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Preface
The Swedish radiation protection agency, SSI (Statens strålskyddsinstitut) has appointed an
international independent expert group (IEG) for electromagnetic fields (EMF) and health.
The task is to follow and evaluate the scientific development and to give advice to the SSI.
The IEG will take recent major scientific reviews as starting points and in a series of annual
reports consecutively discuss and assess relevant new data and put these in the context of
already available information. The result will be a gradually developing risk assessment of
exposure to EMF. The group began its work in the fall of 2002 and presented its first report in
December 2003. This is the second annual report.
The composition of the group for the period of 2002-2004 has been:
Prof. Anders Ahlbom, Karolinska Institutet and Stockholm Center for Public Health, Sweden
(chairman);
Prof. Jukka Juutilainen, University of Kuopio, Kuopio, Finland;
Dr. Bernard Veyret, University of Bordeaux, Pessac, France;
Dr. Harri Vainio, IARC, Lyon, France (currently Occupational Health Institute, Helsinki,
Finland);
Prof. Leeka Kheifets, WHO, Geneva, Switzerland (currently UCLA, Los Angeles, USA);
Prof. Eduard David, University of Witten/Herdecke, Witten, Germany;
Prof. J. Malcolm Harrington, London, UK. (Resigned in August 2004)
Ass. Prof. (Docent) Maria Feychting, Karolinska Institutet, has been appointed scientific
secretary to the group.

Stockholm in December 2004
Anders Ahlbom
Chairman
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Executive Summary
Symptoms
For RF exposure the number of studies available today is too small to allow conclusions as to
whether such fields can cause various symptoms. For ELF fields the situation is different:
quite a number of studies have been performed. In none of these studies have subjects been
able to detect fields at levels that are comparable to those at which they claim to react. So far
no study has been able to prove a link between ELF- EMF and the occurrence of symptoms.
Therefore, the IEG suggests that the term “electromagnetic hypersensitivity” should not be
used.

Cognitive functions/neurophysiology
Recent results on RF exposure and cognitive functions have not clarified the picture. Changes
in cognitive functions have been reported but, as stated in a previous review, the results are
inconsistent and no single clear effect on cognitive function can be identified. The new
results on ELF fields have not provided any information that would alter the conclusions of
the previous reviews (the earlier positive studies generally used stronger fields).

EEG and sleep
Recent investigations on humans and animals have not added clear evidence of alteration of
EEG and/or sleep. In any case, the relevance of minor alterations on EEG and sleep on health
is not significant.

Memory
While new data have not provided evidence that memory of rodents is affected by exposure to
RF fields, the data are still inconclusive in humans but possible effects do not seem to be
detrimental.

National results from the Interphone Study
The three first reports from the Interphone Study have been presented this year. A Swedish
study suggests that long term use of mobile phones increases the risk of acoustic neuroma, at
the side of the head where the phone is used. The results, however, must be interpreted with
caution while other groups with sufficient numbers of long term users finalize their analyses.
Both this study and a Danish study reports no effect on acoustic neuroma for short term use
(The Danish study has fewer long term users). For brain tumors the Swedish study does not
indicate any association with mobile phone use, for short term or long term use or for any
specific tumor site.

Combined effects of electromagnetic fields with environmental
carcinogens (CEMFEC)
Based on the results of the animal study, cocarcinogenic effects of RF fields are not likely in
this experimental model and at the exposure levels chosen. This conclusion is supported by
the fact that no enhancement of in vivo genotoxic effects were found and by the fact that in
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vitro studies did not show enhancement of the effects of the two chemicals or any effects
characteristic to non-genotoxic carcinogenesis.

Exposure of children to RF and ELF fields
Physical, chemical and therapeutic agents have the potential for affecting development,
depending on the nature of the agent and the timing and magnitude of the exposure. For ELF
magnetic fields there are indications that children might be more sensitive; however, we lack
the understanding of how, or even if, these fields might be involved in leukemogenesis.
Widespread exposure to these fields is recent and very little is known about the potential
sensitivity of children to RF fields. Given the paucity of data indicating a particular
vulnerability of children to EMF, it may be tempting to conclude that children are not more
susceptible than adults to RF exposure. However, the absence of an observed effect does not
necessarily mean that exposure is harmless, especially if crucial studies focusing on children
are yet to be done. Given scientific uncertainty SSI has adopted precautionary approaches for
both ELF and RF which we endorse.
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Introduction
The 2003 annual report of the IEG focused on RF and in particular epidemiological studies on
cancer, as well as on studies on experimental carcinogenicity, heat shock proteins, and blood
brain barrier effects [Swedish Radiation Protection Authority 2003]. The IEG noted in all
these sections that there were various open questions but also that current research was
addressing these issues attempting to confirm or replicate previous results or by looking at
complementary aspects. The plan for the IEG is to revisit each of these issues when new data
are available and to update the discussion and conclusions. This year we report on some new
epidemiologic data, but for the other issues too little new data have emerged and further
discussions of these topics will have to wait.
This annual report brings up a set of different issues. We first review the literature on a widely
discussed topic, namely whether exposure to fields increases the frequency of asthenic
symptoms either in a susceptible group of the population or in the general population; this is
often referred to as electrical hypersensitivity. Somewhat linked to this is the possibility of
cognitive effects and neurophysiological effects from EMF exposure and we review this as
well as studies on EEG and sleep and memory in the present report. As in 2003, the starting
point is the Stewart report from 2000 [IEGMP 2000] and the update of the Stewart report
made in 2003 by NRPB’s independent Advisory Group on Non-Ionising Radiation (AGNIR)
[NRPB 2003]. Several European research programs have come to, or are about to come to, an
end and we have included a summary and discussion of the main results of some of these
programs. It is in this context we discuss some recent epidemiological data that have come out
of the Interphone Study. The extent to which children might be extra sensitive to
electromagnetic fields was touched upon in the previous year’s report but was postponed till
this year primarily to include the discussion of the WHO-conference on this topic which was
held during the summer of 2004. In this context we also discuss exposure policy for children.
A starting point for this discussion is IARCs classification of ELF-EMF in Group 2B
“possible carcinogen to humans”.
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Symptoms
Background
The term ”electromagnetic hypersensitivity” (EHS) if often used to denote a phenomenon
where individuals experience adverse health effects while using or being in the vicinity of
electric, magnetic, or electromagnetic field sources and devices, and when the individuals
themselves attribute their symptoms to these sources and devices. There are no diagnostic
criteria available, and symptoms experienced vary substantially between different individuals,
but are generally non-specific with no objective signs present. The severity of the condition
varies; the majority of cases present mild symptoms, but some cases experience severe
problems with major consequences for work and everyday life. The scientific literature on this
area has been reviewed previously by Bergqvist et al. for the European Commission
[Bergqvist, et al. 1997], updated in 2000 [Bergqvist, et al. 2000], and by Levallois [Levallois
2002]. This report briefly summarizes the findings of the previous reviews, and evaluates
additional studies available in the scientific literature.
It is difficult or even impossible to correctly estimate the prevalence of EHS, simply because
there are no established diagnostic criteria, and the definition of the disease is largely based
on each individual’s own beliefs and attribution of various symptoms to different sources of
electromagnetic field exposure. Therefore, assessments of the prevalence will entirely depend
on the methods used to identify cases, and the types of questions asked in each specific
survey. The hitherto reported prevalence of EHS varies considerably throughout the world
and between reports; at the time of the review for the European Commission [Bergqvist, et al.
1997] it was most common in the Nordic countries and Germany with less than 1%, but very
rare or non-existent in other countries, e.g. the UK and the Netherlands. A cross-sectional
survey performed in 1997 on a random sample of the population in Stockholm, Sweden,
reported a prevalence of 1.5% [Hillert, et al. 2002], and a survey made on a sample of the
general population in California estimated the prevalence to 3.2% [Levallois, et al. 2002]. For
reasons discussed above the validity of the reported prevalence in different studies can be
questioned, and the prevalence in different countries cannot easily be compared.
Röösli et al. [Roosli, et al. 2004] report results from a Swiss descriptive study of persons
complaining about symptoms that they attributed to electromagnetic fields. The most common
symptoms were sleep disorders, followed by headaches, nervousness or distress, fatigue and
concentration difficulties. The most common sources to which the subjects attributed their
symptoms were mobile phone base stations (74%), mobile phones (36%), cordless phones
(29%) and power lines (27%).
Surprisingly few etiologic studies have been made on this health problem, and the majority of
them have focused on skin symptoms related to video display terminal (VDT) use. The
unspecific nature of the disease is a major difficulty in this research, especially because the
patient’s attribution of the symptoms to sources of electromagnetic field exposure is an
important part of the disease definition.
Studies on “electromagnetic hypersensitivity” can for natural reasons only be made on
humans, and the available studies are either epidemiological (observational) or experimental
(provocation studies). Most studies have focused on extremely low frequency (ELF) fields or
VDT use, but there are also some studies on radiofrequency (RF) exposure from mobile
phones or base stations.
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RF exposure and symptoms
Epidemiological studies
To date all of the existing epidemiological studies on RF exposure and symptoms are crosssectional, which makes them of limited value in an evaluation of whether low level RF
exposure can cause various symptoms. In a cross-sectional study the exposure and the
outcome are assessed simultaneously, without consideration of the time sequence of the
events. In addition, all of the available studies on RF exposure ask the subjects themselves to
assess both their exposure (e.g. distance to nearest base station or amount of mobile phone
use) and the outcome (various symptoms), which lead to a considerable risk that the exposure
assessment is influenced by the disease, or that only symptoms that an individual attribute to
the RF exposure are reported. Another limitation is that the participation rates in most of the
studies are low or not possible to assess, and there is a large potential for selection bias;
people who experience symptoms that they attribute to mobile phones or base stations may be
more prone to participate in a study investigating this particular question, than people with no
such beliefs. Also the Stewart report [IEGMP 2000] acknowledged the limitations inherited in
studies using a cross-sectional design.
At present there are only two studies on base station exposure and symptoms published; one
from France [Santini, et al. 2002a] and one from Spain [Navarro, et al. 2003]. None of the
studies have reported how subjects were selected for participation in the studies, and
participation rates cannot be estimated. Participants have answered questions about various
symptoms such as headaches, concentration difficulties, memory loss, fatigue, sleeping
problems etc. They were also asked to estimate the distance to the nearest base station, with
no independent validation. Not only is self reported distance to base stations a questionable
exposure assessment method; it has also been shown that distance is a poor surrogate for RF
exposure from base stations [Schuz and Mann 2000]. The Spanish study also made
measurements of the exposure in the homes, but did neither report how subjects were selected
for measurements nor the proportion of subjects agreeing to have measurements taken in their
homes. For unknown reasons they have also excluded all participants living between 150 and
250 meters from a base station, which makes correlation coefficients between distance and
exposure of little value. Both the French and the Spanish study report an increased prevalence
of symptoms close to base stations, but the design limitations make it impossible to assess
whether these findings are a results of bias or real effects.
Three studies have investigated the prevalence of symptoms among mobile phone users [Chia,
et al. 2000; Oftedal, et al. 2000; Santini, et al. 2002b], with participation rates varying from
45% to 65%. The study by Oftedal et al. was performed to assess differences between users of
analogue and digital phones. Various symptoms were reported among heavy users of mobile
phones primarily among participants from Norway and to a lesser degree among participants
from Sweden, but did not differ between users of different types of phones. The symptoms
reported were a feeling of warmth on, around or behind the ear, headache, dizziness, fatigue,
concentration difficulties. The study by Chia et al. reported a somewhat increased prevalence
of headaches among mobile phone users, and a lower prevalence of concentration difficulties.
None of the other types of symptoms differed between mobile phone users and others. Santini
et al. found no differences in reported symptoms related to mobile phone use. The results vary
considerably between studies, and it is possible that the way the study was introduced to
participants, how questions where phrased, recent reports in the local media, or differences in
participation rates may have influenced the results. These findings cannot be used to draw
conclusions about the effect of mobile phone use on the occurrence of various symptoms.
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In conclusion, the available epidemiological studies provide little information regarding the
question if RF exposure from base stations or mobile phones can cause various symptoms.
Experimental studies
Another approach to test the hypothesis that RF exposure from mobile phones or base stations
can cause various symptoms is to perform an experimental study where the exposure
circumstances are controlled by the investigator in a so called provocation study. In this type
of study the occurrence of symptoms during periods of exposure are compared to the
occurrence of symptoms during unexposed periods. The ideal design is a double blind study
where neither the investigator nor the subject is aware of when the exposure is on or off,
which minimizes the possibility that knowledge about the exposure will influence the
assessment of the studied outcome. Many electrically hypersensitive persons claim that their
symptoms occur immediately after having been close to for example an active mobile phone,
and for this group of EHS persons an experimental study is probably the most valid study
design. So far only three provocation studies have been performed on RF exposure and
symptoms.
A Finnish research group reported results from two provocation experiments each including
48 healthy subjects [Koivisto, et al. 2001]. In one experiment, subjects were studied during
two 60 min sessions 24 hours apart, where half of the subjects were exposed to GSM 900
MHz during the first session and half during the second, and the other study had two 30 min
sessions following directly after each other. Subjects where not aware of when the exposure
was on or off. No association between the exposure and occurrence of symptoms was found,
and generally few symptoms were reported. If only a small proportion of the population are
affected by exposure to mobile phones this would not have been detected in this small study
of healthy volunteers.
Another Finnish study [Hietanen, et al. 2002] included 20 subjects that were selected because
they claimed to be sensitive to exposure from mobile phones. The purpose was to study
symptoms occurring in sensitive persons after exposure to RF fields from mobile phones, and
to test their ability to detect whether the fields were on or off. The study used a double blind
design and reported results from four 30 min sessions 60 min apart: one session with exposure
to a 900 MHz analogue mobile phone, one with a 900 MHz digital phone, one with an 1800
MHz digital phone and one with no exposure. Study subjects were asked to report
experienced symptoms immediately, and all symptoms that occurred during a session
disappeared during the break. The results showed that more symptoms were reported during
the sessions without exposure than when the exposure was on. The subjects were unable to
detect the presence of the RF field better than chance. A limitation in the study is that the
unexposed session always was one of the first two sessions; there are indications that the
participants experienced more stress in the beginning of the experiment which may have
hampered the ability to discover an association should one exist.
These are the only two available provocation studies of mobile phone use, and both have
limitations that prevent conclusions.
A Dutch study of exposures similar to that from mobile phone base stations, the so called
TNO-study, included one group of 36 EHS subjects claiming to experience symptoms in
connection to GSM mobile telephony and one group with 36 healthy subjects [Zwamborn, et
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al. 2003]. The groups differed in terms of age and gender distribution and therefore no
comparisons could be made between the groups, only within groups for periods with and
without exposure. The subjects were exposed to a 1 V/m field at 900 MHz and 1800 MHz
(GSM signal), and 2100 MHz (UMTS signal). Each subject participated in three sessions one
of which was unexposed, using a double blind design. Each session took 45 min including
exposure, questionnaire, and break. The questionnaire estimated degree of well being from 23
assessed symptoms. Both the EHS group and the healthy volunteers reported a somewhat
lower degree of well being during UMTS exposure compared to no exposure, whereas no
effects were seen for periods of GSM 900 or 1800 exposures in either of the groups. This is
the only available study of base station exposures and the results need to be interpreted
cautiously, which is also acknowledged by the authors. The results do not explain existing
reports of perceived symptoms from base stations since these symptoms are related to the
second generation of mobile telephony. Additional studies are needed before any conclusions
can be drawn. One such replication study is ongoing in Switzerland; the study protocol is
available on the web: www.mobile-research.ethz.ch.

