, we summarize our findings through uncertainty 
maps. Finally in Chapter 5, we drew some conclusions.  
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2. Uncertainty assessment 
 
Uncertainty is not a problem in science. It can even be argued that it is a condition sine 
qua non: without uncertainty, there is no reason to investigate. However, uncertainty 
becomes a problem in contexts in which scientists act as experts. Regulatory science is 
such a context. Framed by the concerns of policy-makers and/or society, regulatory 
science usually focuses on presenting certainties. Some experts involved in science and 
policy interactions even believe that regulatory science should keep scientific 
uncertainty out of the public eye (see Bell (2006) for an analysis of a case in which this 
was advocated). Knowledge gaps are not always highlighted. In case “windows of 
uncertainty” are opened, they have to be closed subsequently to reconfirm the certainty-
producing world of science (Zehr 1999). Numerous scholars with an interest in the use 
of science in policy-making have argued that scientists can and should do a better job in 
communicating about uncertainty (e.g. Funtowicz and Ravetz (1990; Harremoës et al. 
(2001); Klinke and Renn (2002); Krayer von Kraus (2005); Krayer von Kraus et al. 
(2005); Morgan and Henrion (1990); Nowotny et al. (2001); Petersen (2006); van Asselt 
(2000); van der Sluijs (1997); Walker et al. (2003); Wynne (1992); Zehr (1999)).  
 
Uncertainty is, as we will argue, a salient feature of societal debates on new 
technologies. In the IMBA project, we are interested in identifying uncertainties in order 
to be able to explore the value of toxicogenomics in addressing or even reducing 
uncertainties pertaining to cancer incidences related to radiofrequency electro-magnetic 
radiation fields, which are relevant in view of societal controversy. This implies that 
uncertainty is put centre stage.  

In order to provide background for our work, we first explain why the issue of RF EMF 
and cancer risks is a typical question of innovation and uncertainty. Then we explain 
various sources of uncertainty, which categorisation will be of use in our assessment of 
uncertainties. Then we discuss our uncertainty assessment approach.    
 

2.1 Innovation and uncertainty 
The question whether or not RF EMF poses cancer risks is a typical question of 
innovation and uncertainty. Nowotny et al. (2001) convincingly argue that innovation 
always produces uncertainty: it is an inherent by-product, an “inevitable side-effect”. 
They envisage an “ever increasing flow of ever new uncertainties” as a result of 
innovation. Especially in the early decades of new technology, there will always be 
irresolvable uncertainty with regard to health effects because of the novelty of the 
phenomena. Research on health effects, and especially on long-term effects, will by 
definition not keep pace with technological developments. Harremoës (2002) emphasize 
the problem of assessing the effects of a new technology when there is a long lag time 
between exposure and measurable impacts, the so-called “latency lacuna”. This problem 
of assessing long-term health effects is further complicated by the fact that the 
technology and the conditions in which it is used will have changed by the time such 
delayed effects become clear. Technology development and dissemination is a dynamic, 
ongoing process, so often new versions are introduced in rather short time frames. 
Furthermore, new technology usually evokes new practices, different patterns of 
behaviour and changing societal conditions, which may also alter because of other 
dynamics. So also the context in which the technology is used, changes over time. In 
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order to draw conclusions from the data gathered, it has to be assumed that the changes 
negligibly affect the health risks. This assumption introduces uncertainty, as is clear in 
the recent debate about analogue versus digital mobile phone technology and whether 
related changes in pulse form and frequency are relevant in view of health risks. Some 
would argue that conclusions can only be drawn about possible health effects of older 
versions of the technology, while we still don’t know the effects of the newer versions 
in the current context. So even in case there is finally rather robust evidence of health 
risks associated with past configurations, those with an interest in the technology can 
claim that this evidence is not representative for the current situation. And vice versa: in 
situations in which the available data don’t provide evidence of risk, those worried 
about risks can highlight the change in technical and societal configurations. As the 
current situation differs from the past, uncertainty pertaining to health risks remains, or 
more precisely, revives or is revived.  
 
Furthermore, in the early phases of technological innovation benefits are emphasized 
(see e.g. work of van Lente (1993) and colleagues, who study the role of expectations 
(i.e. stories about benefits) around innovations). Discussions about risks usually start in 
a later stage, when the new technology is already being implemented and diffused 
throughout society. By then, there are vested interests and strong proponents of the 
technology. This is also summarized in Collingridge (1980)’s dilemma of control of 
technology: attempting to control the technology is difficult, because in its early stages, 
when it can be controlled, not enough can be known about its harmful social 
consequences to warrant control over its development, but by the time consequences are 
apparent, intervention has become expensive and drastic as the technology is well 
developed, disseminated and institutionally integrated in society. So those raising the 
possibility of health risks are in a way always lagging behind. 
 
A case discussed in the Late Lessons study (Harremoës 2002) is the use of hormones as 
growth promoters, i.e. estrogenic steroid hormones (‘estrogens’), among which 
diethylstilboestrol (better known as DES) (Bridges and Bridges 2001; Ibareta and Swan 
2001). According to Harremoës (2002), this case illustrates how difficult it is to assess 
risks when no clear cause and effect relationships could be established at the time the 
technology is introduced. Also Mourik (2004) and Murphy (2006) discuss the problem 
of latent connections and the lack of established mono-causal relationships. In the 
absence of a causal explanation, the idea of exposure, in the case of the sick building 
syndrome (Murphy 2006), and/or observable adverse effects, i.e. dying and ill cows in 
the case discussed in (Mourik 2004), can still invoke societal controversy. Such cases 
furthermore illustrate that many risk managers assume (or have a strong preference for) 
a mono-causal relationship and that they have serious difficulties to deal with instances 
of multi-causality, i.e. several factors and the concurrence of and interaction between 
those factors contribute to the observed effects.  
 
At the same time, some modern risks involve exposures that transcend the capacity of 
our senses: we cannot hear, smell, see or feel them. As a consequence, experts are 
needed to make these risks ‘visible’ (Beck 1986; Mourik 2004). Theories, models and 
measurements that require equipment are needed were our senses fall short. So also 
people reporting that their “bodies signalled the possible presence of hazards through 
common, minor ailments” (Murphy 2006, p.3) resort to science, as do decision-makers 
and judges. Furthermore, causalities are complex and the possible multiple effects are 
heterogeneous and extend to the long-term or to the global scale. In such cases the 



Maastricht University  IMBA WP 1 

 16 

harmful consequences are difficult or even impossible to define and estimate. Experts 
are needed to assess the risks, but in many cases scientific or historic proofs of danger 
are lacking, but suspicions cannot be fully refuted either. 
 
Van Asselt and Vos (2005; 2006) coined the notion “uncertainty paradox”, i.e. an 
umbrella term for situations in which uncertainty is present and acknowledged, but the 
role of science is framed as one of providing certainty. In instances of the uncertainty 
paradox, the public, policy-makers and judicial authorities resort to experts for 
conclusive evidence and definite answers, despite uncertainty precluding both 
conclusiveness and definitiveness. Hence, on the one hand, it is recognised that science 
cannot provide decisive evidence on highly uncertain risks while on the other, policy-
makers and judicial authorities increasingly turn to science for certainty (see also, 
Weingart (1999) and Rogers (2003)). In uncertainty paradox situations, a very high level 
of scepticism as to what science can deliver, goes hand in hand with a very optimistic 
level of confidence regarding what science should be able to deliver (Forrester 2006). 
Our analysis of actual cases of EU risk regulation (see for example van Asselt and Vos 
(2006); van Asselt et al. accepted for publication) demonstrates that such an uncertainty 
paradox causes unproductive or even irresponsible policy-making processes.  
 
Exposure to RF EMF is not new completely in a technical sense, as it is also present 
with radio and TV, radar and microwave technology. So, at least in its fundamental 
form, it has been around in our society for over a century. However, with regard to the 
introduction of radio and TV, there has hardly been a relevant societal debate about 
health effects of exposure to RF EMF. The discussion around RF EMF and risks is more 
recent. There have been controversies pertaining to RF EMF and radar installations in 
the seventies of the previous century (NAS/NRC Committee to Assess Potential Health 
Effects from Exposure to PAVE PAWS Low-Level Phased-Array Radiofrequency 
Energy 2005)7. The societal debate intensified about 10-15 years ago, with very strong 
broadcasting antennas as the object of concern. A Dutch example is the Kootwijk 
antenna8. The presence of such antennas had observable local impacts, such as 
disturbances of devices and apparatus, while there were little or no local benefits: the 
antennas aimed to reach audiences at very long distances. In this context of local 
opposition, uncertainties with regard to health effects started to gain significance and 
weight. The discussion on RF EMF and health effects gained momentum with the 
exponential advent of mobile telephone technology and is further intensified with the 
new generation of this technology, i.e. UMTS, which requires a new and denser network 
of base stations. 
 
It is beyond the scope of this report to detail the history of the debate on the risks of RF 
EMF. What we can learn from this birth eye view is that although exposure to RF EMF 
is not completely new in a technical sense. However due to ongoing technology 
development (new applications, new versions, exponential diffusion) as well as changes 
                                                 
7 It has been suggested (second IMBA workshop) that knowledge pertaining to radar and health risks could 
be relevant for current debates. It is our impression that what can be learned from published research on 
health effects associated with RF EMF from radar stations (Breckenkamp et al. 2003; de Boer et al. 2005; 
de Weerdt 2005; Degrave et al. 2005; Goldsmith 1997) is included in the review reports on RF EMF and 
wireless communication technology. As many of the studies on radar have been carried out in a military 
context, it could be that there is confidential data that provide insights relevant for the current discussion on 
RF EMF and health effects. 
8 See http://radiokootwijk.free.fr/index.php?file=spk_diversen.php., a website created by the people of 
Kootwijk.  
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in practices, behavioural patterns and societal conditions, the issue of EMF and health 
risks suffers from the kind of uncertainties discussed in this section. The question of 
whether or not exposure to RF EMF poses cancer and other health risks, i.e. one of the 
core questions in the IMBA project, is in practice a typical question of innovation and 
uncertainty, notwithstanding the familiarity at first sight. Notwithstanding the inherent 
uncertainties involved in innovation, experts are needed to reason about risks and are 
often requested to produce certainty about uncertain risk (uncertainty paradox), which in 
effect often produces problematic policy-making trajectories.   
 

