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1. Introduction

This report is produced by Maastricht University @t of Work package 1 of the
IMBA project'. The task assigned to the Maastricht Universitgu@ris to assess the
knowledge gaps and uncertainties relevant for #sessment of cancer risks (see Box
1) due to radiofrequent electromagnetic radiatimidé (RF EMF) associated with
mobile phone technology (use and exposure to haserss, see Box 2) in particular,
and similar mobile communication technologies (sasWiFi-networks).

Box 1 — Health effects in the discussions on wirele communication

That we confine ourselgen this work package to cancer risks is the cguesece of th
project focus, which is related to the overall aim explore possibilities fc
toxicogenomics in risk assessment. It doesn’t nteahcancer risks are the ornggssible
or most plausible health risks associated with liegEcommunication technology. Oth
categories of health effects that are discussdtiércontext of wirelessommunicatior
technology involve(as derived from the review reports consideredhia uncertaint
assessment):

- physiological effects on the hormone, immune, cedeland cardiasascula
systems and the organ of balance, eye diseagsuch as catarac
neurodegenerative diseases (including Alzheimer eadis), effects ¢
reproduction and development (i.e. infetyil miscarriage, stillbirth, spontanec
abortion, congenital malformations) as well as hatetgical abnormalitie
(irregularities in the blood)

- negative impacts on cognitive functiossich as perception, memory and lear!
as well as sleeping disorders

- symptoms such as headaches, tinnitus (i.e. buzzitite ear) dizziness, fatigue
sensations of warmtimausea (i.e. stomach unrest), skin sensations r@lsoec
to asdysesthesia visual symptoms (e.g. flashe®)pth problems, spastic mus
tics, anxieties and other impacts on psychologiedl-being (depression, suicidg)

- accidents due to distraction

- health effects due to internce with medical implantations, such as pacers:
and implanted hearing aids.

Studies on such health effects may be equallyfiggt(ICNIRP Standing Committee «
Epidemiology et al. 2004)Most discussions focus on effects for human beiogdy
rarely reference is made to protection of othecigse

It was agreed upon that we would concentrate odeepiblogical research and cancer
research animal studfesalso referred to as vivo studies. The emphasis in this report
is on uncertainties and knowledge gaps that aftbet further development and
innovation of wireless communication technologies.

! IMBA - “Implications of biomedicine for the ass@ssnt of human health risks”; project leader: ditePe
Wiedemann (Research Centre Jilich)), funded bysérenan Helmholtz Association

2 Also referred to as ,carcinogenicity studies*;@aogenicity refers to the question of whether eipalar
exposure may cause cancer. This type of reseanplogs living experimental animals, usually ratsl an
mice.
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Box 2 — Problems with risk comparison

In many risk assessment studies it is argued tiea¢xposure from base stations is several
orders of magnitude below that of phones. Neveg®lsocial protest is targeted towards
base stations. The suggestion embedded in the Expeisure argument seems that publics
worry about the wrong risks (with SSI (2003) asaoeption, in which report it is argued
that risks associated with base stations need stuoeed because they give rise to extended
exposure to the whole body and during longer tiemopls). However, research by risk
communication experts (for a summary, see (vanlA2660), Chapter 3B) has made clea
that risk comparisons should not be used to sgtstions, such as:
The risk ofa (base stations) is lower than the rislbdmobile phones). Because you
find b acceptable, you should also accapt
This argumentation strategy has some basic flagsiaproductive effects, such as:
- it seems to minimize and trivialize the concern
- risks differ in character, e.g. nonconsensual exygogoften referred to as
“involuntary risks”) is judged differently than ceensual exposure (also referred t
as “voluntary risks”) (this is also recognized i8152003)
- the issue of accumulation of risk: “because | ayeaccepb, which is risky, | don’t
want to take more risks”.
Roosli (2003) and Slovic (1991) observed that sigthcomparisons do not influence risk
judgments. The use of this type of risk comparisam even undermine trust in experts an
regulators.

|=)

e

1.1. Regulatory science

There is no need to re-do the work that has beee thy respected bodies of experts.
Our approach to uncertainty assessment has beperform an uncertainty-oriented
review of review studies, i.e. (in alphabetical exdsee Table 1 for a chronological
overview):

- CSTEE. (2001). "Possible effects of electromagndigdds (EMF), radio
frequency fields (RF) and microwave radiation on mhan health.”
C2/JCDlcsteeop/EMF/RFF30102001/D(PBcientific Committee on Toxicity,
Ecotoxicity and the Environment (CSTEE), BrussBElgium.

- Health Council of the Netherlands (GR). (2000). McShase stations.”
2000/16E Health Council of the Netherlands, The Hague Nbtherlands.

- Health Council of the Netherlands (GR). (2001). etomagnetic fields:
Annual update 2001.2001/14 Health Council of the Netherlands, The Hague,
the Netherlands.

- Health Council of the Netherlands (GR). (2002). e telephones: An
evaluation of health effects2002/01E Health Council of the Netherlands, The
Hague, the Netherlands.

- Health Council of the Netherlands (GR). (2003). dHle effects of exposure to
radiofrequency electromagnetic fields: Recommendati for research.”
2003/03 Health Council of the Netherlands, The Hague Nb#herlands.

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

- Health Council of the Netherlands (GR). (2006).0fptrsals for research into
health effects of electromagnetic fields (o Hz 03BHz)." 2006/11 Health
Council of the Netherlands, The Hague, the Netheda
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- Health Council of the Netherlands (GR). (2007). etomagnetic fields:
Annual update 2006.2007/06 Health Council of the Netherlands, The Hague,
the Netherlands.

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

- IEGMP. (2000). "Mobile phones and health.” IndepamidExpert Group on
Mobile Phones (IEGMP), Chilton, Didcot, Oxon, UKalgfo known as the
Stewart report)

- NRPB. (2003). "Health effects from radiofrequendgceomagnetic fields:
Report of an independent advisory group on nonsiagiradiation.'Volume 14
No. 2 National Radiological Protection Board (NRPB), il@m, Didcot,
Oxfordshire, UK.

- Roosli, M.. (2003). "Hochfrequente Strahlung unds@wlheit: Bewertung von
wissenschaftlichen Studien an Menschen im Niedsgb@reich.”" Umwelt-
materialen Nr 162 Bunderamt fur Umwelt, Wald und Lanschaft (BUWAL),
Bern, Switzerland

- SCENIHR. (2006). "Opinion on possible effects dattomagnetic fields (EMF)
on human health." European Commission - Scientifimmittee on emerging
and newly identified health risks (SCENIHR), Bruss&elgium.

- SSI. (2003). "Recent research on mobile telephaalycancer and other selected
biological effects: First annual report from thel'S$1dependent expert group on
electromagnetic fields." Swedish Radition Protettkgency (SSI), Stockholm.
Sweden.

- SSI. (2004). "Recent research on mobile telephamy feealth risks: Second
annual report from the SSI's independent experumron electromagnetic
fields." Swedish Radiation Protection Agency (SStpckholm, Sweden.

- SSI. (2005). "Recent research on EMF and healkis:rihird annual report from
the SSI's independent expert group on electromaginetls.” Swedish Radition
Protection Agency (SSI), Stockholm, Sweden.

- SSK. (2001). "Grenzwerte und VorsorgemalBhahmen z8ohutz der
Bevolkerung vor elektromagnetischen Feldern." Sradchutzkommission
(SSK), Bonn, Germany.

- VDE. (2002). "Positionspapier Mobilfunk und Gesuedi VDE Verband der
Elektrotechnik - Elektronik - Informationstechnik{rankfurt am Main,
Germany.

- Wiedemann, P. M., Schiitz, H., and Thalmann, A.2D0B). "Mobilfunk und
Gesundheit.Environment 42Forschungszentrum Jalich, Jalich, Germany.

- Wiedemann, P. M., Schiitz, H., and Spangenberg2@Q5). "Risk evaluation of
the health effects of mobile phone communicatiomsu®s of a scientific
dialogues: Presentation and discussion of the taqgias.” Julich research centre,
Jillich, Germany.

% This study is not a classic review study. The aias to articulate expert opinions, which was useidéntify topic
areas. Wiedemann et al. used the expert opiniodsatw evidence maps, which indicate the basis ifegxce in terms of
the number of relevant studies, arguments pro anchealth risks as well as the ‘remaining uncetiish As this study
can also be considered as an attempt to perforamegrtainty assessment, we decided to includesthdy in our
uncertainty-oriented review of review reports.
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year author(s)s Number

2000 Health Council of the Netherlands (GR); 2
IEGMP

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 studtesisidered in this report

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

- Krewski, D., Glickman, B.W., Habash, R.W.Y, HabhicB., Lotz, W.G.,
Mandeville, R., Prato, F.S., Salem, T., Weaver, Q#07). “Recent advances in
research on radiofrequency fields and health: 283", J. Toxicol Environ
Health B, 10(4), 287-318.

We didn’t analyse this review in detail, but itadlear that this review report reinforces
the conclusions of most of the reviews includedun uncertainty assessment.

Reviews are usually commissioned by regulators aangdolicy bodies. Experts are

asked to provide a review with the aim to informigemaking. Sheila Jasanoff (1990)

coined the notion “regulatory science” to refethis type of science / expertise. Due to
the policy context in which the knowledge productitakes place, regulatory science
differs from what is usually referred to as scierités done in the margins of existing
knowledge and it usually involves a greater degreknowledge synthesis than actual
research (Hannigan 2006). The constituting aimegilatory science is to be relevant
for decision-making processes. Regulatory sciefmos &0 disseminate the state of the
art to a wider audience, however, at the same tegelatory science is the ‘science on
stage’ (Hilgartner 2000). Basic science and thenary publications are backgrounded
or fade into the background in the societal aremhbile the reports produced in

regulatory science are central references in palitidecision-making and societal
debates. We would like to emphasize that it is féett regulatory science is an
important factor in modern society. We do not atma aormative discussion on whether
this should or should not be the case.

Regulatory science is by definition framed by tmeplicit or explicit question(s)
bothering policy-makers and/or society at largee Totion of ‘framing’ refers to
‘schemata of interpretation’ (Goffman 1974), whhable to organise experience and
knowledge as well as to set boundaries, and wheches as ‘bias for action’ (Perri 6
2005). In the context of regulatory science, fragniefers to the pattern that political
and/or societal concerns define what counts awvastefor attention and assessment
(Perri 6 2005). In the context of RF EMF and healkKks, it is clear that societal worries
constitute the framing. Some would argue that amsequence the review reports
assessed in this report are mixtures of ‘sciencel avorries’, and that also our
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assessment of the uncertainties lacks a kind eérific purity’.4 We would like to
argue that an uncertainty assessment of reviewtsefgomore likely to provide insights
into uncertainties, which are salient in view ofetlsocietal debates on wireless
communication technology.

Notwithstanding the policy support orientation, ukory science aims to synthesize
and translate knowledge according to traditionaérgdic conventions pertaining to
comprehensiveness, quality, methodology and acatritattitude, which shape the
scientific enterprise. Although not in itself paftthe academic peer review system, the
question whether or not research is peer reviewexhiimportant evaluation criterion.
Moreover, the multidisciplinary committees that ailbgiperform regulatory science, can
also themselves act as peer reviewers of studigshwiave not been published in the
scholarly literature. In some cases, that is evgai@tly their role. Furthermore, in the
case of RF EMF and health effects, stakeholdersaddnthat ‘studies’ that they are
aware of are also included. In a way regulatorgrsae can be considered as a balancing
act between the policy support orientation andsémice orientation. The difficulty of
the balancing act is also visible in the review orep that we have assessed.
Notwithstanding some style changes in recent yeaasy reports furthermore adopt an
ex cathedra style, mirroring a dominant rhetorgtehtegy used in science. On the other
hand, these reports are meant for a wider audiénary of the reports are hard reading
for people who are not familiar with the topic nmed to scientific conventions: an
account recognised as scientifically justified suially at odds with a readable, easy to
understand evaluation.