ELF exposure and symptoms
Detailed reviews of these studies can be found elsewhere [Bergqvist, et al. 2000; Bergqvist, et
al. 1997; Levallois 2002]. These reviews concluded that some of the epidemiological studies
of skin disorders and VDT use report an excess prevalence of subjectively reported symptoms
among VDT users, whereas no consistent association was seen between VDT use and
objective signs. All of these studies are cross-sectional, and can therefore not be used to assess
whether electromagnetic fields from the VDT can cause skin disorders. A study published
after these reviews found no differences in magnetic field levels assessed over 24 h between
EHS patients and healthy controls [Sandstrom, et al. 2003], but did also use a cross sectional
design. The purpose of the study was to describe differences between EHS patients and
healthy controls in terms of ECG, heart rate, and heart rate variability, as an indication of a
dysbalance in the autonomic nervous system among EHS patients, but with no attempt to
determine the cause of any differences.
Several experimental provocation studies have been performed where EHS subjects were
exposed in the laboratory to test their ability to detect the electromagnetic fields. The studies
used a double-blind crossover design with different exposure settings; one study exposed
subjects to either a personal computer (PC) with low fields, or one with high fields
([Swanbeck and Bleeker 1989], one used a PC that was either on or off [Andersson, et al.
1996], one used a filter that reduced the fields from the VDT, a passive filter, or no filter
[Oftedal, et al. 1999], and one combined exposure from a VDT with other stressors [LonneRahm, et al. 2000]. Neither in studies of subjects having primarily skin symptoms in
connection to VDU work, nor in studies of subjects with a more general electromagnetic
hypersensitivity were EHS patients able to detect the fields. Adding additional stressors did
not change this picture. Some of these studies exposed subjects in an open session to establish
that they did react to the fields, but they could not detect the fields in subsequent double blind
experimental sessions. In some studies, subjects reported symptoms when they believed that
the fields were on, but unrelated to the actual exposure. The study of filters for reduction of
the fields from the VDT found a significant decrease of symptoms during periods with filters
compared to periods with no filter, regardless of whether the filter was active or passive
[Oftedal, et al. 1999].
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The experimental studies have been criticized for the unnatural experimental situation which
may have influenced the subjects’ ability to detect the fields. To take this into consideration a
Swedish study was performed in the homes or workplaces of EHS subjects [Flodin, et al.
2000], with several days between sessions and a 24 h of follow-up to detect late appearing
symptoms. A control group with healthy volunteers was also included. EHS subjects could
not better than controls detect exposure to electric and magnetic fields.