2.2 Sources of uncertainty 
In the context of innovation, many different sources of uncertainty are relevant, both 
uncertainties pertaining to scientific understanding of physical processes and 
uncertainties with regard to all kind of social processes. Un-certainty is, as Melse (2003) 
argues, an un-word, so it is something not. Van Asselt (2005) observed that uncertainty 
is also often circumscribed by other un-words, such as ‘being unclear’, ‘unsettled 
science’, ‘unpredictability’ and ‘unanticipated consequences’. Although uncertainty is 
often black-boxed, it is possible to differentiate between various sources and types. 
Recent classifications of scientific uncertainty, which aim to synthesize insights 
developed over the last decades, can be found in: van Asselt (2000), Klinke and Renn 
(2002), Krayer von Kraus (2005), Walker et al. (2003) and Petersen (2006). Three 
different classes of uncertainty are generally distinguished, i.e. uncertainties due to 
variability of the phenomena involved (also referred to as ontological uncertainty), 
uncertainty due to limited knowledge (also referred to as epistemic uncertainty) and 
ambiguity, i.e. different interpretations of the available knowledge, different problem 
perceptions and different definitions due to differences in values and framing. These 
three types of uncertainty are not by definition independent: variability uncertainty may 
cause or enlarge epistemic uncertainty and epistemic and variability uncertainty may 
increase ambiguity. Further subdivisions can be made, see for example, Figure 2. 
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Figure 2 – Typology of sources of uncertainty (adapted from: van Asselt (2000) and van 
Asselt and Rotmans (2002); Adaptation involves the ‘upgrading’ of value diversity as a 
separate source of uncertainty and instead of value diversity the more commonly used 
notion ‘ambiguity’ is adopted. This adaptation reflects a response to criticism and 
integrates more recent advances in thinking about uncertainty). The grey arrows 
indicate how various sources of uncertainty can interfere. 
 
 
In this breakdown, different sources of variability are distinguished, i.e.: 

·  inherent randomness of nature: the non-linear, chaotic and unpredictable nature 
of natural processes, which could be an inherent feature or the consequence of 
complexity  

·  human behaviour (behavioural variability): ‘non-rational’ behaviour, 
discrepancies between what people say and what they actually do (cognitive 
dissonance), or deviations of ‘standard’ behavioural patterns (micro-level 
behaviour) 

·  social, economic and cultural dynamics (societal variability): the non-linear, 
chaotic and unpredictable nature of societal processes (macro-level behaviour).   

·  technological surprises: new developments or breakthroughs in technology or 
unexpected consequences (‘side-effects’) of technologies. 

 
Due to variability in combination with limited resources to measure and obtain 
empirical information, reality exhibits inherent uncertainty and unpredictability. As 
such, it contributes to limited knowledge. Limited knowledge thus partly results out of 
variability, but knowledge with regard to deterministic processes can also be incomplete 
and uncertain. Van Asselt (2000) describes a continuum that ranges from inexactness to 
irreducible ignorance: 
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- inexactness: lack of precision, inaccuracy, measurement errors. ‘We roughly 
know’.  

- lack of observations/measurements: lacking data that could have been collected, 
but haven’t been. ‘We could have known’.  

- practically immeasurable: lacking data that in principle can be measured, but not 
in practice (too expensive, too lengthy, infeasible experiments). ‘We know what 
we do not know’.  

- conflicting evidence: different data sets / observations / assessments which 
enable competing interpretations and conclusions are available. ‘We don’t know 
what we know’.  

- reducible ignorance: processes that we do not observe, nor theoretically imagine 
at this point in time, but may in the future. ‘We don’t know what we do not 
know’.  

- indeterminacy: processes of which we understand the principles and laws, but 
which can never be fully predicted or determined. ‘We will never know’.  

- irreducible ignorance: there may be processes and interactions between 
processes that cannot be (or not unambiguously) determined by human 
capacities and capabilities. ‘We cannot know’.  

 
The continuum thus ranges from unreliability to more structural, or even radical 
uncertainty. Uncertainties in the category of unreliability are usually measurable can be 
calculated or at least sensibly estimated, in the sense that they stem from well-understood 
systems or processes.  
 
Building upon the typologies proposed by van Asselt (2000) and others, Walker et al. 
(2003) propose a framework to identify and describe uncertainties in model-based 
decision support. They distinguish three dimensions of uncertainty: location, level and 
nature of uncertainty. Location refers to where the uncertainty manifests itself within the 
model complex: context, model uncertainty, inputs, parameter uncertainty and model 
output uncertainty. The level of uncertainty pinpoints where the uncertainty manifests 
itself along the spectrum between deterministic knowledge and total ignorance, ranging 
from statistical uncertainty and scenario uncertainty to full ignorance. The nature of 
uncertainty aims to indicate whether the uncertainty is due to the imperfection of our 
knowledge (epistemic uncertainty) or is due to the inherent variability of the phenomena 
being described (variability uncertainty). The typology proposed by van Asselt can be 
used as a further specification of the nature of uncertainty dimension.  
 
Uncertainty does not only refer to blind spots in knowledge, but is also generated as part of 
knowledge production (van Asselt, 2005). Uncertainty may arise from manipulation of 
available data, such as aggregation, desaggregation, interpolation and extrapolation. 
Pollack (2003) even refers to these issues, to which we will refer as “uncertainty 
associated with methodology”, as “the larger problems of uncertainty”. According to 
Frewer et al (2003), experts associate uncertainty also with methodological issues as 
sampling procedure, suboptimal techniques, sample size, inconsistency from using 
different techniques and calibration of measuring devices. Doubts and criticism 
pertaining to methodology may yield uncertainty about the knowledge produced. Not all 
measurements and experiments can be repeated as not all experiments are designed or 
executed under controlled conditions: some events or processes are natural experiments 



Maastricht University  IMBA WP 1 

 20 

in the sense that they ‘just happen’ inadvertently (Pollack, 2003). Also epidemiology 
involves observations that cannot be repeated in the classical sense.   
 
In risk assessment in the context of innovation, the idea of scientific knowledge extends 
to the question of how the future may look like. Usually estimates of future exposures 
and projections of the future are involved. Risk assessment pertaining to innovation is 
by definition future-oriented, so risk assessors are also confronted with prognostic 
uncertainty, i.e. doubts about the future (van Asselt et al. 2007). As complex systems are 
incompletely understood, the future remains uncertain (Pollack, 2003; van Asselt et al. 
2007)). Even if we would have complete knowledge on the past and present, this would 
only help if processes or circumstances are unchanging with time, however, social 
processes and the interaction of human beings with the physical reality are seldom an 
exact re-run of the past (van Notten, 2005). The main question is actually shifting from 
“what has happened in the past” (probability) as a basis for risk assessment to “what 
may happen in the future” (possibility) (van Asselt et al. accepted for publication). 
Instead of probability (frequentist approach) or subjectively adjusted probabilities 
(Bayesian statistics), risk assessment in the context of innovation needs scenarios as 
input.    
 
Any characterization of uncertainty is itself uncertain (O’Riordan and McMichael, 
2002). Furthermore, any uncertainty categorization is theoretical, in the sense that it is 
not always obvious in which category a particular uncertainty fits. To complicate issues 
a bit further: in the above categorizations uncertainty is portrayed as a quality of the state 
of knowledge about physical and social processes, as a kind of static feature. In theory, the 
state-of-the-art can be considered as the sum of knowledge available everywhere in all 
disciplines and then it can be argued that a real expert must know all this. In practice 
this is never the case: uncertainty is also a result of dispersed knowledge (van Asselt, 
2005). This is nicely illustrated in the following phrasing “It is well known, at least 
among physicists” (Pollack, 2003). Any expert’s knowledge can be seen as a local set of 
knowledge, although the more expert experts are, the large their ‘local’, both in terms of 
depth and scope, usually is, however, it will never be the full state-of-the-art. So the 
notions introduced above will be entertained as vocabulary to discuss uncertainties 
pertaining to RF EMF and cancer risks and how we understand them, but not as strict 
categories.  
 

2.3 Conflicting framings in a post trust era 
A further problem is that society has also discovered uncertainty (Todt 2003). Society 
has experienced so-called ‘false negatives’ (Harremoës 2002), which are cases in which 
agents or activities that were regarded as sufficiently harmless to remain in use 
notwithstanding emerging evidence about harmful effects, mainly because of short-term 
economic interests. The iconic example is BSE and Creutzfeldt Jacob disease: the risk 
of crossing the species gap was denied, although it turned out to be a real hazard. 
Löfstedt (2005) argues that as a consequence of such false negatives, trust in scientists 
with regard to assessing risks has declined. He suggests that we are living in a post-trust 
era. Past experience with false negatives lends credence to ‘dissident scientists’ and 
results that deviate from the general consensus, irrespective of the scholarly reception of 
their work.  
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Trust is an expression of confidence, which enables to reduce complexity and to deal 
with uncertainty: ‘trust’ implies acceptance of risk judgments and decisions without 
questioning the rationale. Löfstedt (2005) distinguished three dimensions of trust, i.e. 
fairness (impartiality), competence and efficiency. In other words, to be trusted, 
institutions must appear to be impartial, competent and efficient. In the context of this 
report, especially competence is relevant. False negatives spur a perception of 
incompetence of experts and policy-making bodies relying on experts. In such a spirit of 
a lower level of trust or even mistrust, experts’ risk judgments are no longer uncritically 
accepted. In such contexts, to which Löfstedt (2005) refers as ‘post-trust’, studies which 
diverge from the majority view are read differently. Instead of trusting the majority 
view, publics may develop their own interpretation and opinion. Attempts of the 
scholarly community to disqualify studies which divert from the scientific consensus, 
are likely to be read as attempts to keep society in the dark. This perception further 
undermines trust in scientific competence and impartiality.  In a study dealing with lay 
people’s perceptions of risk associated with mobile phones and base stations in 
Switzerland, Siegrist et al. (2005) included trust in the regulatory authorities as a factor. 
His results showed that trust in authorities was positively associated with perceived 
benefits and negatively associated with perceived risks. Siegrist and colleagues argued 
that a lack of trust can make a technology more expensive due to accompanying demand 
for stricter regulations. 
 