The various review reports also make use of oteeews, often even as starting point
(see Table 2 and Figure 1 for examples). For exanipe SSI (2003) and the (NRPB
2003) took the Stewart report (IEGMP, 2000) exfgircas their starting point and
SCENIHR (2006) used CSTEE (2001) as the point padere. Such a reference is also
used to defend the focus on studies made avaikbte then. In the (NRPB 2003)
report it is even explicitly stated that “The NRREport does not review studies that are
reviewed in the IEGMP report, although some resaéspresented in tabular form” (p.
8). As is clear from Table 2 and Figure 1, makirsg of other review reports is very
common. Especially the Stewart report (IEGMP, 2080 review by NRPB (2003)
and review by ICNIRP are central nodes in the m@vieport network. Some experts
involved in the topic of RF EMF and health effectenplain that there are more review
reports than original studiés.

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, \2a@7.
® Comments at the second IMBA workshop, Berlin, N2a@7.
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VDE SSK ‘01; IEGMP
‘00; GR ‘00 &
‘02; ICNIRP ‘98
2003 Roosli 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; R66sli ‘03
2006 GR ICNIRP ‘98 &
‘03; NRPB’ 04°
SCENIHR CSTEE ‘01
2007 GR GR ‘01
Table 1 — Overview of the use of review reportstimer review reports
NRPB ‘04
ICNIRP ‘03 \
/ o
SSI'04 ICNIRP ‘04 GR ‘07 GR ‘03

SCENIHR
‘06

SSI ‘03 NRPB ‘03 Wiedemann ‘05 GR 01

CSTEE ‘00 Ro6sli SSK‘01 ICNIRP'98 GR ‘00 GR ‘02
‘03

Figure 1 — Network of review reports

Also reviewers do have prior beliefs. Notwithstarglthe fact that many review reports
build upon, discuss or even review earlier revi@ports, this set of review studies
contains various points of view and perspectives, as a consequence also differing
conclusions. This selection seems to provide aicsesfitly broad overview of the

® The ICNRIP '98 & '03 reports as well as the NRPR @&port also were review reports by the expert
bodies included in our sample. Although they weseaxplicitly used as a reference in this sampke, w
decided to include them in figure 1 table 2 sinwythelp to illustrate the general pattern whichvghthat
review reports are building blocks for other revieports.

10
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knowledge usually qualified as scientific and ofthauitative interpretations of this
knowledge. We consider this set of reports theeefas an appropriate basis for our
uncertainty assessment.

1.2 Interphone

An example of solving uncertainties in the futuneibcreased research efforts is the
INTERPHONE-study, coordinated by the InternatioAgency for Research on Cancer
(IARC) and sponsored by the European Commission thed International Union
against Cancer (1, see reference list on the nexfe)p Thirteen countries are
participating in the epidemiological study of th&saciation between mobile phone use
and (mainly) brain tumours. By using common prote¢he researchers expect that by
pooling the country data the question whether neopifone use enhances cancer risk
can be answered with more certainty.

Noordegraaf (2000), Mesman (2002), Uggla (2004) \&ard Asselt (2005) observe that
scientific uncertainties are partly managed witlenence to future research. It is usually
emphasized that further investigations are needednder way, which serves as a
reassuring suggestion of complete knowledge irfuhee. In other words, the future is
depicted as a world of scientific certainty (Cddlin987). Some examples of such
references from the review reports:

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

- “Final conclusions, however, will only be possibleith further studies
investigating the effect of longer terms of moljleone use”. (Roosli, 2003;
p.130 — our translation)

Such depiction, routinely practiced in RF EMF rewsewith the Interphone study as the
key reference, is a particular framing of uncettaiit enables to present research and
gathering of information as the proper strateggéal with uncertainty. In other words,
this framing of uncertainty has a particular effaat. it communicates that more or
better research, will solve the problem, and itsthurns attention (and usually
resources) away from other strategies (for exampleyventive or precautionary
measures). Research, both in the sense of fundamesgearch which aims at
understanding the underlying mechanisms, as wellmasitoring which aims at
identifying effects, can also be a precautionaryasoee. However, the expectation
associated with the Interphone study which has lweemmissioned by WHO and the
European Union, is that the research will reduce timcertainties and solve the
discussion with regard to risks. In such a contexfierences to future research can be
read as attempts to neutralize the uncertainties.

Until now results of some of the national studiesl @ limited pooled analysis have
been published (2-13). Conclusions drawn from thpsblications, however, were

instrumental in emphasizing the uncertainties astdmreducing them (see e.g. 14-15).
It remains to be seen whether the pooled analysai data will partly settle the cancer
risk question, apart from the fact that the molpit®nes in the study is increasingly
being replaced by 3G (UMTS) instruments.

11
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10.

11.

12.

13.

The INTERPHONE Study. Lyon, France: InternationgkeAcy for Research on Cancer
(IARC); 16-8-2005. Internethttp://www.iarc.frFENG/Units/RCAd.htmigeraadpleegd
26-7-2007.

Berg G, Schuz J, Samkange-Zeeb F, Blettner M. Assest of radiofrequency
exposure from cellular telephone daily use in amdepiological study: German
Validation study of the international case-contebidy of cancers of the brain -
INTERPHONE-Study. J Expo Anal Environ Epidemiol 20Q5(3): 217-224.

Berg G, Spallek J, Schuz J, Schlehofer B, BohleG&hlaefer K et al. Occupational
Exposure to Radio Frequency/Microwave Radiation #red Risk of Brain Tumors:
Interphone Study Group, Germany. Am J Epidemiol2Q®4(6): 538-548.

Blettner M, Schiz J. Handy und Gehirntumor: Eineekrgebnisse werden aus dem
Zusammenhang gerissen. Deutsches Arzteblatt 20879t A536-A540.

Christensen HC, Schiiz J, Kosteljanetz M, PoulsenBd®e Jr JD, McLaughlin JK et
al. Cellular telephones and risk for brain tumokspopulation-based, incident case-
control study. Neurology 2005; 64(7): 1189-1195.

Samkange-Zeeb F, Berg G, Blettner M. Validatiosalf-reported cellular phone use. J
Expo Anal Environ Epidemiol 2004; 14(3): 245-248.

Schoemaker MJ, Swerdlow AJ, Ahlbom A, Auvinen Aa&aas KG, Cardis E et al.
Mobile phone use and risk of acoustic neuroma:ltest the Interphone case-control
study in five North European countries. Br J Carg@5; 93(7): 842-848.

Schuz J, Bohler E, Berg G, Schlehofer B, Hettirlg8chlaefer K et al. Cellular phones,
cordless phones, and the risks of glioma and memmay (Interphone Study Group,
Germany). Am J Epidemiol 2006; 163(6): 512-520.

Takebayashi T, Akiba S, Kikuchi Y, Taki M, Wake YWatanabe S et al. Mobile phone
use and acoustic neuroma risk in Japan. Occup @&nied 2006; 63(12): 802-807.

Vrijheid M, Cardis E, Armstrong BK, Auvinen A, Ber, Blaasaas KG et al.
Validation of short term recall of mobile phone uee the Interphone study. Occup
Environ Med 2006; 63(4): 237-243.

Hepworth SJ, Schoemaker MJ, Muir KR, Swerdlow Agh fongeren MJA, McKinney
PA. Mobile phone use and risk of glioma in aduttase-control study. BMJ 2006;
332(7546): 883-887.

Lonn S, Ahlbom A, Christensen HC, Johansen C, Schuzdstrom S et al. Mobile
Phone Use and Risk of Parotid Gland Tumor. Am di&piol 2006; 164(7): 637-643.

Gezondheidsraad. Voorstellen voor onderzoek naacteh van elektromagnetische
velden (0 Hz - 300 GHz) op de gezondheid. Den H&exondheidsraad; 30-6-2006:
Publicatie nr. 2006/11. Interndittp://www.gr.nl/referentie.php?ID=137eraadpleegd
26-7-2006.

12
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14. Hardell L, Mild KH. Mobile phone use and risk ofgha in adults: Results are difficult
to interpret because of limitations. BMJ 2006; 3%A48): 1035.

1.3 Structure of the report

In this report, we describe our uncertainty-orienteview of the listed review reports,
with a focus on epidemiological and animal studi&e aim to identify sources of
uncertainty. In Chapter 2, we describe our unaggstaassessment approach, as well as
some background to it. In Chapter 3, we discussriham findings in terms of which
uncertainties can be identified from the revieworth In text boxes, we also discuss
some problems in dealing with uncertainty inspilsdour findings pertaining to RF
EMF and cancer risks. In Chapter 4, we summarizefiodings through uncertainty
maps. Finally in Chapter 5, we drew some conclusion

13
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2. Uncertainty assessment

Uncertainty is not a problem in science. It canneve argued that it is a conditisime
qua non without uncertainty, there is no reason to iniggge. However, uncertainty
becomes a problem in contexts in which scientistga experts. Regulatory science is
such a context. Framed by the concerns of polickemsaand/or society, regulatory
science usually focuses on presenting certairfhiesie experts involved in science and
policy interactions even believe that regulatorngsce should keep scientific
uncertainty out of the public eye (see Bell (20fa8)an analysis of a case in which this
was advocated). Knowledge gaps are not alwaysigiged. In case “windows of
uncertainty” are opened, they have to be closedesyuently to reconfirm the certainty-
producing world of science (Zehr 1999). Numerouwfars with an interest in the use
of science in policy-making have argued that sg&ntan and should do a better job in
communicating about uncertainty (e.g. Funtowicz Rastetz (1990; Harremoés et al.
(2001); Klinke and Renn (2002); Krayer von KrauB(®); Krayer von Kraus et al.
(2005); Morgan and Henrion (1990); Nowotny et 20q1); Petersen (2006); van Asselt
(2000); van der Sluijs (1997); Walker et al. (2008)ynne (1992); Zehr (1999)).

Uncertainty is, as we will argue, a salient featwk societal debates on new
technologies. In the IMBA project, we are interdsiteidentifying uncertainties in order
to be able to explore the value of toxicogenomitsaddressing or even reducing
uncertainties pertaining to cancer incidences edlab radiofrequency electro-magnetic
radiation fields, which are relevant in view of mtal controversy. This implies that
uncertainty is put centre stage.

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

2.1 Innovation and uncertainty

The question whether or not RF EMF poses cancés nis a typical question of
innovation and uncertainty. Nowotny et al. (200@hwncingly argue that innovation
always produces uncertainty: it is an inherent tydpct, an “inevitable side-effect”.
They envisage an “ever increasing flow of ever namcertainties” as a result of
innovation. Especially in the early decades of rteshnology, there will always be
irresolvable uncertainty with regard to health effebecause of the novelty of the
phenomena. Research on health effects, and edpemmlong-term effects, will by
definition not keep pace with technological devet@mts. Harremoés (2002) emphasize
the problem of assessing the effects of a new tdogg when there is a long lag time
between exposure and measurable impacts, the Igol-tlaltency lacuna”. This problem
of assessing long-term health effects is furthemmecated by the fact that the
technology and the conditions in which it is usatl have changed by the time such
delayed effects become clear. Technology developarahdissemination is a dynamic,
ongoing process, so often new versions are intediun rather short time frames.
Furthermore, new technology usually evokes new tjpes; different patterns of
behaviour and changing societal conditions, whicdlyy mlso alter because of other
dynamics. So also the context in which the techmlis used, changes over time. In
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order to draw conclusions from the data gathetdugas to be assumed that the changes
negligibly affect the health risks. This assumptiotmoduces uncertainty, as is clear in
the recent debate about analogue versus digitallenpbone technology and whether
related changes in pulse form and frequency aevaat in view of health risks. Some
would argue that conclusions can only be drawn &apossible health effects of older
versions of the technology, while we still don’tdum the effects of the newer versions
in the current context. So even in case therenall§i rather robust evidence of health
risks associated with past configurations, thosi wan interest in the technology can
claim that this evidence is not representativettiercurrent situation. And vice versa: in
situations in which the available data don't pre@vidvidence of risk, those worried
about risks can highlight the change in technicad aocietal configurations. As the
current situation differs from the past, uncertaipértaining to health risks remains, or
more precisely, revives or is revived.