Overall conclusions
For ELF fields, quite a number of studies have been performed, and in none of these studies
have EHS patients been able to detect electric or magnetic fields at levels that are comparable
to those at which they claim to react.
For RF exposure the number of studies available today is too small to allow any conclusions
as to whether these fields can cause various symptoms. Several studies are ongoing, and will
hopefully report results within the near future.
So far no study has been able to prove a link between electromagnetic fields and the
occurrence of symptoms.
Recently a workshop was organized by WHO to review, evaluate, and discuss the scientific
evidence related to the question of whether electromagnetic field exposure can cause various
symptoms (WHO workshop, Prague, October 2004). At this workshop, no new data was
presented that would change the picture described above. It was suggested that the term
electromagnetic hypersensitivity should not be used, because of the lack of evidence that
EMF exposure plays a role in the occurrence of the symptoms. Instead the term idiopathic
environmental intolerance (IEI) was suggested. However, the IEG does not believe that this
term is any better. In fact, any term that combines exposure and health will make scientific
investigations of etiology more complex. Three working groups were formed at the WHO
workshop; one that will work on the definition of the outcome and intervention strategies, one
that will discuss communication, and one that will address the need for future studies and
research recommendations.
An epidemiological study properly designed to test the hypothesis that electric or magnetic
fields can cause various symptoms in a small group of sensitive persons would need to be a
very large prospective cohort study with repeated assessment of both the outcome and the
exposure, which would be a huge undertaking. As long as experimental studies have not been
able to establish that electromagnetic fields can trigger symptoms in EHS patients, such a
study cannot be recommended.
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Cognitive functions/neurophysiology, RF, ELF
RF fields
"The body of evidence regarding direct RF exposure effects on cognitive function remains
inconsistent. Some well-conducted studies have reported significant changes in cognitive
functions due to RF exposure, while others have found no significant effects. Among those
studies reporting changes, both facilitatory and inhibitory effects of RF exposure have been
reported. Overall, no single clear effect of RF exposure on cognitive function can be
identified" After the above conclusions by AGNIR (2003), a few studies have been published,
and are reviewed here.
Maier et al. [Maier, et al. 2004] exposed 11 volunteers to a GSM-type RF field from a
programmable cellular phone held 4 cm from the left ear (unknown whether 900 or 1800
MHz). An auditory discrimination task was applied and participant's current ‘Order
Threshold’ (OT) value was determined. The OT was defined as the minimum time needed to
a) recognize that two auditory stimuli are presented just separately and b) to decide without
error on what side the first of both stimuli was presented. Following a first test cycle, the
volunteers had to relax for 50 min while being, or not being, exposed to pulsed
electromagnetic fields. Subsequently, the test was repeated. Neither the participants nor the
experimenter were aware of when the exposure was on or off. Data acquired before and after
the resting phase were compared from both experimental conditions. Nine of the 11 test
participants showed worse results in their auditory discrimination performance upon field
exposure as compared with control conditions (p=0.0105).
Curcio et al. [Curcio, et al. 2004] investigated the time-course of electromagnetic field
(EMF)-induced effects on human cognitive and behavioral performance and on tympanic
temperature. Subjects were randomly assigned to two groups, exposed to a GSM-900 signal
before the testing session, or to the same signal during the data collecting session (maximum
local SAR of 0.5 W/kg). Using a double-blind paradigm, subjects were tested on four
performance tasks: an acoustic simple reaction time task, a visual search task, an arithmetic
descending subtraction task and an acoustic choice reaction time task. Moreover, tympanic
temperature was collected five times during each session. Results indicated an improvement
of both simple and choice reaction times and an increase of local temperature on the exposed
region under the active exposure. No effects were seen on the visual search task or the
arithmetic descending subtraction task. There was a clear time-course of the reaction time
and temperature data, indicating that performance and physiological measures need a
minimum of 25 min of EMF exposure to show appreciable changes.
The so called TNO study from the Netherlands described in the previous chapter on
symptoms also examined the effects of RF signals from mobile phone base stations on
cognitive functions [Zwamborn, et al. 2003]. Cognitive functions were measured during
exposure. In the cognitive function tests (reaction time, memory comparison, dual-tasking,
visual selective and filtering irrelevant information), statistically significant differences were
seen more often than should occur by chance (due to statistical noise), but there was no
consistent pattern of results across the three signals, the different cognitive tasks or the two
study groups. Independent replication of these findings would be useful.
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In summary, recent results on RF exposure and cognitive functions have not clarified the
picture. Changes in cognitive functions have been reported but, as stated by AGNIR (2003),
the results are inconsistent and no single clear effect on cognitive function can be identified.

ELF fields
Possible effects of low frequency fields on human cognition and performance were reviewed
in the recent ICNIRP (2003) report, and concluded as follows: “In summary, some changes of
magnetic fields on reaction time and accuracy have been reported but the effects were not
consistent between studies. For memory and vigilance, there are essentially no reported
effects. Further studies are required to clarify these issues [possible effects on reaction time
and accuracy]. In addition, the nature of these effects makes it difficult at present to assign
them any importance with regard to health impairment”. Similar conclusions were reached in
a recent review [Crasson 2003]: “The psychophysiological and cognitive studies indicate that
we cannot exclude the possibility of 50-60 Hz weak magnetic field exposure on human
cognitive processes. The observed effects, however, are small…Effects are inconsistent,
subtle, transitory and specific to some aspects of cognitive functioning, without a clear doseresponse relationship, and difficult to reproduce.”
After the completion of the 2003 reviews by ICNIRP and Crasson, Kurokawa et al.
[Kurokawa, et al. 2003] examined acute effects of 50-Hz magnetic fields on cognitive
performance in humans. Twenty young subjects were exposed to circularly polarized 20-µT
fields for 55 min, during which they performed four cognitive performance tests for
evaluation of simple reaction time, time and accuracy of choice reaction, time perception, and
figure perception. None of the subjects detected the existence of the field, and no effects on
performance in the tests were observed.
The new results on ELF fields have not provided any such information that would alter the
conclusions of the previous reviews (the earlier positive studies generally used stronger fields
than Kurokawa et al.).

EEG and sleep
EEG and sleep studies are here considered together, as EEG monitoring is being used as a
major tool in sleep research and several of the results are related to EEG during sleep.
A few research and review papers mainly dealing with RF exposure have recently been
published that are reviewed below:
In Switzerland, Huber et al. had shown effects on waking regional cerebral blood flow (rCBF)
and on waking and sleep electroencephalogram (EEG) in humans [Huber, et al. 2002].
Exposure to GSM-900 was on one side of the head during 30 min and the spatial peak SAR in
the head was 1 W/kg. The authors used PET1 to monitor rCBF following the exposure. They
also recorded the quality of sleep during night-time sleep. The rCBF increased on the side of
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the head exposed and the EEG power was altered. However, continuous signals did not elicit
this effect.
More recently, the same group exposed the volunteers either during sleep or during the
waking period preceding sleep [Huber, et al. 2003]. In the first experiment, subjects were
exposed intermittently during an 8-hour night-time sleep period and, in the second
experiment, on one side of the head for 30 min before a 3-hour daytime sleep period.
Compared to the control condition with sham exposure, the spectral power of the non-REM2
sleep EEG was initially increased in the 9-14 Hz range in both experiments. Unilateral
exposure during waking induced a similar effect in both hemispheres of the brain. Some
characteristics of the sleep pattern were altered. The authors interpret the effects as originating
from a structure below the cortex such as the thalamus which was similarly exposed at around
0.1 W/kg.
These two studies have been carefully planned and performed and have yielded some
interesting data. The amplitude of the effects remains small and of unknown consequences for
health. However, further investigations will help ascertain the existence of the effects and
their possible mechanism.
In Finland, Krause and co-workers recently published the results of a replication of their own
work [Krause, et al. 2004]. The effects of GSM-900 exposure on the event-related
desynchronization/synchronization (ERD/ERS) of some of the EEG frequency bands were
studied in 24 normal subjects performing an auditory memory task. In this double-blind study,
all subjects performed the memory task both with and without exposure in a counterbalanced
order. The authors were not able to replicate the findings from their earlier study. Also, the
effect of exposure on the number of incorrect answers in the memory task was inconsistent.
They concluded that GSM-900 effects on the EEG and on the performance of memory tasks is
variable and not easily replicable for unknown reasons.
In the three human studies described below, various approaches were used for exposure and
EEG monitoring but several shortcomings, in particular in terms of dosimetry, make it
difficult to agree with the authors’ conclusions about the existence and relevance of effects of
exposure on EEG:
• In the Australian study of D’Costa and co-workers, EEG recordings from 10 awake
subjects were taken during exposure to a GSM phone positioned behind the head, the
antenna pointing toward the head [no estimation of SAR was given for this unusual
exposure situation] [D'Costa, et al. 2003]. Two experimental trials were conducted. In
the first trial, the GSM mobile phone had its speaker disabled and configured to transmit
at full-radiated power. In the second trial, the mobile phone was in active standby mode.
For each trial, subjects were exposed under single-blind conditions in 5-min intervals to
a randomized, interrupted sequence of 5 active and 5 sham exposures. The average EEG
band power in active exposure recordings was compared to corresponding sham
recordings. The EEG alpha (8-13 Hz) and beta (13-32 Hz) bands showed differences
when the full-power mode was used.
• Kramarenko and Tan, in Ukrainia, recorded EEG changes during exposure of volunteers
to a GSM phone on stand-by [Kramarenko and Tan 2003]. They claim to have
suppressed the interference caused by emission from the phone and observed changes in
EEG patterns: after 20-40 s, a slow-wave delta activity (2.5-6.0 Hz) appeared in areas on
the side of the phone. After turning off the mobile phone, slow-wave activity
progressively disappeared. They observed similar changes in children, but the slow2

REM: rapid eye movement i.e. “dream phase” of sleep
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•

waves with higher amplitude appeared earlier in children. According to the authors,
these results suggested that cellular phones may induce abnormal slow waves in EEG of
awake persons. However, it is most surprising that they were able to record slow-waves
in awake volunteers and to transmit the signal by telemetry. Moreover, the dosimetry
was not well described. Overall, this study does not bring new evidence on EEG effects
of exposure.
In the Estonian study of Hinrikus and co-workers, 20 healthy volunteers were exposed to
450-MHz microwaves with 7-Hz on-off modulation [Hinrikus, et al. 2004]. The field
power density at the scalp was very low (0.16 mW/cm2, at the scalp 10 cm away from
the antenna, i.e. 9.5 mW/kg in the brain). Microwave stimulation caused changes in EEG
in the frontal region. Changes varied strongly from subject to subject but overall,
alterations of EEG were not statistically significant.