In a post-trust context, the way uncertainty is dealt with, is far from inconsequential. 
Keeping uncertainty and ‘dissident’ studies and results out of the public eye as well as 
safety claims which don’t hold are like to only increase distrust in the long run. In this 
context a fundamental problem resides in the framing of the questions pertaining to 
innovation and risk. The assumption in basis science (as distinguished from regulatory 
science) is that there are no health effects, unless there is substantial, ample and robust 
evidence. This framing is in agreement with preventing so-called ‘false positives’, i.e. 
warnings that over time turn out to be unnecessary or even wrong. In such a framing, 
uncertainties are often not systematically investigated, as it is easily assumed that the 
uncertainties don’t contain risks. The uncertainties are deemed to be safe. In this 
framing, the conclusion ‘there is no proof of risk’ (which is not equivalent to ‘proven to 
be safe’) is satisfactory. Such no-evidence-of-health-effects statements by scientists, 
however nuanced, are in newspapers or policy reports often translated into no-risk 
statements.  
 
Epidemiological research is an observational science and studies the association 
between a disease factor (in our case RF EMF) and health. Animal studies are used to 
understand the causal disease mechanism and are used to interpret or refine 
epidemiological findings. In common experts’ interpretation of the findings, the 
dominant assumption is there is no risk, unless there is substantial evidence. This 
interpretation is not a methodological ‘must’. It doesn’t require a fundamental change of 
method to ask the question ‘what are effects that you might have missed?’. Without 
theory about causal mechanisms, it is more difficult to think about imaginable effects, 
but not impossible.  
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In a policy context ‘false negatives’, i.e. agents or activities that were not regarded as 
harmless at prevailing levels of exposure until evidence of their harmful effects emerged 
(Harremoës 2002), are significant and there are many reasons to prevent them. In such a 
framing, uncertainties are drawn attention to, as uncertainty is interpreted as a signal of 
potential adverse effects. In such a context, it would be relevant to discuss what kind of 
risks might be possible in view of uncertainty.  
 
The danger is that policy actors equate uncertainty with risk. However, uncertainty does 
not by definition mean that something is wrong. Uncertainty implies that the available 
evidence is inconclusive. There is no historic or scientific evidence that there are risks to 
human health, however the possibility of health effects cannot be refuted either. 
Equating uncertainty with risk can be a strategy of insurance or used as a political act. 
Van Asselt et al (in press) describe how in the case of regulation of GMOs, 
environmental organizations successfully employed this strategy. In case scientists don’t 
discuss uncertainties, in the sense of indicating which uncertainties are critical, what 
kind of signals may be used as indicator and what kind of research or monitoring is 
necessary to figure out whether particular uncertainties pose a risk, it is easier for non-
scientists to ‘politicize’ the uncertainties. Politicization of uncertainty refers to the 
phenomenon of politicians, stakeholders, special interests groups and the public 
highlighting, amplifying or attenuating uncertainties in order to serve other interests 
(e.g. Funtowicz and Ravetz (1990), Pollack (2003), Smithson (1993), Stocking and 
Holstein (1993) and Wells Bedsworth et al. (2004)). In other words, uncertainty may be 
deliberately used opportunistically. It is often argued or assumed that politicization of 
uncertainty takes places, but as far as our knowledge extends, this has not been 
empirically researched in a systematic manner. 
 
The risk-concerned activity protestors, i.e. those who oppose to a particular activity or 
technology because they fear health and/or environmental risks and who usually agenda 
set the issue, are often NGOs. As Löfstedt (2005) argues, in a post-trust era NGOs are 
often more trusted than industry, regulators and experts. So the clash of framings (false 
positive (basic science) versus false negative (risk-concerned protestors)) will manifest 
itself in societal debates, and is not easily resolved. It goes beyond the context of the 
current report to detail the insights pertaining to trust and risk management, however, it 
is an important issue that impacts upon regulatory science and its role in decision-
making on innovation and risk.  
 
Regulatory science has thus the difficult task in mediating between the world of science 
with its no-effect-assumption and the risk-concerned world of politics in which 
prevention of false negatives is currently more important than the prevention of false 
positives. If the prevention-of-false-positives framing is, consciously or unconsciously, 
adopted or simply inherited in regulatory science as well as in the policy arena, the 
consequence is that the burden of proof is on the side of those who argue that there 
might be risks. The actors introducing or advocating the use of a particular technology, 
on the other hand, don’t have to ‘prove’ that there are no risks. Apart from the question 
who bares the burden of proof, the whole notion of ‘burden of proof’ is complicated in 
the context of innovation and risk: due to the inherent uncertainties pertaining to 
innovation as has been discussed in this chapter, in many cases scientific or historic 
proofs of danger are lacking, but suspicions cannot be fully refuted either. The 
consequence is that the one who bares the burden of proof is put in a very difficult, if 
not hopeless, position.  
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In this section, we have attempted to sketch in which political and societal context 
dealing with the uncertainties pertaining to innovation take place. In a post-trust era, 
uncertainty is not ‘just’ an issue of concern for experts, but it may play a critical role in 
political and societal controversies pertaining to innovation. Differences in framing the 
issue (no-risk-unless versus risk-concerned prevention of false positives) provide an 
additional challenge for regulatory science.   
�

2.4 Uncertainty assessment approach 
Uncertainty assessment is not common practice. Some frameworks are proposed (such 
as NUSAP (Funtowicz and Ravetz 1990; van der Sluijs 1997) or the approach proposed 
in Krayer von Kraus (2005)). We propose to do uncertainty assessment in the following 
manner: 

- closing reading of the selected review reports (see Chapter 1 for an overview), 
i.e. identifying all explicit or implicit references to uncertainty (compare van 
Asselt (2000; 2004) 

- analysis of the uncertainty texts in which we use the sources of uncertainty 
discussed in 2.2, i.e. uncertainty due to variability, uncertainty due to limited 
knowledge, uncertainty associated with methodology and ambiguity  

- a further analysis of the salience of the identified uncertainties in terms of 
uncertainties pertaining to exposure, mode of action and susceptibility 

- an attempt to identify which uncertainties are crucial in view of the discussions 
on EMF and health effects in general, and in view of the prospects associated 
with toxicogenomics in particular.  

 
Such an approach has strengths, but definitely some limitations as well, which we will 
discuss below.  
 
There are serious problems with identifying uncertainty through a review of ‘the’ 
scientific literature. First of all, we have to rely on uncertainties articulated and reported 
by experts themselves. Various social scientific studies have indicated that experts have 
problems with reporting uncertainty, such as: 

- experts open “windows of uncertainty” only to close it with the findings of their 
own research (Zehr 1999), which is motivated by a view of uncertainty as ‘weak 
science’ 

- experts may be overconfident about the state of the art in their own field (see, for 
an example (Finkel 1995)) 

- experts are afraid that there audiences cannot deal with uncertainty, for which 
reason they suppress uncertainty (Frewer et al. 2003) 

- accumulation, propagation and interaction of uncertainties are often neglected 
 
As a consequence, there may be a preference for not reporting uncertainty in an explicit 
manner. As (van Asselt et al. accepted for publication) noticed in the context of risk 
assessment of genetically modified organisms, there may be such a high level of 
uncertainty intolerance that the notion “uncertainty” is not even mentioned. The same 
observation turned out to be true with regard to some of the review reports discussed in 
this paper (see, for example Health Council of the Netherlands (2007)). In such cases, 
uncertainty is not mentioned let alone explicitly discussed. In reviews in which there is a 
clear preference not to report uncertainty, when uncertainty is mentioned it is only in a 
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‘positive’ sense, such as arguing that a particular uncertainty is very small or has been 
reduced compared to previous risk assessments (see, for example Health Council of the 
Netherlands (2005)). So in such reports, we had to dig up the uncertainties. In other 
cases, knowledge gaps were the explicit point of departure, especially in regulatory 
science which aims at suggesting research approaches to investigate exposure to 
electromagnetic fields and health effects (see, for example, Health Council of the 
Netherlands (2006)).  
 
Furthermore, social scientific studies aiming at the articulation of expert’s estimates of 
uncertainty (such as Morgan and Henrion (1990), Morgan (2003), Krayer von Kraus 
(2005) and Krayer von Kraus et al. (2004) have indicated that experts’ assessment of 
uncertainty usually vary both in terms of degree of uncertainty as well as the sources of 
uncertainty. This further complicates uncertainty assessment informed by a review of 
scientific literature.  
 
Nevertheless, we have tried to analyze the various review reports in order to be able to 
address the following two questions: 

- What are scientific views with regard to RF EMF and cancer risks? 
- Which uncertainties are brought to the fore or can be inferred from differences 

of opinions and close readings of the argumentations? 
 
Against the background of our understanding of uncertainty sketched in this Chapter, in 
the remaining chapters, we discuss the views as well as what we consider relevant 
uncertainties that impact on these views. We have structured our discussion in Chapter 3 
accordingly. Building on these insights we have tried to draw an uncertainty map as a 
way to summarize the insights gained pertaining to uncertainty. We hope that this visual 
representation support discussions on the role toxicogenomics might fulfil in 
understanding whether and if so how RF EMF may cause or contribute to increased 
cancer risks. In the final chapter (chapter 5), we summarize our insights.  
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3. Main findings 

3.1. Introduction (cancer, studies) 
Risk assessment is a process in which various types of data and different types of 
studies are used. In the assessment of RF EMF exposure and cancer risks, 
epidemiological studies and animal studies are usually treated as important bodies of 
knowledge. Epidemiological studies are used as means to observe health effects in 
human populations, while animal cancer studies are used to observe effects in 
experimental animals in controlled circumstances assuming that this might be used as a 
model for human beings. In epidemiological studies, it is investigated whether 
significant health effects can be observed in a population, to which end they compare a 
particular population at risk with a reference group or investigate whether the difference 
in occurrence of health effects in different populations groups relates to differences in 
exposure. Animal studies are used to investigate causal mechanisms, e.g. the potential to 
invoke cancer.  
 
