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) WHO’s AGENDA FOR EMF RESEARCH

INTRODUCTION
General

Potential effects of exposure to static and time varying electric and magnetic fields are
causing significant public and occupational health concerns and need scientific clarification,
Electromagnetic fields (EMF) represent one of the most common and the fastest growing
environmental influences in our lives, about which anxiety and speculation are spreading.
Health effects such as cancer, changes in behaviour, memory loss, Parkinson's and
Alzheimer's diseases, and many others, have been suggested as resulting from exposure to
EMF,

To address these concerns WHOQ established the International EMF Project and is
collaborating with the International Commission on Non-Ionizing Radiation Protection,
International Agency for Research on Cancer, International Electrotechnical Commission,
International Labour Office, International Telecommunications Union, United Nations
Environment Programme, North Atlantic Treaty Organization, European Commission, over
4() governmental agencies, and the following WHO collaborating institutions: National
Radiological Protection Board, UK; Bundesamt fiir Strahlenschutz, Germany; Karolinska
Institute, Institute of Environmental Medicine, Sweden; Food and Drug Administration, USA;
National Institute of Environmental Health Sciences, USA; National Institute of Occupational
Health, USA; and the National Institute for Environment Studies, Japan,

The International EMF Project is assessing health effects of exposure to static and time
varying electric and magnetic fields in the frequency range 0 - 300 GHz. This range is divided
into: static (0 Hz), extremely low frequency (ELF, > 0 - 300 Hz) and radiofrequency fields
(RF, 300 Hz - 300 GHz). The Project was established by WHO in 1996 to:

(1)  provide a coordinated international response to the concerns about possible health
effects of exposure to EMF,

(2)  assess the scientific literature and make status reports on health effects,

(3)  identify gaps in knowledge needing further research to make better health risk
assessments,

)] encourage a focused research programme to fill important gaps in knowledge,

(5)  incorporate research results into WHO Environmental Health Criteria monographs, in
which formal health risk assessments of exposure to EMF will be made,

(6)  provide information on risk perception, risk communication and risk management as
they apply to EMF,

(7)  provide advice and publications to national authorities on EMF issues

(8)  facilitate the development of internationally acceptable standards for EMF exposure.
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The International EMF Project, in collaboration with the International Commission on
Non-Tonizing Radiation Protection (ICNIRP), has completed initial international scientific
reviews of possible health effects of exposure to electromagnetic fields (EMF). These reviews
provide interim conclusions on health hazards from exposure to EMF and gaps in knowledge
requiring further research before better health risk assessments could be made by WHO. They
are summarized in the Munich and Bologna meeting reports (Repacholi, 1998; Repacholi and
Greenebaum, 1998), covering radiofrequency (RF: > 300 Hz to 300 GHz) and static and
extremely low frequency (ELF: >0 to 300 Hz) fields, respectively.

The reviews identified research that had raised unresolved questions about whether
exposure to low-level EMF, particularly over long periods, has any deleterious effects on
human health, WHO’s Research Agenda has been formulated to try to resolve these questions,
The Agenda below resulted from an ad hoc Research Coordination meeting held in Geneva
4-5 December 1997. At this meeting, ongoing research was noted that would meet WHO’s
requirements for health risk assessment, and this was compared with research needs identified
during the scientific reviews, The additional research still needed by WHO then formed the
Agenda below.

For new studies to be useful to future health risk assessments, the research must be of
high scientific quality with clearly-defined hypotheses, estimates of the ability of the study to
detect small effects, and use protocols that are consistent with good scientific practice. Quality
assurance procedures should be included in the protocol and monitored during the study.
Criteria for assessment of EMF health risks used by WHO and the International Agency for
Research on Cancer, are given in Repacholi and Cardis (1997).

This Research Agenda, publications of the Project, updates on activities and further
information about the Project, can be found on the home page at: http://www.who.ch/emf/.

Definitions

The WHO constitution defines health as a state of complete physical, mental and
social well-being, and not merely the absence of disease or infirmity. This definition includes
an important subjective component that must be taken into account in health risk asscssments.
Within the International EMF Project, a working definition of health hazard has been
developed: A health hazard is a biological effect outside the normal range of physiological
compensation that is detrimental to health or well-being. In this definition, a biological effect
is a physiological response to exposure. For the biological effect to lead to some adverse
health consequence, it should be outside the normal range of compensation, in order to place
it beyond normal variation in body responses.

Determining Research Needs

The criteria used to evaluate health risks by the International EMF Project were adapted
from those used by WHO’s International Agency for Research on Cancer (IARC) (Repacholi
and Cardis, 1997). Research needs were identified when the evidence for a health risk was
judged suggestive, but insufficient to meet the criteria for assessing health risk. Research needs




were established on the basis of unconfirmed effects having implications for health, and
replication of key studies to confirm effects. Thus, the overall goal is to promote studies which
demonstrate a reproducible effect of EMF exposure that has the likelihood to occur in humans
and has a potential health consequence.

While in vitro studies can provide important insights into fundamental mechanisms for
biological effects from exposure to low-level EMF, in vivo studies, whether on animals or
human beings, provide more convincing evidence of adverse health consequences.

Epidemiological studies provide the most direct information on risks of adverse effects
in human beings. However, these studies have limitations, especially when low relative risks
are found. Epidemiological studies are important for monitoring public health impact of
exposure, particularly from new technologies.

In these times of scarce budgetary resources it is of importance that the correct mix of
priority studies is performed. Obviously, only studies likely to provide useful results should
be conducted. In addition to scrutinizing the goals of a proposal, it is important to assess its
feasibility and probability that it can detect an effect. Proposed studies should be also evaluated
for:

(i) characterization and/or control of potential confounders,

(ii)  reproducibility of exposure conditions or measurements and their relevance to
human exposures, and ’

(iii)  ongoing quality assurance.

Priority should be given to studies designed to investigate health hazards of concern to
the general public, hazards of potential public health importance (based on the size of the
populations potentially exposed, the extent of their exposure, and the seriousness of the
hypothesized adverse effect), and studies of scientific importance (e.g., testing the relevance
of effects observed or mechanisms postulated on the basis of in vitro or in vivo results).

EMF RESEARCH PRIORITIES
Radiofrequency Fields

Relatively high-intensity RF fields have been shown to cause adverse health
consequences by heating tissues. No adverse health effects have been scientifically confirmed
from exposure to low-level RF fields for extended periods, but certain questions have not been
thoroughly studied. Current and future research should focus on the 900-2000 MHz frequency
range using modulations and pulsing patterns used by mobile or cellular telephone systems.

It is essential for high quality research that accurate assessment of RF field exposure
be an integral part of all future studies and that each research team include scientists skilled
in RF dosimetry. It is recommended that studies have a dosimetric precision of 30% or better.
Development of instruments or assessment methods that can conveniently and accurately



measure an individual's exposure to RF over an extended period is a high priority for future
epidemiological studies.

(i) Several animal experiments, using various RF exposure regimens, are currently
under way, and their results should add to the required database for health risk assessment.
However, at least two more, large-scale standard 2-year animal bioassays, such as those
typically conducted by the US National Toxicology Program, are needed to test for cancer
initiation, promotion, co-promotion and progression. These experiments should expose normal
animals and animals initiated with chemical carcinogens to RF fields in the mobile telephone
frequency range, using one of the common mobile telephone system pulsing patterns, for 2-6
hours daily. Each study should use a range of intensities (normally 4 different SARs), with the
highest being just below the level that may induce temperature changes.

(ii) A large study has suggested that exposure to RF fields increases the incidence
of lymphomas in genetically manipulated (transgenic) mice. There is need for at least a further
two large studies, using designs similar to (i} above, to clarify the issues raised by this study.
Follow-up research is also needed that provides information on the health implications of
effects found in transgenic animals.

(iii)  Additional studies are needed to test the reproducibility of reported changes in
hormone levels, effects on the eye, inner ear and cochlea, memory loss, neurodegenerative
diseases and neurophysiological effects. These studies can be performed on animals, but where
possible, they should be conducted on human volunteers. '

(iv)  Analysis of current epidemiological studies of people exposed to low levels of
RF has not shown any adverse health effects. However, mobile telephone use is relatively
new, and further work is needed. As a general principle, studies on populations exposed to
RF at higher levels, though still below the threshold of heating, are more likely to provide
information regarding the existence of any health effects, even though such exposure levels
may not be representative of general-population exposure. Because of exposure to low levels,
causing limitations on exposure assessment, studies of populations exposed to point sources,
such as broadcast towers or mobile telephone base stations, are unlikely to be informative
about the existence of health effects. Suggestions of an increased incidence of cancer in
populations around mobile telephone base stations have not been substantiated.

There needs to be conducted at least two large-scale epidemiological studies with well
characterized, higher-level RF exposures to investigate cancers, particularly in the head and
neck, and any disorders associated with the eye or inner ear. These studies should preferably
be on mobile telephone users or on workers in industries giving high RF exposures provided
valid exposure assessments can be developed.

) Well controlled studies are needed to test people reporting specific symptoms,
such as headache, sleep disorders or auditory effects, and who attribute these symptoms to RF
exposure. Past human volunteer studies of this type have not successfully linked the symptoms
and exposure. Several more controlled investigations should be performed to investigate
neurological, neuroendocrine, and immunological effects.




(vi)  In vitro studies normally have a lower priority than in vivo or human studies in
health risk assessment. However, such studies can be of great assistance if they are directly
relevant to possible in vivo effects, and address the issues of RF exposure thresholds and
reproducibility for reported positive effects on cell cycle kinetics, proliferation, gene
expression, signal transduction pathways and membrane changes. Theoretical modelling
investigations can be useful if they support in vivo studies by proposing testable basic
mechanisms of RF field exposure.

ELF Electric and Magnetic Fields

Some epidemiological studies have suggested an increased risk of leukaemia in children
living near power lines. Whether this is due to exposure to ELF magnetic fields or some other
factor in the environment, has yet to be determined. Other unresolved issues for health relate
to studies suggesting that ELF exposure may be associated with increases in breast and other
cancers in adults, neurodegenerative diseases, such as Alzheimer's, and subjective or non-
specific effects, e.g. "hypersensitivity" to electricity.

There have been no published studies specifically investigating possible biological
effects from exposure to transients (from switching electric currents) or high frequency
harmonic fields that are normally superimposed on 50/60 Hz fields in living and working
environments. On theoretical grounds, transient or high frequency harmonic fields are more
likely to cause biological effects than sinusoidal 50/60 Hz fields. Additional studies identified
as necessary to complete WHQ’s EMF Research Agenda include:

(1) Thorough surveys of transients and other perturbations of 50/60 Hz fields are
needed to better characterize actual fields and to determine their prevalence in the
environment. These fields are more likely to produce biological effects that pure sinusoidal
50/60 Hz since they may induce signals in cells above their normal electrical noise levels,

(i) At least two 2-year standard bioassay animal studies, like those conducted by
the US National Toxicology Program, with exposures to ELF fields that include transients
(described in (i) above), that test for common types of cancer.

(iiiy At least one 2-year standard bioassay animal study, similar to that described in
(i) above, using sinusoidal 50/60 Hz fields and two such studies using transient-perturbed
fields, to test specifically for breast cancer.

(iv)  Epidemiologists and physical scientists should discuss how to refine their
methodologies and assessment of past and present exposure to 50/60 Hz fields and transients.
This should be followed by pilot studies that test and validate these refinements. At least two
further large, multi-centred epidemiological studies of childhood leukemia are needed that use
the best available methods of exposure assessment, including assessment of transient and
higher frequency harmenic fields.



(v) Large epidemiological studies are also needed to investigate possible
associations between exposure to 50/60 Hz fields and breast cancer or neurodegenerative
diseases. These studies should be conducted on highly exposed occupational groups using the
best available methods of exposure assessment.

(vi)  Human volunteer studies are needed to determine whether ELF fields affect
certain hormone levels (e.g. melatonin}. These studies should extend the exposures beyond
the one night used in past experiments and also test both sexes. It is important that future
studies test for effects caused by transients and other perturbed fields.

If results of current studies of people claiming hypersensitivity ELF fields are
confirmed, particularly studies of their responses to fields applied in controlled laboratory
situations, these reports should be investigated to determine what further research is needed.

(vii)  In vitro studies are needed that are directly relevant to possible in vive effects,
and that address the issues of ELF exposure thresholds and reproducibility for reported positive
effects on cell cycle kinetics, proliferation, gene expression, signal transduction pathways and
membrane changes.

Theoretical modelling investigations are also needed that support in vivo studies by
proposing testable basic mechanisms on how low-intensity fields and realistic environmental
transients might interact with biological systems.

Static Fields

Research to date indicates that static electric fields do not produce deleterious health
effects in humans at levels found in the environment or workplace. Therefore, further research
into their possible effects is not recommended at this time,

Static magnetic fields are known to produce health effects only at very high field
strengths. Technologies, such as magnetically levitated trains, medical diagnosis and treatment,
and industrial applications are increasing in use or are being developed. They use intermediate
or high-intensity static magnetic fields, which could increase public and worker exposure
significantly. More information on possible long-term effects on health from exposure to static
magnetic fields is needed. Studies needed to provide this information include:

(1) At least two standard 2-year animal bioassay studies concentrating on
cancer-related effects. These studies should follow criteria used by the US National Toxicology
Program.

(i) At least two large-scale, multi-centre epidemiological studies on workers that
characterize static magnetic field exposure well, minimize confounding factors, and include
measurements of exposure from other sources of EMF.




(iii)  Additional studies are needed that examine biological effects of exposure to
combined static and time-varying fields, including transients, particularly those found in
transportation systems.

GUIDELINES FOR QUALITY EMF RESEARCH
Introduction

The following set of guidelines has been summarized from the scientific reviews into
the biological effects of EMF exposure held under the International EMF Project (Repacholi,
1998; Repacholi and Greenebaum, 1998). They are intended to assist researchers to complete
studies that will be useful to WHO for health risk assessments. Studies with methodology
deviating significantly from these guidelines may not provide information useful for health risk
assessments. These guidelines have been developed for in vitro, in vivo, human volunteer and
epidemiological studies.

General Experimental Design

1. The project should test a clearly defined hypothesis, using a detailed protocol that
would lead to information directly or indirectly relevant to assessment of health risk from EMF
exXposure.

2. The biological system used should be appropriate to the end-point(s) studied. Threshold
and dose-response data (using at least 3 levels of exposure, in addition to sham-exposed
controls) are sought where possible.

3. Well-characterized biological systems or assays should be used, preferably ones that
are well-established from the scientific literature available.

4. The a priori estimated power of the experiment, based on prior knowledge and the
number of tests planned, should be sufficient to detect reliably the expected size of the effect
(often as small as 10-20%).

5. Good Laboratory Practice (GLP) should be used throughout the design and conduct of
the study (see, e.g. FDA, 1993). A specific protocol, consistent with the GLP guidelines,
should be established and documented. Any changes instituted during the course of the study
should also be documented. The protocol should include randomized, symmetric handling of
specimens and their sources, except when precluded by the nature of the experiment or
biological system. The protocol should include all appropriate controls (positive, negative,
cage controls, sham-exposed etc.). Investigators should be blind to whether they are working
with exposed or control materials; human subjects in laboratory experiments should be
similarly unaware of their exposure status.

6. Quality assurance (QA) procedures should be included in the protocol, including
dosimetry and monitoring of the programme by both a team from within the experimental staff
and an independent group, as required by GLP.



Experimental System and Dosimetry

1. Environmental conditions, such as temperature, humidity, light, vibration and sound,
and background EMF’s, should be measured and recorded periodically. All experimental
conditions should be the same for all groups, except for EMF exposure.

2. EMF’s should be fully characterized and remeasured periodically. Waveform, pulse
shape and timing, frequency spectrum, harmonics and transients from both continuous sources
and from switching exposure systems on and off, should all be measured where appropriate.
Background fields, such as ambient, equipment-derived, and cross-over fields from other
exposure systems, are also important and need to be characterized. Time-varying and static
components should be measured, as well as the polarization and directions of the fields. Field
modulation introduced by experimental factors such as motion of sample shakers should be
noted and measured whenever possible. Positioning of cultures or animals within exposure
systems should be noted and randomized where appropriate.

Data collection and quality assurance

1. The full protocol, including QA, should be followed strictly, as should GLP provisions
for monitoring this.

2. Data should be recorded contemporaneously and back-up copies kept.

3. No data should be discarded without valid reason (e.g. equipment failure, procedures
not followed). Reasons for this should be recorded.

4. As part of the QA programme, at least one independent reassessment should be made
of all or an appropriate sample of specimens, when assays require an independent judgement
by the investigator (e.g. histological evaluations). '
5. Where possible, samples should be stored for future reference.

Data analysis

1. Analysis techniques should be appropriate to the data and hypothesis.

2. The stored data set should contain all data, and if any data are excluded from an
analysis, clear, legitimate reasons for doing so should be recorded.