Few results have been reported on animals in recent years. Marino and co-workers studied the
potential nonlinear changes in brain electrical activity due to cell phone exposure in rabbits
[Marino, et al. 2003]. When the animals were exposed to the radiation from a mobile
telephone (800 MHz, 0.6 W maximum emitted power), under conditions that simulated
normal human use, the EEG was affected in nine of the ten animals studied. The effect
occurred 100 ms after the onset of exposure and lasted approximately 300 ms. Absorption of
the radiation by the EEG electrodes could not account for the observed effect. No effect was
seen when exposure of the brain was minimized by moving the antenna from the head to the
chest. The authors concluded that exposure to a standard mobile telephone can alter brain
function. However, great caution again must be taken to interpret these data obtained during
exposure on a short time scale. Extrapolation to human health is questionable even if the
effect were real.
Three reviews have been published recently:
• Cook and co-workers dealt mainly with ELF exposure (and ELF-modulated RF) [Cook,
et al. 2002]. The conclusion for ELF was that “The investigation of weak (below 500
µT), extremely low frequency (ELF, 0-300 Hz) magnetic field (MF) exposure upon
human cognition and electrophysiology has yielded incomplete and contradictory
evidence that MFs interact with human biology.”
• Hamblin and Wood reviewed 14 papers on EEG and sleep related to GSM exposure
[Hamblin and Wood 2002]. They concluded that, in general, outcomes have been
inconsistent and comparison between individual studies was difficult. However,
enhanced EEG alpha-band power has been noted in several of the studies, a phenomenon
also observed in some animal studies. Since this alteration had been found in some ELF
work, the authors suggested that the effect could be caused by exposure to the ELF
magnetic field produced by the phone battery. Effects have been reported to occur both
during exposure and up to 1 hour or so after cessation of exposure. It is however difficult
to agree with the authors about the possible role of the magnetic field produced by the
phone in eliciting the effects as there are no well-established effects of ELF magnetic
fields on EEG (see above) and as the magnetic field is produced only very close to the
phone, which in some of the investigations on EEG was not even in contact with the
head.
• The review by D’Andrea and co-workers is part of an ICES series of “white papers” on
microwaves and health [D'Andrea, et al. 2003]. The authors concluded that effects
reported on sleep EEG are more likely to involve non REM alpha waves, compared to
other bands. Serious deficiencies in EEG human studies using EMF exposure included
poor dosimetry making it difficult to compare results among experiments and
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laboratories. The authors concluded that “no conclusions can be drawn from the present
EMF–EEG research. If EMF–EEG research continues, the simplest of paradigms, and
traceable dosimetry must be considered. The relation of the antenna to the brain must be
defined in stereotaxic coordinates and the SAR fully mapped in the brain experimentally
and numerically.”
Conclusion on EEG and sleep
Recent investigations on humans and animals have not added clear evidence of alteration of
EEG and/or sleep. In any case, the relevance of minor alterations on EEG and sleep on health
is not significant. Further investigations on sleep are ongoing and may bring some new
information on these subtle effects.

Memory
From the AGNIR report [NRPB 2003]: "The evidence from several laboratories indicates
that changes may be induced in cholinergic activity in the brain following intense exposure.
Such changes might predict effects on spatial learning and memory, but the evidence for this
is equivocal: two studies from one laboratory have reported deficits in performance of spatial
memory tasks using pulsed microwaves. But field-dependent changes were not confirmed in
two independent studies using GSM signals. In addition. significant deficits on the
performance of a related task were seen only when exposure increased body temperature by
2°C. Nevertheless, few tasks and exposure conditions have been examined and the available
results do not rule out the possibility that microwaves may engender subtle cognitive or
behavioural changes in immature or adult animals."
Animal studies
Beyond the few studies that have concerned human memory, most of the research activity
has been devoted to the replication and conformation of the results of the Lai group obtained
on rats exposed whole-body to pulsed RF fields at 2.45 GHz [Lai, et al. 1994; Wang and Lai
2000]. See also the next chapter on results from some recent studies within the European
Union 5th research program.
Both the groups of Cobb and Cassel who did replication studies using the exposure system of
Lai found no evidence of impairment of memory in rats exposed at 2.45 GHz [Cassel, et al.
2004; Cobb, et al. 2004]. In parallel, the groups of Edeline and Sienkiewicz found no effect
on spatial memory in rodents exposed using GSM signals [Dubreuil, et al. 2002; Dubreuil, et
al. 2003; Sienkiewicz, et al. 2000].
The conclusion is thus today that there is no evidence of an effect of exposure to RF on
memory of rodents. Since it was not clear what was the behavioural parameter tested in the
Lai experiments (spatial memory, visual memory, performance, anxiety, etc.), further studies
have recently been performed by the Cassel group on anxiety using an elevated plus maze and
no effects were seen [Cosquer, et al. 2004].
However, Lai has recently published data on the effect of magnetic field noise that suppresses
the effect of microwaves on rodent memory [Lai 2004]. It is thus surprising that the effect
seems to be present in his laboratory and not in others and even more that “magnetic noise”
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suppresses the effect, as there is no solid evidence today that such ELF fields can remove
bioeffects of ELF fields.
Human studies
Edelstyn and Oldershaw found that human volunteers exposed to mobile phones showed
improvement in the performance of three cognitive function tests: (i) immediate verbal
memory capacity, (ii) immediate visual spatial working memory capacity, and (iii) sustained
attention [Edelstyn and Oldershaw 2002].
Two recent RF human cognitive studies have been performed [Haarala, et al. 2003; Krause, et
al. 2004]; both were double-blind studies that failed to replicate some earlier findings
[Koivisto, et al. 2000].
In conclusion, while there is no evidence that memory of rodents is affected by exposure to
RF fields, the data are still inconclusive in humans, even if effects are of small amplitude and
do not seem to be detrimental.
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Results from some recent studies within the European Union 5th
research program
National results from the INTERPHONE study
In the beginning of this year results were reported from a Danish case-control study of
acoustic neuroma and mobile phone use [Christensen, et al. 2004], that is part of the
INTERPHONE study. Information about mobile phone use was collected through personal
interviews with 106 cases and 112 randomly selected controls matched on age and sex.
Persons who were regular mobile phone users did not have an increased risk of acoustic
neuroma (relative risk=0.9; 95% CI 0.5-1.6). The relative risk did not increase regardless of
duration of use, amount of use, or time since first regular use. The number of long-term users
was, however, small; only two acoustic neuroma cases and 15 controls had started to use a
mobile phone more than ten years prior to diagnosis (RR =0.2; 95% CI 0.04-1.1).
During the fall, results from the Swedish part of the INTERPHONE study were reported
[Lönn 2004; Lönn, et al. 2004]. The analyses were based on 644 brain tumor cases, 148
acoustic neuroma cases, and 674 randomly selected controls stratified on age, sex, and
geographic region (604 controls in the acoustic neuroma analyses). Mobile phone use that
started less than 10 years prior to diagnosis was not associated with an increased risk of any of
the studied tumor types, whereas mobile phone use that started at least 10 years prior to
diagnosis was associated with an increased risk of acoustic neuroma (RR=1.9; 95% CI 0.94.1, based on 14 exposed cases), which was confined to the side of the head where the phone
was usually held (RR=3.9; 95% CI 1.6-9.5). For brain tumors, no indications of increased
risks were found, regardless of duration of mobile phone use, or if analyses were restricted to
the tumor location where the exposure is highest.
The results for short term mobile phone use in these two studies are consistent with the
majority of previous reports [Auvinen, et al. 2002; Dreyer, et al. 1999; Inskip, et al. 2001;
Johansen, et al. 2001; Muscat, et al. 2002; Muscat, et al. 2000], although the numbers of long
term users in previous studies have been too small. The only previous studies that have
consistently observed increased risks found risk elevations after a short duration of mobile
phone use, and for several different types of tumors [Hardell, et al. 2002; Hardell, et al. 2001],
which is not consistent with the studies described above.