Furthermore, in the early phases of technologicabvation benefits are emphasized
(see e.g. work of van Lente (1993) and colleagu®, study the role of expectations
(i.e. stories about benefits) around innovatiobscussions about risks usually start in
a later stage, when the new technology is alreaggbimplemented and diffused
throughout society. By then, there are vested astsrand strong proponents of the
technology. This is also summarized in Collingridd®80)’s dilemma of control of
technology: attempting to control the technologdlif§icult, because in its early stages,
when it can be controlled, not enough can be knatout its harmful social
consequences to warrant control over its developnhei by the time consequences are
apparent, intervention has become expensive arstidras the technology is well
developed, disseminated and institutionally intesgtain society. So those raising the
possibility of health risks are in a way alwaysdauy behind.

A case discussed in the Late Lessons study (Hage@002) is the use of hormones as
growth promoters, i.e. estrogenic steroid hormoifestrogens’), among which
diethylstilboestrol (better known as DES) (Bridgesl Bridges 2001; Ibareta and Swan
2001). According to Harremoés (2002), this cassstthtes how difficult it is to assess
risks when no clear cause and effect relationsbipdd be established at the time the
technology is introduced. Also Mourik (2004) and gy (2006) discuss the problem
of latent connections and the lack of establishezharcausal relationships. In the
absence of a causal explanation, the idea of exposuthe case of the sick building
syndrome (Murphy 2006), and/or observable adveifeets, i.e. dying and ill cows in
the case discussed in (Mourik 2004), can still kevgocietal controversy. Such cases
furthermore illustrate that many risk managers e&s(or have a strong preference for)
a mono-causal relationship and that they have sddficulties to deal with instances
of multi-causality, i.e. several factors and thex@marence of and interaction between
those factors contribute to the observed effects.

At the same time, some modern risks involve expsstinat transcend the capacity of
our senses: we cannot hear, smell, see or feel.tsna consequence, experts are
needed to make these risks ‘visible’ (Beck 1986;.ut02004). Theories, models and

measurements that require equipment are needed omersenses fall short. So also
people reporting that their “bodies signalled tlwsgible presence of hazards through
common, minor ailments” (Murphy 2006, p.3) resoristience, as do decision-makers
and judges. Furthermore, causalities are complextia@ possible multiple effects are

heterogeneous and extend to the long-term or toglbleal scale. In such cases the
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harmful consequences are difficult or even impdesib define and estimate. Experts
are needed to assess the risks, but in many ceigesifsc or historic proofs of danger
are lacking, but suspicions cannot be fully refuaeter.

Van Asselt and Vos (2005; 2006) coined the notioncértainty paradox”, i.e. an
umbrella term for situations in which uncertainsypresent and acknowledged, but the
role of science is framed as one of providing eetya In instances of the uncertainty
paradox, the public, policy-makers and judicial hawities resort to experts for
conclusive evidence and definite answers, despiteentainty precluding both
conclusiveness and definitiveness. Hence, on tleehand, it is recognised that science
cannot provide decisive evidence on highly uncertaks while on the other, policy-
makers and judicial authorities increasingly tum science for certainty (see also,
Weingart (1999) and Rogers (2003)). In uncertapasadox situations, a very high level
of scepticism as to what science can deliver, d@agl in hand with a very optimistic
level of confidence regarding what science showdble to deliver (Forrester 2006).
Our analysis of actual cases of EU risk regulafsee for example van Asselt and Vos
(2006); van Asselt et al. accepted for publicatidaeinonstrates that such an uncertainty
paradox causes unproductive or even irresponsdlieypmaking processes.

Exposure to RF EMF is not new completely in a téchinsense, as it is also present
with radio and TV, radar and microwave technolo§g, at least in its fundamental
form, it has been around in our society for oveeatury. However, with regard to the
introduction of radio and TV, there has hardly beerelevant societal debate about
health effects of exposure to RF EMF. The discusaround RF EMF and risks is more
recent. There have been controversies pertainirgR&EMF and radar installations in
the seventies of the previous century (NAS/NRC Cdbesnto Assess Potential Health
Effects from Exposure to PAVE PAWS Low-Level Phagethy Radiofrequency
Energy 2005) The societal debate intensified about 10-15 yagos with very strong
broadcasting antennas as the object of concern.ufehDexample is the Kootwijk
antennd The presence of such antennas had observablé ilopacts, such as
disturbances of devices and apparatus, while tivere little or no local benefits: the
antennas aimed to reach audiences at very longndes. In this context of local
opposition, uncertainties with regard to healtheet$ started to gain significance and
weight. The discussion on RF EMF and health effgzmed momentum with the
exponential advent of mobile telephone technologg & further intensified with the
new generation of this technology, i.e. UMTS, whiehuires a new and denser network
of base stations.

It is beyond the scope of this report to detail history of the debate on the risks of RF
EMF. What we can learn from this birth eye viewhat although exposure to RF EMF
is not completely new in a technical sense. Howelee to ongoing technology

development (new applications, new versions, expiaediffusion) as well as changes

"It has been suggested (second IMBA workshop)khewledge pertaining to radar and health risksaoul
be relevant for current debates. It is our imprsshat what can be learned from publisheskarch on
health effects associated with RF EMF from radatics (Breckenkamp et al. 2003; de Boer et al5200
de Weerdt 2005; Degrave et al. 2005; Goldsmith 1#9included in the review reports on RF EMF and
wireless communication technology. As many of tiuelies on radar have been carried out in a military
context, it could be that there is confidentialedtitat provide insights relevant for the currestdssion on
RF EMF and health effects.

8 Seehttp://radiokootwijk.free.frindex.php?file=spk_diksen.php a website created by the people of
Kootwijk.
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in practices, behavioural patterns and societatlitioms, the issue of EMF and health
risks suffers from the kind of uncertainties disad in this section. The question of
whether or not exposure to RF EMF poses canceotret health risks, i.e. one of the
core questions in the IMBA project, is in practeeypical question of innovation and
uncertainty, notwithstanding the familiarity atsfirsight. Notwithstanding the inherent
uncertainties involved in innovation, experts ae2aed to reason about risks and are
often requested to produce certainty about uncerisk (uncertainty paradox), which in
effect often produces problematic policy-makingeictories.

2.2 Sources of uncertainty

In the context of innovation, many different sowad uncertainty are relevant, both
uncertainties pertaining to scientific understagdiof physical processes and
uncertainties with regard to all kind of social ggeses. Un-certainty is, as Melse (2003)
argues, an un-word, so it is something not. VareA42005) observed that uncertainty
is also often circumscribed by other un-words, sash‘being unclear’, ‘unsettled
science’, ‘unpredictability’ and ‘unanticipated smguences’. Although uncertainty is
often black-boxed, it is possible to differentidietween various sources and types.
Recent classifications of scientific uncertaintyhiglhh aim to synthesize insights
developed over the last decades, can be foundam:Asselt (2000), Klinke and Renn
(2002), Krayer von Kraus (2005), Walker et al. QD@nd Petersen (2006). Three
different classes of uncertainty are generallyimiigtished, i.e. uncertainties due to
variability of the phenomena involved (also refdri® as ontological uncertainty),
uncertainty due to limited knowledge (also refertedas epistemic uncertainty) and
ambiguity, i.e. different interpretations of theadable knowledge, different problem
perceptions and different definitions due to de#feces in values and framing. These
three types of uncertainty are not by definitiodépendent: variability uncertainty may
cause or enlarge epistemic uncertainty and episteamad variability uncertainty may
increase ambiguity. Further subdivisions can beansee for example, Figure 2.

17



Maastricht University IMBA WP 1

inexactness
o lack of
natural variability observations/ measurable
measurements uncertaint
behavioural . practically o
variability uncertainty immeasurable .
due to flicti
_ il conflicting
societal variability evidence
variability .
irer?urcﬂ%le structural
gnorance uncertainty
technological indeterminacy
surprises . .
irreducible
ignorance

Figure 2 — Typology of sources of uncertainty (adddrom: van Asselt (2000) and van
Asselt and Rotmans (2002); Adaptation involvesupgrading’ of value diversity as a
separate source of uncertainty and instead of valversity the more commonly used
notion ‘ambiguity’ is adopted. This adaptation esfls a response to criticism and
integrates more recent advances in thinking abooteuainty). The grey arrows
indicate how various sources of uncertainty caerifgre.

In this breakdown, different sources of variabibine distinguished, i.e.:
inherent randomness of nature: the non-linear, tahaod unpredictable nature
of natural processes, which could be an inhereatufe or the consequence of
complexity
human behaviour (behavioural variability): ‘nonioatl’ behaviour,
discrepancies between what people say and what d@beally do (cognitive
dissonance), or deviations of ‘standard’ behavibyratterns (micro-level
behaviour)
social, economic and cultural dynamics (societaiabdity): the non-linear,
chaotic and unpredictable nature of societal pseefmacro-level behaviour).
technological surprises: new developments or bhealighs in technology or
unexpected consequences (‘side-effects’) of tecuies.

Due to variability in combination with limited reses to measure and obtain
empirical information, reality exhibits inherent agmtainty and unpredictability. As
such, it contributes to limited knowledge. Limitkdowledge thus partly results out of
variability, but knowledge with regard to deternsiti processes can also be incomplete
and uncertain. Van Asselt (2000) describes a contmthat ranges from inexactness to
irreducible ignorance:
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- inexactnesslack of precision, inaccuracy, measurement errt& roughly
know'.

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

- practically immeasurabltdacking data that in principle can be measured niot
in practice (too expensive, too lengthy, infeasist@eriments). ‘We know what
we do not know’.

- conflicting evidencedifferent data sets / observations / assessmenishwh
enable competing interpretations and conclusioesaaailable. ‘We don’t know
what we know’.

- reducible ignoranceprocesses that we do not observe, nor theorigticahgine
at this point in time, but may in the future. ‘Werd know what we do not
know'.

- indeterminacy processes of which we understand the principies laws, but
which can never be fully predicted or determin&ue‘will never know’.

- irreducible ignorance there may be processes and interactions between
processes that cannot be (or not unambiguouslygrdeted by human
capacities and capabilities. ‘We cannot know'.

The continuum thus ranges from unreliability to enastructural, or even radical
uncertainty. Uncertainties in the category of ualslity are usually measurable can be
calculated or at least sensibly estimated, in #mses that they stem from well-understood
systems or processes.

Building upon the typologies proposed by van As§2000) and others, Walker et al.
(2003) propose a framework to identify and descuimeertainties in model-based
decision support. They distinguish three dimensioihancertainty: location, level and
nature of uncertainty. Location refers to whereuheertainty manifests itself within the
model complex: context, model uncertainty, inpytarameter uncertainty and model
output uncertainty. The level of uncertainty pingeiwhere the uncertainty manifests
itself along the spectrum between deterministiciledge and total ignorance, ranging
from statistical uncertainty and scenario uncetyaito full ignorance. The nature of
uncertainty aims to indicate whether the uncenaistdue to the imperfection of our
knowledge (epistemic uncertainty) or is due toittheerent variability of the phenomena
being described (variability uncertainty). The tiggy proposed by van Asselt can be
used as a further specification of the nature ceuainty dimension.

Uncertainty does not only refer to blind spots mowledge, but is also generated as part of
knowledge production (van Asselt, 2005). Uncertammiay arise from manipulation of
available data, such as aggregation, desaggregatitarpolation and extrapolation.
Pollack (2003) even refers to these issues, to lwkve will refer as “uncertainty
associated with methodology”, as “the larger profdeof uncertainty”. According to
Frewer et al (2003), experts associate uncertafgy with methodological issues as
sampling procedure, suboptimal techniques, samyae, snconsistency from using
different techniques and calibration of measuringvices. Doubts and criticism
pertaining to methodology may yield uncertainty attihve knowledge produced. Not all
measurements and experiments can be repeated ai emperiments are designed or
executed under controlled conditions: some evenfgaresses are natural experiments
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in the sense that they ‘just happen’ inadverte(f®gllack, 2003). Also epidemiology
involves observations that cannot be repeatedetissical sense.