Conclusions and reports

1. Conclusions should be fully supported by the data and include all important
implications of the data set.

2. Reports should include enough data and information concerning materials and methods
to allow independent assessment of the conclusions and discussion.



3. Timely peer-reviewed publication is essential.
In Vitro Studies

1. Temperature, atmosphere in CO, incubators, vibration, and stray fields from incubator
heaters and fans are sources of asymmetry (differences between exposed and control samples)
that are often overlooked in cell and tissue culture experiments. These must be measured with
appropriate instrumentation and every effort made to ensure that any differences are
minimized, except for EMF exposure of the "exposed” samples.

2, Contemporaneous positive and negative controls, both maintained under identical
circumstances to exposed cultures, sham-sham comparisons of multiple exposure systems,
randomized handling of cultures, and blinding, should form part of the study, as appropriate.

3. To characterize electric fields or induced currents in cultures, electrode geometry and
materials (including agar bridges, etc.), dish shape and dimensions, depth of medium and
specimen dimensions, conductivity (RF and ELF) and dielectric constant (RF only) of medium
are important. In some ELF studies, field values should be measured directly. Electrophoretic
products should be considered and measured, where possible, when electrodes are used.

4, ELF magnetic field experiments should consider the factors above as they apply to
induced current. The angle between applied field and medium, as well as the angle between
applied ELF fields and the local DC field, should be measured. )

5. When using media, serum or other reagents that may have variation from batch to
batch, serious consideration should be given to purchasing and storing sufficient stocks in a
single batch for the duration of the experiment. Similarly, the characteristics of cell lines
derived from a standard source should not be allowed to diverge over time. There should be
backup stocks from the original source. '

6.  For experiments lasting more than a few days and in all cases where samples or stock
cultures are maintained for extended periods or data are gathered or stored electronically,
backup systems must be installed to protect the work against equipment or power supply
failure.

In Vivo Studies

L. The protocol must meet the letter and spirit of all relevant regulations concerning
experiments using animals or other whole organisms and must have the prior approval of all
relevant review boards. ‘

2. Applied EMF field inhomogeneity, temperature, atmosphere (¢.g. humidity, room air
changes, etc), lighting, vibration and noise asymmetries in cage racks or animal care rooms
are often overlooked. These conditions should be measured in each cage location. Randomly
rotating cages can overcome any asymmetries within or between exposed and control groups.



3. Controls should be maintained under identical circumstances to exposed cultures.
Unless the animal is its own control, contemporaneous controls are important. Positive controls
as well as negative controls and sentinel (“cage-control”) animals should all be used, where
appropriate. All personnel handling animals or experimental materials or performing assays
should be blind to exposure status except in special circumstances.

4, Where possible, sham-sham comparisons of multiple exposure systems and randomized
handling of animals, both during experiments and routine cage maintenance, should be
considered.

5. Cage size, materials, bedding, spacing between animals, and animals’ position in the
fields, should be specified. Shielding effects of cages, any metal components and rack
materials, presence of other animals, and changes in field strength as cages become soiled,
should be measured. Micro shocks from cages or drinking apparatus should be eliminated.

6. Source, strain and sub-strain of animals should be specified. Specific pathogen free
(SPF) animals and animals with special genetic characteristics should be tested prior to use.
SPF animals and facilities require special care and trained personnel. The SPF status must be
monitored throughout the experiment.

Human Volunteer Studies

1. The protocol should meet the letter and spirit of all relevant regulations concerning
experiments using human subjects, and have prior approval of all relevant review boards.
Personnel working with volunteers require special training and oversight.

2. Where appropriate, positive as well as negatiVe controls should be used.
Epidemiological Studies

1. The protocol should meet the letter and spirit of all relevant regulations and have prior
approval of all relevant review boards.

2, Study designs should recognize that the exposure metric for possible effects of weak
ELF and weak RF fields is uncertain. Determinations of subjects’ exposures, particularly
historical exposures that are often determined via surrogates, should be validated from specific
measurements where possible. Data should include as much information relevant to alternate
metrics as possible to aid future research. Further information can be obtained from Ahlbom
(1996), Beaglehole et al (1993) and Bracken et al (1993).

Independent Research Review and Administration
1. Independent panels of independent scientists should assess proposed research projects,

advise on the best researchers to conduct the studies, monitor progress of studies, and provide
advisory first-stage review of the research results.
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2. Research sponsors perceived to have a vested interest in the outcome of the studies should
be isolated from all aspects of the research and the researchers. Sponsors might outline the general
nature of the research to be supported. Independent bodies should determine the detailed nature
of the studies, select and oversee investigators, and administer the programme, including funding.

Coordination of Research

Many countries have announced EMF research programmes, and other institutions and
organizations are presently conducting or sponsoring well-managed research. Global coordination
of this research can help ensure that scarce research funding is not wasted on unnecessary
duplication of effort and that all important questions are being studied. The International EMF
Project, in collaboration with the major national and multinational research funding institutions,
can provide a useful facility or umbrella for world-wide coordination and exchange of information
about plans and on-going projects. An ad hoc Research Coordination Committee has been
established under the International EMF Project for this purpose. The Project maintains a list of
research projects that are in progress and seem to fulfill the requirements for WHO’s Research
Agenda. The list is on the Project world wide web home page at: http://www.who.ch/emf/.
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Introduction

In 1997, the WHO International EMF Project developed a Research
Agenda in order to facilitate and coordinate research on the possible
adverse health effects of non-ionizing radiation. In subsequent years, this
agenda has undergone periodic review and refinement.

A major update to the RF (radiofrequencies) Research Agenda was
undertaken with the input of an ad hoc committee of invited scientific
experts who met in Geneva in June 2003. Further input to the RF
Research Agenda came from a WHO Workshop “Adverse Temperature
Levels in the Human Body” held in Geneva in March, 2002, (see
Goldstein et al., Int. J. Hyperthermia 19, 373-384, 2003). The committee
reviewed research in the following areas: Epidemiology and Human
Laboratory Studies, Animal and Cellular Studies, and Dosimetry.
Consideration was restricted to RF; possible effects non-ionizing
radiation from static fields, wide-band and power frequencies will be
considered separately.

The RF Research Agenda defines high priority research whose results
would contribute to the WHO health risk assessment for RF exposures.
Researchers are encouraged to use the Research Agenda as a guide to
studies that have high value for WHO health risk assessments. To
maximize the effectiveness of large research programs, government and
industry funding agencies are encouraged to address the WHO
Research Agenda in a coordinated fashion. Such coordination will
minimize unnecessary duplication of effort and will ensure the most
timely completion of the studies identified as being of high priority for
health risk assessment.

The Research Agenda is ordered in separate sections by the weight
each research activity carries in human health risk assessment:
epidemiology, laboratory studies in humans; laboratory studies in
animals and laboratory studies in tissues, cells and cell-free systems.
Dosimetry is considered separately, but relates to all research . It should
also be recognised that, whilst epidemiological and human laboratory
studies directly address health-related endpoints, cellular and animal
studies are of value in assessing causality and biological plausibility.

Preceding each research section is a statement of “Overarching Issues”,
which have broad applicability to an area of study. Such issues should be
kept in mind when designing and analyzing experimental or
epidemiological studies.

In order to meet the needs for the scheduled human health risk
assessment as well as the needs for a better scientific understanding of
the possible effects of RF radiation, each research activity is considered



in terms of ongoing, short term or urgent needs , and long term or future
needs.

Ongoing: studies now in progress that are critical for the WHO RF
risk assessment and that can be completed in time for such
consideration.

Short-term or urgent needs: studies not yet begun but should be
initiated as soon as possible. The results of these studies are a high
priority need for the WHO RF risk assessment.

Long-term or future needs: studies where results are not expected
in advance of the WHO RF risk assessment. These high priority
studies will provide data critical to future reviews of RF exposure.

Agenda contents

a b WODN -

. Introduction

. Epidemiology

. Human studies

. Laboratory studies: Animals

. Laboratory studies: Tissues,
cells, cell free systems

. Dosimetry
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D, BUN K OEEROESHHERIL, WHO OWFFERRBICHREE L CxHild 2 Z & A3
BaEhb, £OL D iIE, RSO RLERER 2R/ L, D 27 5l
% U TR @O L RIE SNICIEDR S X A LY —R5ET 2HERICTLTHS D,

Z® RF WFZERREIT, T ORFZEESR) RE X< BICBET 2 5% O Y 2 7 FEfc % L
TRVICEBNT S & 9 2efiffge 2 MERIEM N E ] EEELTWD, KEORELIKET
X, AOREEEY 2 7 FHMIC W\ TR~ OWFFRIREIN A T 2 EAIHE S T, &%, ANICH
T 5 EBRENE. B, MR, A D= X LONEIZHEBRT 5, EE R OAICET 5 £
FEHFTEIE, ANORBFEICEETI T FARA v FE2EEE S O TH 53, ek OdEhy
fFgEIE, AR OV Y EOFIC B W CTERH S, W) Z 2@ L
TELARETHD, FUA MY E<BERENE) FBEICRFTT 228, Ui Tomt
I L TEER LD TH S,

HEBHRICBEET A% R By 7 Ak, S RIOMEREICYO TRV AT, i,
— WD U R 7 BE(perception)iIZOWVT D L W BWEE, KX RF & ICE+ 5[
BIZOWTOLYVEWaI 2= —2 g U BREREZDTHD,

LoD T—2 gyl 200446 HlIcA AX 7T —L (hvz) CHgEIN IMERRITEE
R D DR M. 2004 5 10 AWC 7 TN (FxadtfnE) CBME Sz TERSEBETE). LT
2005 4E 6 HIZV ax—7 (AAR) TBMESNZ THMFHE R R Y hU—2 (ZELEFE] T
»5,



KETIH., ERFIIEZIIEOT VA R OGHT OB NI O TR~ & [
EI, EITTOMROES 252 /RT, &2 OFFRIEENZIILLT O X 5 I SEas %
N B

BEERIBAOBmWIFIE=—X : BLUR OB ZAIEWRIZI T 2 R S &2 KBRS 2 Dl
ML IS, BEFEY A7 FHMEICEF Le, HEOEERX v v S 2D 5720 O,

ZDMDAFFE=—X : BRIT < WHEF KT T A 37 FOBRASHE L, R 2
7 GO 78 DA I AF I w59 D A58,

BRSO MEICETHHA RT 4 13, TidaSRaS v,
www.who.int/peh-emf/research/agenda/en/index2.html
www.icnirp.org/documents/philosophy.pdf (Appendix)

s

PSRRI ) R VM B W TR B EECTH S, RF (X< BEOMBZEICEET 5%
DINDEEFLFGEN, BAEEITH TH D, ZNHIZIELTOLOREEND -

1. INTERPHONE -fsfEis K OVE T ARIES C BE 3 2 B BRAG 2R B G FRAFSE A3, 13 A [E
THEESINLTWD, —HOENGH OFERITAFRINTE Y, EHERNZ258E 2006
FELTHREINTWD, BEERA~OREIISFEICETIHERIT. ZOPFRICINESINT
l/\%)o

2. RPN BT 2 EBRA =R — MIFZERS, R E AL KD ERIN D —
W OE 2 ThtGS TV D,

3. /N K O AE g O MRS B9 2 SE B BRBFZE2S . BRI D —EB D [E &« THEfiH TH
50

4. BRI BOHIBEMNX—ZAOFMDOT2d D, H7p 2 i E (GEHUR & O S
ZETe) (IZOWTOMEANT S HEA—F ORI L O TR,

5. BEEIES TR (TV ROT7 oA HEH v —) o i o ars— MaBiF 50
WA AN BT DIEBIRE BRI IR N KA > T, F 7= F MR &0 C o [RIEE DO BFFE N K [E T
TR Th D,

6. A=A LT VT TE, FHHEFOEHN ANY = LoD FRA b GRS
TERS) L OMEL, 13 WO FHZ R 3 EMIBHT 2 3R — MIJEE FEid 5,

INTERPHONE #F4E Cl, #EHEREOMH & SME OB O T L OEERH D E 9
DERET D ETO, BERLZT—2REOND EHFFSNTWD, ZOMETIE, 13
HENCH T DEE T ANDOEM D 30~59 1% DF) 6000 DIEFINED L= T, fMiEE
D LD R RIFEUZ DWW T OIEFIRFRAFE L L CIZIERICHR b O TH D, ZOFED
WFFEIE. B2 RO ) % LR E 2 A R CReRIC U, 1< B & OV Al REME
D& DGR FAZ DN T OFEM R EHRAEED D Z L 2[RRI T 5, {HL, FANIESR

Nz RARA > FLOFHETE R0,

2HEITH R ORI SE T LTEWFZEIC DWW T OB 72 H1EHIL, WHO OBF3ET — & ~_— &
TAFAHE, (http://www.who.int/peh-emf/research/database/en/index.html)
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Z ORI ERERT B2, BIANTY RARA > b (il S OZDMD T > AR
PRIB) IZOWTOMREZAIEEE T4, K oA — MIERFERAIETH S, iz, =
A— MR TIE, MOMEIEEC L > THb SNTHz2=r RARA v b &, WF9EE
FTHEEVIATL Z e TE, BETLIEN (B 720, # 3 HREERER. Hir-e
BN E—2) OFEYL . BRIZHES (730N 725208 TE5, A& ak—
MFZEICIE, TR D70y — L Z24pR L, JEFI AT Tl — a0 R it B
(recall) £ 7= 1T = (selection) XA T AZHWET HNDHEWIEMLH 5,

PR A GHE T DB, NSRY X7 2 HEET 720 OREIRIRH D A RRIC L, #e
HEZICET DX T{ANT — OREIZHET D720, HF7EE I XEERE) 223058 K& O /)
EERT NS THD, MHRIIT 720 T, TSSO RRA b (B e
PR EFOBMRE, HIREE) COEREEDELIETHD, ETOMET D REA
I 6 DIE L BEDOTEY) 2 HEE ORI NRHIIER 28 5 & Th 5,

BRIEA OBV =—X

7. BHEFL—V—ICET A KB RAB ORI E 28— M (BERKUET
RT—F G,

RAL : INTERPHONE #1750 L. 5 ZRJEGIXTHEWITE T, 10 R0 D i dad DE
JEOOTHNTNS R, THLULL DRI FE T2 I1ZRIL S BBEIZEC S8 L
FVR T BEE R TE L2 &6, Filn & 24v— MIZEPEI 5 S5,

JENNZ BTS2 45— MMIFFEIZ G52 5715 5 VO TN 1T, FFE DREEIZ BT 5 5 5
DY X 2 |7 2 FAEGIS G FE7 65 DIRATDF I 2 e L TV S5, FIEEE
N TR F T FIEIRANA T RN E DFFRNE B G RN L 727058 LR, JEAIZ BT
S LNDT 2 N b (B BB, ZEHG) 13, D0 DA TR e X
HTEY, 2d— MIFET—/EICZH ATRE R D T, HESIRE 75,

FERD 0 20 X 5 REFFEIRHON TR Shuoo b 528, L0 KRR ER ) LB
EEBUT, Fbh— bOYA XERELTH I LICE > THBRICHILT 5 2 £ 23T
&%,

8. HEHEREOMEMICEES Z/NEORIER Y R 7 1200 T O R L= FHE B xR
BH5E (EBRTREMEATFE DR IT ) o

R : FH#D RF I GBI L 5 5ZED FJFEIE &1k © /2 EF L T2 1T ERENITEITIE &

A E7Z 0 [INTERPHONE WFFED FAGIFR TIEFHED I 2 — V—(FH I 72 <
Bk TIERD 2 /DT, ZOBFICIZFHITE Ef e o/c ], FHR OVEEEIZ L

S BT DILFIREN & I~ DIL S BRI E V) Z &5, BRI DM
NS D FEIEIZ S 1 T TETEHIZ B DM B P8 XIS NN T 1T S IRAUT DA IZ O

W CDFHENSIE, FHEITH L T OB IS, EHEEDRNEZITFED THie D T,
RO EL T X FERAGR T 72 —F & LT, JEGISEIIEPR ) $ i B,

DO FE=—X :

9. MMM RF 12 BADT B AKICoNT DRI, BEAED KL i
BRIz 3517 % RE MIE S BF— % ORISR, ak— NIRRT,

RAL : O DIFFHEIZ T TERNZIES BEENSIEHEZ 1L, mITS BL~na%
175 (LIZUIZZEDAKF A LT, FhFE LT ICNIRP D1 R 71 > 8 2



&)o WRIZ, ZHODEMIT, RF X< BEIZL SRBFE~DA N7 FIFEET S 7
E O DEFM T B 7EDIZHFIZ#E L T S008 Lt AL, 1X<BEMEICK L
THICIEE ZH O LR D B,

10. FHEROEEROEHEF L —Y —, ROMERLUSNOETORELOT ¥ R A

(BB EREIEDE ~DFEE) ITOWVWTORIME ak— MR

RA : itk — V128517 S i it B VT DM D — i) R e LD T 7 0
LTS, BFNRE ST B, FBAHAESI R Dk R DO F B D BTN b, Zh
LDT 2 PR 2 METFHEICE o TIHED TEETH S, ZH6DT D PUAIGT
HEZ DU COFTF & 24— MIFE Cifili 773 = 23 T& &5,