Combined Effects of Electromagnetic Fields with Environmental
Carcinogens (CEMFEC)
In the CEMFEC project, coordinated by the University of Kuopio and funded by the 5th
Framework Research Program of the European Union, cocarcinogenic effects of low-level
GSM-type radiofrequency (900 MHz) radiation were evaluated in a 2-year animal study
conducted in compliance with the OECD Principles of Good Laboratory Practice (GLP). The
known carcinogen used to induce cancer was the drinking water mutagen (3-chloro-4(dichloromethyl)-5-hydroxy-2(5H)-furanone, MX), which is known to act as a multi-site
carcinogen in Wistar rats. Female Wistar rats (72 animals/group) were exposed to RF fields at
two exposure levels (Specific Absorption Rates of 0.3 W/kg and 0.9 W/kg) for 2 h per day on
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5 days per week. At the end of the 2-year study, tissue samples were collected for
histopathology.
After 3, 6 months and 2 years of exposure, blood samples were collected (20 animals/group)
for genotoxicological assays. Brain and liver tissue samples were taken for the same purpose
at the end of the study. The comet assay was used to detect DNA damage and the
micronucleus test to detect chromosomal aberrations (structural chromosome damage) and
genome mutations (aneuploïdy induction).
Also in vitro studies using two cell lines were conducted to investigate whether RF
electromagnetic fields affect selected cellular events that have been proposed as mechanisms
for non-genotoxic carcinogenesis or cocarcinogenesis. In addition to MX, another
environmental chemical (the fungicide Vinclozolin, or 3-(3,5-dichlorophenyl)-5-methyl-5vinyloxazolidine-2,4-dione) was tested for combined effects with RF radiation. The
mammalian cell lines NIH3T3 and L929 were used. Several endpoints were evaluated,
including oxidative stress, cell proliferation, cell cycle analysis, apoptosis, mitochondrial
membrane potential modifications and gene expression (proto-oncogens: c-fos, c-jun and cmyc). The SAR levels were similar to those of the animal study (0.3 W/kg and 1.0 W/kg).
The results of the animal study confirmed the carcinogenic effect of MX, but the RF
exposures did not affect statistically significantly the incidence of any tumour type.
RF exposure did not induce genotoxic effects in blood, liver or brain. There were indications
of a slightly decreased genotoxic response in the RF-exposed animals in blood cells collected
at 3 and 6 months. These differences lost statistical significance after 24 months of exposure.
RF exposure did not affect the level of DNA damage in liver or brain, either.
The in vitro experiments did not show any consistent effects on oxidative stress, apoptosis,
mitochondrial membrane potentials or expression of selected oncogenes. However, both RF
alone and in combination with the chemical exposures suppressed cell growth. This effect was
dependent on exposure time (seen only after 24 h of exposure).
Based on the results of the animal study, cocarcinogenic effects of RF fields are not likely in
this experimental model and at the exposure levels chosen. This conclusion is supported by
the fact that no enhancement of in vivo genotoxic effects were found, and by the fact that in
vitro studies did not show enhancement of the effects of the two chemicals or any effects
characteristic to non-genotoxic carcinogenesis. In fact, according to current understanding of
carcinogenesis, both the suggestive “protective” effect of the RF exposures against DNA
damage and the slightly decreased proliferation in RF-exposed cells (if confirmed in further
studies) should reduce rather than increase cancer risk.
The fact that SAR values higher than 1 W/kg were not used may be considered a limitation of
the project. However, use of higher values might have caused thermal effects and thus
problems with the interpretation of the results.
In summary, the results of the CEMFEC study should be interpreted together with other
completed and ongoing studies using different experimental models and varying exposure
levels.
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Perform B: In-vitro and in-vivo Replication Studies Related to Mobile
Telephones and Base Stations
The Perform B research programme lasted two and a half years and just ended. It was entitled
“In-vitro and in-vivo Replication Studies Related to Mobile Telephones and Base Stations.”
The PIOM laboratory in Bordeaux, France was the co-ordinator of the programme.
Its objective was to provide key research results which, when combined with current and past
studies on the effects of radiofrequency radiation (RFR) on living systems, would contribute
to an adequate database for health risk evaluation by public health authorities. It addressed
specifically in vitro and in vivo replication studies recommended by the WHO agenda of
1999.
Two different biology laboratories were involved in each of the three proposed studies. The
main emphasis was thus on replication rather than on mechanistic investigations.
Several exposure systems were designed or adapted: in-vitro systems (waveguides at 900 and
1800 MHz; TEM cells, wire-patch cell and STUK resonator chamber), in-vivo (Mini Wheel,
Mainly-Head and Circular Waveguide Setups). These systems were developed to provide
technical quality control during the entire period of exposure. A thorough dosimetry was
implemented including an analysis of possible artefacts, the continuous monitoring of
exposure and environmental parameters and blinded exposure protocols.
The three investigations have dealt with (i) genotoxicity, (ii) ODC activity in cells, and (iii)
memory of rodents.
Using CW RF exposure at 935.2 MHz, Maes et al. had shown a weak increase in sister
chromatid exchange in human lymphocytes consecutively treated with the genotoxic chemical
mitomycin C (Maes et al., 1997). However, the Maes group was unable to replicate the data
and thus a physical instead of chemical genotoxic agent was used in combination with RFR.
Several standard in vitro tests for chromosomal and DNA damage in human lymphocytes
were used. It was examined whether in these assays a 935 MHz GSM signal delivering SARs
of 1 and 2 W/kg and a signal at 1800 MHz and 1 W/kg are genotoxic per se or can influence
the genotoxicity of X-rays. Within the experiment parameters of the present study, in all
instances no positive effect from the RFR signal was observed.
Ornithine decarboxylase, ODC, is a “marker enzyme” for cellular proliferation. The Litovitz
research group has reported a temporary increase in ODC activity in L929 fibroblasts after
exposure to RFR emitted from mobile phones (Penafiel et al., 1997). Only modulated RFR
exhibited an effect on the ODC enzyme, compared to continuous wave signals (CW). All
results of the Perform B programme did not support the previously reported effect of RFR on
the activity of the ODC enzyme. The replication of the former work of the group of Litovitz,
using 835 MHz/DAMPS and CW signals and murine L929 fibroblasts was extended to
various RFR signals and to various cell types, including primary and live cells. Reminding
that at least a ten-fold increase in ODC activity is necessary to induce deleterious effect on
cellular functioning, the results give also no support for the possibility of neoplastic
transformation via an effect on ODC activity.
There was limited animal evidence from the Lai group [Lai, et al. 1994] to suggest that pulsemodulated microwave radiation can transiently decrease radial arm maze performance in
rodents (see also the previous chapter on memory). This is indicative of an effect on spatial
working memory, a function associated in both rodents and humans with a part of the brain
called the hippocampus. However, the results of the Perform B groups do not suggest that
exposure to either pulsed 2.45 GHz fields or GSM-900 signals cause adverse effects on spatial
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working memory in either rats or mice. Moreover, exposure to pulsed 2.45 GHz fields affects
levels of behavioural anxiety in rats, or significantly affects the permeability of the BBB in
vivo. In addition, similar negative results were obtained in mice whether they were exposed
over the whole body or exposure was confined mainly to the head region. In particular, these
experiments failed to confirm the results of studies performed by Lai and co-workers
suggesting that exposure to RF fields induce large changes in maze behaviour in rodents.
While these studies do not rule out possible more subtle effects on other aspects of cognition
in animals, they strongly indicate that generalised deficits in behaviour are unlikely to occur.

REFLEX: Risk Evaluation of Potential Environmental Hazards from Low
Energy Electromagnetic Field (EMF) Exposure Using Sensitive in vitro
Methods
The co-ordination of this European programme was done by the Verum Foundation in
Munich. Twelve laboratories were involved in this highly structured multicentric study on
ELF and RF field effects in vitro.
ELF magnetic fields
Genotoxic effects were studied on primary cell cultures of human fibroblasts and on different
cell lines. DNA strand breaks were observed in human fibroblasts at a significant level at
35 µT [Ivancsits, et al. 2003a; Ivancsits, et al. 2003b; Ivancsits, et al. 2002]. The genotoxic
effect was only observed when cells were exposed to intermittent fields and not to continuous
exposure. The effect differed among the other types of cells examined. Confirmation studies
in human fibroblasts in two other Reflex laboratories were carried out, with opposite results
(one confirmed while the other did not). Chromosomal aberrations were also observed after
exposure of human fibroblasts. Other observations were made in different laboratories: (i)
ELF-EMF at around 2 mT upregulated the expression of early genes, such as p21, c-jun and
egr-1, in p53-deficient mouse embryonic stem cells, but not in healthy wild-type cells [Czyz,
et al. 2004b], (ii) ELF-EMF at 0.1 mT increased the proliferation rate of neuroblastoma cells,
and (iii) ELF-EMF at 0.8 mT increased the differentiation of mouse stem cells into
cardiomyocytes [Ventura, et al. 2004]. However, no effects were found on DNA synthesis,
cell cycle, cell differentiation, cell proliferation and apoptosis in different cell types.
Thus, the few positive data on DNA damage originating from the Reflex programme appear
to be in contradiction with results published in the literature. However, effects of intermittent
ELF exposure have not yet been sufficiently investigated and therefore one must be careful in
concluding about these data.
RF fields
Some genotoxic effects were reported in fibroblasts, granulosa cells and HL60 cells. Cells
responded to RF exposure between 0.3 and 2 W/kg with a significant increase in single and
double strand DNA breaks and in micronuclei frequency (not published). Chromosomal
aberrations in fibroblasts were also observed after exposure. Downregulation of the
expression of neuronal genes in neuronal precursor cells and upregulation of the expression of
early genes in p53-deficient embryonic stem cells were observed at 1.5 W/kg, but not in wildtype cells [Czyz, et al. 2004a]. Proteomic analyses on human endothelial cell lines showed
that exposure altered the expression and phosphorylation of numerous, yet largely
unidentified proteins [Leszczynski, et al. 2002; Leszczynski, et al. 2004; Nylund and
Leszczynski 2004]. There was no evidence of effects on processes such as cell proliferation,
apoptosis or immune cell functions [Capri, et al. 2004].
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It is highly surprising that an effect of RF exposure could be present in a narrow range of
SAR levels. One must thus await the publication in a scientific journal and replication of the
positive data on DNA fragmentation which contradict all recent findings: a great majority of
the published reports suggests that exposure of mammalian cells and animals does not
result in increased DNA strand breaks, chromosomal aberrations, micronuclei and gene
mutations (see Perform B above).
In conclusion, some of the positive data from the Reflex programme, when published, will
warrant replication. However, research in vivo looking for effects possibly related to findings
of the Reflex programme is premature, if not inappropriate.
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Sensitivity of children to EMF
Introduction
Children in both industrialized and developing countries are exposed to a large variety of
chemical, physical and biological environmental exposures. Real or perceived increases in
the incidence of certain childhood diseases, such as asthma, leukemia and brain cancer, and
some behavioral and learning disabilities are being linked to environmental factors.
Environmental exposures can be particularly harmful to children because of their special
vulnerability during periods of development, and also because of the type and magnitude of
exposure and the potential irreversibility of deleterious health effects. With rapid advances in
technology resulting in larger numbers of sources exposing people around the world to higher
levels of electromagnetic fields (EMF) over much of the electromagnetic spectrum, questions
have been raised as to whether EMF might have particular effects on children.
With the rapid advances in EMF technologies and communications that are being used by
children at earlier and earlier ages, thorough discussion is becoming urgent. To evaluate the
available information relevant to children’s sensitivity to both ELF- and RF-EMF and to
identify research needs, the World Health Organization (WHO) held an expert workshop in
Istanbul, Turkey in June 2004. This part of our report is based on discussions and
recommendations from that workshop.