Several research projects focus on cancer risks either related to mobile phone use or 
base stations, and in particular on malignant, i.e. life-threatening, brain tumours and on 
acoustic neuroma, a benign, i.e. not life-threatening, tumour in the nerve responsible for 
transmitting sound and information pertaining to balance from the inner ear to the brain. 
Some studies did not analyze acoustic neuroma separately, but assessed the broader 
category of tumours in the central nervous system or some particular brain tumour, such 
as glioma (a central nervous system tumour) or meningioma (a brain tumour, usually 
benign, but it can also become life threatening). Other cancers that have received some 
research attention involve: 

- salivary gland cancers, i.e. several types of cancer and benign tumours inside 
and near the mouth and throat. The majority of salivary gland tumours begins in 
the parotid glands, found on each side of the face, just in front of the ears, for 
which reason they are also referred to as parotid gland tumour. These are 
usually benign, slowly growing tumours on or inside the face and neck, which 
may affect the nerves that control the face, which in turn may result in facial 
paralysis 

- eye tumours,such as ocular melanoma or more in particular uveal melanoma, a 
cancer in the coloured part of the eye and surrounding areas 

- leukaemia, an uncontrolled proliferation of white blood cells  
- breast cancer 
- testicular cancer 

 
Notwithstanding research efforts and investments (see Tables 3 and 4), no 
breakthroughs are reported which enable a conclusive answer on the question whether 
or not RF EMF exposure related to mobile telephone technology poses a cancer risk and 
if so, in what conditions and to which groups. Many references are made to the so-called 
Interphone study (see also Chapter 1), but SCENIHR (2006) explicitly admits that it is 
questionable whether these results will resolve the salient uncertainties. The combined 
evaluation of the Interphone study has not been published yet (see also Chapter 1). Our 
review did not yield new findings that impact on the conclusions of ICNIRP Standing 
Committee on Epidemiology et al. (2004), which were endorsed in the 2006 review by 
SCENIHR. 
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We included 22 review reports in our analysis, and we analysed which epidemiological 
studies were reviewed in those reports (Table 3). Some review reports refer to previous 
studies, which are mentioned but not systematically reviewed, so we did not include 
them as reviewed. In such cases, for example Health Council of the Netherlands (2003), 
the committee informs in general terms on the presently available knowledge about the 
phenomenon of exposure to electromagnetic fields and health risks. Our analysis of the 
review reports suggests that there are about 15 epidemiological studies on mobile phone 
use, especially carried out in the United States and the Scandinavian countries, and 
about 10 studies on base stations which are seriously discussed in one (such as the 
Hocking et al study), but usually more review reports. The first Hardell study (marked 
with (*) in Table 3), i.e. the work of a Swedish group of epidemiologists who reported 
increased relative risk estimates for brain tumours (see also section 3.4.2.) was even 
reviewed in 10 review reports.  
 
 
Country Year(s)  of 

publication 
Researcher(s) Reviewed in: 

 
MOBILE PHONE USE 

 
USA 1996 - 2002 Rothmanet al. IEGMP, 2000; SSI, 2002;  

ICNIRP, 2004 
USA 1999 Dreyer et al. IEGMP, 2000; SSI, 2002; 

NRPB, 2003;  
Röösli, 2003; 
ICNIRP, 2004 

USA 2000 Muscat et al. GR, 2001; SSI, 2002; 
NRPB, 2003;  
Röösli, 2003; SSI, 2003; 
ICNIRP, 2004; 
Wiedemann, 2005 

USA 2001 Inskip et al. GR, 2001; SSI, 2002; 
NRPB, 2003; SSI, 2003; 
ICNIRP, 2004;  
Röösli, 2004; 
Wiedemann, 2005 

USA 2003 Warren et al. NRPB, 2003; 
Wiedemann, 2005 

Sweden (*) 1999 - 2003 Hardell et al.  IEGMP, 2000; GR, 2001; 
SSI, 2002; SSI, 2003; 
NRPB, 2003;  
Röösli, 2003; ICNIRP, 
2004; SSI, 2004; SSI, 
2005; Wiedemann, 2005 

Sweden 2004/05 Lönn et al. (Interphone) SSI, 2004; GR, 2005; 
SSI, 2005;  
SCENIHR, 2006 

Sweden 2005 Hardell et al. SCENIHR, 2006 
Denmark 2001 – 2002 Johansen et al.; Schüz et al GR, 2001; SSI, 2002; 

Röösli, 2003; ICNIRP, 
2004; Wiedemann, 2005; 
GR, 2007 

Denmark 2002 Christensen et al. 
(Interphone) 

Wiedemann, 2005 
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Country Year(s)  of 

publication 
Researcher(s) Reviewed in: 

Denmark 2004 Christensen et al. 
(Interphone) 

SSI, 2004; GR, 20005; 
SSI, 2005; 
SCENIHR, 2006 

Finland 2002 Auvinen et al. SSI, 2002; NRPB, 2003; 
Röösli, 2003; SSI, 2003; 
ICNIRP, 2004; 
Wiedemann, 2005 

Swe./ Den./ Fin./ 
Nor./ UK 

2005 Schoemaker et al. 
(Interphone) 

GR, 2005; SSI, 2005;  

Germany 2001 Stang et al.  Röösli, 2003; SSI, 2003; 
Wiedemann, 2005 

Germany 2002 Baumgardt-Elms et al. Wiedemann, 2005 
Australia 1998 Hocking et al. IEGMP, 2000 
 

BASE STATIONS 
 
Italy (Vatican) 2002 Michelozzi et al.  SSI, 2003 
France 2002 Santini et al. NRPB, 2003;  

Röösli, 2003; SSI, 2004 
Spain 2003 Navarro SSI, 2004;  

Wiedemann, 2005 
Germany 2000 Wuschek et al. GR, 2001 
Germany  2004 Eger et al.  GR, 2005 
Israel 2004 Wolf and Wolf GR, 2005; SSI, 2005 
Switzerland 2006 Regel et al. GR, 2007 
Australia 1996 Hocking et al.  IEGMP, 2000; SSI, 2003;  
Not specified 1995 Maes et al. Röösli et al, 2003 
Not specified 2002 Hutter et al.  Wiedemann, 2005 
Not specified 2001 Koivisto et al.  SCENIHR, 2006 

 
Table 3 – Epidemiological studies on cancer related to RF EMF associated with mobile 
communication technology  
 
 
Animal studies are used to observe carcinogenicity in experimental animals, most often 
mice and rats, whether natural or genetically modified, under controlled conditions and 
with controlled exposure. In these studies, effects in animals are studied in relation to 
exposure. In the context of RF EMF research, different tests have been and are carried 
out: 1) with RF EMF exposure alone and 2) combined with exposure of chemicals 
which are known to be carcinogenic to study effects of cancer promotion and 
progession. In the first set-up, it is investigated whether radiofrequency electromagnetic 
radiation fields can cause DNA damage and induce mutations (i.e. RF EMF exposure as 
initiator). In the second set-up, it is investigated whether RF EMF could enhance the 
development of mutated cells into a tumour (i.e. RF EMF exposure as promotor). 
Ideally, the study is replicated by another group of researchers in another lab to confirm 
the findings and to render them independent of particular laboratory conditions. Studies 
with a (close to) identical design which are preferably carried out in other laboratories, 
are performed (see Table 4). 
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Type of study Year(s) of 
publication 

Researcher(s) Reviewed in 

  
Initiator Studies with Replication Studies 

 
Initiator Study  1997 Repacholi et al.  IEGMP, 2000;  

CSTEE, 2001; GR, 2002; 
SSI, 2002; NRPB, 2003; 
SSI, 2003; ICNIRP, 2004;  
SCENIHR, 2006 

Replication 
studies 

2002 Utteridge et al. SSI, 2002; NRPB, 2003; 
SSI, 2003; ICNIRP, 2004; 
SCENIHR, 2006 

 2003 Goldstein et al. SSI, 2003 
 2003 Kundi et al. SSI, 2003 
 2003 La Regina et al. NRPB, 2003; SSI, 2003; 

SCENIHR, 2006 
 2003 Lerchl et al. SSI, 2003 
 

Initiator Studies (Replication Studies not mentioned) 
 
Initiator Studies  1997 Toler et al. NRPB, 2003 
 1998 Frei et al. NRPB, 2003 
 1999 Moulder et al.  ICNIRP, 2004;  

SCENIHR, 2006 
 1999-2000 Adey et al. NRPB, 2003; GR, 2002 
 2001 Zook et al. GR, 2002; NRPB, 2003; 

SCENIHR, 2006 
 2001 Jauchem et al. NRPB, 2003 
 2001 Krewski et al ICNIRP, 2004 
 2004 Anderson et al. SCENIHR, 2006 
 2004 Lai et al. SSI, 2005 
 2004 Sommer and Lerchl SSI, 2005; SCENIHR, 2006 
 2004 Vijayalaxmi et al. SCENIHR, 2006 
 

Promotor Studies with Replication Studies 
 
Promotor 1993/94 

1993/96/98 
Löscher et al. 
Mervissen et al. 

SSI, 2005 

Replication 199
9 
200
0 
200
4 

Borman et al. 
Anderson et al. 
Fedrowitz et al. 