FHUZEAT 2B DO ELNMLETH Y . ZIUFESPOBHIZ X > THRAIZET S
aR— MIFRREFHEATHIEILTERY, MFEDZY RARA 2 b, KOHWLNS
VIR RSO THY, TNOOMEERAET LI LICL-oTHELND LD
T Zevy, LR OFEEIZ OV TONFZEIL, BEIRSCETR & Wo 727 7 b Al
-T2 b D TH DN, RAIZOWTOar— MFZRICIE, @Iz TEY
— B 7, T ROMRAEMRER, BFWVAXIZONWTOMETIEar— M Emod TR
L LARTIEMEETE VWKL 2727 7 b A (BbFE VRN TR, BHLIEY
b)) bEEnd, Y= Bl T — ) bEERLOT S RRA VB
(ko TR | WREOEATE B RATIMAEY 2 F&@ LT, Fi3
BEBLTHESND) bRV THD,

11. 2To RF BAEREDI b 0L < BEZREAHT 572D DFRE,

R : Z DL 5 LHEIL, RFE, YWPHFEE., Fllr&d DRIz L D) 552203
BB, ZOBFICIE, —IRARICHIZFED, PIZRIT, JFEIL < BER OFHEREEIE <
FBOWXIFFLSE, Fli » 115 « BEWED A N2 FEEED AL NE Th S, iy
REB) ST SLEDN DS, ZDOWIEIE, 55 DREFHITED T AT FEIEICAT L
EE BIEREIZON TOREFHIEDBIER T VA AKX L, [FREEHT S D
&R B,

YN AON L5

NIZBF T BB

NIZBET 5 FEREILTIX, ERART A —F ZHFHLIRET, RF OA~DRELH

RHZENTELN, BMED(acute) BIERIFEIZ OV TORAEIZIRE S5,

RITSE T Lz, £ BEEITH OIS, UTOLONEEND

12. RF 1 Z < @2 FOSKREH] e OVFLERE /) (performance) (Z KT 5% (2 1F5%ET),

18. RN CGEE, 74T F) ROTH (A=A Z VT, 7470 F) 2B 5,
P OBABEIZ BT 5 2 RO,

4. U7 IRE (RAvxz—7r) CEEINZ, BRERK, EBPHRE, FRE

(alertness). HE/J(performance). HEARIZEIT 24> DHFSE,

15. A4 AR D, MAD EEG (MFEX) . KO RPTRIMFE, HEIRIZBd 25 S,



16. HEHEDIERDNH D, F2IE WA DN T O & OV 5 (well-being) 12 B3
% 41EOMTE, HEE, AL A, Tr~—7 BRIZEBITS TNO RO FHEZ &,

17. 74> R, Ay, #EFH, ha, A2V T7, 759 A, a7, R—F K,
XUy, V727, BARIZBITS, B R OBERAREICB T 2 BFZE,

18. HE K T v~—2 1285, Tetrafzmz HW 2R AIZOWTOESHDHFSE,
19. FAVIZBIT 5, BEHEDIERE G T HHERE T L DR ANDOEMAN ORI ET),

RF X< BEIZOWTONICET HHEBR=ENIEEZ T A VT DB, KODDAKE D
I BERIELTENS LNVRWT A v EOREAEEET D L 577 1 b 3L ZwEsr
T LD DRRIRZRPMLETHDH, NI D EREBHIEDOT-HDERT A Tl
R T 4 T OFERPIELSBO R RT = b WNWo o TG A= EFTRETH
Lo EBEIKES—ADTF U A (RKOLBILEREAR) 2R FT2b0L L, —
EWHEMO T CHEATRETH D, (E<ENLAE U DB E 7213 2 98508 03 e+
HATREMEZ RN L, SR E 213 gERR L i e b vy, RET A id, BELAlEET
ERABRIISELMFEICT DL, HOIFEMT T N O TRIFIULZR B,

BERIRM OBBFIFE=—X

20. fWERARIF LN, ERZIZEWV TERICII Bz FHOR#BER T EEG
~OREELBORET ~ETH D,

TRAL : FHEICKS 95 RE DEEED A[EIEIT, FE[EF DR BT BT 5 WAL B 52
J—7" (IEGMP, 2000 #), R4 X527 —nTD WHO UV —2 >3 > 7
(Kheifets ff], Pediatrics 2005 116: 303-313) 12 J- > T S0, il 55,
RF WFFEIZ 350 THEIENENL DB O FFE 3 T S, AL, RF ICL 5 FHE~DEEEC
BTSRRI D> L2370,

DD =—X :

21. 2 L. BATOANKROEIITEDT 7 b L EfFF-TWNDHEZATHD,

By

EsEIL, NCBET 28 % FEhE T 2 OB MBI TR, EIXEENTRWGA,
Flo, BHEFEKERICOVWTHERFJMPEBEICERTEI 2 L VWIORAMB L 5EITHN
5N,

RITSE T Lic, E3BUEEITHOMZEICIE, LTObONREEND ¢

22. BWRINIZ BT 28U EDONSA 4T v A 2O 2 O KEEFZE (Perform A). kK
E72>6 14 (NIEHS)., BANS 14 Ge 7 £723E7H),

23. FA VBT HHBBMO= 2 FRA > MZOWTOSHMRETTE 11 (ETH).

24. 3 v R OMfiFE A+ (cocarcinogenicity) IZEH9- 2 # 3£ /L (] : Pim 1. DMBA,
ENU) #HWz, F L OHERMTE (G2 T 72138 7H),



25. GSM (aFKEH) K UMTS X< #EN T v F OWNEIZIET B O,

26. 178 (] : K& & k(T 5 HE J1(maze performance) (2 K IF§ 88| B9 5 HHIHFSE
(AFRFEH)

27. RF (I<BIC L D 2R LTz, SERICBT 5 1 o7 TOMFEOMERBIITE (1T
)

28. MBI (BBB) D gt & O DM OFRFHEY: (] : ¥ —2 - =a2—n ) Tk
ET . AKFE A D RF OB OBBNERAEITTE (ETH),

29. BINIT < BAE B OB (CNS) 0 R RIE T B £ 5 | (TEI
OB ARA b ERNTET 12T FTORE GET).

30. WHO OF —H# _X—2|Zi%, HEWVEWOREFHT R4 > NEIZETS, L%
OEITHOTaY e/ NRH B,

FAFAEE A 6 1F. BIITFSEITIE. FFE A RE ~0 RIS RIETEIEN 2 A 237 |
(B - BV & 5 OB % B L8 & s 3) ICBIT 2 M VAt & 5 7
AT RETh D, FRFPA BT, < BOF B egimen) (MKHE, Frges
MZ Gt OWENREEEZEET % Th2,

BERIRM OBBFIFE=—X

31. EE~ORBRADEYDIZ BT LD, CNS DRERORE., EMRKOEERD
REICERIETTHEELRHD, HEN., BERFEH, 70 FRA 2 bERWEH
e, BEEENT FRA VY FPLEVIADRETHD, ERT v baricix, HE
BTEZIXHAREH O RFIZ BEEV ADLRETH D,

WAL : FEE DB Bt 129 S WAL FFI 27— (IEGMP. 2000 ), KO- X
KT = TO WHO V—2 22 7" (Kheifets i, Pediatrics 2005 116: 303-
313) TIZHIZ, DI El U TR ZHEIT S 4 2 Ifias R D 1 T, PRXARE
A(CNS), &l 7R OESERDS, TEAERTICIR & EE & 21727 (susceptible) & %
26TV,

DO FE=—X :

32. 72 L. #ITHOEMMNIED T U M L EFSOTNDHEZATH D,

MR FE R DR T = R 2y
HEGTFE

MRk, AEE oM, AR (cell-free) R TOAFIEIL, MY A 7 FHIZ I\ C BRI 1R
FlailoTnod, MlEET VRIT, BGmIEHROL - &b b LEZMIEL, RF F<
BB O ETEE 2T DR T L OMRNR G T LN R~ D -0 DENT-
A CTHD, INbid, IR OEANIEDORKIE LT VA L DIZDITHHTH D (B
HMIEAFZEX RF X< &S 2 ARISZRIET 2BAEREIZA L TR, WITH
7272 RF 5 5 ORI TE %),



RIESET Uiz, £RIFETHORSHONTE (BisdmtE, 748 b= 2%) ORI,
Mo @E L TRy, IKEROCEBRMICBITIDZRERETLSEN, 7—4D
ez WEEHZ LT\ %, BT Okim DO KT, BBERDPBEETH TH %50l
BRI T 2D TH D,

WHO 1% 2005 %12, 7/ L7 ARNTaT A I 7 AT IV~ v ay T~
R TIHFERME L, ZNODOFEZ, BEA NV ART (B EHER) 12X o TEH
BEINDLIDE LR WEMFNSE ., 7 AR KE T 8T 4 — LABRO R r— )T
WETDHZENTEDL, LWHZENERINT, AL, ZNOOFEFELEHER L
WZH Y, BERREY A7 ORI E 21X FRICIEE L TRy, Ziunid, dEtc X
o> THEB LT HERS T BT, Zo378) ZRIEL., EEROARILDT-D
Doy F-HIT L RiRA v D BIRT D720 DO/ — L & U CRIRTRED S LAWY,

BRIBA ORVWBFFE=—X

33. B a v ¥ RIBEMHSP) RV DNA BB L TREHRE SN TWBAHAIZOW
To, EL~L 2W/kg UT) H2WVREREZIIBXREFEZH W, B LEE
BMFE, B8O SAR LNV EOEEE~DEFEEZR Y AL RETH D,

RAL : A (i vitro)WFFED IR & H b 70 B HIE, M L~k T] 5 22D 5] A RE LAY
FHIFZE (155 F I ITHNIIC G D, FFIC0> (B Bl 1) Fidg# S s

HRERIZBTTB) BB E I PEMHELT S L THS, WDRIZ, RITDEO)D
DK FAHDIER (B : REFLEX) ZZ/E L T, #6 < v Tt Z—m7izL > T,
T DHIEDZE G 2 fad S L E DD B,

DO FE=—X :

34. MDA (B : BRTOBMOLER) . R\ BOERH /HEEMEZ It
DEFEICKRIET . RF BT 575,

TRAL : T2 AfIE NS, BRI T, HBIIRIME R IKBETH S = L PBEES
NTNS, ZDGEICEI SHEIZ 270D T, #ill F 7213 E#ik 73 RE 12<
FRICSON U TRBE R ETT 006 LIVRINE VY 9 A[EEMEIZEZETH 5 I,

R =X

RERER B B L TSI S LTV BME— 0 A 0 = X A%, TRE RR72 b NS R O
ROFEIL >THEL D, ZOMD A=K LNBHAET B, T & 7 OREHE
(CE D 2 L AR L,

AH=ZANCETHHEITHOER T =7 VDD, 1ok, RF ST 2 K508
RF EHE2EHFHTHOICREDIZ LML T, T L > TBIKEKRELDOEREZE L 5
L) MAEMFENBERBGET D, EWVWIAREEEZERXTHIHOTHDL, 9L N
HFARARERICAE T D EThUE, ERAREREZROFRENRSH D (77 v K7+ — KR
KOA Y —F o RRY, SERAER# 7 (HPA), Blo7ay =7 M, MR FD LN
LD (subcellular) TV T A« £ F o OBENZTHRL5EDTH D, FiL. &HONDSE
WIZBWT, #HiaMBELOA RSN TS, ZbiZiE, RF NI UV NRT « A=A A
ZHEUTT U —T UV HNVIREICET DA, 0 FIRBIORIR, % > /7 B O AKEL
JEOWE, NEEnd,

BERIRM OBVBIFE=—X



35. 2L, EITHDOMIEDT 7 v L EFHFATNDEZATHD,

R A RY

R A R UICET 2 HEMFEOLEIL, 2 TOXA TOERIFIEICE > T, TOMULRT
WA IR DOT- DD CEHETH 5.,

36. RMULDE I ASA AT v B AHET, FHRELT 1 HH72Y O RF (I < FEIFH
BT 2 EM A REICRA D L OICT D0, BRIZEZHELSEMOIX EL A
T LDTFA TR HOENEEH T TH D,

37. EATH DS OME TIE, Mk OFEERIEICET DT — ¥ X— R HEMKFEE
EOATeZ L2k BEET MEDE 2 SET DS X oA Tun b,

38. L DT D SAR A DFE T LY. %< OFE A TBER I TWA,
BRIEMN OBV E=—X :

39. RHIZEML LT3, EREFEOFARCHEOREL REMOIE B BTtk
VBEIR) DRF =220 T, LB T B DD ERKLETH D, Zhicix, &
BOBREFRNOLDEZEHIZISBLEEND,

RAL : FEBRHIIE < BERNEIT, FFIZTFHEIC D0 T, (AR FEAEIR DFFM & 1351 FEHY
12) 1L BB DIED LNTENGIRICIE DS BED D B, —MRARIZI1T S INIE
SEIZOV TOFYH ARERIGHRITIEEA LS, ZDZ EBETD RF W5
DIFS BMEZHEL < L TS, HERBISLEMNDOIERIZL Y, GIEDELF TR
XSG DT AT & 5 80— IRARIC a4 R L TS AL, ZHED
B4 2B D oA f VITEERSA TS,

40. 12 REBOFHECERO KV A RY 97 « EFNMIZOWTOER DR, @
EOAD RF ZRXVF—RIND KTV A MY w7 « EFADOKEL, NOKIERAGK
OB ET IV (B NE, BEE. R, &, B, BBIR) & ofEEbYE,

R : #FED RF (< BRIFE BIE T SHEHENINY— Fe TR L, 1L<#E>X T4
DEZX#HT 570, SAR Eii/f 7 EDEFE L VRS ETZMETNETH S,

Z DD F=—X

41. EZERICEEDOH S RF I BOEMIZOWTOH-RAZZ 0T L
RO, wA 7w FUX MUBR (B MR E 2 EAEE L~ LT o),

TRAL - L IREEEED X Y = XADBL 6 T8 L, BN LB TDEBIR 7, KON,
TR DFEE S DN TAZSK) T8 IR DR E— 1 DEZEIZ D0 Tl 12 A 15
LT,



*EH R

BENABEEIN ) D OB OREFE~DOEZED AREMEICONT, AROBENH D, Z
DL EIR., VAZEBRLOR 2R Y A 7GR0 A% O 5 % 1 (public
acceptance) |2 B2 KIX L T\ 5, A2 (rational) U A 7 FEIE, B2 U R 7 3
e, FRICARILENT-FE A2 L T2 OB aZ AT 2 4EEHINFZE0 5 OIRZR DO
FCHFT DM IE SN TR T R&EThH 5,

RF ®V 27§84 (perception) X WNY A7 « 2 a=k—3 3 IO TIE, i)
DWFFE LIDMFE LR, ARBFAOMHRIT, VATEHRKL PR RS « a3la=r—T3
VHREE DS AR, EAD Y R 7RI (U AT OFFE (ratings) & FTr) . BURAIHEE

(- FRERAD OF8FE, U R 7 GREOFE K OV E R, ICRIFETA X7
NI HDTHD, BATOWRIZITIUTOLDRH S -

42, —fRARIZE D RF U A7 OB KL OFHEICBE3 2 [ENHHAE (BHoE~ THEITH),
43. U A 73l e VY A 7 il (regulation)(Z B89~ 2 £ [E O A O L /54T,

44. U A7 GBMD)FE )] & 72 RN B T A, FHARYREL KL OF R R &
DEENZ BT D TE 2 E T,

45. RF U 2 7 O 7E (appraisals) |2 B9 5 {5 S (beliefs) & OV&# (attitudes) DRk~ » &
Ny

46. M EF DT O OF|ERRE ORMBIE L N R « a3 2= — g VIEORE
il

TR TRTOMENLETH Y BRNAMITFHTR S 7220,

AT AD Y R 7 BH& (FEROFR. RV, RF (X< 58 LR L OBIEIZ OV TORBAIC
By o &),

A : FTERTREBINZ = I =2 =20r— T 5728, EF, RF 1T EERFEIZO0
COIFHE & > L RNHIRF iR IC 75T B 70, @BHNS = DFR, RO 25 L
JENS =20 & EDPHETIN T SIERIZ DT, B8 S M PLE T H 5,

48. FIEER BT, EEEMABAICBW T, RF OBEHICBET 284, BdE, VX2 - =
RambF—varyrkO) R 7 EHEBKRICHT S, FIEERERVC—BRARDER &
B DM %W D%,

R : Z 4T, —IRDIEEITAS TS 14 2 F IR K VIR DI & PEAF L
I 2= a S DEREE T DEEYIT S U D —ARAI R A, KV 5 L
BERIZX) T B HEHIS A 77575 Z EIZRE 755 5,

49. TBLRI#E (precautionary measures) SARDBESRICKIET A %7 b, K, H
HHVE T2 I IRBENBERORA O A /37 N Z2FET 5.

AL : FEIHEIT DNROIES #5003 ARSI B 3 & 1> 5 FIAIFENSH 5, =
DFFAUL T & DT, R T BLERD B, WZ T, FEHHEPHAIZRIE
Foo ND DT OFe e DIRE F80 B 700, BT S BER 5 A 9= X4 %
HNBNETHS,



50 REDYVR7 « ala=F—ailBits, BEOERE (BRE) ROZFOMOEE
RREAN, VRIZBAKRNY R 7 ERBIRICBWO TR T&E 25454 5,

RAL : FIIZLIIFZ FfL22 12, SIRANC (TR & LT 37280, S/ REMIZSTS

L THI#ET S &7 E L (tune) 75820355, RF DI X2 « 23 2=—23
ANCFBN THFIC DI T S EELRBE (P - 148 (well-being) ), 7 E1F
(significance)), %) DOREE, TD VX2 RHK N U X2 JEIKIZH T 5 B & 7
B BB B B,

51. fERRICEIE S 5 EHERE DA R LR L ERILT 5,

R : PEFEFIM 1%, PEE Y X2 D A[EELE & HE1Z, R I BT S R DS
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2006 WHO Research Agenda for Radio Frequency Fields

Introduction

In 1997, the WHO International EMF Project developed a Research Agenda in order to
facilitate and coordinate research worldwide on the possible adverse health effects of
electromagnetic fields (EMF). In subsequent years, this agenda has undergone periodic
review and refinement.