Development of children
Embryos, infants, children and adolescents undergo different types of development.
Development throughout the prenatal period is characterized by a highly ordered sequence of
cell proliferation and differentiation, migration and programmed cell death (apoptosis). It is
roughly divided into three periods: the preimplantation period, extending from fertilization to
the settling of the embryo into the uterine wall; a period of organogenesis, characterized by
the formation of the main body structures; and the fetal period, during which growth of the
structures already formed takes place. The developing central nervous system seems to be
particularly vulnerable because of the limited number and restricted physical location of the
cohorts of proliferating cells from which it arises, and the precision required for building the
complex neuronal architecture essential to proper brain function [Edwards, et al. 2003; Kimler
1998; Rodier 2004]. Major human tissue and organ development ends with the completion of
sexual development at the end of the second or the beginning of the third decade of life.
Development of the CNS continues through childhood and adolescence, largely through
increased myelination and changes in synaptogenesis [Rodier 2004].
During the embryonic and fetal stages of development, exposure to environmental toxicants
can result in death, congenital malformations, fetal or organ growth retardation, mental
retardation, microcephaly, neurobehavioural effects, prematurity and stillbirth. During the
postnatal stages of infant, child and adolescent development, exposure to toxic agents can
result in total-organism growth retardation or selective tissue and organ retardation, cancer,
interference with fertility and endocrine function, alterations in sexual maturation,
interference with development of the immune system and alterations to neurological
development. Of particular relevance to EMF exposure are childhood leukaemia and brain
cancer and cognitive development.
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Several aspects of exposure and susceptibility warrant a focus on children. In some exposure
scenarios children may receive higher doses than adults owing to higher intake and
accumulation or to differences in behaviour. Greater susceptibility to some toxicants and
physical agents has been demonstrated in children, and although the mechanism for this
increased susceptibility is not well understood, it is likely to involve greater cell division in
growing and developing tissues. However, the actual increase in sensitivity is frequently
contested, and there are even some examples of increased resistance. In addition, a longer
expected lifetime, with a consequently increased chance of repeated exposure and
accumulated damage, can also lead to higher risk, particularly for cancer. Some effects may
not be clinically evident until long after exposure to a toxic agent

Dosimetry for children
Numerous differences in the anatomy and physiology of children and adults are of particular
consequence to dosimetry modelling for ELF and RF exposures. These parameters include
differences in body shape and bone marrow distribution for ELF exposures; head size, skull
thickness and ear elasticity for RF exposures; and dielectric properties for both.
In general, for ELF, adults exposed to low frequency electric or magnetic fields have higher
internal electric field strengths and current densities than children because of size and shape
differences. However, the distributions are different, and some tissues have higher current
densities in children for the same external field. Furthermore, children have significantly
higher internal field strengths and current densities from contact currents than do adults
[Dawson, et al. 2001].
Modelling of SARs based on uniform or even nonuniform downscaling are inaccurate. To
improve accuracy, MRI models, which take into account age-specific differences as well as
variability between children, should be used. Despite large differences in the size, shape, and
tissue distribution of heads, the SAR values and exposure variations for the child models are
similar to those for adults, although somewhat higher. In addition, the relative depth of
penetration is larger for children, a logical consequence of the smaller head diameter. Better
modeling of the thickness of the compressed ears of children is needed. While some
preliminary modeling indicated low exposure to fetuses, better models are being developed.
Dielectric studies encompassing several tissue types, including brain, obtained from newborn
to fully grown rats, mice and rabbits exposed to RF-EMF in the frequency ranges of 130
MHz−10 GHz and 300 kHz to 300 MHz report large, age-related variations in the permittivity
and conductivity of brain tissue, and even larger variations for skin and skull tissue [Peyman
and Gabriel 2003; Peyman, et al. 2001; Thurai, et al. 1984; Thurai, et al. 1985]. Using agerelated dielectric data to calculate whole-body and tissue-specific SARs in a scaled rat model
led to significant differences in whole-body SARs. In addition, variations in tissue dielectric
properties affect localized SAR values owing to corresponding variations of localized electric
field and boundary conditions between neighboring tissues.

Exposure of children to RF and ELF Fields
In evaluating the potential role of environmental exposures in the development of childhood
diseases, it is important to consider not only the fact that childhood exposures can be different
from exposures during adulthood, but also the fact that they can be highly age dependent.
Exposures of interest during the preconception and gestation periods include residential and
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parental exposures to ELF and RF fields as well as mothers’ use of mobile phones, especially
with a hands-free device. Infants and toddlers are exposed mostly at home or at day-care
facilities. Among preteens, exposure sources expand to include mobile phone use and sources
at school. Finally, adolescents are exposed to a wider variety of sources, including increasing
use of mobile phones. Here we focus on two major exposure scenarios: residential ELF and
RF exposures and exposure from mobile phones.
Everyone is exposed to ELF electric and magnetic fields at home. High-voltage power lines
are a major source of exposure for children who live near them; however, only small
proportion of children live in close proximity to high-voltage lines, in Sweden, for example,
that number is less than one percent. There is evidence that younger children use appliances
less (and spend less time outside the home), so that their personal exposure is closer to, and
correlates better with, the field in the home.
RF fields are produced by radio and TV broadcasts, mobile phone base stations, and other
communications infrastructure. Broadcast radio frequencies have been present for decades,
but exposure to mobile phone signals has risen from zero in just a few years. While mobile
phones are the dominant source of radiofrequency exposure for adolescents, environmental
exposure to radio waves may be of concern for very young children. Note however, that
exposure from base stations is orders of magnitude lower than that from mobile phones. The
prevalence of mobile phone ownership among children is rising sharply and involves younger
and younger children. In addition to the base stations, other sources such as TV and radio
towers and deck phones at home contribute to the environmental RF exposure. Good
information on population exposure and relative contributions of various sources is lacking.
We consider it important for SSI to develop such information, which has become more
feasible with the development of personal dosimeters.
When they reach adulthood, today’s children will likely experience a longer period of
exposure to RF fields from mobile phone and will have a much higher cumulative exposure
than today’s adults. However, rapidly changing technology might modify exposure. Radiofrequency exposure to children may be estimated more easily, because the variety of exposure
sources is smaller for children than for adults.

Health effects
The interaction of EMF with biological tissue may involve either electric or magnetic fields,
both of which are known to produce effects at relatively high levels. At these levels, ELF
fields act inducing currents in tissue, while RF fields produce heating. Mechanisms that could
possibly lead to effects at low exposure levels remain speculative. The vast literature on in
vivo and in vitro experiments of both ELF and RF fields using a variety of cell systems and
species is not reviewed here. Rather, we focus on the mechanisms and experiments most
relevant to the potential sensitivity of children.

Cancer in Children
Extremely Low-Frequency Fields
Most carcinogenesis bioassays begin when animals are sexually mature. A number of assays
have been published showing the absence of initiating and promoting effects of ELF magnetic
fields. Importantly, an animal model for B-cell acute lymphoblastic leukemia, the most
common leukemia among children, was lacking until recently. The results of an ongoing
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study of animals exposed to a 50-Hz magnetic field (100 µT) or a 50-Hz field plus harmonics
using this newly developed model should be reported shortly [Bernard 2004]. These authors
have found no evidence of an increase in incidence of leukemia in the exposed rats but have
failed to provide positive controls showing that this animal model can be modulated. A
number of in vivo studies have examined the effects of ELF fields on the responsiveness of
the whole immune system. These studies have been carried out using differential white blood
cell counts or standard in vitro tests of the immunological function of cells taken from the
peripheral blood or spleen of exposed animals. The general consensus is that there is only
weak evidence that power-frequency exposure can affectand especially inhibitthe various
aspects of immune system functions, including those relevant to cancer.
The potential risks to children of exposure to ELF-EMF, estimated from residential proximity
to power sources and from measured fields, have been investigated in relation to in utero and
postnatal time periods and to paternal exposure. Since an association between residential
extremely low frequency electric and magnetic fields and childhood cancer, including
leukemia, was first suggested in a report published in 1979, dozens of increasingly
sophisticated studies have examined this association. Subsequently, a number of
comprehensive reviews, several meta-analyses and two pooled analyses have summarized
results from numerous sources. The two pooled analyses are closely consistent with each
other and have reported the strongest associations between EMF and childhood leukemia in
the literature: a risk of about two for children exposed to magnetic fields greater than 0.3−0.4
µT compared with children exposed to fields less than 0.1 µT [Ahlbom, et al. 2000;
Greenland, et al. 2000]. Based on these results, IARC [IARC 2002] classified ELF magnetic
fields as “possibly carcinogenic to humans.” While the results of the pooled analyses are not
likely to be due to chance or to a known confounder, bias cannot be ruled out. The assessment
of exposure to magnetic fields has improved over time, yet our ability to predict exposure
remains severely limitedalthough it might be better for children than for adults [Forssén, et
al. 2002]. An epidemiologically detectable risk of leukemia for children, but not for adults,
might result from either better exposure assessment for children, or from greater susceptibility
in children. Initially, it appeared that the EMF association was stronger with childhood brain
tumors than with leukemia; however, several of the most recent studies have found no
association [Kheifets 2001]. While no consistent associations have been observed for
childhood CNS tumors, pooled analyses (proven so informative for childhood leukemia) of
brain tumor studies have not been done.
Radiofrequency Fields
Only a few studies have included prenatal or newborn rodent exposure. Adey et al. [Adey, et
al. 1999] have exposed rats to American mobile telephone signals in utero. No effects were
found on spontaneous tumorigenicity in the central nervous system in the offspring of
exposed rats. Moreover, a trend for a decrease in the incidence of primary CNS tumors was
shown for rats treated with a single dose of the neurocarcinogen ethylnitrosourea in utero. In
other bioassays, animals were usually five or six weeks old and sexually mature (comparable
to teenagers) at the start of a 2-year exposure period. In these bioassays, young animals were
exposed for part of or the rest of their lives. Initiation as well as promotion was investigated.
All of the studies have reported negative results in normal animals at SARs compatible with
mobile telephony (e.g. [Anane, et al. 2003], while controversy still exists about the
carcinogenic effects of RF radiation in a transgenic model [Repacholi, et al. 1997]. Major
replications of this work should be completed soon. Gatta et al. [Gatta, et al. 2003] showed
that immunological parameters were not altered in mice with whole-body exposure to RF
fields at a SAR of 1 and 2 W/kg. Although cell differentiation plays a central role in the
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development of organisms, only sparse information is available on the effects of RF radiation
on differentiation. One study reported that exposure to RF fields at 1.5 W/kg up-regulated the
expression of neuronal genes in neuronal precursor cells in p53-deficient embryonic stem
cells, but not in wild-type cells [Czyz, et al. 2004a].
Several ecological studies [Cooper, et al. 2001; Dolk, et al. 1997a; Dolk, et al. 1997b;
Hocking, et al. 1996; Maskarinec, et al. 1994; McKenzie, et al. 1998; Michelozzi, et al. 2002]
have examined cancer risk, including risk of childhood leukemia, among populations living in
proximity to radio and television broadcast towers. Driven by a previously identified cluster,
these analyses are based simply on distance from the source and often include an extremely
small number of cases. Such studies have been uninformative.