In risk assessment in the context of innovatioa,ittea of scientific knowledge extends
to the question of how the future may look likeudly estimates of future exposures
and projections of the future are involved. Riskemsment pertaining to innovation is
by definition future-oriented, so risk assessors also confronted with prognostic
uncertainty, i.e. doubts about the future (van Asseal. 2007). As complex systems are
incompletely understood, the future remains unaef@ollack, 2003; van Asselt et al.
2007)). Even if we would have complete knowledgetenpast and present, this would
only help if processes or circumstances are unchgngith time, however, social
processes and the interaction of human beings twéhphysical reality are seldom an
exact re-run of the past (van Notten, 2005). Thenrgaestion is actually shifting from
“what has happened in the past” (probability) dsaais for risk assessment to “what
may happen in the future” (possibility) (van Assettal. accepted for publication).
Instead of probability (frequentist approach) omjeuatively adjusted probabilities
(Bayesian statistics), risk assessment in the gbmkinnovation needs scenarios as
input.

Any characterization of uncertainty is itself ueér (O’Riordan and McMichael,
2002). Furthermore, any uncertainty categorizaisotheoretical, in the sense that it is
not always obvious in which category a particulaceartainty fits. To complicate issues
a bit further: in the above categorizations unaetitas portrayed as a quality of the state
of knowledge about physical and social processes kind of static feature. In theory, the
state-of-the-art can be considered as the sum @#lkdlge available everywhere in all
disciplines and then it can be argued that a neaére must know all this. In practice
this is never the case: uncertainty is also a redutlispersed knowledge (van Asselt,
2005). This is nicely illustrated in the followinghrasing “It is well known, at least
among physicists” (Pollack, 2003). Any expert’s wiedge can be seen as a local set of
knowledge, although the more expert experts aeelatye their ‘local’, both in terms of
depth and scope, usually is, however, it will nelberthe full state-of-the-art. So the
notions introduced above will be entertained asabatary to discuss uncertainties
pertaining to RF EMF and cancer risks and how waetstand them, but not as strict
categories.

2.3 Conflicting framings in a post trust era

A further problem is that society has also discedeunncertainty (Todt 2003). Society
has experienced so-called ‘false negatives’ (Hapés12002), which are cases in which
agents or activities that were regarded as suffisieharmless to remain in use
notwithstanding emerging evidence about harmfidat#f, mainly because of short-term
economic interests. The iconic example is BSE areliZfeldt Jacob disease: the risk
of crossing the species gap was denied, althougbrried out to be a real hazard.
Lofstedt (2005) argues that as a consequence bffalse negatives, trust in scientists
with regard to assessing risks has declined. Hgesig that we are living in a post-trust
era. Past experience with false negatives lenddence to ‘dissident scientists’ and
results that deviate from the general consensespective of the scholarly reception of
their work.
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Trust is an expression of confidence, which enatdeseduce complexity and to deal
with uncertainty: ‘trust’ implies acceptance ofkrigidgments and decisions without
guestioning the rationale. Lofstedt (2005) distisbed three dimensions of trust, i.e.
fairness (impartiality), competence and efficiendgy. other words, to be trusted,
institutions must appear to be impartial, competard efficient. In the context of this
report, especially competence is relevant. Falsgathes spur a perception of
incompetence of experts and policy-making bodismg on experts. In such a spirit of
a lower level of trust or even mistrust, experisk judgments are no longer uncritically
accepted. In such contexts, to which Lofstedt (208ters as ‘post-trust’, studies which
diverge from the majority view are read differentlpstead of trusting the majority
view, publics may develop their own interpretatiand opinion. Attempts of the
scholarly community to disqualify studies which elivfrom the scientific consensus,
are likely to be read as attempts to keep socretthe dark. This perception further
undermines trust in scientific competence and itmgddy. In a study dealing with lay
people’s perceptions of risk associated with molpleones and base stations in
Switzerland, Siegrist et al. (2005) included trnsthe regulatory authorities as a factor.
His results showed that trust in authorities wasitpely associated with perceived
benefits and negatively associated with perceivadsr Siegrist and colleagues argued
that a lack of trust can make a technology moreesie due to accompanying demand
for stricter regulations.

In a post-trust context, the way uncertainty isldedth, is far from inconsequential.
Keeping uncertainty and ‘dissident’ studies andiltesout of the public eye as well as
safety claims which don’t hold are like to only iease distrust in the long run. In this
context a fundamental problem resides in the frgnmoh the questions pertaining to
innovation and risk. The assumption in basis s@gas distinguished from regulatory
science) is that there are no health effects, artlesre is substantial, ample and robust
evidence. This framing is in agreement with prevgnso-called ‘false positives’, i.e.
warnings that over time turn out to be unneceseargven wrong. In such a framing,
uncertainties are often not systematically investd, as it is easily assumed that the
uncertainties don’t contain risks. The uncertagtage deemed to be safe. In this
framing, the conclusion ‘there is no proof of rigiwhich is not equivalent to ‘proven to
be safe’) is satisfactory. Such no-evidence-oftheelfects statements by scientists,
however nuanced, are in newspapers or policy repaiten translated into no-risk
statements.

Epidemiological research is an observational seéeaad studies the association
between a disease factor (in our case RF EMF) aattth Animal studies are used to
understand the causal disease mechanism and ark tasenterpret or refine
epidemiological findings. In common experts’ int&gation of the findings, the
dominant assumption is there is no risk, unlessethe substantial evidence. This
interpretation is not a methodological ‘must’. den’t require a fundamental change of
method to ask the question ‘what are effects tloat might have missed?’. Without
theory about causal mechanisms, it is more diffitalthink about imaginable effects,
but not impossible.
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In a policy context ‘false negatives’, i.e. ageatsactivities that were not regarded as
harmless at prevailing levels of exposure untitlence of their harmful effects emerged
(Harremoés 2002), are significant and there areymaasons to prevent them. In such a
framing, uncertainties are drawn attention to, @sedainty is interpreted as a signal of
potential adverse effects. In such a context, wldidoe relevant to discuss what kind of
risks might be possible in view of uncertainty.

The danger is that policy actors equate uncertaintty risk. However, uncertainty does
not by definition mean that something is wrong. ehtainty implies that the available
evidence is inconclusive. There is no historicmestific evidence that there are risks to
human health, however the possibility of healthee8 cannot be refuted either.
Equating uncertainty with risk can be a strategynetirance or used as a political act.
Van Asselt et al (in press) describe how in theeca$ regulation of GMOs,
environmental organizations successfully employesi dtrategy. In case scientists don’t
discuss uncertainties, in the sense of indicatitgchv uncertainties are critical, what
kind of signals may be used as indicator and wirad kf research or monitoring is
necessary to figure out whether particular uncetitzs pose a risk, it is easier for non-
scientists to ‘politicize’ the uncertainties. Puiitation of uncertainty refers to the
phenomenon of politicians, stakeholders, speciaérasts groups and the public
highlighting, amplifying or attenuating uncertaggiin order to serve other interests
(e.g. Funtowicz and Ravetz (1990), Pollack (20@)ithson (1993), Stocking and
Holstein (1993) and Wells Bedsworth et al. (200#))other words, uncertainty may be
deliberately used opportunistically. It is oftergaed or assumed that politicization of
uncertainty takes places, but as far as our knayeleextends, this has not been
empirically researched in a systematic manner.

The risk-concerned activity protestors, i.e. thag® oppose to a particular activity or
technology because they fear health and/or enviemtah risks and who usually agenda
set the issue, are often NGOs. As Lofstedt (20080es, in a post-trust era NGOs are
often more trusted than industry, regulators amueds. So the clash of framings (false
positive (basic science) versus false negativé&-racerned protestors)) will manifest
itself in societal debates, and is not easily nesahl It goes beyond the context of the
current report to detail the insights pertainingrtest and risk management, however, it
is an important issue that impacts upon regulasmignce and its role in decision-
making on innovation and risk.

Regulatory science has thus the difficult task edmating between the world of science
with its no-effect-assumption and the risk-concdrngorld of politics in which
prevention of false negatives is currently more ongnt than the prevention of false
positives. If the prevention-of-false-positivesrfiiag is, consciously or unconsciously,
adopted or simply inherited in regulatory sciensewall as in the policy arena, the
consequence is that the burden of proof is on ithe af those who argue that there
might be risks. The actors introducing or advoaatime use of a particular technology,
on the other hand, don’t have to ‘prove’ that thare no risks. Apart from the question
who bares the burden of proof, the whole notiofbafden of proof’ is complicated in
the context of innovation and risk: due to the neim¢ uncertainties pertaining to
innovation as has been discussed in this chaptemany cases scientific or historic
proofs of danger are lacking, but suspicions canmetfully refuted either. The
consequence is that the one who bares the burdproof is put in a very difficult, if
not hopeless, position.
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In this section, we have attempted to sketch inclvipolitical and societal context
dealing with the uncertainties pertaining to inrowva take place. In a post-trust era,
uncertainty is not ‘just’ an issue of concern faperts, but it may play a critical role in
political and societal controversies pertainingrioovation. Differences in framing the
issue (no-risk-unless versus risk-concerned premerdf false positives) provide an
additional challenge for regulatory science.

2.4 Uncertainty assessment approach

Uncertainty assessment is not common practice. Scaneeworks are proposed (such
as NUSAP (Funtowicz and Ravetz 1990; van der SL87) or the approach proposed
in Krayer von Kraus (2005)). We propose to do utaiety assessment in the following
manner:

- closing reading of the selected review reports (Skapter 1 for an overview),
l.e. identifying all explicit or implicit referenseto uncertainty (compare van
Asselt (2000; 2004)

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

- a further analysis of the salience of the iderdifiencertainties in terms of
uncertainties pertaining to exposure, mode of aciiod susceptibility

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

Such an approach has strengths, but definitely domtions as well, which we will
discuss below.

There are serious problems with identifying undetyathrough a review of ‘the’
scientific literature. First of all, we have toyean uncertainties articulated and reported
by experts themselves. Various social scientifidists have indicated that experts have
problems with reporting uncertainty, such as:

- experts open “windows of uncertainty” only to claseiith the findings of their
own research (Zehr 1999), which is motivated byeavof uncertainty as ‘weak
science’

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

- experts are afraid that there audiences cannotwddaluncertainty, for which
reason they suppress uncertainty (Frewer et aB)200

- accumulation, propagation and interaction of uraieties are often neglected

As a consequence, there may be a preference foepoiting uncertainty in an explicit
manner. As (van Asselt et al. accepted for pubboatnoticed in the context of risk
assessment of genetically modified organisms, tmeay be such a high level of
uncertainty intolerance that the notion “uncertding not even mentioned. The same
observation turned out to be true with regard tmesof the review reports discussed in
this paper (see, for example Health Council of Nlegherlands (2007)). In such cases,
uncertainty is not mentioned let alone explicitigadissed. In reviews in which there is a
clear preference not to report uncertainty, whecettinty is mentioned it is only in a
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‘positive’ sense, such as arguing that a particutarertainty is very small or has been
reduced compared to previous risk assessmentsf@axample Health Council of the
Netherlands (2005)). So in such reports, we hadigoup the uncertainties. In other
cases, knowledge gaps were the explicit point gfadere, especially in regulatory
science which aims at suggesting research appreatthanvestigate exposure to
electromagnetic fields and health effects (see, eikample, Health Council of the
Netherlands (2006)).

Furthermore, social scientific studies aiming & #nticulation of expert’'s estimates of
uncertainty (such as Morgan and Henrion (1990), ddor(2003), Krayer von Kraus
(2005) and Krayer von Kraus et al. (2004) havedatid that experts’ assessment of
uncertainty usually vary both in terms of degreaincertainty as well as the sources of
uncertainty. This further complicates uncertainggessment informed by a review of
scientific literature.