In June 2003, a major update to the radiofrequency (RF) section of the Research Agenda was
undertaken with the input of an ad hoc committee of invited scientific experts. Since then,
several of the research needs have been addressed and a revision was therefore deemed
necessary. Also, three specialized workshops® have been held since 2003, where research
needs in the RF range were determined. These have been consolidated in October 2005, by an
ad hoc committee of scientific experts, into the present RF Research Agenda, which
supersedes all previous RF Research Agendas.

The specialized workshops pointed out the need for focused research on children especially
regarding brain cancer and cognitive function. The workshop on EMF hypersensitivity (EHS)
indicated that there should be further research to characterize EHS but did not recommend
further studies on the relationship between EMF and EHS since, from the studies completed
so far, there was no substantiated evidence for a causal relationship. Research on potential
health effects from base station RF fields was deemed of low priority since studies of cancer
risk related to such exposure are unlikely to be feasible and informative because of the
difficulty of reconstructing adequately long-term historical exposures.

Researchers are encouraged to use the Research Agenda as a guide to studies that have high
value for health risk assessments. To maximize the effectiveness of large research programs,
government and industry funding agencies are encouraged to address the WHO Research
Agenda in a coordinated fashion. Such coordination will minimize unnecessary duplication of
effort and will ensure the most timely completion of the studies identified as being of high
priority for health risk assessment.

The RF Research Agenda defines as "high priority" research whose results would contribute
significantly to future health risk assessments of RF exposure. The document is ordered in
successive sections according to the weight each research activity carries in human health risk
assessment: epidemiology, laboratory studies in humans, animals, cellular systems, and
mechanisms. It should be recognized that, whilst epidemiological and human laboratory
studies directly address endpoints related to human health, cellular and animal studies are of

! These workshops were "Sensitivity of children to EMF exposure” held in Istanbul, Turkey in June
2004, "EMF hypersensitivity" held in Prague, Czech Republic in October 2004; and "Base stations and
wireless networks: Exposure and health” held in Geneva, Switzerland in June 2005.



value in assessing causality and biological plausibility. Dosimetry is considered separately,
but is important for all research.

Research topics relating to social sciences are included for the first time in this Research
Agenda because of the need to better understand the perception of risk from the general
public and to better communicate on the RF and health issue.

In each section, a brief summary of ongoing research? is provided along with relevant
overarching issues that should be kept in mind when designing and analysing experimental or
epidemiological studies. Each research activity is given a priority as follows:

High priority research needs: Studies to fill important gaps in knowledge focused on health
risk assessment that are needed to significantly reduce the uncertainty in the current scientific
information.

Other research needs: Studies to better assist the understanding of the impacts of RF field
exposure on health and that would contribute useful information to health risk assessment.

Guidelines regarding the quality of EMF research can be found at:
- www.who.int/peh-emf/research/agenda/en/index2.html
- www.icnirp.org/documents/philosophy.pdf (Appendix)

Epidemiology

Epidemiological studies are of primary importance in health risk assessment. A number of
epidemiological studies of health effects of RF exposure are currently under way. They
include:

o INTERPHONE - An international case-control study of brain tumours and tumours of the
parotid gland is conducted in 13 countries. Some results of national analyses have been
published and the international analyses are expected in 2006. Information about
occupational exposures to RF fields has been collected within the study.

e An international cohort study of mobile phone users is starting with partial funding in a
few European countries.

e Case-control studies of brain cancers in children and adolescents are being set up in some
European countries.

e Development and pilot testing of a personal dosimeter for population-based assessment of
exposure to RF fields in different frequencies (including base stations and mobile phones).

e A case control study of childhood cancer, nested within a cohort of children living near
fixed sources (TV and radio towers) is under way in Germany, while a similar study
around base stations is ongoing in the UK.

e In Australia, a cohort study will follow 13-year olds for 3 years and look for relations
between their mobile phone usage patterns and a number of endpoints (such as cognitive
and hearing function).

The INTERPHONE study is expected to provide key data in determining whether there is a
relationship between mobile phone use and head and neck cancers. As a case-control study, it
is very powerful for the study of rare diseases, such as brain tumours, since about 6000 cases
were collected among persons aged 30-59 in 13 countries, covering a population of several
million persons. This type of study allows the statistical power for rare diseases to be

2 More information regarding ongoing and recently completed studies is available on the WHO
research database (http://www.who.int/peh-emf/research/database/en/index.html).




maximized at relatively low cost and to collect detailed information about exposure history
and possible confounding factors. However, only pre-defined endpoints can be studied.

To alleviate this restriction, large-scale cohort studies can be conducted that allow the study
of a wide range of health endpoints (e.g. brain and other cancers, and neurodegenerative
diseases). Moreover, in a cohort study, new endpoints brought up by other research activities
can be included even during the conduct of the study, and the effects of evolving technologies
(e.g. digital, 3G, and new modulation patterns) can be naturally integrated (or tracked).
Prospective cohort studies therefore provide a "surveillance" tool and have the advantages of
avoiding the recall and selection biases common to case-control studies.

When planning epidemiological studies, investigators should consider international
coordination and collaboration to maximize statistical power to estimate small risks and to
evaluate the role of exposure patterns in different countries. Studies should focus not only on
cancer but also on non-cancer endpoints (e.g. chronic diseases such as neurodegenerative
diseases, sleep disturbances). Particular attention should be paid to the use of adequate
estimates of exposure from all relevant sources.

High priority research needs:

e Alarge prospective longitudinal cohort study of mobile telephone users that includes
incidence as well as mortality data.

Rationale: A prospective cohort study is being recommended to build on the results of
case-control studies, such as the INTERPHONE study, which examines cell phone use for
periods of < 10 years, and for which it is not possible to rule out health effects that might
appear after a greater latency period or longer exposure.

The high priority given to the cohort study on adults reflects the recent findings from
case-control studies indicating some risk increases for certain tumours, but where recall
bias or selection bias may have affected the results. Non-cancer endpoints (e.g. sleep,
headache) for adults are of interest because some studies have suggested these endpoints
may be related, and because they can be evaluated concurrently in a cohort study.

Note: Though such a study is being established in Europe, it could be significantly
strengthened by increasing the size of the cohort through broader international
collaboration and additional funding.

e A large-scale multinational case-control study of brain cancer risk in children in
relation to mobile phone use, following a feasibility study.

Rationale: Few relevant epidemiological or laboratory studies have addressed the
possible effects of RF exposure on children [INTERPHONE study did not include
children as the number of long term users among children at the start of the study was too
low for such a study to be informative]. Because of widespread use of mobile phones
among children and adolescents and relatively high exposures to the brain, investigation
of the potential effects of RF fields on the development of childhood brain tumours is
warranted. The uncertainty about the recent findings in adults also applies to children.
Because brain cancer in young people is quite rare, a case-control study is recommended
as the most appropriate and cost-effective approach.

Other research needs:

e Large-scale studies of subjects with high occupational RF exposure, including cohort
studies as well as the use of the RF occupational exposure data within large scale
existing case-control studies.



Rationale: Workers exposed to RF fields in some occupations receive high exposure
levels (often to large areas of the body, and sometimes exceeding ICNIRP guidelines).
Thus these populations may be well-suited to assess whether a health impact of RF
exposure exists. However particular attention needs to be paid to the exposure metric.

e Prospective cohort study of children and adolescent mobile phone users and all
health outcomes other than brain cancer such as cognitive effects and effects on
sleep quality.

Rationale: Cognitive effects and other general health outcomes have been anecdotally
reported in mobile phone users. These endpoints are critical for children because of the
importance of cognitive abilities and learning in early development. The outcomes can be
assessed in a prospective cohort study of children.

A separate study of children is necessary and cannot be combined with a cohort study on
adults for several reasons. Both the endpoints and tools used would be different, so there
would be no gain in coordinating the studies. A study on children and adolescents would
focus on outcomes such as sleep, headaches etc., while a cohort study of adults would
also include outcomes that are more common in older ages such as cancer,
neurodegenerative disease, outcomes that cannot be studied in a young population unless
the cohort is extremely large (not very efficient, and very costly). The tools (e.g.
questionnaires) will also vary according to age and endpoints, and so would the
recruitment of subjects (e.g. adults identified through subscriber lists and children through
schools).

e Surveys to characterize population exposures from all RF sources.

Rationale: Such surveys need to be conducted as collaboration between epidemiologists,
physicists and engineers. The studies should focus on the general population and should
include for instance, the relative contribution of occupational and residential exposures,
and the impact of age, gender and mobility. Regional variations also need to be assessed.
These studies will inform the feasibility of future epidemiologic studies and, if
appropriate, the proper design of residential epidemiological studies.

Human & Animal studies
Human studies

Human laboratory studies allow RF effects to be studied on humans with control of
experimental parameters but are confined to investigations of acute transient effects.

Studies that were recently completed or are ongoing include:

e Effects of RF exposure on reaction times and on memory performance in children (two
studies completed)

e Two studies on cognition and thermophysiology in adults (UK, Finland) and children
(Australia, Finland)

e Several studies performed at Uppsala University in Sweden, on subjective symptoms,
physiological reactions, alertness, performance and sleep



A study on EEG, regional cerebral blood flow and sleep in adults in Switzerland

Four studies on cognition and well-being in adults with and without self-reported
symptoms, including replication of the TNO study, in the UK, Switzerland, Denmark and
Japan

Studies on hearing and auditory function in Finland, Germany, UK, Turkey, Italy,
France, Russia, Poland, Greece, Lithuania and Japan

Several studies in adults using the Tetra signal in the UK and Denmark

EMF perception in adults by subjects with self-reported symptoms in Germany
(completed)

When designing human laboratory studies of RF exposure, special consideration should be
given to establish protocols that avoid design flaws that may have affected some published
studies. The experimental design for human laboratory studies should also consider testing
parameters such as volunteer age and the temporal pattern of exposure. Exposure should
represent the worst case scenario (highest SARs) and be applied under double blind
conditions. Possible heat or acoustic sensations from the exposure by subjects must be
assessed and mitigated or eliminated. The setup design must be well characterized to ensure
reproducible and quantifiable exposure.

High priority research needs:

If ethical approval can be obtained, acute effects on cognition and EEGs should also
be investigated in children exposed to RF fields in the laboratory.

Rationale: Possible RF effects on children were specifically raised by the UK’s
Independent Expert Group on Mobile Telephones (IEGMP, 2000) and the Istanbul WHO
workshop (Kheifets et al. Pediatrics. 2005 116: 303-313). Cognitive effects are a priority
research area in RF studies. However there are only a few results concerning RF effects
on children.

Other research needs:

None, awaiting the outcome of current human and animal studies.

Animal studies

Animal studies are used when it is unethical or impractical to perform studies on humans and
have the advantage that experimental conditions can be rigorously controlled, even for
chronic exposures.

There are many recently completed and ongoing studies, which include:

Two large-scale rodent bioassay studies in Europe (Perform A), one from the U.S.
(NIEHS) and one from Japan (completed or ongoing).

One multigenerational study in Germany with multiple endpoints (ongoing).

New and replication studies using rodent models of carcinogenicity and cocarcinogenicity
(i.e., Piml, DMBA, ENU) (completed or ongoing).

Assessments of effects of GSM (published) and UMTS exposure on the inner ear of rats.



¢ Replication studies of effects on behaviour (e.g., maze performance) (published).

e Confirmation studies to Russian immune system studies that suggest an effect of RF
exposure (ongoing).

e Studies to assess the reproducibility of published RF effects on the permeability of the
blood-brain barrier and other neuropathologies (e.g. dark neurones) (ongoing).

e Study in Finland investigating the effects of prolonged exposure of young animals on the
development of the CNS using behavioural and morphological endpoints (ongoing).

e There are many more ongoing projects on animals in the WHO database with
immunological endpoints, with young animals, etc.

Where practical, animal studies should be designed to include information on the potential
impact of animal age on RF responses (i.e. comparing foetus and juvenile to adult). The
potential role of the exposure regimen (including intermittency, duration) should be
considered in experimental design.

High priority research needs:

o Studies investigating effects from exposure of immature animals to RF fields on the
development and maturation of the CNS, and on the development of the
haemopoietic and immune systems using functional, morphological and molecular
endpoints. Genotoxic endpoints should also be included. Experimental protocols
should include prenatal and/or early postnatal exposure to RF fields.

Rationale: In both the UK’s Independent Expert Group on Mobile Telephones (IEGMP,
2000) and the Istanbul WHO workshop (Kheifets et al. Pediatrics. 2005, 116: 303-313)
the central nervous system (CNS), and the haemopoietic and immune systems were
considered potentially the most susceptible of the various organs and tissues that
continue to develop during childhood.

Other research needs:

¢ None, awaiting the outcome of ongoing animal studies.

Cellular studies and Mechanisms

Cellular studies

Studies in tissues, living cells and cell-free systems play a supporting role in health risk
assessments. Cellular model systems are excellent candidates for testing the plausibility of
mechanistic hypotheses and investigating the ability of RF exposures to have synergistic
effects with agents of known biological activity. They are critical to the optimal design of
animal and epidemiology studies (e.g. cellular studies have the potential to identify clear
responses to RF exposures and thus can be used in studies of new RF signals).

There are several recently completed or ongoing studies (genotoxicity, apoptosis, etc.) mostly
reporting no effects. There have been a large variety of exposure and growth conditions
which makes it difficult to compare the data. Most of the recent controversy is related to
some genotoxicity investigations that are presently under replication.

A WHO co-sponsored workshop on Genomics and Proteomics was held in Helsinki in late
2005. It was noted that these methods can determine, on a genome-wide and proteome-wide



scale, what biological responses may be induced by environmental stressors (e.g. EMF).
However, these methods are still under development and are not relevant to evaluate or
predict potential health risks. They may be used as a research tool to identify target molecules
(genes, proteins) affected by EMF and to provide molecular end-points for formulation of
research hypotheses.

High priority research needs

e Independent replication studies of recently reported findings on HSP and DNA
damage using low level (below 2 W/kg) and/or modulation- or intermittency-specific
signals. The dependence of the effects on SAR levels and frequency should be
included.

Rationale: The most useful contribution of in vitro studies is to establish whether there
are any reproducible biological effects at low level that are signal and/or cell specific,
especially those relevant to cancer (e.g. genotoxicity) or affecting the nervous system.
Therefore, in view of some recently published results (e.g. REFLEX), there is a need to
ascertain the validity of the findings, possibly via a multicentre study.

Other research needs

o Studies of RF effects on cell differentiation, e.g., during haemopoiesis in bone
marrow, and on nerve cell growth using brain slices/cultured neurons.

Rationale: Cancer cells are generally locked into a rapidly dividing and relatively
undifferentiated state. The possibility that haemopoietic and/or neuronal tissue might
show an abnormal growth response to RF exposure would be important because of lack
of investigation in this area.

Mechanisms

The only established mechanisms that relate to health consequences are caused by
temperature elevation and induction of electric currents and fields. Other mechanisms exist
but there is no evidence that they lead to any health effects.

There are a few ongoing experimental projects on mechanisms. One is exploring the
possibility that biological components exist whose response to RF is sufficiently non-linear to
demodulate RF signals and hence produce ELF electrical currents. This could be significant if
it occurred in the central nervous system (Universities of Bradford and Maryland, and the UK
Health Protection Agency). Others are exploring the movement of subcellular calcium ions.
There has also been recent theoretical interest in a number of areas. These include the
possibility that RF could affect the concentration of free radicals through the radical pair
mechanism, excite molecular vibrations or modify the conformation of proteins.