Developmental Effects and Pregnancy Outcomes
Extremely Low Frequency
Several studies, including a few with large group sizes and exposure over several generations,
have evaluated exposure to electric fields of up to 150 kV/m in several mammalian species.
The results of these studies are rather consistent, and do not suggest adverse developmental
effects [Juutilainen 2003]. Magnetic field exposure has been evaluated both in nonmammalian and mammalian models. Results from several independent research groups
suggest that exposure to ELF magnetic fields at microtesla levels may disturb early
development of bird embryos. However, replication attempts have been unsuccessful in some
laboratories. Results from experiments with other non-mammalian experimental models (fish,
sea urchins and insects) have also suggested subtle effects on developmental stability. In
mammals, prenatal exposure to ELF magnetic fields does not result in strong adverse effects
on development. Gross external, visceral or skeletal malformations are not increased by fields
of up to 20 mT (at 50 Hz). The only finding that shows some consistency is an increase in
minor skeleton alterations in several experiments, in both rats and mice. Skeletal variations
are relatively common findings in teratological studies and are often considered biologically
insignificant. Nevertheless, subtle effects of magnetic field exposure on skeletal development
cannot be ruled out. Some effects of magnetic (or combined electric and magnetic) fields on
postnatal development have been reported, but evaluation of the consistency of the findings is
difficult owing to the varying methods and approaches used in different studies.
Numerous epidemiological studies of various pregnancy outcomes in relation to EMF are
available in the scientific literature. They include studies investigating the use of video
display terminals (VDTs), electric blankets or heated waterbeds, as well as studies of parental
occupational exposure. Most studies have found no effects, but these studies are limited in
exposure assessment and lack the power to examine high exposure levels. Two studies that
have included personal measurements of ELF-EMF exposure have reported effects on
spontaneous abortion in relation to maximum measured magnetic fields [Lee, et al. 2002; Li,
et al. 2002]. The possibility of exposure assessment bias in these studies has been discussed,
and results need to be confirmed in additional studies before firm conclusions can be drawn.
Radiofrequency Fields
Numerous studies have evaluated developmental effects of RF fields on mammals, birds and
other non-mammalian species [Heynick and Merritt 2003]. These studies have shown clearly
that RF fields are teratogenic at exposure levels that are high enough to cause significant
increases in temperature. There is no consistent evidence of effects at nonthermal exposure
levels.
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Several studies of occupational RF exposure, primarily to physiotherapists, have reported an
increased risk of congenital malformations. However, no specific type of malformation has
been consistently reported, and there is a potential for recall bias in these studies. Exposure to
the fetus from a mobile phone kept in a pocket, handbag, or belt by the hip when a pregnant
woman is using hands-free equipment has been mentioned. So far, no studies are available on
pregnancy outcomes related to mobile telephony.

Behavioural and Cognitive Effects in Children
Effects on brain function that lead to detrimental effects on cognition and behavior can be due
to the high sensitivity of the developing and maturing nervous system to particular physical
and chemical agents. Very few laboratory studies of the effects of RF fields and no studies of
the effects of ELF fields on children appear to have been performed. Extrapolation of acute
effects is necessary, using results from studies of adult volunteers and studies of both
immature and adult animals. Although such extrapolation may provide some qualitative
information regarding potential outcomes in children, it may not provide reliable estimates of
risk.
Extremely Low-Frequency Fields
The results of acute exposure to magnetic fields on simple and choice reaction time in adult
volunteers do not suggest any field-dependent effects, although modest changes in speed and
accuracy during task performance have been reported. These data also suggest that effects
may depend on the difficulty of the task performed. A few studies have reported subtle fielddependent changes in other cognitive functions, including the performance of specific
memory and attention tasks. Studies measuring the electrical activity of the brain have
reported scattered field-dependent effects and hints of subtle trends, but no well-defined,
field-dependent results.
Various animal models have been used to investigate possible field-induced effects on brain
function, electrical activity and behavior. These effects include changes in neurotransmitter
levels, electrical activity, and the performance of learned tasks. Overall, while a few fielddependent responses, such as changes in spatial memory, have been tentatively identified, the
fragmented nature of the observed responses does not suggest an obvious deleterious effect.
The available evidence is thus suggestive of subtle effects, but is not conclusive.
Radiofrequency Fields
Several recent studies have examined the effects of RF fields associated with mobile phones
on attention, memory and other cognitive functions. No consistent responses have been
observed, and these studies provide only weak evidence that changes in cognitive
performance occur following low-level exposure. A few recent experimental studies have
investigated the effects of exposure from Global System for Mobile Communications (GSM)
signals at 902 MHz on child cognition [Preece unpublished]. Finnish researchers have
recently investigated the effects of mobile phones on brain activity, cognitive functions and
subjective symptoms in 10-14 year old children. Peer-reviewed publications are not yet
available but according to a preliminary report [Haarala and Krause 2003], some effects were
seen on EEG of children performing an auditory memory task, while no effects were observed
on cognitive functions or subjective symptoms). In the other study, mobile phone exposure
did not affect cognitive performance as measured by response speed and accuracy. One
observational study found a mild facilitating effect on attention, as measured in paper and
27

pencil tests, in adolescent users of mobile phones, but this may reflect changes in motor skills
rather than attention per se [Lee, et al. 2001]. Several studies have reported that RF fields may
affect the electrical activity of the brain. However, no specific response has been identified,
and other studies have not reported any changes. Some, but not all, studies suggest that RF
fields may affect certain components of sleep.
The possible effects of RF fields in animals have been investigated using a variety of
approaches, from measurement of specific gene expression and neurotransmitter activity to
investigation of changes in learned behaviors and in the electrical activity of the brain. The
majority of reported RF effects appear to be consistent with hyperthermia or
thermoregulation, or with stresses associated with exposure. Some data suggest that spatial
maze behavior of rats can be impaired by exposure to pulsed RF fields in the absence of
whole-body heating, although more recent studies found no significant RF effects. In addition,
two studies indicate that the learned behavioral responses of adult rats were not affected by
prenatal or early postnatal exposure to low-level RF fields.

Other Outcomes
Nothing is known about potential adverse health effects later in life from EMF (ELF and RF)
exposures during childhood. Associations between occupational ELF magnetic field exposure
and amyotrophic lateral sclerosis (ALS) and Alzheimer’s disease have been reported,
although alternative explanations to the findings are being discussed. There are also
controversial reports that exposure to mobile-phone frequency fields affects the permeability
of the blood-brain barrier. Perhaps we need to ask whether EMF exposure in childhood can
increase the risk of developing Alzheimer’s disease, brain tumors, or other outcomes later in
life, especially in light of extensive mobile phone use among teenagers.

Research gaps
Physical, chemical and therapeutic agents have the potential for affecting development,
depending on the nature of the agent and the timing and magnitude of the exposure. For ELF
magnetic fields there are indications that children might be more sensitive; however, we lack
the understanding of how, or even if, these fields might be involved in leukemogenesis.
Several analyses can help advance the current state of knowledge, particularly on the potential
effect of ELF on children. These include update of the pooled analysis of childhood
leukemia, pooled analysis of brain cancer studies, studies of large highly exposed and/or
susceptible populations, evaluation of selection bias and other hypothesis such as contact
current and melatonin. Meanwhile, given the current state of science and despite the lack of a
known mechanism precautionary approach is warranted.
Even less is known about the potential sensitivity of children to RF fields. Widespread
exposure to these fields is recent, and although much of the laboratory research has been
reassuring, its focus has not been on children. Moreover, few epidemiologic studies of
adequate quality have been completed and even fewer are of relevance to children. Given the
paucity of data indicating a particular vulnerability of children to EMF, it may be tempting to
conclude that children are not more susceptible than adults to RF exposure. However, the
absence of an observed effect does not necessarily mean that exposure is harmless, especially
if crucial studies focusing on children are yet to be done. In addition, many of the methods
used have not been sensitive enough to detect subtle effects. In the absence of direct evidence
for or against the potential susceptibility of children to EMF, one can extrapolate either from
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data on adults or from data on other chemical and physical agents. Extrapolation from data on
adults is problematic. Because the period from embryonic life to adolescence is characterized
by growth and development, deleterious effects can occur at lower levels be more severe, or
lead to effects that do not occur in adults; on the other hand, children can be more resilient,
owing to better recuperative capacities. Extrapolating from other exposures is also
problematic: while it is clear that children are more vulnerable to many physical and chemical
agents, many of their effects are very specific in terms of both the level and timing of
exposure. Thus, there is an urgent need to design and implement studies that can provide
direct and relevant information on the potential susceptibility of children to RF exposure.
Owing to widespread use of mobile phones and relatively high exposures to the brain among
children and adolescents, investigation of the potential effects of RF fields on cognition
See www.who.int/peh-emf/research/rf03/en for more details on a research agenda that
identifies high-priority studies needed to fully assess the potential vulnerability of children to
ELF and RF fields and outlines the rationale for these studies.