Nevertheless, we have tried to analyze the vanieu®w reports in order to be able to
address the following two questions:
- What are scientific views with regard to RF EMF aahcer risks?
- Which uncertainties are brought to the fore or bannferred from differences
of opinions and close readings of the argumentafion

Against the background of our understanding of ttag#y sketched in this Chapter, in
the remaining chapters, we discuss the views a$ agelwhat we consider relevant
uncertainties that impact on these views. We hauetsired our discussion in Chapter 3
accordingly. Building on these insights we havedrto draw an uncertainty map as a
way to summarize the insights gained pertainingrtcertainty. We hope that this visual
representation support discussions on the rolecogenomics might fulfil in
understanding whether and if so how RF EMF may eaurscontribute to increased
cancer risks. In the final chapter (chapter 5) swamarize our insights.
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3. Main findings

3.1. Introduction (cancer, studies)

Risk assessment is a process in which various tgpegata and different types of
studies are used. In the assessment of RF EMF w@pgoand cancer risks,
epidemiological studies and animal studies are llystr@ated as important bodies of
knowledge. Epidemiological studies are used as m@anobserve health effects in
human populations, while animal cancer studies @sed to observe effects in
experimental animals in controlled circumstancesiasng that this might be used as a
model for human beings. In epidemiological studids,is investigated whether
significant health effects can be observed in aufajon, to which end they compare a
particular population at risk with a reference grau investigate whether the difference
in occurrence of health effects in different popiolas groups relates to differences in
exposure. Animal studies are used to investigaisatanechanisms, e.g. the potential to
invoke cancer.

Several research projects focus on cancer riskererelated to mobile phone use or
base stations, and in particular on malignant lifeethreateningprain tumoursand on
acoustic neuromaa benign, i.e. not life-threatening, tumour ie tierve responsible for
transmitting sound and information pertaining ttabae from the inner ear to the brain.
Some studies did not analyze acoustic neuroma &ebar but assessed the broader
category otumours in the central nervous systensome particular brain tumour, such
asglioma (a central nervous system tumour)meningioma(a brain tumour, usually
benign, but it can also become life threatenindhe®cancers that have received some
research attention involve:

- salivary gland cancerg,e. several types of cancer and benign tumouiglens
and near the mouth and throat. The majority ovaai gland tumours begins in
the parotid glands, found on each side of the fast,in front of the ears, for
which reason they are also referred topasotid gland tumour These are
usually benign, slowly growing tumours on or insitie face and neck, which
may affect the nerves that control the face, whickurn may result in facial
paralysis

- eye tumoursuch asocular melanomar more in particulauveal melanomaa
cancer in the coloured part of the eye and surrognareas

- leukaemiaan uncontrolled proliferation of white blood cell

- breast cancer

- testicular cancer

Notwithstanding research efforts and investmentse (sTables 3 and 4), no
breakthroughs are reported which enable a condusnswer on the question whether
or not RF EMF exposure related to mobile telephtecbnology poses a cancer risk and
if so, in what conditions and to which groups. Maeferences are made to the so-called
Interphone study (see also Chapter 1), but SCEN2®R6) explicitly admits that it is
guestionable whether these results will resolvestddent uncertainties. The combined
evaluation of the Interphone study has not beerighdn yet (see also Chapter 1). Our
review did not yield new findings that impact ore tbonclusions of ICNIRP Standing
Committee on Epidemiology et al. (2004), which wenglorsed in the 2006 review by
SCENIHR.
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We included 22 review reports in our analysis, aedanalysed which epidemiological
studies were reviewed in those reports (Table @n&review reports refer to previous
studies, which are mentioned but not systematicaiyewed, so we did not include
them as reviewed. In such cases, for example H€altincil of the Netherlands (2003),
the committee informs in general terms on the pitigavailable knowledge about the
phenomenon of exposure to electromagnetic fieldshealth risks. Our analysis of the
review reports suggests that there are about Heepological studies on mobile phone
use, especially carried out in the United Stated te Scandinavian countries, and
about 10 studies on base stations which are séyidiscussed in one (such as the
Hocking et al study), but usually more review répof he first Hardell study (marked
with (*) in Table 3), i.e. the work of a Swedishogp of epidemiologists who reported
increased relative risk estimates for brain tumggee also section 3.4.2.) was even
reviewed in 10 review reports.

Country Year(s) of Reviewed in:

publication

Researcher(s)

MOBILE PHONE USE

USA 1996 - 2002 Rothmanet al. IEGMP, 2000; SSI,2200
ICNIRP, 2004

IEGMP, 2000; SSI, 2002;
NRPB, 2003;
Ro06sli, 2003;
ICNIRP, 2004

GR, 2001; SSI, 2002;
NRPB, 2003;
Ro6sli, 2003; SSI, 2003;
ICNIRP, 2004;
Wiedemann, 2005

GR, 2001; SSI, 2002;
NRPB, 2003; SSI, 2003;
ICNIRP, 2004;
Ro06sli, 2004;
Wiedemann, 2005

NRPB, 2003;
Wiedemann, 2005

IEGMP, 20GR, 2001;
SSl, 2002; SSI, 2003;
NRPB, 2003;
Ro6sli, 2003; ICNIRP,
2004; SSI, 2004; SSlI,
2005; Wiedemann, 2005
SSI, 2GR, 2005;

SSi, 2005;
SCENIHR, 2006

USA 1999 Dreyer et al.

USA 2000 Muscat et al.

USA 2001 Inskip et al.

USA 2003 Warren et al.

Sweden (*) 1999 - 2003 Hardell et al.

Sweden 2004/05 L6nn et al. (Interphone)

Sweden

2005

Hardell et al.

SCENIHR, 2006

Denmark

2001 - 2002

Johansen et al.; Schiiz et

al , 2GR; SSI, 2002;
R606sli, 2003; ICNIRP,
2004; Wiedemann, 2005;
GR, 2007

Denmark

2002

Christensen et
(Interphone)

T.Wiedemann, 2005
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Country Year(s) of Researcher(s) Reviewed in:
publication
Denmark 2004 Christensen et al.SSl, 2004; GR, 20005;
(Interphone) SSl, 2005;
SCENIHR, 2006
Finland 2002 Auvinen et al. SSI, 2002; NRPB, 2003;
Ro06sli, 2003; SSI, 2003;
ICNIRP, 2004;
Wiedemann, 2005
Swe./ Den./ Fin./| 2005 Schoemaker et al. GR, 2005; SSI, 2005;
Nor./ UK (Interphone)
Germany 2001 Stang et al. Ro66sli, 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. SSl, 2003
France 2002 Santini et al. NRPB, 2003;
Ro6sli, 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; SSI020
Not specified 1995 Maes et al. Ro6sli 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 relaveldF EMF associated with mobile
communication technology

Animal studies are used to observe carcinogenicigxperimental animals, most often
mice and rats, whether natural or genetically medjfunder controlled conditions and
with controlled exposure. In these studies, efféctanimals are studied in relation to
exposure. In the context of RF EMF research, diffetests have been and are carried
out: 1) with RF EMF exposure alone and 2) combimetth exposure of chemicals
which are known to be carcinogenic to study effeofscancer promotion and
progession. In the first set-up, it is investigatdtether radiofrequency electromagnetic
radiation fields can cause DNA damage and induceations (i.e. RF EMF exposure as
initiator). In the second set-up, it is investigated whefRErEMF could enhance the
development of mutated cells into a tumour (i.e. BAF exposure agromoton.
Ideally, the study is replicated by another grotipesearchers in another lab to confirm
the findings and to render them independent ofiqdar laboratory conditions. Studies
with a (close to) identical design which are prabty carried out in other laboratories,
are performed (see Table 4).
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Type of study Year(s) of Researcher(s) Reviewed in
publication
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 2002 Utteridge et al. SSl, 2002; NRPB, 2003;
studies SSI, 2003; ICNIRP, 2004,
SCENIHR, 2006
2003 Goldstein et al. SSI, 2003
2003 Kundi et al. SSl, 2003
2003 La Regina et al. NRPB, 2003; SSI, 2003;
SCENIHR, 2006
2003 Lerchl et al. SSl, 2003

Initiator Studies (Replication Studies not mentione)

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, 20

2004 Vijayalaxmi et al. SCENIHR, 2006

Promotor Studies with Replication Studies

Promotor 1993/94 Loscher et al. SSil, 2005
1993/96/98 Mervissen et al.
Replication 199 Borman et al. SSI, 2005
9 Anderson et al.
200 Fedrowitz et al.
0
200
4
Promotor 1994/95 & 2000 Lai et al. SSi, 2004
Replication 2004 Cassel et al. SSl, 2004
2004 Cobb et al.
Promotor 1995/96 Lai et al. GR, 2002
Replication 1997/1998 Malyapa et al. GR, 2002

1
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Type of study Year(s) of Researcher(s) Reviewed in
publication
Promotor 1998 Imaida et al. GR, 2003; NRPB, 2003
NRPB, 2003;
2000/01 Imaida et al. 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 GR, 2002
al.
1999 Higashikubo GR, 2002
et al.
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 NRPB, 2003; SSI, 2003;
al. SCENIHR, 2006
2003 Anane et al. NRPB, 2003; SSI, 2003;
SCENIHR
2003 Desta et al. SSI, 2003
2003 Markkanen SSl, 2003
etal.
2005 Huang et al. SCENIHR, 2006
2005 Shirai et al. SCENIHR, 2006

Table 4 (b) — Animal studies on EMF and cancersrisk

Studies increase in ‘stock value’, in case the wiugs replication studies matches the
results of the earlier studies. In that case, ffects are taken seriously in the scholarly
realm. If the findings are not reproduced in regdiicn studies, the scientific community
is confronted with conflicting findings. In the dent of RF EMF research, we observed
a tendency to dismiss the findings of the earliedy (see, for an example, (SSK 2001)
(p. 36-37), who dismissed the non-replicated resoftLai and Singh in this way
which is one way to disarm the uncertainty. An exte example of this approach to
uncertainty is the way in which a study by the DutdNO (Zwamborn et al. 2003) and
the Swiss replication study on EMF and cognitive arell-being effects (Regel et al.
2006) were dealt with. The TNO study suggested soegative effects, which were not
replicated in the Swiss study. This was used inRbé&h regulatory context to argue
that there are no obstacles for siting UMTS baagasis. The politicians suggested full
certainty about safety of RF EMF.

Next to epidemiological studies and animal studiesancer risks also (usually earlier)
studies pertaining to RF EMF exposure and TV adibraansmitters and occupational
exposures (incl. military workplaces) are used enigw reports to assess RF EMF
exposure related to mobile communication technobogy health risks.

® SSK assumes that cancer initiation is biophysjidaibossible, so they anyway doubt initiator stsdie
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3.2. Conceptual model

From the reading of the review reports, we dreverceptual model as background for
our analysis. This model has been peer revieweexpgrts in the international IMBA
workshops and it was considered as a fair repragentof the issue.

Effects Characterisation

Children/fetus *Dose-Response
*Odds ratios

) Susceptibility
Genetic Other stressors

«Co-carcinogens
Pre-disposition *Promoters
Other

Mechanisms Effect
S v
ource .
Characteristics Cancer Risk
Use
patterns
From mobile phones
Analogue vs.
digital Exposure
technology o
Exposure Characterisation
From other sources *Frequency
(environmental exposure) *Duration
*Per event
*Cumulative lifetime exposure
eIntensity

*Pulsed or continuous?
*Temporality (Pre-natal/childhood exp?)