SSI, 2005 

 
Promotor 1994/95 & 2000 Lai et al. SSI, 2004 
Replication 2004 

2004 
Cassel et al. 
Cobb et al. 

SSI, 2004 

 
Promotor 1995/96 Lai et al. GR, 2002 
Replication 1997/1998 Malyapa et al. GR, 2002 
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Table 4 (b) – Animal studies on EMF and cancer risks  
 
 
Studies increase in ‘stock value’, in case the output of replication studies matches the 
results of the earlier studies. In that case, the effects are taken seriously in the scholarly 
realm. If the findings are not reproduced in replication studies, the scientific community 
is confronted with conflicting findings. In the context of RF EMF research, we observed 
a tendency to dismiss the findings of the earlier study (see, for an example, (SSK 2001) 
(p. 36-37), who dismissed the non-replicated results of Lai and Singh in this way9), 
which is one way to disarm the uncertainty. An extreme example of this approach to 
uncertainty is the way in which a study by the Dutch TNO (Zwamborn et al. 2003) and 
the Swiss replication study on EMF and cognitive and well-being effects (Regel et al. 
2006) were dealt with. The TNO study suggested some negative effects, which were not 
replicated in the Swiss study. This was used in the Dutch regulatory context to argue 
that there are no obstacles for siting UMTS base stations. The politicians suggested full 
certainty about safety of RF EMF.  
 
Next to epidemiological studies and animal studies on cancer risks also (usually earlier) 
studies pertaining to RF EMF exposure and TV and radio transmitters and occupational 
exposures (incl. military workplaces) are used in review reports to assess RF EMF 
exposure related to mobile communication technology and health risks.  
 
                                                 
9 SSK assumes that cancer initiation is biophysically impossible, so they anyway doubt initiator studies.  

Type of study Year(s) of 
publication 

Researcher(s) Reviewed in 

Promotor 1998 
 
2000/01 

Imaida et al. 
 
Imaida et al. 

GR, 2003; NRPB, 2003 
NRPB, 2003;  
ICNIRP, 2004;  
SCENIHR, 2006 

Replication 2002 Bartsch et al. NRPB, 2003;  
SCENIHR, 2006 

 
Promotor Studies (Replication Studies not mentioned) 

 
Promotor Studies 1993 Salford et al. GR, 2002 
 1999 Chagnaud et 

al. 
GR, 2002 

 1999 Higashikubo 
et al. 

GR, 2002 

 2001 Bartsch et al. SSI, 2003;  
SCENIHR, 2006 

 2001 Mason et al. NRPB, 2003; ICNIRP, 
2004 

 2001 Zoek et al. SCENIHR, 2006 
 2001-2003 Heikkinen et 

al. 
NRPB, 2003; SSI, 2003; 
SCENIHR, 2006 

 2003 Anane et al.  NRPB, 2003; SSI, 2003; 
SCENIHR 

 2003 Desta et al.  SSI, 2003 
 2003 Markkanen 

et al.  
SSI, 2003 

 2005 Huang et al. SCENIHR, 2006 
 2005 Shirai et al. SCENIHR, 2006 
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3.2. Conceptual model 
From the reading of the review reports, we drew a conceptual model as background for 
our analysis. This model has been peer reviewed by experts in the international IMBA 
workshops and it was considered as a fair representation of the issue.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 – Conceptual model of the RF EMF issue  
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3.3. Views 
Observing health effects 
The 10-15 year time period is relevant in epidemiological research of health effects and 
EMF. Analogue mobile phones were introduced in the 1980s and the widespread 
introduction to digital wireless communication technology dates back to the 1990s. As 
mobile phones are commonly in use since about 10-15 years, epidemiological studies 
can only assess acute risks and risks associated with moderate use for a relatively short 
period which manifested themselves within this time frame. Furthermore, given that  

“cancer is induced several years after exposure (..) and an additional number of 
years elapse before medium / low grade tumours are clinically detectable, then 
(..) cancer risk cannot be properly evaluated among users of mobile phones until 
after a reasonable amount of time. This is even more pronounced for slow-
growing benign tumours.” (SSI, 2003; p. 9).  

 
The majority of the epidemiological studies and review reports indicate that “mobile 
phone use of less than 10 years does not pose any increased risk of brain tumour or 
acoustic neuroma” (SCENIHR, 2006), which is in line with the earlier Boice and 
McLaughlin review (2002), who concluded that “there is no evidence that cellular 
phones pose a cancer risk”(p.32), which is further detailed and nuanced in the below 
excerpts:  

“In our view, a consistent picture has emerged from these studies [reference is 
made to “five well-designed epidemiological studies” conducted in the United 
States, Finland and Denmark] that appears to rule out, with a reasonable degree of 
certainty, a causal association between cellular telephones and cancer to date. (..) 
increased risks of 20% or higher can be excluded with a high level of confidence” 
(p. 2) “at least for durations of use up to 5 years” (p. 31)  

Most review reports focus on acute effects and health effects that result from moderate 
use and that become manifest within a relatively short time period. It becomes more 
complex to assess risks associated with durations of use longer than a decade or even 
life long, and delayed effects, which include health effects which manifest themselves at 
higher ages, in which RF EMF is probably not the sole contributor but could be one of 
the factors triggering biological mechanisms. In the latter case, risk assessors and 
managers are confronted with the possibility of multi-causality (see also Chapter 2). 
Many forms of cancer occur only in the second half of life, as the development of the 
disease from the onset often takes considerable time.  
 
Radical uncertainty (see 3.4.2) pertaining to long-term effects and/or long-term use is 
usually acknowledged. Nevertheless, SCENIHR (2006) concludes that from the 
available data, it appears that there is no increased risk for brain tumours in long-term 
users, with the possible exception of acoustic neuroma, for which there are some 
indications of an association. Boice and McLaughlin (2002) argued in their review that 
“long-term effects are not well evaluated, but no well-founded clues to adverse effects 
have yet arisen”.  
 
Studying causal mechanisms 
In animal studies, animals are used as a model for assessing plausible cause-effects 
chains and biological mechanisms that would explain carcinogenicity. Most reviews 
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conclude from in vivo and in vitro10 research that there is no direct link between 
exposure associated with mobile communication technologies and genotoxic effects, see 
for example: 

“animal cancer studies have in general not provided evidence that RF radiation 
could induce cancer or enhance the effects of known carcinogens” (SSI, 2003; p. 
16) 

Most review reports tend to conclude that there is no carcinogenic potential11.  
 
Conclusions 
The majority of experts emphasize that to date no consistent or convincing evidence has 
demonstrated (increased) cancer risks nor has a causal relation between RF EMF 
associated with wireless communication technology and cancer between established. In 
other words, no mode of action has been identified. Based on this state of the art, most 
review studies tend to conclude that wireless communication technology does not pose 
(increased) cancer risks (SCENIHR 2006). See, for example: 

 
“Numerous studies have found no direct effect of exposure to electromagnetic 
fields on the onset and progress of cancer”. (Health Council of the Netherlands 
2006) p. 23, p. 28, p. 31. 
 
“These studies are sufficient in aggregate to conclude that it is unlikely that there 
are large (..) carcinogenic effects of mobile phone exposure” (NRPB 2003) p. 
132 
 
the state of the art  “speaks against the existence of risk” (SSK 2001) (p. 14; 
translated from German to English) 

 
More nuanced versions read as follows: 

 
epidemiological studies ”have too many deficiencies to rule out an association” 
(ICNIRP Standing Committee on Epidemiology et al. 2004); p. 11-12) 
 
”For RF exposure the number of studies available today is too small to allow any 
conclusions as to whether these fields can cause various symptoms” (SSI, 2004; 
p. 10) 
 
“mobile phones have not been used for long enough to allow comprehensive 
epidemiological assessment of their impact on health and the Advisory Group 
decided it could not, at that stage, exclude the possibility of some association 
between mobile phone technology and cancer”. (NRPB 2003) p. 9 
 

And some reviews explicitly conclude that the available knowledge is inconclusive:  
 
”the negative results of most of the studies cannot be taken as evidence against 
an effect (..). Thus, current evidence is inconclusive regarding cancer risk 
following RF exposure from mobile phones” (SSI 2003; p. 9) 

                                                 
10 As stated in Chapter 1, in this report we only consider in vivo research. As many review reports also refer 
to in vitro research, we include in vitro research in this statement. For a more systematic treatment of in 
vitro research, we refer to the twin-report in Work Package 1, prepared by the Charité group.  
11 See also the twin-report in Work Package 1, prepared by the Charité group.  
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“no conclusive assessment of the risk to human health may be made on the basis 
of present scientific data. (..) In many cases, no conclusions can be drawn on 
whether (..) effects are causally related to radiation.” “At present, insufficient 
scientific data are available to enable the risk to public health of high frequency 
non-ionising radiation at low dose levels to be assessed” (Roosli 2003) p. 5 and 
p. 26 
 

In the Roosli (2003) review the distinction was made between established effects, 
probable effects, possible effects, improbable effects and not assessable effects, which 
can be considered an explicit attempt to deal with uncertainties12. In this review report it 
is concluded that very few health effects are in the established category (only 
interferences with implanted medical devices and risk of traffic accidents due to 
distraction). Cancer risks such as brain tumours were classified as possible with mobile 
phones as the source of the RF EMF. In the Roosli report, it was also explicitly stated 
that the scientific basis is too limited to permit assessment of tumours of the breasts, 
eyes and testicles. In this report, with reference to the inconclusive state of the art in 
science, a precautionary approach together with intensified research was recommended  
 

 
 
In the next sections, we will discuss the major uncertainties that in our view forestall 
definitive conclusions on RF EMF exposure and cancer risks.  
 

                                                 
12. The Roosli categorization is an attempt to categorize and scale the evidence. A workshop on plausbility 
has been organized by Peter Wiedemann (May 4-5, 2006), see: 
http://evi.pureres.net/index.php?option=com_content&task=view&id=13&Itemid=28 for the workshop 
programs and documents. Another attempt to scale evidence is the so-called NUSAP approach proposed by 
(Funtowicz and Ravetz 1990). Scaling of evidence is a topic which will also be addressed in workpackage 
3 of the IMBA project.  

Box 3 – Phantom risks and health panic? 
 