High priority research needs

¢ None, awaiting the outcome of ongoing studies.

Dosimetry

Expert dosimetric support for experimental studies of all types is critical to their proper
design and interpretation.



e Research is active in designing free-running animal exposure systems to ensure that the
large scale, rodent bioassay studies, when taken collectively, are able to optimally address
the requirements for signal intensities and amount of time per day that the animals are RF
exposed.

e Several ongoing studies are adding to the database of dielectric properties of tissues to
include age dependency and therefore improving the quality of the numerical modelling.

e Modelling of SAR distribution in children and pregnant women is also being pursued in
many countries.

High priority research needs

e Research is needed to document rapidly changing patterns of wireless
communication usage and exposure of different parts of the body (especially for
children and foetuses), including multiple exposure from several sources.

Rationale: Experimental exposure conditions need to be based on information gathered
from exposure surveys (in contrast to simple source evaluations), especially for children.
Little information on individuals' exposure in the general population is available which
makes it problematic to estimate the exposure from all radio frequency emitting sources.
Due to advancing wireless communication technology, communication devices used in
close proximity to the body are getting popular in the general public including children
and pregnant women; however dosimetry of different parts of the body in each organ is
still limited.

e Further work on dosimetric models of children of different ages and of pregnant
women. Improvement in dosimetric models of RF energy deposition in animals and
humans combined with appropriate models of the human thermoregulatory
responses (e.g. inner ear, head, eye, trunk, embryo, and foetus).

Rationale: The relationship between SAR and temperature elevation should be better
modelled to predict potential hazards associated with specific RF exposure conditions
and improve the quality of the exposure systems.

Other research needs

e Micro-dosimetry research (i.e., at the cellular or subcellular levels) that may yield
new insights concerning biologically relevant targets of RF exposure.

Rationale: Little is known about the field distribution at the micro-scale and
consequences of non-uniformity of fields on sub-cellular structures and molecules in
terms of mechanisms of bioeffects.

Social Issues

There are public concerns about possible adverse health effects of RF fields from mobile
communications technology. These concerns influence risk management and public
acceptance of scientific health risk assessments. Rational risk management should build on
evidence stemming from both scientific risk assessments and insights from social studies that
investigate this concern through well formulated research.

Relatively few studies exist on RF risk perception and risk communication. The published
studies have investigated impacts of risk management and risk communication strategies on



conflict resolution, individual risk perception, including risk ratings, perceptions of policy
measures (e.g. precautionary principle), and social and psychological determinants of risk
perception. Current research includes:

National surveys on the perception and evaluation of RF risks by the general public
(ongoing in several countries)

Comparative analyses of national risk perception and risk regulation surveys

Investigations into the determinants that drive risk perceptions, including studies on the
role of scientific evidence and scientific uncertainty

Cognitive mapping of beliefs and attitudes associated with RF risk appraisals

Assessment of stakeholder participation strategies and risk communication strategies for
conflict management

All the studies described below are needed and no specific priority is given.

Risk perception of individuals, including studies on the formation of beliefs and
perceptions about the relationship between RF exposure and health.

Rationale: To adequately communicate research results, and to contribute to an
informed public debate about RF exposure and health, more knowledge about the
prevalence of perception patterns, and the concerns shaping these patterns and their
diffusion, is needed.

Studies that analyse, if possible, in an international perspective, conditions of trust
and confidence of stakeholders and the general public in technologies, policies, and
risk communication and management strategies associated with RF applications.

Rationale: This would contribute to a general framework of analysis that helps to
understand the responses of various stakeholders and experts to public concerns and to
increase the effectiveness of communications, and institutional responses to those
concerns.

Assess impacts of precautionary measures on public concern and the adoption of
voluntary or mandatory policies.

Rationale: There is scientific evidence that precautionary measures can increase public
concern. This evidence is preliminary and needs to be confirmed. In addition, studies
should investigate the relevant motives and mechanisms in order to enhance our
understanding about impacts of precautionary measures on policy.

Assess the role of health definitions (well-being) and other important concepts in RF
risk communication on risk perception and risk management policies.

Rationale: In order to effectively inform stakeholders, and society at large, there is a
need to tune the relevant information to target groups. There is an urgent need to know
what role key concepts routinely used in RF risk communication (e.g. "well-being",
"significance", etc.) play and their relevance for risk perception and risk framing.

Quantify the health related beneficial effects of wireless communication.
Rationale: An informed health assessment has to value both possible health risks as well

as health opportunities associated with wireless communication (e.g. increased security,
decreased feelings of anxiety, etc.).



Evaluate the success of programmes for public and stakeholder participation in
various countries.

Rationale: In order to increase trust in national and international risk management,
citizens and stakeholder involvement in risk management has to be secured. In Europe,
such programs could be carried out in association with the European program Trustnet.
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World Health Organization

Children's EMF Research Agenda

http://www.who.int/peh—emf/research/children/en/index.html

Introduction & general comments

The Working Group considered research recommendations for studies relevant to the risk of
adverse health effects in children from exposure to electromagnetic fields (EMFs). The issues
under consideration reflected and amplified the various suggestions and proposals made by the
individual presenters at the preceding WHO Workshop on Childhood Sensitivity to EMFs held in
Istanbul on 9 & 10 June 2004. The workshop proceedings are available in a special edition of

Bioelectromagnetics (in press).

Particular issues included the role of extremely low frequency (ELF) magnetic fields in the
development of childhood cancer and possible risks from mobile phone radiofrequency (RF)
radiation, especially regarding brain cancer and cognitive function. Less emphasis was given to
risks from exposure to static fields and to fields associated with security devices. However,
pregnant workers are employed in retail industries with an increasing prevalence of security and
identity devices, including devices for electronic article surveillance (RFID/EAS). A better
understanding of the dosimetry and possible health effects for this region of the spectrum is
needed, since it is not clear that extrapolation from higher and lower frequency regions is

sufficient.

Separate breakout groups considered research recommendations for further epidemiological
studies, laboratory studies (including those using volunteers, animals and /n vitro techniques), and
dosimetry work which were then discussed in a plenary session. The relevance of these different
studies to health risks in people varies. Epidemiological studies of the distribution of disease in
populations and the factors that influence this distribution provide direct information on the health
of people exposed to an agent and are given the highest weighting. However, they may be affected
by bias and confounding, and their observational nature makes it difficult to infer causal
relationships, except when the evidence is strong. Experimental studies using volunteers can give
valuable insight into the transient physiological effects of acute exposure, although for ethical
reasons these studies are normally restricted to healthy people. Recommendations concerning

laboratory studies using children are, of course, subject to appropriate ethical approval. Studies of



animals, tissues and cell cultures are also important but are given less weight. Animal studies can
often be expected to provide qualitative information regarding potential health outcomes, but the
data may not be extrapolated to provide quantitative estimates of risk, largely because of
differences between species. Studies carried out at the cellular level are normally used to
investigate mechanisms of interaction, but are not generally taken alone as evidence of effects in
vivo. Nevertheless, each type of study has a role to play in determining the scientific plausibility of

any potential health risk.

Dosimetry provides a precise measure of the interaction of EMFs with people, and exposure
assessment provides an estimate of individual and population exposure to EMFs that contributes
to the assessment of the likely impact of exposure on health. Each such assessment needs to
consider all sources of EMF (low and high frequencies) to which an individual or a population may

be exposed.

General recommendations

The Dosimetry Working Group made the following general recommendations:

e A better understanding of foetal and childhood exposure to EMFs is required, including an
assessment of exposure to the high static magnetic fields encountered around magnetic
resonance imaging (MRI) equipment and the lower static magnetic fields encountered in
public transport vehicles, and an assessment of exposure to ELF fields, especially
residential exposure from under—floor electrical heating and from transformers in
apartment buildings. For RF fields, exposure assessment is particularly weak for base

stations and TV and radio towers and needs further exploration. High Priority

Rationale: This information, in combination with dosimetric modelling and an understanding
of possible biological effects, is needed to assess the risk to health posed by such

exposure.

e More—accurate dosimetric models of pregnant women, of foetuses at various
developmental stages (neural tube closure; differentiation and organogenesis; growth) and
of children are needed. In addition, an exploration of EMF microdosimetry at the cellular or

subcellular levels should be supported. High Priority

Rationale: Dosimetric information regarding pregnancy and the developing foetus is lacking;
this information is required for a proper health risk assessment. In addition, exploration of

EMF microdosimetry may yield new insights concerning biologically relevant targets.



o Additional data on the dielectric and thermal properties of human tissues and organs at

various developmental stages, including the foetal stage, is needed. High Priority

Rationale: The dielectric constant is a factor that varies with age. Foetal data could be
significantly different from data on children or adults, but it may be very difficult to obtain
ethical approval to acquire experimental data. Perhaps ultrasonic examinations could
provide data on dimensions that may allow estimation of water content, from which

dielectric constants can be derived.

Static fields

Static magnetic fields were not specifically addressed at the Workshop. It was recognized, however,
that there is also a need to address childhood susceptibility to static magnetic fields because of
both developing technologies like magnetic levitation transportation and the ever—increasing use of

magnetic resonance imaging techniques. This led to the following recommendation:

e Future laboratory studies of static magnetic fields should consider the effects of prenatal

and early postnatal exposures in addition to those of adult exposure. High Priority

Rationale: There are few studies of the effects of prenatal and early postnatal exposure,

particularly to very intense magnetic fields (O>1 T).

Extremely Low Frequency Fields

1. Epidemiological Studies

Something of an impasse has been reached in designing studies of ELF magnetic fields and
childhood leukaemia. While existing epidemiological studies show a consistent association, most of
the available studies are of case—control design and are thus potentially subject to selection bias.
To move forward we need innovative approaches, which might include (1) designing studies capable
of evaluateing selection bias (e.g., by collecting data on magnetic fields and participation) and/or
minimizing it (e.g., a cohort study), or (2) identifying large, highly exposed populations (e.g., those
living in apartments next to transformers), or susceptible subgroups (e.g., previously initiated
populations in which magnetic fields act as a second ‘event’ in carcinogenesis). In addition, two
hypotheses concerning causality (contact current and melatonin) were discussed at the Workshop.

All of these approaches and hypotheses pose major challenges.

e Pooled analysis of childhood cancer studies. High Priority



Rationale: Pooled analyses of childhood leukaemia studies have been very informative.
Although new studies would not fundamentally change the results of the previous pooled
analyses, recent studies will add new countries and enough data to probe the results
further. It might be possible to further explore the high end of the dose-response curve.
Additionally, risk modifiers — for example, age — might be further explored. Brain cancer
studies have shown inconsistent results; a pooled analysis of brain cancer studies may also
be very informative, may inexpensively provide insight into existing data, including the
possibility of selection bias, and, if appropriate (i.e., if studies are sufficiently homogeneous),

may come up with the best estimate of risk.

Further studies of ELF exposure and miscarriage. Medium Priority

Rationale: Two recent California studies have reported an increased risk of miscarriage due
to maximum levels of ELF exposure, but the studies have areas of potential weakness in
study design that can be improved. First we recommend studies to identify behavioural
determinants of maximum fields. Further investigation, focusing on early pregnancy loss and

using improved design, would also contribute to this area.

2. Volunteer studies

These recommendations address effects for which there is some supporting evidence in studies

using adults.

Laboratory—based studies of cognition and changes in electroencephalograms (EEGs) in

children exposed to ELF fields in the laboratory, if ethical approval is possible. High Priority

Rationale: Studies of adult volunteers and animals suggest that acute cognitive effects may
occur with short—term exposures to intense fields. Such effects are very important for the
development of exposure guidance (e.g., McKinlay et al., 2004: WHO ELF Research Agenda)

but there is a lack of specific data concerning field—dependent effects in children.

3. Animal studies

These recommendations focus on possible carcinogenic effects, particularly in relation to

childhood leukaemia, and effects in key tissues and organs regarded as potentially susceptible to

EMFs, particularly the developing central nervous system (CNS), haemopoietic (bone marrow)

tissue and immune system. Experimental protocols should include prenatal and/or early postnatal

exposure to EMFs.



e Further development and experimental investigation using appropriate animal models,
including the use of transgenic animals (e.g., Carron et al., 2000), which develop a disease
having similarities to childhood acute lymphoblastic leukaemia. (Animal studies carried out
to date have not used such models.) Experimental studies to include the effects of prenatal

exposure and the combined effects of ELFs and known carcinogens. High Priority

Rationale: The possible role of EMF exposure in childhood leukaemia development is a
priority research area (e.g, AGNIR, 2001: WHO ELF Research Agenda). In addition the
combined effects of ELF-EMFs and known chemical or physical carcinogens and/or

mutagens have been reported in many studies (IARC, 2002).

e Studies of developmental effects of pre— and postnatal exposure to low—frequency EMFs
on immune function and on the induction of minor skeletal variations. Effects of prolonged,
intermittent exposure from the early postnatal period on subsequent cognitive function in

animals. Medium Priority

Rationale: An increase in minor skeletal anomalies is the only consistent finding from a
number of developmental EMF studies in mammals (e...g Juutilainen, 2003). The immune
system continues to develop postnatally; Study of the effects of ELF fields on this system
/s thus a useful means to evaluate them as possible immunotoxicants. Behavioural studies
with immature animals provide a useful and established model for studying possible

cognitive effects in children.

e Further study of possible ELF carcinogenic mechanisms, including exposure to intermittent

fields and transients, both alone and in combination with known carcinogens. Low Priority

Rationale: The possible carcinogenicity of EMFs remains an issue of concern (e.g., IARC,
2002) although the experimental evidence for carcinogenic effects is weak. However,
hypotheses such as those involving the role of signal intermittence, transients or contact
currents have not been widely investigated and the possibility for co—carcinogenicity must

be clarified.
4. In vitro studies

Areas requiring further ELF in vitro study include possible electric field and (contact) current
effects on carcinogenic processes, especially pathways involved in haemopoietic cell
differentiation and proliferation, and on nerve cell growth and synaptogenesis. In addition, further

exploration of the possible role of melatonin in free—radical scavenging is required.



o Studies of ELF magnetic field and induced electric field effects on cell differentiation (e.g.,
during haemopoiesis in bone marrow) and on nerve cell growth using brain slices or cultured

neurons. High Priority

Rationale: As in the recommended animal studies, possible effects on pre— and post—natal
cellular differentiation and tissue development are a priority research area. Cell
differentiation is inhibited during neoplastic progression; cell orientation and migration are
both key processes in development. The developing nervous system and bone marrow are

thought to be key tissues in this respect.

o Effect of EMF exposure on the protectiveness of physiological levels of melatonin against
oxidative damage from free radicals, reactive oxygen species, etc. during haemopoiesis in

foetal and postnatal tissue. Medium Priority

Rationale: Melatonin has been shown to be highly protective against oxidative damage to
human lymphocytes in vitro (e.g, Vijayalaxami et al., 1996, 2004) and similar damage to the
brain tissue of rat foetuses in vivo (Wakatsuki et al, 1999, 2001), possibly by increasing the
concentration of known radical scavengers such as superoxidase dismutase (Okatani et al,
2000). The possibility that EMF exposure may affect the ability of melatonin to suppress

oxidative damage in foetal or postnatal tissue should be investigated.

e Further studies of possible carcinogenic mechanisms for ELF fields, particularly in

combination with known carcinogens. Low Priority

Rationale: The possible carcinogenicity of EMFs remains an issue of concern (e.g., IARC,
2002), although the experimental evidence for carcinogenic effects is weak. The combined
effects of ELF-EMFs and known chemical or physical carcinogens and/or mutagens have
been reported in many studies (IARC, 2002). In addition, hypotheses such as those involving

the possible role of signal intermittence or transients have not been studied.
5. Dosimetry and exposure assessment

A better understanding of the prevalence of earth leakage currents and the potential
consequences of exposure to contact currents in small children (e.g., when bathing), is needed.
Work is in progress to examine the prevalence of contact currents in countries other than the
United States (e.g., in European and Asian residential electrical systems). If exposure to contact
currents is a global issue and some mechanism can be demonstrated, the model should be further

examined.



e Dosimetric modelling of the interaction between induced or injected current and juvenile
limbs should be undertaken, taking account of reduced surface resistance, lack of bone

calcification and the presence of active marrow. High Priority

Rationale: The extent to which electric current flows through the bone marrow of small
children as a consequence of contact which allows an earth leakage current to flow through
their bodies should be further studied.

o Assess exposure to the 217-Hz nonsinusoidal magnetic fields from mobile phones. Low

Priority

Rationale: The pulsating battery current in a mobile phone generates a low—frequency
nonsinusoidal magnetic field (Jokela 2004) in the vicinity of the phone. The field penetrates
without any effect on the skin into tissue. Some preliminary estimates show that the
resulting exposure to induced currents in the head is not much lower than the ICNIRP limit.
Furthermore, it has been suggested that mobile phones are an important source of ELF
exposure, particularly to bone marrow in children’s hands. More detailed investigation of

exposure is necessary to assess exposure quantitatively

Radio Frequency Fields

1. Epidemiological studies

There is little relevant epidemiology at present that examines health effects in children; the
following recommendations address general health effects, including cancers in children who use

mobile phones or live near base stations or radio or TV towers.

e Prospective cohort study of children mobile phone users and all health outcomes other
than brain cancer (see below) but including more general health outcomes such as

cognitive effects and effects on sleep quality. High Priority

Rationale: Since many children are heavy mobile phone users and will continue to be in the
future, they represent a unique population. The type of mobile use among children (e.g. text
messaging), their potential biologic vulnerability and longer lifetime exposure make such a
study desirable. Cognitive effects and other general health outcomes have been
anecdotally reported in mobile phone users. They can be assessed in a prospective cohort
study of children. A separate study of children was found necessary, as it is not possible to
Just extend the age range of a cohort study of adults because the outcomes have to be

assessed by different methods in children and adults, and children’s exposure probably



differs from that of adults’ (more use of pay—as—you—go SIM—cards, more frequent change

of phones and operator).