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 epideogalal research of health effects and
EMF. Analogue mobile phones were introduced in 1980s and the widespread
introduction to digital wireless communication taology dates back to the 1990s. As
mobile phones are commonly in use since about 19eHss, epidemiological studies
can only assess acute risks and risks associatadneiderate use for a relatively short
period which manifested themselves within this tinaene. Furthermore, given that
“cancer is induced several years after exposurarid an additional number of
years elapse before medium / low grade tumourglareally detectable, then
(..) cancer risk cannot be properly evaluated amaggs of mobile phones until
after a reasonable amount of time. This is evenenmpbnounced for slow-
growing benign tumours.” (SSI, 2003; p. 9).

The majority of the epidemiological studies andieevreports indicate that “mobile
phone use of less than 10 years does not posenarsased risk of brain tumour or
acoustic neuroma” (SCENIHR, 2006), which is in linégh the earlier Boice and
McLaughlin review (2002), who concluded that “theseno evidence that cellular
phones pose a cancer risk”(p.32), which is furithetailed and nuanced in the below
excerpts:
“In our view, a consistent picture has emerged fitbese studies [reference is
made to “five well-designed epidemiological studiesnducted in the United
States, Finland and Denmark] that appears to mutlevwath a reasonable degree of
certainty, a causal association between cellulapk®nes and cancer to date. (..)
increased risks of 20% or higher can be excludel avhigh level of confidence”
(p. 2) “at least for durations of use up to 5 ye§ps 31)

Most review reports focus on acute effects andthesfects that result from moderate
use and that become manifest within a relativelyrtstime period. It becomes more
complex to assess risks associated with duratibnse longer than a decade or even
life long, and delayed effects, which include hea&tfects which manifest themselves at
higher ages, in which RF EMF is probably not thie smntributor but could be one of
the factors triggering biological mechanisms. Ie tlatter case, risk assessors and
managers are confronted with the possibility of iredusality (see also Chapter 2).
Many forms of cancer occur only in the second béllife, as the development of the
disease from the onset often takes considerabke tim

Radical uncertainty (see 3.4.2) pertaining to ltergn effects and/or long-term use is
usually acknowledged. Nevertheless, SCENIHR (2066jhcludes that from the

available data, it appears that there is no ineckaisk for brain tumours in long-term

users, with the possible exception of acoustic oar; for which there are some
indications of an association. Boice and McLaug(#002) argued in their review that
“long-term effects are not well evaluated, but nellviounded clues to adverse effects
have yet arisen”.

Studying causal mechanisms

In animal studies, animals are used as a modehgeessing plausible cause-effects
chains and biological mechanisms that would exptarcinogenicity. Most reviews
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conclude fromin vivo and in vitro'® research that there is no direct link between
exposure associated with mobile communication teldgies and genotoxic effects, see
for example:
“animal cancer studies have in general not proviedidence that RF radiation
could induce cancer or enhance the effects of kneavcinogens” (SSI, 2003; p.
16)
Most review reports tend to conclude that themoisarcinogenic potentidl

Conclusions

The majority of experts emphasize that to datearsistent or convincing evidence has
demonstrated (increased) cancer risks nor has salcaelation between RF EMF
associated with wireless communication technolayy @ancer between established. In
other words, no mode of action has been identifBaked on this state of the art, most
review studies tend to conclude that wireless comioation technology does not pose
(increased) cancer risks (SCENIHR 2006). See,¥ample:

“Numerous studies have found no direct effect gicsure to electromagnetic
fields on the onset and progress of cancer”. (He@tiuncil of the Netherlands
2006) p. 23, p. 28, p. 31.

“These studies are sufficient in aggregate to eaiekhat it is unlikely that there
are large (..) carcinogenic effects of mobile pherposure” (NRPB 2003) p.
132

the state of the art “speaks against the existefcesk” (SSK 2001) (p. 14;
translated from German to English)

More nuanced versions read as follows:
epidemiological studies "have too many deficiend@sule out an association”
(ICNIRP Standing Committee on Epidemiology et &l02); p. 11-12)

"For RF exposure the number of studies availald@ayas too small to allow any
conclusions as to whether these fields can causeugasymptoms” (SSI, 2004;
p. 10)

“mobile phones have not been used for long enoogallow comprehensive
epidemiological assessment of their impact on heaftd the Advisory Group
decided it could not, at that stage, exclude thesibdity of some association
between mobile phone technology and cancer”. (NRBE3) p. 9

And some reviews explicitly conclude that the aaalié knowledge is inconclusive:
"the negative results of most of the studies cammotaken as evidence against

an effect (..). Thus, current evidence is inconekisregarding cancer risk
following RF exposure from mobile phones” (SSI 20039)

19 As stated in Chapter 1, in this report we onlysiderin vivo research. As many review reports also refer
to in vitro research, we includa vitro research in this statement. For a more systermatitment ofn

vitro research, we refer to the twin-report in Work Rayek 1, prepared by the Charité group.

! See also the twin-report in Work Package 1, pexpay the Charité group.
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“no conclusive assessment of the risk to humantiheahy be made on the basis
of present scientific data. (..) In many casescanclusions can be drawn on
whether (..) effects are causally related to ramhiat “At present, insufficient
scientific data are available to enable the riskudblic health of high frequency
non-ionising radiation at low dose levels to beeased” (Roosli 2003) p. 5 and
p. 26

In the Roosli (2003) review the distinction was maoetween established effects,
probable effects, possible effects, improbablectsf@nd not assessable effects, which
can be considered an explicit attempt to deal witbertaintie¥. In this review report it

is concluded that very few health effects are ie #stablished category (only
interferences with implanted medical devices arsk rof traffic accidents due to
distraction). Cancer risks such as brain tumounewtassified as possible with mobile
phones as the source of the RF EMF. In the Roepbrt, it was also explicitly stated
that the scientific basis is too limited to perragsessment of tumours of the breasts,
eyes and testicles. In this report, with referetcé¢he inconclusive state of the art in
science, a precautionary approach together widnsitied research was recommended

Box 3 — Phantom risks and health panic?

Burgess (2004) talks about risks associated withr &l “phantom risks”
(although he is not the one who coined this notsee, for example, Brauner
(1996)), which he describes as risks which pensite societal discourse in the
absence of evidence or verified instances of haguording to him the whole
debate about mobile phones and health risks shimussten as an irrational health
panic (Burgess 2004). Although he brings some irdggyesting aspects to the
fore, among others (see also Burgess (2007)):
- the fact that because of its ubiquity it is easggoribe risks to mobile
phone technology, and
- the problem of advancing further research as &esfyao deal with
uncertain risks for merely political reasons,
hisaccount can be considered as another polarizeshetat pertaining to the ste
of affairs (compare (Soneryd 2007)). The key qoastemains: how to deal with
inherent uncertainty pertaining to EMF and canisist notwithstanding the fact
that so far (increased) cancer risks have not Hearonstrated and that a causal
mechanism (‘mode of action’) has not been idertifie

In the next sections, we will discuss the majorantanties that in our view forestall
definitive conclusions on RF EMF exposure and carisks.

12 The Roosli categorization is an attempt to catiegand scale the evidence. A workshop on plaitgbil
has been organized by Peter Wiedemann (May 4-%)266e:
http://evi.pureres.net/index.php?option=com_cottagk=view&id=13&Itemid=28for the workshop
programs and documents. Another attempt to scadkeleee is the so-called NUSAP approach proposed by
(Funtowicz and Ravetz 1990). Scaling of evidencetispic which will also be addressed in workpaekag

3 of the IMBA project.
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3.4 Uncertainties

Most references made in the review reports are tahmcertainties related to
methodological issues. We, therefore, first disctissse uncertainties. Then we
summarize the uncertainty information with regardirited knowledge and variability,
as well as ambiguity. We then re-cluster the infation about uncertainties in terms of
uncertainties pertaining to exposure, uncertainfiegaining to mode of action and
uncertainties pertaining to susceptibility. So théction is organized in a matrix style
(Figure 4), in which we first discuss the uncettias according to the columns and then
according to the rows:

Uncertainty Uncertainty Uncertainty Ambiguity
associated with due to limited due to
methodology knowledge variability

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 éxyaits animals, usually mice or rats,
can be used as a model for human beings with regpdite induction of cancer by the

exposure to an environmental agent. This quessaomplicated in the context of RF
EMF research, because of the uncertainties pantpitu exposure (see section 3.4.5).
Furthermore, especially phone behaviour is diffidd simulate in animal studies.

Ambiguous results of animal studies in a way inseethe uncertainty, which further

complicates the interpretation of epidemiologieuits’®

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

3 However, one might consider the purpose of anarpkriments in a more limited way: might exposure
to RF EMF induce or enhance a form of cancer.dfahswer tended to be yes, than more specificestudi
might be designed with various exposure modalitieshis way, such experiments might guide the
interpretation of the outcomes of epidemiologi¢atiges. But ambiguous results will still increake t
uncertainties even with such a systematic approach.

34



Maastricht University IMBA WP 1

it: “it is very difficult for epidemiologic studieso rule out the possible existence of a
small risk in certain subsets of populations” (p). Epidemiological studies investigate
health statistics and survey results in order szefin significant health effefsn the
sense of being observed among a substantial grbpeaple and effects that can be
explained by, or at least correlated with, parac@xposures, life styles or other factors.
Effects have to be large enough in order to beedimsd, notwithstanding refined
statistics. Whether an effect can be detectedepeadent on the size of the study (i.e.
the number of people included), the prevalencdefdisease in the non-exposed of the
general population and the degree of variation xposure. Epidemiological studies
work with real people, instead of controlled expents, so they cannot control for
ceteris paribus. Differences in exposure may becese pronounced which makes the
detection of correlations between exposure level disease incidence more difficult,
especially in case of subtle effects. In other wordhe question is whether
epidemiological studies enable to identify sma#lksi that are still relevant from a
societal point of view?>

Problem pertaining to exposure assessment

It is generally agreed that a core methodologissiié in epidemiology studies pertains
to exposure assessment, for which problem the epadegists use the term
“misclassification”. In all of the mobile phone dias available, exposure assessment
was based either on data of subscribers obtaired the operators (referred to as
‘billing records’) or self-reported mobile phoneeudn principle, detailed billing records
provide a reasonable proxy for phone patterns (fFet@l. 1996; Rothman et al. 1996).
In practice the method is rather crude: data acpestslems usually reside in privacy
arrangements, so epidemiologists can rarely wotk weally detailed billing records,
which introduces uncertainty (ICNIRP Standing Comtee on Epidemiology et al.
2004). Another issue is that, ideally, informatedsout the antenna used is needed, next
to phone patterns, to estimate actual exposurelaktes information is usually missing.
Self-reported mobile phone use is susceptibledalrbias. Recent validation studies in
volunteers comparing self-reported use with phoradfic records from network
operators showed a moderate agreement, but it tdnenexcluded that agreement is
worse with respect to past mobile phone use or gnpatients with brain tumours
((Berg et al. 2004; Samkange-Zeeb et al. 2004;hemd et al. 2006). This kind of
problems is usually referred to as biases (suctekestion bias and recall bias), due to
which the data is fraught with uncertainty due #&bestive, inaccurate or otherwise
distorted memories. A third exposure assessmenrtadeturrently explored is the use
of specific telephones with registration softwaresllect data on phone use.

Laterality of use, i.e. whether there is a domir@eference for which ear is used, is not
easy to obtain in a retrospective study. Furtheemor addition to the frequency of
mobile phone use, actual exposure will depend entékchnical characteristics of the
phone being used, as well as exposure from othecas. Although the question is also,
whether data on such indicators would help to assesks (ICNIRP Standing
Committee on Epidemiology et al. 2004).

14 Within epidemiology there are different stancethwegard to the importance statistical significance
For a critical attitude towards statistical sigeéfince, see the classic paper by (Hill 1965).

!> This point is especially relevant in the case obite phone technology, given its ubiquitous usesrall
extra cancer risk may still concern a large nunafgreople.
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Another problem is the measure of exposure in epiolegical research pertaining to
base stations. Often distance is used as a proagune for RF EMF exposure due to
the antenna. In most cases, actual exposure atugadistances from the base station is
not measured. It is argued that distance is anywayrong proxy and even
measurements are not an adequate indicator ofcthala@xposure due to the behaviour
and mobility of the considered population. Roo20(3), for example, explicitly refers
to this issue as a source for miscalculation aondror interpretation.