Burgess (2004) talks about risks associated with EMF as “phantom risks” 
(although he is not the one who coined this notion, see, for example, Brauner 
(1996)), which he describes as risks which persist in the societal discourse in the 
absence of evidence or verified instances of harm. According to him the whole 
debate about mobile phones and health risks should be seen as an irrational health 
panic (Burgess 2004). Although he brings some very interesting aspects to the 
fore, among others (see also Burgess (2007)): 

- the fact that because of its ubiquity it is easy to ascribe risks to mobile 
phone technology, and  

- the problem of advancing further research as a strategy to deal with 
uncertain risks for merely political reasons,  

his account can be considered as another polarized statement pertaining to the state 
of affairs (compare (Soneryd 2007)). The key question remains: how to deal with 
inherent uncertainty pertaining to EMF and cancer risks, notwithstanding the fact 
that so far (increased) cancer risks have not been demonstrated and that a causal 
mechanism (‘mode of action’) has not been identified? 
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3.4 Uncertainties 
Most references made in the review reports are about uncertainties related to 
methodological issues. We, therefore, first discuss these uncertainties. Then we 
summarize the uncertainty information with regard to limited knowledge and variability, 
as well as ambiguity. We then re-cluster the information about uncertainties in terms of 
uncertainties pertaining to exposure, uncertainties pertaining to mode of action and 
uncertainties pertaining to susceptibility. So this section is organized in a matrix style 
(Figure 4), in which we first discuss the uncertainties according to the columns and then 
according to the rows: 

 

 Uncertainty 
associated with 
methodology 

Uncertainty 
due to limited 
knowledge 

Uncertainty 
due to 
variability 

Ambiguity 

Uncertainties 
pertaining to 
exposure 

    

Uncertainties 
pertaining to 
mode of 
action 

    

Uncertainties 
pertaining to 
susceptibility 

    

 
Figure 4 – Uncertainty matrix 

 

3.4.1 Uncertainties associated with methodology 
Animal studies: Adequacy of experimental models 
In the animal studies, it is assumed that the experiments animals, usually mice or rats, 
can be used as a model for human beings with respect to the induction of cancer by the 
exposure to an environmental agent. This question is complicated in the context of RF 
EMF research, because of the uncertainties pertaining to exposure (see section 3.4.5). 
Furthermore, especially phone behaviour is difficult to simulate in animal studies. 
Ambiguous results of animal studies in a way increase the uncertainty, which further 
complicates the interpretation of epidemiological results.13  

Epidemiological studies: Too subtle? 
It cannot be ruled out that effects are too subtle for the ‘crude’ instrument that 
epidemiological research inevitably represents. As Boice and McLaughlin (2002) phrase 

                                                 
13 However, one might consider the purpose of animal experiments in a more limited way: might exposure 
to RF EMF induce or enhance a form of cancer. If the answer tended to be yes, than more specific studies 
might be designed with various exposure modalities. In this way, such experiments might guide the 
interpretation of the outcomes of epidemiological studies. But ambiguous results will still increase the 
uncertainties even with such a systematic approach. 
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it: “it is very difficult for epidemiologic studies to rule out the possible existence of a 
small risk in certain subsets of populations” (p. 31). Epidemiological studies investigate 
health statistics and survey results in order to discern significant health effects14 in the 
sense of being observed among a substantial group of people and effects that can be 
explained by, or at least correlated with, particular exposures, life styles or other factors. 
Effects have to be large enough in order to be discerned, notwithstanding refined 
statistics. Whether an effect can be detected, is dependent on the size of the study (i.e. 
the number of people included), the prevalence of the disease in the non-exposed of the 
general population and the degree of variation in exposure. Epidemiological studies 
work with real people, instead of controlled experiments, so they cannot control for 
ceteris paribus. Differences in exposure may become less pronounced which makes the 
detection of correlations between exposure level end disease incidence more difficult, 
especially in case of subtle effects. In other words, the question is whether 
epidemiological studies enable to identify small risks that are still relevant from a 
societal point of view.15 

Problem pertaining to exposure assessment 
It is generally agreed that a core methodological issue in epidemiology studies pertains 
to exposure assessment, for which problem the epidemiologists use the term 
“misclassification”. In all of the mobile phone studies available, exposure assessment 
was based either on data of subscribers obtained from the operators (referred to as 
‘billing records’) or self-reported mobile phone use. In principle, detailed billing records 
provide a reasonable proxy for phone patterns (Funch et al. 1996; Rothman et al. 1996). 
In practice the method is rather crude: data access problems usually reside in privacy 
arrangements, so epidemiologists can rarely work with really detailed billing records, 
which introduces uncertainty (ICNIRP Standing Committee on Epidemiology et al. 
2004). Another issue is that, ideally, information about the antenna used is needed, next 
to phone patterns, to estimate actual exposure. The latter information is usually missing. 
Self-reported mobile phone use is susceptible to recall bias. Recent validation studies in 
volunteers comparing self-reported use with phone traffic records from network 
operators showed a moderate agreement, but it cannot be excluded that agreement is 
worse with respect to past mobile phone use or among patients with brain tumours 
((Berg et al. 2004; Samkange-Zeeb et al. 2004; Vrijheid et al. 2006). This kind of 
problems is usually referred to as biases (such as selection bias and recall bias), due to 
which the data is fraught with uncertainty due to selective, inaccurate or otherwise 
distorted memories. A third exposure assessment method currently explored is the use 
of specific telephones with registration software to collect data on phone use.  
 
Laterality of use, i.e. whether there is a dominant preference for which ear is used, is not 
easy to obtain in a retrospective study. Furthermore, in addition to the frequency of 
mobile phone use, actual exposure will depend on the technical characteristics of the 
phone being used, as well as exposure from other sources. Although the question is also, 
whether data on such indicators would help to assess risks (ICNIRP Standing 
Committee on Epidemiology et al. 2004).   
 

                                                 
14 Within epidemiology there are different stances with regard to the importance of statistical significance. 
For a critical attitude towards statistical significance, see the classic paper by (Hill 1965). 
15 This point is especially relevant in the case of mobile phone technology, given its ubiquitous use. A small 
extra cancer risk may still concern a large number of people. 
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Another problem is the measure of exposure in epidemiological research pertaining to 
base stations. Often distance is used as a proxy measure for RF EMF exposure due to 
the antenna. In most cases, actual exposure at various distances from the base station is 
not measured. It is argued that distance is anyway a wrong proxy and even 
measurements are not an adequate indicator of the actual exposure due to the behaviour 
and mobility of the considered population. Roosli (2003), for example, explicitly refers 
to this issue as a source for miscalculation and room for interpretation.  
 
Problems with exposure assessment are not confined to epidemiological studies. The 
question is also how to simulate the actual exposure conditions outside the lab, 
especially in view of the problem that these conditions are not precisely known.  
 
So in the case of RF EMF and health effects, exposure assessment is difficult, and 
associated with irreducible uncertainties. Furthermore, most review reports complain 
that it is usually unclear from the publications how exposure was attempted to estimate. 
Such incomplete or imprecise reporting further increases the methodological uncertainty 
pertaining to exposure assessment.  
 

Other methodological issues pertaining to epidemiological research  
Uncertainty is furthermore nourished with references to further methodological issues 
pertaining to epidemiological research on RF EMF related risks16.  
 
Epidemiological studies always reflect on past practices and behavioural patterns: in the 
context of EMF and cancer risks, it may be relevant that children and adolescents 
increasingly use mobile phones, while in the last decade it was mainly a technology for 
adults17. In most studies age and gender are to a certain extent considered, but it is 
argued in the review reports that there is insufficient analysis of other confounding 
factors.  
 
It is further argued that very different study designs are being used, which complicates 
comparison of the results of various studies. This causes further ambiguity with regard 
to interpretation of the results. Other methodological issues raised pertain to the small 
numbers, too short latency periods to be credible, the observation that the results that 
emerged after a series of re-analysis reported in an opaque way and remarkably high 
responses rates (see, for example, SSI (2003)).  
  
Due to the methodological weaknesses attributed to epidemiological studies on RF EMF 
and cancer effects, it is argued that it is risky to interpret findings as evidence for an 
effect.  

3.4.2 Uncertainties due to limited knowledge 
From the review reports, we can conclude that both uncertainties due to lack of 
measurements as well as uncertainty associated with practical immeasurability or even 
ignorance, are attributed to the issue of RF EMF and health risks.  

                                                 
16 See also Brown et al. (2006) who stress paradigmatic issues complicating epidemiological studies of 
environmental health effects in the broad sense.  
17 The epidemiologist Stang gave a very interesting presentation on this subject at the first international 
IMBA workshop.  
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Data scarcity 
In many review reports reference is made to scarcity of data in general, and ‘adequate’ 
data in particular. A key question is which data is adequate. It is argued that 
measurements (e.g. of exposure) are lacking and that epidemiological studies are not 
numerous (see also the methodological uncertainties pertaining to epidemiological 
studies discussed in section 3.4.1). In the absence of an identified or plausible mode of 
action (see section 3.4.5) the question is also what data are relevant for the assessment 
of risk. So the uncertainty pertaining to the mode of action further aggravates the data 
issues.   

Latency issues 
Long-term mobile phone users have had hardly more than 10 years of regular use of 
mobile phones, which still may be a relatively short latency period, particularly for 
slowly growing benign tumours. Among those long-term users, most were initially users 
of analogue mobile phone and thus, the number of long-term users of the digital 
technology is even smaller. So the latency effect, discussed in Chapter 2, appears to 
impact upon the assessment of cancer risks associated with RF EMF, although it is 
ambiguous where the technological differences do matter in view of health effects (see, 
also Chapter 2). 
 
As cellular phones are only in common use since a decade, it is difficult if not 
impossible, to study long terms risks associated with RF EMF. As SCENIHR (2006) 
phrases it:  
 

“For longer use [longer than 10 years], data are sparse and conclusions therefore 
are uncertain”.  
 

We could even argue that for periods exceeding a decade data don’t exist. Taking into 
account the ongoing penetration of mobile phone use, that in the future, it may become 
increasingly more difficult to design a study with groups that are, apart from the disease 
studied, similar from a health point of view and differ sufficiently in mobile phone 
exposure. With respect to the study of the possible health effects of base stations, 
regional epidemiological studies may be practically impossible, because of the more or 
less uniform exposures18. The problem may exacerbated in case possible effects of RF 
EMF exposure are not technology specific (e.g. frequency and signal structure). Because 
of the penetration of other technologies using wireless transmission of information, 
people are exposed to complicated patters that all may (or may not) contribute to 
hypothesized cancer effects. 