Case—control study of children mobile phone users and brain cancer. High Priority

Rationale: Brain cancer is an important end—point to study given the location of the
antenna for the phone, but it is rare in children and so this is not likely to be a feasible

end—-point for a cohort study.

Nested case control studies of childhood cancer with improved exposure assessment for
(1) base stations and (2) TV and radio towers. High Priority

Rationale: There is at present a lack of information concerning health effects associated
with living in close proximity to base stations or TV or radio towers. One particular difficulty
/s exposure assessment. Further investigation into improved measures is a critical step in
better capturing exposure from these sources and in determining the feasibility of

epidemiological studies of children living in the vicinity of these sources.

2. Volunteer studies

The following recommendations address effects seen in laboratory—based studies using adult

volunteers.

A laboratory—based assessment of effects of RF exposure on cognition, EEGs, and sleep in
children is recommended as a part of a larger prospective cohort study (see the
Epidemiology section). If ethical approval can be obtained, acute effects on cognition and
EEGs should also be investigated in children exposed to RF fields in the laboratory. High
Priority

Rationale: Cognitive effects are a priority research area in RF studies. However there is a
paucity of data concerning RF effects on children (Goldstein et al, 2003: AGNIR, 2003: WHO
RF Research Agenda).

3. Animal studies

A large U.S. National Toxicology Program (NTP) rodent (both rats and mice) study is likely to be

funded in the near future. The study will examine the toxicity and carcinogenicity of RF radiation

characteristic of mobile phones; animals will be exposed in utero and postnatally. A full

histopathology will be carried out, along with assays of endocrine levels, estrus cycling and sperm

levels, urinary metabolite patterns (as indicators of physiological perturbation), haematology and
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genotoxicity (i.e., micronucleus frequency, DNA-strand breaks, etc.). There will be a particular
focus on changes in blood—brain—barrier permeability and any concomitant neuropathology. [Tissue
may be made available to other research groups; contact Ron Melnick, email:

melnickr@niehs.nih.gov]

The recommendations given below focus on the developing central nervous system, haemopoietic
(bone marrow) tissue and immune system. Experimental protocols should include prenatal and/or

early postnatal exposure to EMFs.

o Studies investigating the effects of prolonged exposure of immature animals to RF fields on
the development and maturation of the CNS, using behavioural, morphological (e.g., synapse

formation) and molecular (e.g., using gene microarrays) endpoints. High Priority

Rationale: Possible RF effects on children were specifically raised by the UK s Independent
Expert Group on Mobile Telephones (IEGMP, 2000): the CNS was considered potentially
one of the most susceptible of the various organs and tissues that continue to develop
during childhood.

e [Effects of prenatal exposure to RF fields on the development and maturation of the
blood—brain barrier. [Note that funded work is likely to begin on this topic in the near future;

see above.] High Priority

Rationale: Possible effects on the adult blood—brain barrier and the potential for resulting
neuropathology have long been a controversial issue in RF research (e.g., IEGMP, 2000-
WHO RF Research Agenda). These studies should be extended to cover pre— and postnatal
development of the blood-brain barrier. (In humans, this development is complete at
approximately 6 months [Rodier, 2004])

o Studies investigating the effects of prolonged exposure of immature animals to RF fields on
the development of the immune system, including microglia cells (resident macrophages)

and induction of autoimmunity in the brain. Medium Priority

Rationale: The immune system also develops during early childhood and is a critical tissue
with regard to possible effects of RF exposure. Studies performed in the former USSR

showed induction of autoimmunity after exposure to RF fields (Vinogradov, 1993).
4. In vitro studies
Studies of possible RF effects on carcinogenic processes, particularly effects on differentiation

pathways and haemopoietic tissue, continue to be of interest. In addition, effects on nerve cell
9
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growth and synaptogenesis are considered worthy of further research. The possibility that
biological tissue can somehow demodulate modulated RF signals to produce biologically significant
ELF electric fields and currents has long been a controversial area. Research into this area, based
on a recently proposed, very sensitive method of detection, is being funded in the UK (Challis, in
press). If real, this effect could have important implications for both childhood and adult exposure.

Other mechanistic studies were also recommended.

o Studies of RF effects on cell differentiation, e.g., during haemopoiesis in bone marrow, and

on nerve cell growth using brain slices/cultured neurons. High Priority

Rationale: Cancer cells are generally locked into a rapidly dividing and relatively
undifferentiated state, and the possibility that haemopoietic and/or neuronal tissue shows
a growth response to EMF exposure was considered to be an important area for further

investigation.

¢ Continued studies of possible mechanisms of RF interaction. Medium Priority

Rationale: Research hypotheses based on plausible interaction mechanisms are a key part
of the design and execution of animal and epidemiological studies carried out in order to
evaluate possible risks to health. There are two hypotheses that are worthy of further
investigation (Challis, this issue): (1.) Whether the mechanism leading to an increase in
free—radical concentrations that has been demonstrated at frequencies below 80 MHz
might also apply at higher frequencies. 2. Whether the above—average temperature rises
that might be expected to occur in electrically conducting regions within thermally
insulated parts of the body, such as the cochlea and vestibular apparatus, are large enough

to cause concern.
5. Dosimetry and exposure assessment

A key issue in this area has been the development of a personal dosimeter in order to greatly
improve exposure assessment (for example, around base stations) for epidemiological studies
(Wiart, in press). Recommendations were made for improved childhood exposure assessment and

dosimetric and thermal modelling.

e Research is needed to document rapidly changing patterns of phone use (SMS, email,
classical phone communication, etc.) and exposure of different parts of the body for

children and foetuses. High Priority

Rationale: This research would be required to complement epidemiological studies.
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Exposure surveys (in contrast to simple source evaluations) to assess children’s exposure
are lacking, but urgently needed. Service providers are important sources of information
regarding exposure and should be encouraged to participate in exposure surveys and

epidemiological studies.

e Dosimetric models of RF energy deposition in children and foetuses, combined with
appropriate models of human (childhood) thermoregulatory responses, should be developed.
High Priority

Rationale: These dosimetric and thermoregulatory models are required in order to predict
potential hazards associated with specific RF exposure conditions (Goldstein et al., 2003;
WHO RF Research Agenda). Dosimetric calculations and realistic modelling of exposure to
the foetus under various exposure scenarios (e.g., with and without a hands—free device)

are needed.
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iz b T, BRI Y A2 O ATREED R HEMS 5 720010 22 2 BBIN (AT
10— 15 4EH) #9625 £ CREES LD & Th B,

o AT RE DRI IC I L 7N DRRESL Y X 2 1255 AHE 2 [FEIE BIXTRETE (67T
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b b, AaR KO TORBRIFIEORGE L RICEWN T, Ry A b VI K DRHEFRERIC
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%, BEEEERN D DIEL B2 /e L T 572012, iz DX A 7D RF FBAJICF R
EL BERITHEYNIL DB END B, HRY, 7 =7) LERH D,

WD L ST, T Pz & 2006 1IZBWO THEENEN 2N EW ERIE S L TUVW T

o HBDTEALNT 5 DENES BEE 50, ZHIZEIL L T SHERIF OFWHANZ — 5L O
LR DR 4 R DILS BE (FFIZANIE EHGIE) &7t 55 72 0 DIFFED L ZE T 5,

LB LEREFEN SOOI BB I OELSFE LTV AICEA LT, W OO ERA
F &N (Foster & 2007; Martinez-Burdalo & 2009) . =Dl TH CTH 5, EHD
AU DOWTEEDO LT VA EETDHZ LIXRETH LN, ARINHEIL. —F
DOREVRFT IV A ZERL TEHMHELTEBY, 2fixE LT, IX<KEIA R T A4 & DOBE
THD L, HAMIE BIFRMEN NS WD &2 RH L7 (Schmid 5 2007a & 2007b)
R BRI S CRFF S o8RG (E7 X2 ) 2 ORlodEwE) IR
SRR mIX BRI TH Y | FIREATMMOBAERNGFET H 2 Lz kv, HEEEER
EOMERTEO AT SAR ME-> 0D O3 DI LB T 5 L idlbivZev, & ~ 8.,
A E DR BEVAT LOFRFHTBNTH R A MUSEIZIERTH D, f B
ESFEV AT AT, BfioEH 2R e L OSARICR 72, A& T A O G
fbtbEFEN5,

o [l LRAERR D FHLES J ONFAG D N2 X N Y BT BT B B FE D — B D, )l
WIS T & f o S U TEBIY B L ONAKIC 5175 RE =R F— R D N X p Y E5
NDHEE (P2 iL, NH, RS HRER, 4KER, R, #5E),

Bx el L RN O 7 7 o b AT AFEENBAEIIFIHATRETH U (Christ © 2010a; Lee
5 2010) | HEx ZRERO L, i LR ICEBIT D SAR AR OV T EERRFIE N AR
S TW% (Christ & 2010b; Dimbylow & Bolch 2007; Dimbylow, Nagaoka & Xu 2009;
Uusitupa & 2010) , EEx ZRFIRERPE CTD SAR AR DET MAbZe £, & BITEEAM/R R
bEHETHIES N TV D, MIRERET VE2ED, v 7 rRB X0 7 OB L
ETH#ITHTH D, I U A— MULLTOHBECOIRE EF-25 0, M7 FiofEiE s
MaTE&n T3 (Schmid,Uberbacher & Samaras 2007; Schmid & 2007c) . BFEO R
HETHWONAWEETIX, DL /NS 2R CEROH HIREOEEHIIR NI
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Fujiwara 2009) . H L., FRDOHTA RTA4 L IZBWTHIREN ZXEYHE L L CRE
ERABREENDEBZD70IX, ZOSBHOMEOHEREIL, X0 @SWELIEN 2> Th
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o oM DHFE=—XE LT, Iz m FX PR (FIZIE I ~) 1E YT
HIZ 2 & 17721 BEDIFRIIC B L T, Fr LV IiER & 5] & M7 AfREIER & 5,
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B FART, EHEF - FLRAEHE. BRT —2BEM. 7TEYNSYF T L RFID. BHD
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.Y TTN—THHEERTILENH D, (FBIERE. BICAREBFEEICLLIBARIEELE
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Wrge. B L USRS (Hom, Moles Plaza & Palmen 2009) O FREIL. 4
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RELTDHMA~EHHRIEDLZ LN 2R LT,
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WHO Headquarters - Geneva, Switzerland - Room M 505 9-10 February 2010
WHO Research Agenda for Radiofrequency Fields (2010) AGENDA

Tuesday 9 February #&K: E. van Deventer
9:30 Welcome and introductions M. Neira, Director PHE
9:45 Purpose of the meeting and expected outcome E. van Deventer

10:00 Checklist for health research priority setting R. Terry

10:30 Coffee break

11:00 Discussion
Criteria for selecting research priorities
Review of draft document

12:30 Lunch

13:30 Breakout groups
Review of draft text regarding ongoing research
Ranking research priorities

15:30 Coffee break

16:00 Breakout groups (cont'd)

17:30 Adjourn

Wednesday 10 February #&f: R. Saunders
9:00 Plenary discussion
Reporting from breakout groups
10:30 Coffee break
11:00 Plenary discussion (cont’d)
12:30 Lunch
13:30 Plenary discussion (cont’d)
Steps forward
Conclusions, next steps
16:00 Close of meeting
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1. INTRODUGTION

Health is a state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity (WHO Constitution, 1948)

Telecommunication technologies based on radiofrequency (RF) transmission, such
as radio and television, have been in widespread use for many decades. However,
there are numerous new applications for the broadcast and reception of RF waves
and the use of RF devices such as mobile phones is now ubiquitous. The attendant
increased public exposure to RF fields has made its effects on human health a topic
of concern for scientists and the general public.

To respond to these concerns, an important research effort has been mounted
over the past decade and many specific questions about potential health effects of
RF fields have already been investigated by scientists around the world. Nonethe-
less, several areas still warrant further investigation and the rapid evolution of
technology in this field is raising new questions.

Social concern has accrued over the years and is influencing risk management at
national and local levels and public acceptance of scientific health risk assessments.
Risk management is built on evidence stemming from both scientific knowledge
and insights from social studies that investigate this concern. Therefore, this docu-
ment identifies specific research needs in both basic science relevant to health risk
assessment and social science areas pertaining to public concern and risk com-
munication, highlighting their importance in meeting public health needs.

Background

Understanding the health impact of electromagnetic fields (EMFs) falls within the
mandate of the World Health Organization (WHO) — in the area of environmental
health. WHO aims to help Member States achieve safe, sustainable and health-
enhancing human environments and protect populations from biological, chemical
and physical hazards. In this context, WHO established the International EMF
Project in 1996 in response to general concern over potential health effects of wide-
spread EMF exposure.



One objective of the International EMF Project is to encourage research to study

the effects of EMF on humans. This is in line with one of the six core functions of
WHO, to: “shape the research agenda, and stimulate the generation, dissemina-
tion and application of valuable knowledge”. WHO?’s convening power provides
a unique opportunity to bring together experts to identify knowledge gaps and
information that are essential for the development of evidence-based public health
guidance.

From inception, the International EMF Project has worked to identify knowledge
gaps where further research could improve health risk assessments and to present
a focused research programme to potential funding agencies. In 1997, it developed
a research agenda in order to facilitate and coordinate research worldwide on the
possible adverse health effects of EMFs. In subsequent years, the Research Agenda
for Radiofrequency Fields has undergone periodic review and refinement. The last

major update was undertaken with the input of an ad hoc committee of invited
scientific experts and published in 2006 (WHO, 2006).

Impact

Previous Research Agendas for Radiofrequency Fields have been instrumental in
assisting countries to develop national funding priorities in this area. This publica-
tion aims to be similarly useful for many such programmes currently under review.
An update was deemed necessary as a large number of the study topics highlighted
in the 2006 edition have been undertaken and new evidence published. To this
end, an ad hoc committee of scientific experts met in Geneva in February 2010 to
develop this Research Agenda, superseding the 2006 publication.

Guiding principles

WHO encourages the conduct of science that complies with existing standards for
best practices in research, including those related to ethics (CIOMS, 2002; WMA,
2008) and to good laboratory practice (OECD, 2010). Such standards are to be
applied to govern, manage and improve the quality of research.

Quality of research projects — Research must be of high scientific quality if new
studies are to be useful for health risk assessments and standard setting. This re-
quires clearly defined hypotheses; measurable endpoints; sample sizes with sufficient
statistical power to answer the relevant questions; and the use of protocols that are
consistent with good scientific and ethical practice. Quality assurance procedures
should be included in the protocol. Further discussion regarding the quality of
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EMF health effect research has been developed over the past several years (ICNIRP,
2002; Monte Verita Workshop, 2005).

Accessibility of data — There is an increasing demand for more accountability
and transparency in the reporting of research findings and the sharing of research
data through publicly accessible databases (Pisani & AbouZahr, 2010); and for the
use of evidence in the development of policy. It is expected that the outcomes of re-
search highlighted in this document will be publicly available and will facilitate the
development of consolidated evidence, ultimately providing authoritative health
information to support the decisions of policy-makers.

Purpose and audience

The purpose of this Research Agenda is to promote research areas that have rel-
evance to public health, particularly those that can:

* reduce scientific uncertainties through health effects research; and

e respond to public concern through the development of better risk communication.

The document is organized by two main themes: (i) needs for health effects
research; and (ii) needs for social science research.

A brief summary of ongoing research is provided for each type of health effect
research study, along with overarching issues relevant to the design and analysis
of future studies. Research topics relating to social sciences are also of great im-
portance because of the need to better understand the general public’s perception
of risk and to communicate more effectively on the RF-related health issues. This
is seen to be a particularly important area for further research in order to develop
better risk communication strategies.