Problems with exposure assessment are not confmegbidemiological studies. The
question is also how to simulate the actual expostonditions outside the lab,
especially in view of the problem that these candg are not precisely known.

So in the case of RF EMF and health effects, exoassessment is difficult, and
associated with irreducible uncertainties. Furtr@emn most review reports complain
that it is usually unclear from the publicationsshexposure was attempted to estimate.
Such incomplete or imprecise reporting further éases the methodological uncertainty
pertaining to exposure assessment.

Other methodological issues pertaining to epidemiobical research

Uncertainty is furthermore nourished with referente further methodological issues
pertaining to epidemiological research on RF EME&tesl risks®.

Epidemiological studies always reflect on past ficas and behavioural patterns: in the
context of EMF and cancer risks, it may be relevdnat children and adolescents
increasingly use mobile phones, while in the lastadle it was mainly a technology for
adults’. In most studies age and gender are to a certdénteconsidered, but it is

argued in the review reports that there is insigfit analysis of other confounding
factors.

It is further argued that very different study dgs are being used, which complicates
comparison of the results of various studies. Thisses further ambiguity with regard
to interpretation of the results. Other methodatabissues raised pertain to the small
numbers, too short latency periods to be credible,observation that the results that
emerged after a series of re-analysis reportechiopmaque way and remarkably high
responses rates (see, for example, SSI (2003)).

Due to the methodological weaknesses attributegbidemiological studies on RF EMF
and cancer effects, it is argued that it is riskyirtterpret findings as evidence for an
effect.

3.4.2 Uncertainties due to limited knowledge

From the review reports, we can conclude that hatbertainties due to lack of
measurements as well as uncertainty associatedpnatttical immeasurability or even
ignorance, are attributed to the issue of RF EMdFlaalth risks.

16 See also Brown et al. (2006) who stress paradignssiues complicating epidemiological studies of
environmental health effects in the broad sense.

" The epidemiologist Stang gave a very interestimeggntation on this subject at the first interralo
IMBA workshop.
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Data scarcity

In many review reports reference is made to sgaofidata in general, and ‘adequate’
data in particular. A key question is which data adequate. It is argued that
measurements (e.g. of exposure) are lacking artdefhidemiological studies are not
numerous (see also the methodological uncertaing@saining to epidemiological
studies discussed in section 3.4.1). In the absehae identified or plausible mode of
action (see section 3.4.5) the question is alsa whta are relevant for the assessment
of risk. So the uncertainty pertaining to the madection further aggravates the data
issues.

Latency issues

Long-term mobile phone users have had hardly muse 110 years of regular use of
mobile phones, which still may be a relatively shiatency period, particularly for
slowly growing benign tumours. Among those longrtarsers, most were initially users
of analogue mobile phone and thus, the number of-term users of the digital
technology is even smaller. So the latency effdidcussed in Chapter 2, appears to
impact upon the assessment of cancer risks assdomith RF EMF, although it is
ambiguous where the technological differences dtienan view of health effects (see,
also Chapter 2).

As cellular phones are only in common use sinceeeade, it is difficult if not
impossible, to study long terms risks associateith WiF EMF. As SCENIHR (2006)
phrases it:

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

We could even argue that for periods exceedingcadi data don’t exist. Taking into
account the ongoing penetration of mobile phone e in the future, it may become
increasingly more difficult to design a study wigtoups that are, apart from the disease
studied, similar from a health point of view andfefi sufficiently in mobile phone
exposure. With respect to the study of the posdidalth effects of base stations,
regional epidemiological studies may be practicalipossible, because of the more or
less uniform exposur&s The problem may exacerbated in case possibletsftd RF
EMF exposure are not technology specific (e.g.deegy and signal structure). Because
of the penetration of other technologies using Mg® transmission of information,
people are exposed to complicated patters thamaly (or may not) contribute to
hypothesized cancer effects.

Notable findings and their role in regulatory scierce
SSI (2003) does report that occasionally associatinetween mobile phone use and
various brain tumours have been identified, alttmotigese findings are not considered
to be convincing indications of cancer risk, beeaus
- "no single association has been consistently redodcross population-based
studies”
- the findings are difficult to interpret

'8 1n a recent paper (Neubauer et al. 2007), a gob@pidemiologists discussed the possibility otis
about the RF EMF exposure from base stations. Téwgpgconcluded that in principle such studies are
possible, but they emphasized that exposures fther ®F EMF sources need to be controlled for.

37



Maastricht University IMBA WP 1

- methodological considerations (see, also 3.4.1)
These occasional findings can be considered astaimtg in the category of conflicting
evidence and ambiguity.

E.g. the Swedish group of epidemiologists arounddela has repeatedly reported
increased relative risk estimates for brain tumalrserved after a few years of mobile
phone use (Hardebt al, 2001; 2002; 2005a; 2005b). Also Lonn (2004), Loenal.
(2004), Lonn et al. (2005), Schoemaker, et al. 20and Christensen, et al. (2005)
suggested increased risks in particular circumssrand/or for particular types of
cancer. Kundi (2004) and Kundi et al. (2004) codell, after reviewing the
epidemiological literature on mobile phone use eaacer risks, that there are signals of
risk. Although most results pointing to an increhsisk, especially of short term use,
have not been or not sufficiently been reproducedatidated in other studies, such
findings can be, and will be, used to questiondrainty 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)03; SCENIHR, 2006; SSI,
2003) that more knowledge is needed about thepiatgibetween effects of exposure to
RF EMF and chemical and physical stressors, suclthasnical substances. It is
furthermore stated in various reports that the dssii susceptibility is not well
researched with the consequence that the knowledliperegard to susceptibility in
children or particular adults is very limited (e(idealth Council of the Netherlands
2003; CSTEE, 2001; SCENIHR, 2006; SSI, 2004; sse @/HO 2006)).

Furthermore, a basic problem with cancer researchat for the majority of the cases
the causes cannot be identified. So there is geurcartainty, or even ignorance, with
regard to the causes of cancer, which further cimamgls efforts to understand and
examine the role of RF EMF in the development ofcea. So far, this uncertainty issue
has mainly been raised in the context of debat@ijpéng to radio and TV transmitters,
but it is likely to be transposed to base-stations.

Even experts who don’t expect to find health efeof RF EMF stress that more
research is needed to reinforce the “assumptioabsénce® ((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, ascthildren, may be more sensitive
with regard to RF EMF. In other words, it is assdrtteat there is variability with regard
to sensitivity, which produces uncertainty. Howevidrese groups have not been
identified in terms of particular body charactacst(differences in genetic make-up or
other unknown predispositions) due to which theyraore vulnerable than others. It is
also argued that not much research into sensithatybeen conducted (see also 3.4.2).
Exceptions are the 2004 WHO workshops on “eledtrggmnsitivity”® and a study
published (July 24, 2007) while we were finishihgstreport (Eltiti et al 2007). As far
as our knowledge extends, Soneryd (26big)the first to provide a sociological account
of self-acclaimed “hypersensitives” or “electrosémes”. It should be noted that so far
the issue of hypersensitivity is not emphasized watgard to (increased) cancer risks,
but especially with regard to so-called a-spe@bmplaints (compare Box 1).

The issue of differences in sensitivity is furtheomplicated by the uncertainty
pertaining to mode of action: if it is not underdoin which way EMF would cause
health effects in general, and (increased) canftects in particular, it is impossible to
determine the factors that would account for a digbr lower sensitivity whether
among adults or pertaining to children in particula

Variability in exposure

Patterns of exposure are different among populatiand change over time due to
technological innovations (new forms of signalsclswas analogue versus digital),
increases in the density of the mobile communicatidrastructure (city versus rural
areas) and due to differences in behaviour and Iimol{life style differences).
Uncertainty due to variability is also associatathvhe differences in the technological
characteristics of the particular phones used lopleein a sample, and the exposure to
other sources of RF EMF. Due to uncertainty pengi to exposure assessment (see
3.4.1), the actual variation of exposure withinaatigular population of interest and the
variation of exposure over time are additionallgemain.

3.4.4 Ambiguity

Various review reports state that the overall pitis inconsistent: there is room for

interpretation due to ‘discrepancy’ of results.hlow far sporadic, non replicated hints
do have significance on impacts of health is unc(sae, for example, (SSK 2001)).

Notwithstanding the general consensus that moblephony technology doesn’t pose
(increased) cancer risks, many review reports esipédahat an association cannot be
ruled out either and some experts (e.g. the Hagitellp and Kundi) argue in favour of

such an association.

In this case, the uncertainty is produced by thailability of scientific studies, e.g.
recent ones, which question the general agreenidfferent interpretations among
experts of the findings further contribute to unaerty.(Roosli 2003), for example, used
the Hardell et al work to classify the risk of braumours as ‘possible’, which could be

20 Seehttp://www.who.int/peh-emf/meetings/hypersensitivibrague2004/en/
L An earlier version of this paper was publishe@@®4 in the SCORE report serigaiw.score.su.9e
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read as a trigger for invoking the precautionarin@ple. So alsowithin regulatory
science, differences exist in interpretation ofatbe findings (see, also Wiedemann et
al. (2005)). Furthermore, the notable findings card will, be used in societal debates
by risk-concerned activity protestors, which furtirereases the sense of ambiguity.

Ambiguity is also visible with regard to interprigtens of susceptibility of children (see
also 3.4.7).

The ambiguity involved is especially visible in tdgferent recommendations, ranging
from no need for additional regulation, apart freesearch (GR 2002) to a plea for the
precautionary principle (Roosli, 2003); as wellths IEGMP (2000) who recommend
precaution with regard to children).

As argued in Chapter 2, it also depends on theifirguinow uncertainty is interpreted.
Uncertainty can, and will, also be read as a sighaisk. In other words, some societal
actors, e.g. risk concerned protestors, tend tatequncertainty with risks (see, also van
Asselt et al. (submitted)) in which this mechanisntlescribed in the context of GMO
regulation). This difference of framing is anotlseurce of ambiguity. Those equating
uncertainty with risks are likely to consider owport a ‘biased’ or even ‘wrong’
account of the uncertainties pertaining to wirelsmsmunication technology, RF EMF
and health risks. In that sense, this report glfithay also contribute to ambiguity.

3.4.5 Uncertainties pertaining to exposure

In case the mode of action (i.e. the causal mesh&s) relating a particular exposure to
particular effect(s)) is uncertain, it is closengossible to characterize the exposure in
a relevant way, as it is unknown what has to berdehed: the maximum exposure
level, the shape of the pulse, the duration ofetkigosure per event, the accumulation of
exposure (cumulative lifetime exposure), the lewél exposure resulting from an
interplay with other sources, etc? If maximum esyre level is relevant, long phone
calls at a low RF EMF level are of less significariban an incidental phone call at a
high level. Uncertainties pertaining to susceptiilfurther complicate exposure
assessment: what type and level of exposure asvam, may dependent on the
susceptibility of (groups of) human beings. Othesjon uncertainties pertaining to
exposure, such as those associated Wwéhavioural variabilityin use patterns, the
practical immeasurabili§? of mobile phone use, and theck of dataand variability
with regard to, for example, the technological elcteristics of the particular phones
used by people in a sample, and the exposure & stlurces of RF EMF, are in a way
overshadowed by the uncertainties resulting from whcertainties pertaining to the
mode(s) of action and susceptibility. How to assessvant exposure among people is
still an open question, apart from the fact thatrein case a mode of action would be

22 See also 3.4.1. Although in principle detailedifnj accounts seem to be a good proxy for expoduee

to phone use, due to privacy arrangements combititbdhe lack of information which antenna is
involved in the phone use, exposure measuremeaeticusly handicapped. The use of special teleghone
with registration software is still in its infanclg.may be that this development might decreasetainty
associated with exposure measurement, howevasrsiilliquestionable whether that approach would
enable to identify exposure patterns in a longitatlimanner which is needed for the assessmenhgf lo
term health risks.
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identified, in practice it will remain very probleic 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 cleat tigoresent no mode of action has
been elucidated which can be understood in thehlygpal scientific paradigm (see also
3.1). The dominant view is that the lack of an tdfesd mechanism implies that it is

very unlikely, if not impossible, that RF EMF casser increases cancer risks.
However, there might be a mode of action which iregua paradigm shift in order to

make sense. Another uncertainty pertaining to nefdection involves the complexity

of possible interplays with other stressors. So dpen question is whether there is
indeed no causal mechanism through which RF EMB&x@ can cause health effects
or whether it is a matter of ignorance or even taedrinacy that prevents identification

of a mode of action.