Notable findings and their role in regulatory science 
SSI (2003) does report that occasionally associations between mobile phone use and 
various brain tumours have been identified, although these findings are not considered 
to be convincing indications of cancer risk, because: 

- ”no single association has been consistently reported across population-based 
studies” 

- the findings are difficult to interpret 

                                                 
18 In a recent paper (Neubauer et al. 2007), a group of epidemiologists discussed the possibility of studies 
about the RF EMF exposure from base stations. The group concluded that in principle such studies are 
possible, but they emphasized that exposures from other RF EMF sources need to be controlled for. 
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- methodological considerations (see, also 3.4.1) 
These occasional findings can be considered as uncertainty in the category of conflicting 
evidence and ambiguity.  
 
E.g. the Swedish group of epidemiologists around Hardell has repeatedly reported 
increased relative risk estimates for brain tumours observed after a few years of mobile 
phone use (Hardell et al, 2001; 2002; 2005a; 2005b). Also Lönn (2004), Lönn, et al. 
(2004), Lönn et al. (2005), Schoemaker, et al. (2005) and Christensen, et al. (2005) 
suggested increased risks in particular circumstances and/or for particular types of 
cancer. Kundi (2004) and Kundi et al. (2004) concluded, after reviewing the 
epidemiological literature on mobile phone use and cancer risks, that there are signals of 
risk. Although most results pointing to an increased risk, especially of short term use, 
have not been or not sufficiently been reproduced or validated in other studies, such 
findings can be, and will be, used to question the certainty of the general agreement that 
short term use do not pose cancer risks.  
 
Other issues pertaining to limited knowledge 
It is argued (a.o. in Boice & McLaughlin 2002; NRPB, 2003; SCENIHR, 2006; SSI, 
2003) that more knowledge is needed about the interplay between effects of exposure to 
RF EMF and chemical and physical stressors, such as chemical substances. It is 
furthermore stated in various reports that the issue of susceptibility is not well 
researched with the consequence that the knowledge with regard to susceptibility in 
children or particular adults is very limited (e.g. (Health Council of the Netherlands 
2003; CSTEE, 2001; SCENIHR, 2006; SSI, 2004; see also (WHO 2006)).  
 
Furthermore, a basic problem with cancer research is that for the majority of the cases 
the causes cannot be identified. So there is general uncertainty, or even ignorance, with 
regard to the causes of cancer, which further complicates efforts to understand and 
examine the role of RF EMF in the development of cancer. So far, this uncertainty issue 
has mainly been raised in the context of debate pertaining to radio and TV transmitters, 
but it is likely to be transposed to base-stations.  
 
Even experts who don’t expect to find health effects of RF EMF stress that more 
research is needed to reinforce the “assumption of absence”19 ((Health Council of the 
Netherlands 2003); p. 18).  

                                                 
19 Original Dutch text: “vermoeden van afwezigheid”.  
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3.4.3 Uncertainties due to variability 
Variability in sensitivity 
It has been suggested that particular groups, such as children, may be more sensitive 
with regard to RF EMF. In other words, it is assumed that there is variability with regard 
to sensitivity, which produces uncertainty. However, these groups have not been 
identified in terms of particular body characteristics (differences in genetic make-up or 
other unknown predispositions) due to which they are more vulnerable than others. It is 
also argued that not much research into sensitivity has been conducted (see also 3.4.2). 
Exceptions are the 2004 WHO workshops on “electrical sensitivity”20 and a study 
published (July 24, 2007) while we were finishing this report (Eltiti et al 2007).  As far 
as our knowledge extends, Soneryd (2007)21 is the first to provide a sociological account 
of self-acclaimed “hypersensitives” or “electrosensitives”. It should be noted that so far 
the issue of hypersensitivity is not emphasized with regard to (increased) cancer risks, 
but especially with regard to so-called a-specific complaints (compare Box 1).  
 
The issue of differences in sensitivity is further complicated by the uncertainty 
pertaining to mode of action: if it is not understood in which way EMF would cause 
health effects in general, and (increased) cancer effects in particular, it is impossible to 
determine the factors that would account for a higher or lower sensitivity whether 
among adults or pertaining to children in particular.  
 
Variability in exposure 
Patterns of exposure are different among populations and change over time due to 
technological innovations (new forms of signals, such as analogue versus digital), 
increases in the density of the mobile communication infrastructure (city versus rural 
areas) and due to differences in behaviour and mobility (life style differences). 
Uncertainty due to variability is also associated with the differences in the technological 
characteristics of the particular phones used by people in a sample, and the exposure to 
other sources of RF EMF.  Due to uncertainty pertaining to exposure assessment (see 
3.4.1), the actual variation of exposure within a particular population of interest and the 
variation of exposure over time are additionally uncertain.  
 

3.4.4 Ambiguity 
Various review reports state that the overall picture is inconsistent: there is room for 
interpretation due to ‘discrepancy’ of results. In how far sporadic, non replicated hints 
do have significance on impacts of health is unclear (see, for example, (SSK 2001)). 
Notwithstanding the general consensus that mobile telephony technology doesn’t pose 
(increased) cancer risks, many review reports emphasize that an association cannot be 
ruled out either and some experts (e.g. the Hardell group and Kundi) argue in favour of 
such an association.   
 
In this case, the uncertainty is produced by the availability of scientific studies, e.g. 
recent ones, which question the general agreement. Different interpretations among 
experts of the findings further contribute to uncertainty.(Roosli 2003), for example, used 
the Hardell et al work to classify the risk of brain tumours as ‘possible’, which could be 
                                                 
20 See http://www.who.int/peh-emf/meetings/hypersensitivity_prague2004/en/  
21 An earlier version of this paper was published in 2004 in the SCORE report series (www.score.su.se).  
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read as a trigger for invoking the precautionary principle. So also within regulatory 
science, differences exist in interpretation of notable findings (see, also Wiedemann et 
al. (2005)). Furthermore, the notable findings can, and will, be used in societal debates 
by risk-concerned activity protestors, which further increases the sense of ambiguity.  
 
Ambiguity is also visible with regard to interpretations of susceptibility of children (see 
also 3.4.7).  
 
The ambiguity involved is especially visible in the different recommendations, ranging 
from no need for additional regulation, apart from research (GR 2002) to a plea for the 
precautionary principle (Roosli, 2003); as well as the IEGMP (2000) who recommend 
precaution with regard to children).   
 
As argued in Chapter 2, it also depends on the framing how uncertainty is interpreted. 
Uncertainty can, and will, also be read as a signal of risk. In other words, some societal 
actors, e.g. risk concerned protestors, tend to equate uncertainty with risks (see, also van 
Asselt et al. (submitted)) in which this mechanism is described in the context of GMO 
regulation). This difference of framing is another source of ambiguity. Those equating 
uncertainty with risks are likely to consider our report a ‘biased’ or even ‘wrong’ 
account of the uncertainties pertaining to wireless communication technology, RF EMF 
and health risks. In that sense, this report in itself may also contribute to ambiguity.  
 

3.4.5 Uncertainties pertaining to exposure 
In case the mode of action (i.e. the causal mechanism(s) relating a particular exposure to 
particular effect(s)) is uncertain, it is close to impossible to characterize the exposure in 
a relevant way, as it is unknown what has to be determined: the maximum exposure 
level, the shape of the pulse, the duration of the exposure per event, the accumulation of 
exposure (cumulative lifetime exposure), the level of exposure resulting from an 
interplay with other sources, etc?  If maximum exposure level is relevant, long phone 
calls at a low RF EMF level are of less significance than an incidental phone call at a 
high level. Uncertainties pertaining to susceptibility further complicate exposure 
assessment: what type and level of exposure are relevant, may dependent on the 
susceptibility of (groups of) human beings. Other major uncertainties pertaining to 
exposure, such as those associated with behavioural variability in use patterns, the 
practical immeasurability22 of mobile phone use, and the lack of data and variability 
with regard to, for example, the technological characteristics of the particular phones 
used by people in a sample, and the exposure to other sources of RF EMF, are in a way 
overshadowed by the uncertainties resulting from the uncertainties pertaining to the 
mode(s) of action and susceptibility. How to assess relevant exposure among people is 
still an open question, apart from the fact that even in case a mode of action would be 

                                                 
22 See also 3.4.1. Although in principle detailed billing accounts seem to be a good proxy for exposure due 
to phone use, due to privacy arrangements combined with the lack of information which antenna is 
involved in the phone use, exposure measurement is seriously handicapped. The use of special telephones 
with registration software is still in its infancy. It may be that this development might decrease uncertainty 
associated with exposure measurement, however, it is still questionable whether that approach would 
enable to identify exposure patterns in a longitudinal manner which is needed for the assessment of long 
term health risks. 
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identified, in practice it will remain very problematic to adequately measure exposure 
(see also 3.4.1 and 3.4.3).  
 

3.4.6 Uncertainties pertaining to mode(s) of action  
From our review of the reviews, it became clear that at present no mode of action has 
been elucidated which can be understood in the biophysical scientific paradigm (see also 
3.1). The dominant view is that the lack of an identified mechanism implies that it is 
very unlikely, if not impossible, that RF EMF causes or increases cancer risks. 
However, there might be a mode of action which requires a paradigm shift in order to 
make sense. Another uncertainty pertaining to mode of action involves the complexity 
of possible interplays with other stressors. So the open question is whether there is 
indeed no causal mechanism through which RF EMF exposure can cause health effects 
or whether it is a matter of ignorance or even indeterminacy that prevents identification 
of a mode of action.  
 

3.4.7 Uncertainties pertaining to susceptibility 
An issue of public concern is whether or not some population groups or individuals are 
particular susceptible to a possible health effect from RF EMF exposure (see, also 
3.4.3). This question has been raised especially with an eye on children. The main 
reasons to consider higher susceptibility among children are that developing tissues may 
be more susceptible to cancer induction (argument used with ionising radiation) and 
that, if cumulative exposure is of relevance, persons that start being exposed at 
childhood may accumulate a greater exposure than persons that start being exposed at 
adult ages. With increasing penetration of the mobile telephony technology in society, in 
the long run this generational difference will disappear, although differences between 
population groups living in the city versus rural areas (geographical differences) and 
differences, due to different life styles yield different phone use patterns (behavioural 
differences), will remain.  
 