This publication is intended for use by researchers and funding agencies. Re-
searchers are encouraged to use it as a guide to studies that have high value for
health risk assessments and risk communication. Research funders and other key
partners are encouraged to align global resources to address the Research Agenda
in a coordinated fashion in order to minimize any unnecessary duplication of effort
and maximize the effectiveness of large research programmes.

Scope

This Research Agenda addresses research priorities of public health relevance within
the frequency range of 100 kHz to 300 GHz. By far the majority of topics con-
cern the health effects resulting from exposure to the wireless telecommunications



frequency range. New RF technologies are of particular interest as many employ
novel RF modulations such as mobile/cordless phones, wireless data networking,
asset tracking and identification, wireless transfer of electrical power and body
imaging/scanners.

This document covers exposure of the general public and workers but does not
include patients under medical care. Topics relating to measurement methodologies
and to electromagnetic compatibility (EMC) issues are also outside the scope of
this document.

This Research Agenda is developed ahead of the major hazard/health risk evalu-
ations that the JARC and WHO are due to carry out over the next two years. It
focuses on identifying short- and long-term research needs that will enable more
complete health risk assessments to be undertaken and communicated more ef-
fectively to the public.
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2. PROGEDURES

The process that resulted in the publication of this Research Agenda for Radiofre-
quency Fields is described below.

Initially, background documentation was prepared to assist the WHO Techni-
cal Consultation participants — the International Commission on Non-Ionizing
Radiation Protection’s recent review of RF research (ICNIRP, 2009); a published
list of research needs from national agencies (AFSSET, 2009; NRC, 2008) and in-
ternational organizations (EMF-NET, 2009; SCENHIR, 2009); and a summary of
ongoing research were circulated prior to the meeting. The Technical Consultation
meeting was held 9-10 February 2010 in Geneva, Switzerland in order to develop
a list of research recommendations.

Process for setting research priority

The process for developing the priorities is described below.

1. Create a list of research options, by research domain

A survey was undertaken to compile a list of possible research options to assist the
technical group (see below) to formulate the Research Agenda. This aimed to ensure
inclusiveness by consulting various stakeholders, including individual researchers,
with diverse backgrounds and viewpoints. Members of the International Advisory
Committee (IAC) of the International EMF Project helped to compile a list of
experts in their respective countries. In November and December 2009, around
400 experts from this list were requested to complete the survey and provide their
research recommendations. The 88 replies received contained over 200 research
needs that were compiled according to pre-defined areas of research, covering the
following research options:

e epidemiology
® human studies
e animal studies
e cell studies

® mechanisms of interaction



e dosimetry and exposure assessment

e social sciences.

A rationale was requested for each research option; many of the topics were
either identical or sufficiently similar to allow them to be combined.

2. Gather technical experts and define the context

A technical group comprising nineteen experts (see Annex 1) was assembled in
order to identify the future RF research priorities. The context of the document was
defined in plenary in terms of the scale (global), target population (general public
and workers) and time period (both short- and long-term). Each research activity
is classified by:

e high-priority research needs: studies to fill important gaps in knowledge that are
needed to reduce significantly uncertainty in the current scientific information
and to improve significantly health risk communication

e other research needs: studies to better assist understanding of how RF EMF ex-
posure impacts health and public health concern, which would contribute useful
information to health risk assessment and risk communication.

3. Set criteria for priority setting

The criteria for setting priorities were developed in plenary at the beginning of the
meeting (see Annex 2):

e relevance to public health (scientific concern, public concern, exposure relevance)

potential for filling knowledge gap

scientific suitability (study design and method)

feasibility (in terms of cost, ethical issues, timescale).

Selection of experts

WHO places great value on the technical quality and independence of the par-
ticipating experts and on the transparency of the selection process. In addition
to scientific and technical excellence, WHO considers the need for experts who
possess diverse and complementary scientific backgrounds and provide a balanced
representation of gender and geographical regions. Previous experience and par-
ticipation in national or international scientific bodies is also considered desirable.

10
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Experts were invited to participate solely on the basis of their individual scientific
expertise. They do not represent the governments of the countries of which they are
citizens, or the institutions with which they are associated. The experts designated
to participate in the meeting received no remuneration from WHO but WHO bore
exclusive responsibility for travel costs and subsistence allowances.

Before participating in this Technical Consultation, the selected experts were
required to declare any potential interests associated with the subject (see Annex 3).
Additionally, all participants were asked to disclose any relevant conflicts to other
workshop participants.

11



J. HEALTH EFFEGTS RESEARCH NEEDS

This chapter is ordered according to the weight that each research activity carries
in human health risk assessment: epidemiology; human studies; animal studies; cel-
lular studies; and mechanisms. Whilst epidemiological and human studies directly
address endpoints related to human health, it should be recognized that cellular
and animal studies are of value in assessing causality and biological plausibility.
Dosimetry is considered separately but is important for all areas of research.

3.1 Epidemiology

Epidemiological studies are of primary importance in health risk assessment as
they directly address the exposure and disease occurrence in the population. A
number of epidemiological studies of health effects of RF EME, including some
identified in the 2006 Research Agenda, are currently completed or ongoing. The
most important studies include those listed below.

® A large prospective cobort study of mobile telephone users that includes inci-
dence as well as mortality data.

The COSMOS cohort study includes five countries (Denmark, Finland, the Neth-
erlands, Sweden, United Kingdom). It will evaluate changes in the frequency of
specific symptoms over time (such as headaches and sleep disorders) and also
the risks of cancers, benign tumours, neurological and cerebrovascular diseases.
This international cohort study intends to follow the health of a target figure of
approximately 250 000 European mobile phone users; recruitment is ongoing
(February 2010). Almost all case-control studies address brain cancer but the
cohort study has the potential to study other brain-related disorders and other
diseases. Changes in technology and use of mobile phone practices can be cap-
tured in the longitudinal design. This study remains a high priority and should
be continued until a reasonable follow-up time (minimally 10-15 years) has been
achieved to evaluate potential long-term risks.

® A large-scale multinational case-control study of brain cancer risk in children in
relation to mobile phone use, following a feasibility study.

Two different studies have been developed in order to address this topic. First,
the CEFALO case-control study was performed in Denmark, Norway, Sweden,
Switzerland and the United Kingdom to investigate the risk for brain tumours

12
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in children aged 7 to 19 years in relation to mobile phone use during the study
period 2004-2008. The results should be published in 2011.

The second study, MOBI-KIDS, is an international multicentre case-control
study on risk factors for brain cancer in young people. Over a study period of 5
years and in 13 countries, nearly 2000 young people between 10 and 24 years
with brain tumours and a similar group without a brain tumour will be invited
to participate. After a preparatory phase, recruitment is expected to start in the
latter half of 2010.

e INTERPHONE

This international case-control study of intracranial tumours and tumours of
the parotid gland started in 2001 and has been conducted in 13 countries. Re-
sults of some national and international analyses have been published and the
full collaborative analysis for gliomas and meningiomas was released recently
(INTERPHONE Study Group, 2010). The overall analysis showed no increased
risk for glioma or meningioma with mobile phone use over 10 years. There were
some indications of increased risk of glioma: (a) in the subgroup with highest
cumulative call-time in subjects who reported usual phone use on the same side
of the head as their tumour, and (b) for tumours in the temporal lobe. Biases
and errors prevent a causal interpretation. Nevertheless, these findings require
further elaboration and could be evaluated in the recently launched prospective
cohort study. Future analyses of the INTERPHONE data could include evalua-
tion of the tumour risk in relation to estimated field strength from mobile phones
in various parts of the brain.

Validation studies addressing the sources of error in case-control studies — in-
cluding exposure misclassification, recall bias and selection bias — have been
conducted in conjunction with the INTERPHONE study. The results facilitate
the interpretation of these data as well as results from similar studies. However,
the volume of data obtained from these studies and their inherent sources of er-
ror suggest that there is no justification for further case-control studies of brain
tumours among adults using self-reported exposure data.

Besides these large-scale studies, smaller case-control studies have been conduct-
ed in different countries. Several meta-analyses of brain tumour studies have been
published (e.g. Ahlbom et al., 2009; Hardell et al., 2008; Kan et al., 2008; Lahkola,
Tokola & Auvinen, 2006; Myung et al., 2009). Their coverage of studies has varied,
affecting the overall results, but most have indicated heterogeneity between study
results. This may be attributable to differences in methods and procedures and the
inconsistency highlights the uncertainties inherent in case-control studies that rely
on self-reported mobile phone use.
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Epidemiological studies on far field whole-body exposure from mobile phone

base stations and other transmitters have been conducted in the German research
programme (http://www.emf-forschungsprogramm.de/) and are ongoing in the

Swiss research programme (http://www.nfp57.ch/e_index.cfm). These studies focus
on well-being and nonspecific symptoms of ill health, using personal exposure

meters to obtain more reliable estimations of exposure. The results published so
far (BfS, 2008) do not indicate effects from such exposures in the everyday environ-
ment, although longitudinal studies are still scarce.

High-priority research needs

¢ Prospective cohort studies of children and adolescents with outcomes including
behavioural and neurological disorders and cancer

Rationale: As yet, little research has been conducted in children and adolescents and
it is still an open question whether children are more susceptible to RF EMF since the
brain continues to develop during childhood and adolescence. Also, children are starting
to use mobile phones at a younger age. Given the existence of large-scale cohort studies
of mothers and children with follow-up started during or before pregnancy, an RF sources
component could be added at a reasonably low cost. Billing records for mobile phones are
not valid for children, therefore the prospective collection of exposure data is needed. For
neuropsychological studies, one challenge is to distinguish the “training” of motor and neu-
ropsychological skills caused by the use of a mobile phone from the effects of the RF field.
Any future study should try to address this issue. In any case it should be of longitudinal
design, thereby allowing the study of several outcomes and changes in technology and
the use of mobile phones as well as other sources of RF EMF exposure, such as wireless
laptops.

¢ Monitoring of brain tumour incidence trends through well-established population-
based cancer registries, if possible combined with population exposure data

Rationale: If there is a substantial risk associated with mobile phone use, it should be
observable in data sources of good quality. Such time trend analyses can be performed
quite quickly and inexpensively. By using modern statistical techniques for analysing popu-
lation data it should be possible to link changes in exposure prevalence in the population
to the incidence of brain tumours and, if high-quality surveillance data are available, the
incidence of other diseases at the population level. Given the shortcomings in the exposure
assessment and participation of previous studies based on individual data, an ecological
study would have benefits that may outweigh its limitations.
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Other research needs

e (ase-control studies of neurological diseases provided that objective exposure data
and confounder data are available and reasonable participation is achieved

Rationale: Neurological endpoints, such as Alzheimer disease and Parkinson disease, may
be as biologically plausible as brain cancer and an increased risk would have a major public
health impact. This study could give an early warning sign that can be elaborated further in
the prospective cohort studies. An analysis of time-trends in neurological disease could also
serve as an early warning sign. However, a feasibility study would be necessary in order to
determine whether a good quality case-control study could be carried out.

3.2 Human studies

A large number of provocation studies have been conducted in adults. In general,
earlier provocation studies indicating effects of RF EMF on cognitive performance
have not been replicated in more recent and higher-quality provocation studies.
Therefore, further research on these endpoints is not a high priority. In contrast, re-
cent provocation studies using Global System for Mobile Communications (GSM)
signals have reported effects on brain function, notably on sleep electroencepha-
lography (EEG) and resting EEG (e.g. van Rongen et al., 2009). These studies have
shown moderate consistency to date. The significance of such biological effects on
health per se is unknown, but so far the changes recorded have not been found to
relate to any specific health effects. It is important to clarify the neural processes
underlying possible RF field effects on the brain.

Research with children was identified as a priority in the 2006 Research Agenda:

o [f ethical approval can be obtained, acute effects on cognition and EEGs should
also be investigated in children exposed to RF fields in the laboratory.

There have been only a few such studies to date.

There have been several recent high-quality provocation studies of people re-
porting health symptoms that they attribute to RF EMF exposure.! The results of
these studies do not show any relation between the symptoms that these individuals
experience and RF EMF exposure. Nevertheless, more research on the causes and
treatment of this condition would be valuable in a broader socio-medical context
and is recommended in the social sciences section below.

1. Sensitivity to EMF has been generally termed electromagnetic hypersensitivity (EHS). A more
general term for sensitivity to environmental factors is idiopathic environmental intolerance (IEI)
(WHO, 2005), i.e. environmental intolerance of unknown cause.
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High-priority research needs

e Further RF EMF provocation studies on children of different ages

Rationale: Current research has focused primarily on adolescents; very little is known
about possible effects in younger children. Longitudinal testing at different ages, for ex-
ample by studying children already participating in current cohort studies, is recommended.
This would allow consideration of the influence of potentially confounding factors such as
lifestyle.

¢ Provocation studies to identify neurobiological mechanisms underlying possible ef-
fects of RF on brain function, including sleep and resting EEG

Rationale: These studies should include validation of these effects using a range of brain
imaging methods. They should also include studies investigating possible thresholds and
dose-response relationships at higher exposure levels such as those encountered during
occupational exposure.

Other research needs

No other research needs were identified.

3.3 Animal studies

Animal studies are used when it is unethical or impractical to perform studies on
humans. They have the advantage that experimental conditions can be controlled,
even for chronic exposures.

The 2006 Research Agenda identified the following as high priority.

o Studies investigating effects from exposure of immature animals to RF fields on
the development and maturation of the CNS, and on the development of the
haematopoietic and immune systems using functional, morphological and mo-
lecular endpoints. Genotoxic endpoints should also be included. Experimental
protocols should include prenatal and/or early postnatal exposure to RF fields.

Several studies of acute prenatal exposure and one multigenerational study (e.g.
Lee et al., 2009; Ogawa et al., 2009; Sommer et al., 2009) found no harmful
effects of exposure on the fertility and development of the animals. However, a
study of the effects of exposure of young animals (Kumlin et al., 2007) found a
slight improvement in one of several measures of adult behavioural performance.
Other studies of the effects of prenatal or early life exposure are being carried
out in France, Germany and Italy.
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The possible carcinogenicity of RF field exposure has been investigated in a large
number of long-term animal studies which included classical rodent bioassays,
genetically predisposed animals and studies of co-carcinogenicity. With only a
few exceptions, these studies have provided no evidence of carcinogenic effects
(Juutilainen et al., 2010). The National Institute of Environmental Health Sci-
ences (NIEHS) and the National Toxicology Program (NTP) are funding a large
scale study in the United States that will use mice and rats; include in utero,
neonatal, juvenile and adult exposure; and test both cancer-related and non-
cancer endpoints. The results of the study are expected to be available in 2014
(NTP, 2009), after which the need for further large, long-term animal cancer
studies should be reassessed.

Since the 2006 Research Agenda, major improvements have been achieved in
the design and characterization of exposure systems, in particular for free-moving
animals. It is of critical importance that future experiments include good dosimetry
and statistical analysis, as well as adequate statistical power, a blind design and
proper sham exposure.

High-priority research needs

o Effects of early-life and prenatal RF exposure on development and behaviour

Rationale: There is still a paucity of information concerning the effects of prenatal and
early life exposure to RF EMF on subsequent development and behaviour. Such studies are
regarded as important because of the widespread use of mobile phones by children and
the increasing exposure to other RF sources such as wireless local area networks (WLANS)
and the reported effects of RF EMF on the adult EEG. Further study is required which should
include partial (head only) exposure to mobile phones at relatively high specific absorption
rate (SAR) levels.

o Effects of RF exposure on ageing and neurodegenerative diseases

Rationale: Age-related diseases, especially neurodegenerative diseases of the brain such
as Alzheimer disease and Parkinson disease, are increasingly prevalent and are therefore
an important public health issue. Mobile phone use typically involves repeated RF EMF
exposure of the brain; a recent study has suggested that this type of exposure could affect
Alzheimer disease in a transgenic mouse model for this condition (Arendash et al., 2010).
There are a few ongoing studies of possible RF EMF effects on neurodegenerative diseases
but further studies are required to investigate this subject more fully.
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Other research needs

e Effects of RF exposure on reproductive organs

Rationale: The available data concerning possible effects of RF EMF from mobile phones
on male fertility are inconsistent and their quality and exposure assessments are weak. In
vivo studies on fertility should consider effects on both males and females and investigate
a range of relevant endpoints including RF EMF effects on the development and function of
the endocrine system.

3.4 Cellular studies

Studies in tissues, living cells and cell-free systems play a supporting role in health
risk assessments. Cellular model systems are candidates for testing the plausibility
of mechanistic hypotheses and investigating the ability of RF EMF exposures to
have synergistic effects with agents of known biological activity. Cellular studies
have the potential to identify clear responses to RF EMF exposures and therefore
can be used as a screen for possible effects of new RF signals.

The following research needs were identified in the 2006 Research Agenda.

* [ndependent replication studies of recently reported findings on HSP and DNA
damage using low-level (below 2 W/kg) and/or modulation- or intermittency-
specific signals. The dependence of the effects on SAR levels and frequency
should be included.