3.4.7 Uncertainties pertaining to susceptibility

An issue of public concern is whether or not soropytation groups or individuals are
particular susceptible to a possible health effeatn RF EMF exposure (see, also
3.4.3). This question has been raised especialtii am eye on children. The main
reasons to consider higher susceptibility amontficdn are that developing tissues may
be more susceptible to cancer induction (argumeet wiith ionising radiation) and
that, if cumulative exposure is of relevance, pessthat start being exposed at
childhood may accumulate a greater exposure thesope that start being exposed at
adult ages. With increasing penetration of the hedielephony technology in society, in
the long run this generational difference will ¢ipaar, although differences between
population groups living in the city versus ruraéas (geographical differences) and
differences, due to different life styles yieldfdient phone use patterns (behavioural
differences), will remain.

In their first annual report, SSI (2003) concludkat there is “virtually no data (..)
available on which to base an assessment” of @mldrsusceptibility, stack of datais
brought to the fore as a source of uncertaintygp@rg to susceptibility. SSI postponed
the issue of susceptibility to the next report amguthat then “the basis for an
assessment is assumed to be better”. This is anexiaenple of managing uncertainty
with reference to a future as a world of scientifectainty (compare Box 4). The Health
Council of the Netherlands, however, concluded @2 and repeated this view in
2005, that informed by research on brain developntbay didn’t see any reason why
children beyond the age of 2 would more susceptie adults. The Council agreed
with the conclusion reached at a WHO 2002 worksbapchildren and RF EMF
exposure, while SSI did not consider that conseasuadequate basis for assessment.
So in the context of susceptibility, there is utaety due to disagreement among
experts about the state of the art, which coulalassified asonflicting ‘evidence’as
well asambiguityin terms of the typology of sources of uncertainty

As long as no mode of action is identifiesgnorancg, it is impossible to determine
whether children or particular individuals are maensitive, as it is unknown what
characteristics would account for a higher susbépyi. Uncertainty due toariability,
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I.e. observable and unidentified differences betwiaedividuals, also plays a role, but is
again overshadowed by radical uncertainty pertgitornthe mode of action.

3.4.8 Summary of findings

Our uncertainty assessment of review reports yialdmimber of uncertainties that in
our view preclude definitive conclusions on wirglesommunication technology in
general, and mobile communication technology irtipalar, RF EMF and health risks
in general, and (increased) cancer risks in pdaicDifferent uncertainties associated
with methodology, uncertainties due to limited kiesge, uncertainties due to
variability as well as ambiguities were identifiecthese uncertainties impact upon the
mode of action as well as on exposure and susdéptissues (see Figure 5). The
uncertainties pertaining to the mode of action,igeorance or even indeterminacy with
regard to whether there is a mechanism throughhwRi€E EMF can induce or promote
cancer, is the core uncertainty, which further atllshe uncertainty with regard to
exposure (what exposure characteristics are refeyand with regard to susceptibility
(what characteristics or pre-dispositions needea@dnsidered?) (see Figures 5 and 6).
At the same time, within the current paradigm anthwhe current means (animal
studies, epidemiological research) as well as #iaed uncertainties associated with
these methodologies, it is highly questionable Wwaethis key uncertainty pertaining to
the mode of action can be resolved. It is alsoliighestionable what toxicogenomics
has to offer with regard to hypothesizing and tegstmechanisms that would explain
cancer inducement or promotion through RF EMF.

Uncertainty Uncertainty Uncertainty Ambiguity
associated with due to limited due to
methodology knowledge variability
Uncertainties
pertaining to
exposure
Uncertainties
pertaining to ?
mode of action
Uncertainties
pertaining to ? ?
susceptibility
Uncertainties
pertaining to + +

cancer risks

Figure 5 — Summary of findings (bullets indicatechether various sources of
uncertainty (columns) impact upon particular RF EMti€ertainties (rows); a question
mark indicate that it is less clear; The most righiumn and the lowest row indicate a
kind of summary score, where the arrows indicaé timcertainties pertaining to mode
of action impact upon uncertainties pertainingxpasure and susceptibility).
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Effects Characterisation

Children/fetus *Dose-Response (Animal tests)
Genetic / *Odds ratios (Epid. studies)
Pre-dispg\tion
Other
Effect
e b Cancer Risk
Characteristi A T
Use

patterns
From mobile phones
\ Other stressors

Analogue vs. «Co-carcinogens
digital *Promoters
technology o
icterisation
From other sources /
(environmental exposure) *Duration
*Per event
*Cumulative lifetime exposure
eIntensity

*Pulsed or continuous?
*Temporality (Pre-natal/childhood exp?)

Figure 6 — The salience of uncertainty pertainmgibde of action
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4. Conclusions and discussion

The uncertainties discussed in the current reogstall any definitive conclusion on
RF EMF and (increased) cancer risks. Our analylsthe uncertainties yield that it is
highly implausible that these uncertainties disappa the short run, in the medium
term or even in the long run. Taken into accousmt tincertainties pertaining to new
technology in general (Chapter 2), uncertaintiesoaated with fundamental
methodological issues in human health researchedisas the uncertainties specific to
wireless communication technology (Chapter 3)sitlear that neither animal studies,
epidemiological research nor toxicogenomic studmsnot resolve the cancer question
of mobile telephony.

Even in case it would be possible to identify a mad action, the uncertainty is not

resolved, but will shift to exposure and suscefitypissues. Both the question of

exposure and susceptibility also involve uncertestvhich are problematic to address
and these uncertainties will become more topicalase a mode of action is identified.

It is also to be expected that uncertainties ctiyemot discussed will become more

pronounced. One could argue that increase of tleatfec consensus on the absence of
a mechanism will solve the matter. In that cass¢aptibility and exposure uncertainties
become irrelevant. However, as argued in Chaptscignce can by definition not prove

‘absence’ of a mechanism or ‘safety’ of a partic@gposure. Scientific consensus can
only solve an issue, in case society is willingtrigst the scientific consensus. In the
current post-trust era (Chapter 2), it is quiteikaty that scientific consensus on the
lack of a mechanism through which RF EMF can caaseer or other health effects,

will solve societal controversy and dispel worries.

Our uncertainty assessment suggests that the anfytexicogenomics could seriously
contribute is through identification of a mode ofian, because in that case the cancer
risks become more ‘certain’. However, the currdatesof the art doesn’t provide any
clues and rigorous testing, replication and vailaawill be required before a candidate
mechanism will be accepted as a scientific facé (satour and Woolgar (1986) for a
detailed description of the laborious process @ fact construction). Due to the
uncertainties described in the current report,ehemo proof that RF EMF induces or
promotes cancer, but the possibility is neithentadfle nor refuted.

Research on RF EMF and health effects in genenal, (ancreased) cancer risks in

particular, and the regulatory science endeavoursthis area discussed in this

uncertainty assessment, are a response to sog@tas and public concern. As mobile

phone technology is widespread, an extremely latgeber of people around the world

find themselves exposed. Whether a minority or gorig, whether an increasing or

decreasing number, it is clear that there are geapb are actually concerned and that
there politicians and other constituencies whortltencerns serious. In Box 4, we

illustrate that the issue of mobile communicati@chinology and health risks is so
widespread that it is already part of popular geltu
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Box 4 — RF EMF health risks in popular culture

Excerpt from the novel “Through a class, darkly’gnna Leon (2003; English
original of quote was provided by the publishetha Dutch edition (2006): De
Bezige Bij, Amsterdam):

‘He doesn’t have telefoning’ she said, this time her voice carefully resteain
He won't use one because he believes the wavesdhag out of it are bad for
his brain.” From her voice, it was evident howldittredence she gave this
opinion. ‘That’s another idea he got from his bqbkke said. ‘It's not enough
that he thinks he’s contaminated; he’s got to théi&foniniare dangerous.’
‘Can you believe that?’ she asked with real cutyosCan you believe they'd let
that happen, that rays could come out and hurt’you?

During our research, one of us also saw a parflaf enovie, i.e. another form of
fiction, in which a complot theory about wirelessyanunication business and
cancer risks constitLd the main plot of the movit

Our uncertainty assessment reveals that in thie chsssical and regulatory science,
with or without toxicogenomics, cannot remove tbeistal concern, at least not in the
short run and the medium term. However, societyncarand won’'t wait. The
controversy will continue to exist and societaloast whether mobile communication
companies, local, national and international regua agents, non-governmental
organizations, activist networks and citizens, wevdit. They will act in one way or the
other. From a pure scientific point of view, theldi of toxicogenomics is a welcome
new member of the scientific family. However, infegd by our uncertainty assessment,
we prefer to damp the expectations inscribed inMi&A project about toxicogenomics
and the assessment of health effects associated RE EMF and wireless
communication technology. Informed by our uncettaiassessment, we prefer to
suggest that a shift in research focus is needesmn natural scientific and
epidemiological investigations into biophysical magisms and health effect®
interdisciplinary social scientific research on tpats and mechanisms involved in
controversies pertaining to innovation in general this controversy in particular. That
kind of research won’t solve the controversy eithmrt it may provide clues for the

45



Maastricht University IMBA WP 1

involved actors to learn and to develop new waysdeéling with the demanding
societal challenges and dilemmas posed by innavatio

Epilogue

As argued in Chapter 2, certainty claims about antan risks’ are likely to increase
controversy. We realize that also our uncertairsigeasment, in case it would be taken
up by societal actors, could fuel controversy, bseaof the tendency among some
readers to read uncertainty as a sign of risk. |Bmwagh any researcher wants that his
work is read by a large audience, in this case awe lour doubts. At the same time we
would not be willing to classify our research a®rfidential’ or hamper wider
dissemination of this report beyond the projectriea

Performing this uncertainty assessment has foreetb uead a wide range of review
reports and opinions on RF EMF and health effékdswe are also using mobile phones
and live in the vicinity of base stations, we couldt escape developing our own
personal views on potential health risks. Especidie ones in our research team not
involved in RF EMF and health effects research tgefbe IMBA project, got in first
instance scared when they found out which heafdcesf are anyway discussed in the
context of wireless communication technology (semx B). We will continue to
emphasize that it is impossible to guarantee thiat BMF induced by wireless
communication technology is safe, but none of op@d using their mobile phone or
wireless networks at home or elsewhere, nor digoivenetworks protesting the siting
of base stations.

Why do we include this epilogue? The authors of tieport subscribe to the so-called
social constructivist view on science, in whichsitargued that the views and opinions
of the researchers do always, in one way or anothgract on the framing of the
research question, the ways in which the researcbnducted, and the manner in which
the results are presented, notwithstanding albssrefforts to satisfy principles of good
research and honest endeavours to “objectify” tisgghts. We have carried out the
uncertainty assessment reported in this repoittérbest way we could imagine and we
have done it systematically and as rigorously ascaudd. But it is important to be
aware that it can be done otherwise. A consequehtiee social constructivist view is
that the self-acclaimed position of science as de€imeutral’ and ‘objective’ is
questioned. With this epilogue, we would like topdrasize that we are well aware that
we cannot distance ourselves from the societalroeatsy on RF EMF and health
effects, but that we are part of it, whether we wwapor not. That doesn’t only hold for
us, but for any expert involved in RF EMF and Healkk research.
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