In their first annual report, SSI (2003) concludes that there is “virtually no data (..) 
available on which to base an assessment” of children’s susceptibility, so lack of data is 
brought to the fore as a source of uncertainty pertaining to susceptibility. SSI postponed 
the issue of susceptibility to the next report arguing that then “the basis for an 
assessment is assumed to be better”. This is another example of managing uncertainty 
with reference to a future as a world of scientific certainty (compare Box 4). The Health 
Council of the Netherlands, however, concluded in 2002, and repeated this view in 
2005, that informed by research on brain development, they didn’t see any reason why 
children beyond the age of 2 would more susceptible than adults. The Council agreed 
with the conclusion reached at a WHO 2002 workshop on children and RF EMF 
exposure, while SSI did not consider that consensus an adequate basis for assessment. 
So in the context of susceptibility, there is uncertainty due to disagreement among 
experts about the state of the art, which could be classified as conflicting ‘evidence’ as 
well as ambiguity in terms of the typology of sources of uncertainty.    
 
As long as no mode of action is identified (ignorance), it is impossible to determine 
whether children or particular individuals are more sensitive, as it is unknown what 
characteristics would account for a higher susceptibility. Uncertainty due to variability, 
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i.e. observable and unidentified differences between individuals, also plays a role, but is 
again overshadowed by radical uncertainty pertaining to the mode of action.  
 

3.4.8 Summary of findings 
Our uncertainty assessment of review reports yields a number of uncertainties that in 
our view preclude definitive conclusions on wireless communication technology in 
general, and mobile communication technology in particular, RF EMF and health risks 
in general, and (increased) cancer risks in particular. Different uncertainties associated 
with methodology, uncertainties due to limited knowledge, uncertainties due to 
variability as well as ambiguities were identified. These uncertainties impact upon the 
mode of action as well as on exposure and susceptibility issues (see Figure 5). The 
uncertainties pertaining to the mode of action, i.e. ignorance or even indeterminacy with 
regard to whether there is a mechanism through which RF EMF can induce or promote 
cancer, is the core uncertainty, which further adds to the uncertainty with regard to 
exposure (what exposure characteristics are relevant?) and with regard to susceptibility 
(what characteristics or pre-dispositions need to be considered?) (see Figures 5 and 6). 
At the same time, within the current paradigm and with the current means (animal 
studies, epidemiological research) as well as the related uncertainties associated with 
these methodologies, it is highly questionable whether this key uncertainty pertaining to 
the mode of action can be resolved. It is also highly questionable what toxicogenomics 
has to offer with regard to hypothesizing and testing mechanisms that would explain 
cancer inducement or promotion through RF EMF.  
 
 
 
 

 

 

 

 

 
 
 
 
Figure 5 – Summary of findings (bullets indicated whether various sources of 
uncertainty (columns) impact upon particular RF EMF uncertainties (rows); a question 
mark indicate that it is less clear; The most right column and the lowest row indicate a 
kind of summary score, where the arrows indicate that uncertainties pertaining to mode 
of action impact upon uncertainties pertaining to exposure and susceptibility).  
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Figure 6 – The salience of uncertainty pertaining to mode of action 
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4. Conclusions and discussion 
 
The uncertainties discussed in the current report forestall any definitive conclusion on 
RF EMF and (increased) cancer risks. Our analysis of the uncertainties yield that it is 
highly implausible that these uncertainties disappear in the short run, in the medium 
term or even in the long run. Taken into account the uncertainties pertaining to new 
technology in general (Chapter 2), uncertainties associated with fundamental 
methodological issues in human health research as well as the uncertainties specific to 
wireless communication technology (Chapter 3), it is clear that neither animal studies, 
epidemiological research nor toxicogenomic studies cannot resolve the cancer question 
of mobile telephony.  
 
Even in case it would be possible to identify a mode of action, the uncertainty is not 
resolved, but will shift to exposure and susceptibility issues. Both the question of 
exposure and susceptibility also involve uncertainties which are problematic to address 
and these uncertainties will become more topical in case a mode of action is identified. 
It is also to be expected that uncertainties currently not discussed will become more 
pronounced. One could argue that increase of the scientific consensus on the absence of 
a mechanism will solve the matter. In that case, susceptibility and exposure uncertainties 
become irrelevant. However, as argued in Chapter 2, science can by definition not prove 
‘absence’ of a mechanism or ‘safety’ of a particular exposure. Scientific consensus can 
only solve an issue, in case society is willing to trust the scientific consensus. In the 
current post-trust era (Chapter 2), it is quite unlikely that scientific consensus on the 
lack of a mechanism through which RF EMF can cause cancer or other health effects, 
will solve societal controversy and dispel worries.  
 
Our uncertainty assessment suggests that the only way toxicogenomics could seriously 
contribute is through identification of a mode of action, because in that case the cancer 
risks become more ‘certain’. However, the current state of the art doesn’t provide any 
clues and rigorous testing, replication and validation will be required before a candidate 
mechanism will be accepted as a scientific fact (see Latour and Woolgar (1986) for a 
detailed description of the laborious process of the fact construction). Due to the 
uncertainties described in the current report, there is no proof that RF EMF induces or 
promotes cancer, but the possibility is neither refutable nor refuted. 
 
Research on RF EMF and health effects in general, and (increased) cancer risks in 
particular, and the regulatory science endeavours in this area discussed in this 
uncertainty assessment, are a response to societal worries and public concern. As mobile 
phone technology is widespread, an extremely large number of people around the world 
find themselves exposed. Whether a minority or a majority, whether an increasing or 
decreasing number, it is clear that there are people who are actually concerned and that 
there politicians and other constituencies who their concerns serious. In Box 4, we 
illustrate that the issue of mobile communication technology and health risks is so 
widespread that it is already part of popular culture.  
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Our uncertainty assessment reveals that in this case classical and regulatory science, 
with or without toxicogenomics, cannot remove the societal concern, at least not in the 
short run and the medium term. However, society cannot and won’t wait. The 
controversy will continue to exist and societal actors, whether mobile communication 
companies, local, national and international regulatory agents, non-governmental 
organizations, activist networks and citizens, won’t wait. They will act in one way or the 
other. From a pure scientific point of view, the field of toxicogenomics is a welcome 
new member of the scientific family. However, informed by our uncertainty assessment, 
we prefer to damp the expectations inscribed in the IMBA project about toxicogenomics 
and the assessment of health effects associated with RF EMF and wireless 
communication technology. Informed by our uncertainty assessment, we prefer to 
suggest that a shift in research focus is needed: from natural scientific and 
epidemiological investigations into biophysical mechanisms and health effects to 
interdisciplinary social scientific research on patterns and mechanisms involved in 
controversies pertaining to innovation in general and this controversy in particular. That 
kind of research won’t solve the controversy either, but it may provide clues for the 

Box 4 – RF EMF health risks in popular culture 
 
Excerpt from the novel “Through a class, darkly” by Donna Leon (2003; English 
original of quote was provided by the publisher of the Dutch edition (2006): De 
Bezige Bij, Amsterdam): 
 

 
 
‘He doesn’t have a telefonino,’ she said, this time her voice carefully restrained. 
He won’t use one because he believes the waves that come out of it are bad for 
his brain.’ From her voice, it was evident how little credence she gave this 
opinion. ‘That’s another idea he got from his books,’ she said. ‘It’s not enough 
that he thinks he’s contaminated; he’s got to think telefonini are dangerous.’ 
‘Can you believe that?’ she asked with real curiosity. ‘Can you believe they’d let 
that happen, that rays could come out and hurt you?’ 
 
During our research, one of us also saw a part of a TV movie, i.e. another form of 
fiction, in which a complot theory about wireless communication business and 
cancer risks constituted the main plot of the movie.  
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involved actors to learn and to develop new ways of dealing with the demanding 
societal challenges and dilemmas posed by innovation.    
 
 
Epilogue 
 
As argued in Chapter 2, certainty claims about ‘uncertain risks’ are likely to increase 
controversy. We realize that also our uncertainty assessment, in case it would be taken 
up by societal actors, could fuel controversy, because of the tendency among some 
readers to read uncertainty as a sign of risk. So although any researcher wants that his 
work is read by a large audience, in this case we have our doubts. At the same time we 
would not be willing to classify our research as ‘confidential’ or hamper wider 
dissemination of this report beyond the project team. 
 
Performing this uncertainty assessment has forced us to read a wide range of review 
reports and opinions on RF EMF and health effects. As we are also using mobile phones 
and live in the vicinity of base stations, we could not escape developing our own 
personal views on potential health risks. Especially the ones in our research team not 
involved in RF EMF and health effects research before the IMBA project, got in first 
instance scared when they found out which health effects are anyway discussed in the 
context of wireless communication technology (see Box 1). We will continue to 
emphasize that it is impossible to guarantee that RF EMF induced by wireless 
communication technology is safe, but none of us stopped using their mobile phone or 
wireless networks at home or elsewhere, nor did we join networks protesting the siting 
of base stations.   
 
Why do we include this epilogue? The authors of this report subscribe to the so-called 
social constructivist view on science, in which it is argued that the views and opinions 
of the researchers do always, in one way or another, impact on the framing of the 
research question, the ways in which the research is conducted, and the manner in which 
the results are presented, notwithstanding all serious efforts to satisfy principles of good 
research and honest endeavours to “objectify” the insights. We have carried out the 
uncertainty assessment reported in this report in the best way we could imagine and we 
have done it systematically and as rigorously as we could. But it is important to be 
aware that it can be done otherwise. A consequence of the social constructivist view is 
that the self-acclaimed position of science as being ‘neutral’ and ‘objective’ is 
questioned. With this epilogue, we would like to emphasize that we are well aware that 
we cannot distance ourselves from the societal controversy on RF EMF and health 
effects, but that we are part of it, whether we want it or not. That doesn’t only hold for 
us, but for any expert involved in RF EMF and health risk research.  
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