A number of studies of RF genotoxicity and effects on gene and protein expres-
sion have been carried out — including the recommended replication studies on
heat shock protein (HSP) expression and phosphorylation (Hirose et al., 2007;
Lee et al., 2006; Valbonesi et al., 2008; Vanderwaal et al., 2006) and on DNA
damage using the comet assay — with mostly negative results (Sakuma et al.,
20065 Sannino et al., 2009; Speit, Schitz & Hoffmann, 2007; Stronati et al.,
2006; Valbonesi et al., 2008; Zhijian et al., 2009). Other studies await publica-
tion. One group in China is exploring whether the impact of RF EMF on cellular
DNA is of cell type dependence by using gamma-H2AX as a more sensitive and
earlier DNA damage biomarker (Zhang et al., 2006).

® Studies of RF effects on cell differentiation, e.g. during haemopoiesis in bone
marrow, and on nerve cell growth using brain slices/cultured neurons.

Few studies of RF EMF effects on cell differentiation have been completed, in

contrast to studies using cultured neurons (Buttiglione et al., 2007; Del Vecchio
et al.,2009; Joubert et al., 2007 & 2008). Several studies of neuronal differentia-
tion following RF EMF exposure are ongoing in Italy and Germany.
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In principle, the use of high-throughput techniques (-omics) should help identify
targets of field exposure when the studies are well-conducted and use rigorous
statistical techniques. (e.g. Blankenburg et al., 2009; McNamee & Chauhan, 2009).
However, many published studies are technically incomplete as they lack sufficient
experimental repetition, replication and confirmation through the use of more
precise quantitative measures. In addition, the magnitude of any changes is usually
small and difficult to interpret. The use of these high-throughput techniques in
exploring possible RF EMF effects may become a priority once these issues have
been addressed.

High-priority research needs

None identified.

Other research needs

¢ |dentify optimal sets of experimental tests to detect cellular response after exposure
to RF fields used in new technologies and co-exposures of RF EMF with environmen-
tal agents

Rationale: A number of in vitro studies investigating the effects of exposure to mobile
phone frequencies/signals, or co-exposures of RF EMF with chemical or physical agents,
have been published in the last fifteen years. Results obtained have been inconsistent and
contradictory, not least because of the use of a large variety of cell types and study ap-
proaches. A set of highly sensitive, well-harmonized cellular and molecular methods should
be developed in order to screen the toxic potential of new types of RF signals used in new
technologies and of co-exposures of RF EMF and environmental agents — especially those
suspected to have toxic effects. This research must be multicentred in order to allow the
widest possible acceptance and application of this screening tool.

e Further studies on the influence of genetic background and cell type: possible ef-
fects of mobile phone type RF exposure on a variety of cell types using newer, more
sensitive methods less susceptible to artefact and/or bias

Rationale: More rigorous quantitative methods should be employed in the evaluation of
positive results that suggest a specific cell type response, e.g. of embryonic cells (Czyz
et al., 2004; Franzellitti et al., 2010), raising the possibility that RF impacts specific cell
subpopulations or cell types. These studies should include a variety of cell types such as
stem cells and cells with altered genetic backgrounds.

19



3.5 Mechanisms

The accepted health effects of RF field exposure are caused by temperature eleva-
tion; non-thermal effects are defined as bioeffects that are not caused by tempera-
ture elevation. However, in practice it is often difficult to assess whether tempera-
ture elevation has taken place. No alternative mechanism of interaction has been
identified to date (Sheppard, Swicord & Balzano, 2008; Valberg, van Deventer &
Repacholi, 2007).

No high-priority or other research needs were identified in the 2006 Research
Agenda.

A recent communication of research findings has reported that non-linear re-
sponses indicative of the possible demodulation of a modulated RF signal did not
occur at around 1 GHz carrier frequencies in cells in vitro (Kowalczuk et al., 2009).

High-priority research needs

None identified.

Other research needs

None identified.

3.6 Dosimetry

Dosimetric evaluations are of critical importance in the design and interpreta-
tion of experimental studies involving humans, cells and animals. They are also
indispensable for developing and validating exposure assessment methods in
epidemiological studies. They provide methods for assessing product safety and
compliance with exposure guidelines and produce comparative exposure data for
risk communication.

Exposure should be assessed using harmonized methodologies. It is necessary to
consider multisource exposure rather than focus solely on exposure arising from
single sources. Specific exposure information on different types of RF sources should
be disseminated adequately (e.g. print, web) in order to permit future multisource
exposure assessment.

The 2006 Research Agenda identified the following high-priority need:

® Research is needed to document rapidly changing patterns of wireless communi-
cation usage and exposure of different parts of the body (especially for children
and foetuses), including multiple exposure from several sources.
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Several studies have been published regarding exposures from novel sources and
exposure scenarios (Foster, 2007; Martinez-Buardalo et al., 2009) and others are
ongoing. With multiple sources, a great number of scenarios could potentially be
considered. Published studies have defined and evaluated certain representative
scenarios and generally these have found combined exposures that are small in
relation to exposure guidelines (Schmid et al., 2007a & 2007b). The situation of
a mobile phone (or another device of similar power) held very close to the body/
head is a uniquely high exposure condition and the presence of other sources
near the body does not seem to modify appreciably the localized SAR in the
vicinity of such a device. Dosimetric research is also active in designing human,
animal and in vitro exposure systems, including live cell imaging, which can be
applied in the context of emerging technologies.

® Further work on dosimetric models of children of different ages and of pregnant
women. Improvement in dosimetric models of RF energy absorption in animals
and humans combined with appropriate models of human thermoregulatory
responses (e.g. inner ear, head, eye, trunk, embryo and foetus).

Model families of phantoms of various ages and both sexes are now available
(Christ et al., 2010a; Lee et al., 2010) and various studies of the SAR distribution
in children of different ages, pregnant women and foetuses have been published
(Christ et al., 2010b; Dimbylow & Bolch, 2007; Dimbylow, Nagaoka & Xu,
2009; Uusitupa et al., 2010). Further work, including modelling the SAR distri-
bution at different gestational stages, is being pursued in several countries.

Macro- and micro-thermal studies, including perfusion models, are ongoing
in several countries. Small anatomical structures in the body have been con-
sidered, including temperature rises at sub-millimetric distance scales (Schmid,
Uberbacher & Samaras, 2007; Schmid et al., 2007¢). No significant temperature
variations have been found at small distance scales with current telecommunica-
tions waveforms and the appropriateness of the 10 g mass presently used in
averaging SAR has been shown (Hirata & Fujiwara, 2009). Further work in this
area would have greater priority if temperature rise was to be considered for
inclusion as a restricted quantity in future exposure guidelines.

e Microdosimetry research (i.e. at the cellular levels) that may yield new insights
concerning biologically relevant targets of exposure as an “other” research need.

Little work appears to have been stimulated, possibly because of the continuing
lack of a reproducible biological effect at non-thermal levels. If such an effect
were found then microdosimetry research would likely play an important part
in understanding the effect.

Research and development is also active in the development of instrumentation
and methods for demonstration of compliance for specific products and exposures
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in the workplace. Both these areas of work are being stimulated by regulatory

requirements in various parts of the world.

High-priority research needs

e Assess characteristic RF EMF emissions, exposure scenarios and corresponding

exposure levels for new and emerging RF technologies; also for changes in the use
of established technologies

Rationale: The work should address the latest developments in areas such as mobile/cord-
less phones, wireless data networking, asset tracking and identification, wireless transfer of
electrical power and body imaging/scanners. It should also consider the possible combined
effect of exposure to multiple sources. This will allow exposures from new devices/scenarios
to be compared with those that are more familiar and with exposure guidelines for risk
communication purposes. This information will also be of value for exposure assessment in
epidemiological studies and in the design of biological exposure systems.

Quantify personal exposures from a range of RF sources and identify the determi-
nants of exposure in the general population

Rationale: The quantification of personal exposure from a range of RF sources will provide
valuable information for risk assessment and communication, and for the development of
future epidemiological research. It is particularly useful for global exposure assessment in
view of the upcoming WHO health risk assessment. The study will also provide baseline
data for identification of any changes in the level of exposure and the dominant contributing
factors over time. Subgroup analyses should be carried out to identify any influence from
demographic aspects of the user as well as the microenvironment in which the exposure
occurs. Exposure metrics should also be considered, especially in combining localized
exposures from body-worn devices and whole-body exposures.

Other research needs

¢ Monitoring of personal exposure of RF workers

Rationale: The exposure patterns of both workers and the general public change continu-
ously, mainly due to the development of new RF technologies. However, workers encounter
industrial sources and exposure situations that lead to much higher energy deposition in the
body. When epidemiological studies on RF workers are performed, it is imperative to monitor
adequately their RF exposure. New instruments are needed to address the lack of adequate
measurement tools for evaluating this type of exposure e.g. portable devices suitable for
measuring different frequencies and waveforms. In addition, a study of the feasibility of
monitoring the personal exposure of RF workers is required for future epidemiological stud-
ies. Such studies would be facilitated by the production of a job exposure matrix (JEM) for
RF workers — in which job designations can be characterized by their exposure.
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4. SOCIAL SCIENCE RESEARGH NEEDS

Public concerns about possible adverse health effects of RF fields from wireless
communication technologies continue unabated in media and policy forums. These
concerns influence risk management and public acceptance of scientific health risk
assessments. Risk management should build on evidence from both scientific risk
assessments and insights from social studies that investigate these concerns through
well-formulated research. Risk communication is central to this process. However,
by their very nature, the results of scientific research are typically provisional rather
than definitive. The results of any single study will typically provide a limited con-
tribution to definitive determinations of health impacts or effects that the public
and policy-makers often seek. These general issues in the biomedical science-to-
policy continuum complicate RF risk communication and highlight the need for
complementary forms of social science research.

A number of social issues were highlighted in the 2006 Research Agenda. Some
of the topics identified have since been addressed and are summarized below.

® Assess impacts of precautionary measures on public concern and the adoption
of voluntary or policies.

The research has mostly explored the question of whether or not awareness of
a precautionary approach has the effect of attenuating or intensifying public
concern. Several research groups have addressed this question, suggesting that
precautionary approaches tend to intensify rather than attenuate perceptions
of risk (Barnett et al., 2007 & 2008; Schiitz, Wiedemann & Clauberg, 2007;
Timotijevic & Barnett, 2006; Wiedemann & Schiitz, 2005; Wiedemann et al.,
2006). Conceptual scientific considerations of precaution from a social perspec-
tive can be found in the work of Hom et al. (2009) and Stilgoe (2007).

® FEuvaluate the success of programmes for public and stakebolder participation in
various countries.

No such rigorous evaluations of programmes for public and stakeholder par-
ticipation were identified but some published case studies analyse the results of
public participation (or lack thereof) in decision-making processes around base
station siting issues (Drake, 2006; Law & McNeish, 2007). These studies, and
a more theoretical paper (Hom, Moles Plaza & Palmén, 2009), have the core
theme that it is unhelpful to characterize public responses as irrational — more
refined analysis of public responses is required. However, an experimental study
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by Wiedemann & Schiitz (2008) suggested that increased information provision

and participation does not necessarily translate into greater acceptance of the
siting process.

Investigate risk perception of individuals, including studies on the formation of
beliefs and perceptions about the relationship between RF exposure and health.

The studies published in this area since 2006 can best be characterized as explor-
ing the psychological processes that underline responses to risk, using EMF as
an exemplar hazard. Siegrist, Keller & Cousin (2006) demonstrate the impor-
tance of emotion in responses to EME. Siegrist, Cousin & Frei (2008) identify
biases that help explain why lay assessments of risk differ from professional
risk assessments. For example, confidence was greater in studies that showed
a risk, compared to those showing no risk. Confidence was also greater when
risk estimates were in line with prior attitudes, compared to those at variance
with prior attitudes. Finally, White et al. (2007) explored the variability of risk
estimates depending on who is identified as the target of the risk (e.g. self, oth-
ers or children). Most notably they demonstrated that preferences for handset
regulation were predicted by perceptions of risk to others, along with perceived
benefits to self.

In view of the developments in science and society, the following social science
research topics are currently considered important. All the studies described below
are needed and there is no specific priority.

¢ Investigate the determinants and dynamics of RF EMF-related health concerns and
perceived health risks

Rationale: While there is knowledge about several general factors associated with perceived
risk, much less is known about the specific determinants of EMF risk perception — how
people think about EMF technology and select, process and respond to new information.
Knowledge on these issues would enable policy-makers to take measures to better address
people’s perception of RF EMF health risks. In particular, more study is needed to determine
how individual levels of concern may develop and vary over time. Available research sug-
gests that the proportion of people concerned about health risk from RF EMF technologies
has been stable over recent years but there is little knowledge whether this holds true at
the individual level. This makes it difficult to take adequate measures to address concerns
overall. Hence, longitudinal studies monitoring the factors affecting changing patterns of
risk perception over time in the context of risk communication and management strategies
would be valuable.
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¢ Investigate the effectiveness of different formats for communicating scientific evi-
dence regarding health effects of RF EMF exposure and risk information to the public

Rationale: The public often appears to demonstrate considerable misunderstanding of
scientific evidence, especially when there is a lack of conclusive evidence about potential
health hazards, as is the case with RF EMF exposure. It is therefore important to improve the
provision of information in order to enable people to make properly informed and balanced
judgments and decisions about their health and safety. In the process of informing, the
public’s perspective should explicitly be taken into account. Novel tools for characterizing
and summarizing evidence of the health effects of RF EMF exposure should be developed
explicitly from a communication perspective. Different communication formats should be
evaluated empirically by considering people’s concerns and perceived risk; their ability to
manage health threats; and their trust in scientists, risk communicators and authorities.

¢ [nvestigate whether and how people’s perception of RF EMF health risks can affect
their well-being

Rationale: A number of well-conducted laboratory studies show no relation between the
health symptoms experienced by some individuals and RF EMF exposure. Yet, perceived
hypersensitivity to RF EMF remains an issue of concern for those affected and for the
societies in which they live. Further studies should be carried out in order to elucidate
the psychological and psychosocial processes that may influence perceived RF EMF hy-
persensitivity. Interventions which may alleviate the symptoms should also be explored
further. WHO considers this perceived hypersensitivity to be a form of idiopathic environ-
mental intolerance (WHO, 2005) as it resembles other disorders associated with exposure
to low-level environmental factors, therefore research may be broadened to comparative
hypersensitive reactions to other environmental factors.

¢ [nvestigate how RF EMF technologies have been handled in a larger social context

Rationale: Several recent studies have described the multidimensional and interrelated
character of public concerns as well as the interdependence of the science and the social
aspects of mobile communications technology (e.g. Bickerstaff, Simmons & Pidgeon 2007;
Law & McNeish, 2007; Moore & Stilgoe 2009; Wiedemann & Schiitz, 2008). This inter-
dependence can be explored by looking at how different stakeholders have addressed RF
technologies. Such studies could include the history and context of specific RF technologies,
regulations, safety measures and media reports or country comparisons of how science and
policy relations in this field have developed.
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0. SUMMARY

RF Research Agenda recommendations

Health effects research

Priority  Epidemiology

High Prospective cohort studies of children and adolescents with outcomes including
behavioural and neurological disorders and cancer
High Monitoring of brain tumour incidence trends through well-established population-

based cancer registries, if possible combined with population exposure data

Other Case-control studies of neurological diseases provided that objective exposure
data and confounder data are available and reasonable participation is achieved

Human studies
High Further RF EMF provocation studies on children of different ages

High Provocation studies to identify neurobiological mechanisms underlying possible
effects of RF on brain function, including sleep and resting EEG

Animal studies
High Effects of early-life and prenatal RF exposure on development and behaviour
High Effects of RF exposure on ageing and neurodegenerative diseases
Other Effects of RF exposure on reproductive organs

Cellular studies

Other Identify optimal sets of experimental tests to detect cellular response after exposure
to new RF technologies and co-exposures of RF EMF with environmental agents

Other Further studies on the influence of genetic background and cell type: possible
effects of mobile phone type RF exposure on a variety of cell types using newer,
more sensitive methods less susceptible to artefact and/or bias

Mechanisms
None
Dosimetry

High Assess characteristic RF EMF emissions, exposure scenarios and corresponding
exposure levels for new and emerging RF technologies; also for changes in the use
of established technologies

High Quantify personal exposures from a range of RF sources and identify the determi-
nants of exposure in the general population
Other Monitoring of personal exposure of RF workers

26



WHO RESEARCH AGENDA FOR RADIOFREQUENCY FIELDS

RF Research Agenda recommendations

Social science research

NA Investigate the determinants and dynamics of RF EMF-related health concern and
perceived health risks

NA Investigate the effectiveness of different formats for communicating scientific
evidence regarding health effects of RF EMF exposure and risk information to the
public

NA Investigate whether and how people’s perception of RF EMF health risks can affect
their well-being

NA Investigate how RF EMF technologies have been handled in a larger social context
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