Limited scientific evidence on the carcinogenicity of electric and
magnetic fields - is it enough for precautionary preventive action?
Evaluating the risk related to various agents with potential to increase cancer risk in humans is
often controversial. Several national and international health agencies have established
programs with the aim of identifying carcinogens.
In principle, it is an activity grounded in the scientific evaluation of the results of human
epidemiological studies, long-term bioassays in experimental animals and other data relevant
to an evaluation of carcinogenicity and its mechanisms. In this brief commentary, we discuss
the interpretation of the categories adopted in the IARC Monograph program to identify
carcinogens.
The IARC Monographs are using the following descriptors:
Table 1: IARC Categories of evidence
Categories
Group 1
Group 2
A
Group 2 B
Group 3
Group 4

Cancer hazard to human
the agent or mixed exposure is carcinogenic to humans
the a the agent or mixed exposure is probably carcinogenic to
humans
the agent or mixed exposure is possibly carcinogenic to humans
the agent or mixed exposure is not classifiable as to its
carcinogenicity
the agent or mixed exposure is probably not carcinogenic to
humans

Epidemiological data in humans
Assignments to Group 1, human carcinogens, are made exclusively on the basis of human
data, the experimental data playing no role (see Table 2). However, there are a few notorious
cases, where an agent has been classified into the group in the absence of sufficient evidence
of carcinogenicity in humans. An example is TCDD. This was done based on convincing
animal data and good understanding of the mechanistic principles of cancer causation in
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rodents. There was enough evidence in humans which indicated similar mechanisms and also
operative in humans, making the probability that TCDD would lasso be carcinogenic to
humans high.
Table 2: Overall default evaluation of carcinogenicity in the IARC Monographs

Cancer in
humans

Sufficient
Limited
Inadequate

Cancer in experimental animals
Sufficient
Limited
Inadequate
1
1
1
Carcinogenic Carcinogenic Carcinogenic
2A
2B
2B
Probably
Possibly
Possibly
carcinogenic carcinogenic carcinogenic
2B
3
3
Possibly
Not known
Not known
carcinogenic

In making the assessment of causation in humans, epidemiologists ask whether a causal
association is credible and whether chance, bias, or confounding factors can be excluded. The
guidance from the set of "Hill criteria" is searched, including
Consistency of the observed association
Strength of the observed association
Specificity of the observed association
Temporal relationship of the observed association
Biological gradient (exposure-response relationship)
Biological plausibility
Coherence
Experimental evidence (from human populations)
Analogy
Experimental Animal Bioassay Data
The most common way of identifying potentially carcinogenic agents is long-term bioassays
in experimental animals. Experimental carcinogenesis research is based on the assumption
that agents, which can cause cancer in animals, will have similar effects in humans. Within
the IARC Monographs program, the respective roles of human and experimental data in
defining and/or predicting human risk have been amply and repeatedly debated. It has been
agreed that carcinogenic risk to humans could be quantified on the basis of experimental
animal data only with large uncertainties. However, experimental evidence has maintained its
validity in demonstrating carcinogenicity of and agent and in serving as an alert that similar
effects, might occur in humans. Accordingly, the IARC monographs have a policy statement
in the preamble, which states that in the absence of adequate human data, it is biologically
plausible and prudent to regard agents and mixtures for which there is sufficient evidence of
carcinogenicity in experimental animals as if they presented a carcinogenic risk to humans
[IARC 2002]. In doing so, IARC, anticipating what later became known as the 'precautionary
principle', was trying to reconcile a scientifically accurate analysis of the data with an
interpretation of the evidence of carcinogenicity provided by experimental data that is not
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only biologically plausible but is public health orientated and gives priority to primary
prevention.
Evaluation of the data on mechanisms
Consideration of the mechanistic data has the potential of improving the analysis of causation
between the observed effect and the given exposure. Elucidation of the mechanisms gives
insight into the potential steps important in the process and prevention of carcinogenesis.
There may be strong associations between exposure and disease, but if confounding factors
are not examined thoroughly, the association may be spurious.
The IARC categories and need for cancer prevention
The IARC categories are considered to be "hazard" assessments, not risk assessments, which
would include an attempt for quantitation of the potential risk. This risk depends on both the
existence of hazard and exposure to that hazard. A cancer hazard exists when an agent has
been categorized to Groups 1, 2A and 2B (see Table 1). It should be emphasized that the
categorization of an agent with regard to its carcinogenicity remains a matter of scientific
judgment, and agents or exposures can be classified to different categories in a way different
from the strict interpretation of the default criteria. In Group 1 the hazard has been shown to
produce a real risk in humans (as observed in epidemiological studies of exposed humans). In
Group 2A there are clear indications of the cancer hazard, and in Group 2B the hazard is
considered to be high enough to consider, for practical purposes, preventive actions. The
agents which cause cancer in animal models, but do not have any relevant human data, are
categorized in Group 2B as 'possible human carcinogens'.
The category 2B is generally used for agents for which there is limited evidence of
carcinogenicity in humans in the absence of sufficient evidence of carcinogenicity in
experimental animals, or when there is inadequate evidence of carcinogenicity in humans but
there is sufficient evidence of carcinogenicity in experimental animals. The above mentioned
public health statement in the IARC Monographs preamble that agents with 'sufficient
evidence' in experimental animal models should be considered, for practical purposes and for
the purpose of primary prevention, 'as if they presented a carcinogenic risk to humans' should
logically also apply to all agents in this category 2B of 'possible human carcinogens'. The
preventive approaches to be considered could include strategies to reduce exposures as much
as technologically possible, strategies to search for alternative chemicals/agents etc.
Evaluation of carcinogenicity of electric and magnetic fields in the IARC Monographs
Exposure to electric and magnetic fields (EMF) emanating from utilization of electricity is
widespread. The major concern has focused on the possibility that exposure to extremely lowfrequency (ELF) electric and magnetic fields may result in increased risk of cancer. It is a
widely held view that the current scientific evidence in support of an association between ELF
magnetic fields and childhood leukemia is limited [IARC 2002]. The evaluation in the IARC
monographs lead to overall evaluation of Group 2B, ELF magnetic fields being possibly
carcinogenic to humans. Evidence for static electric and magnetic fields and ELF electric
fields is not classifiable as to their carcinogenicity to humans (Group 3). As far as
radiofrequency fields (RF) are concerned, the evaluation in the IARC Monographs has not yet
been done, and it is planned to take place in 2006.
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Developing Policy for Children
Given the paucity of data indicating a particular vulnerability of children to EMF, there is an
urgent need to develop policies in the face of uncertainty and to design and implement studies
that can provide direct and relevant information on the potential susceptibility of children.
Setting Guidelines
Guideline-setting bodies often recognize that children might be more susceptible to EMF than
adults, that EMF dosimetry is different in children and that behavior, and thus exposure,
might be different in children. The potential for these differences is incorporated in an
additional reduction factor that is applied to exposure limits for the general population (as
compared to limits for occupational exposure), rather than the development of specific limits
for children.
The exposure guidelines developed by the International Commission on Non-ionizing
Radiation Protection (ICNIRP) are intended to protect against adverse health effects that are
scientifically established. In the case of electromagnetic fields, all established effects are acute
ones [ICNIRP 2002] with specific thresholds, in the sense that a minimum biologically
effective quantity must be applied for an effect to occur. In this approach, the concept of
critical effect is fundamental. The critical effect is the established adverse health effect that
occurs at the lowest level of exposure. If a given effect were found to occur in childrenor in
any other particular groupat an exposure level lower than that required for an effect in the
rest of the population, it would be assumed to be critical. Sources of uncertainty include
possible differences between children and adults in the distribution of induced currents and in
SARs (for low- and high-frequency fields, respectively). The reduction factor of 5 used for
both ELF and RF exposures for the general population is likely to be adequate for the
protection of children against established health effects.
Precautionary Approaches
The precautionary principle is an attempt to link the scientific community and the community
of 'common' people in joint responsibility for decisions, a state where primary importance
attaches to our right to be informed and our freedom of choice. Risk involved in
electromagnetic fields may well be lower than in many other areas currently well accepted
(such as risks of motor traffic), but public opinion bluntens the perception of certain risks, as
in case of ultrafine particles from motor exhausts. Scientific evidence can make its
contribution to societal decision making openly, to clarify the contours of uncertainty with the
reservations typical of scientific rationality. For its part, the political decision making
procedure must supply the tools and channels for democracy to find its voice.
While development of science-based guidelines for established effects is challenging,
development of science-based precautionary approaches for uncertain effects is even more
difficult, particularly when children may be affected. Many societies have a heightened level
of concern for vulnerable populations, particularly children, because they may be unable to
take actions to effectively manage their own risk. Furthermore, many societies believe that
children and fetuses should be afforded an even higher level of protection because they
represent the future of the society (WHO Precautionary Framework, 2004). Other factors,
such as the potential number of productive years lost and the potential for higher and longer
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exposure, also come into consideration. Finally, widespread exposure can have large public
health consequences even if its effects are small or subtle.
The draft WHO Precautionary Framework discusses several factors that argue for the
adoption of greater, rather than lesser, protection for EMF exposure to children. Among these
factors are the possibility that EMF might affect children; the dread with which some of the
diseases in question, such as leukemia and brain cancer, are perceived; the involuntary nature
of some of the exposure; the extensiveness of exposure; the rapid growth of some exposures;
and the occurrence of some of the exposures to children close to guideline limits. Possible
precautionary measures for EMF will vary from country to country, but should follow WHO
Precautionary Framework recommendations as outlined in the case studies. In Sweden, such
approaches have already been introduced for both ELF and RF fields.
The precautionary principle emerged as a decision rule for regulating environmentally
hazardous activities in the Swedish Environmental Protection Act of 1969. This act which
remains in effect today incorporates the statement that the mere risk of harm, if not remote,
warrants protective measures or a ban on the activity that is possibly causing harm. For low
frequency fields, the Swedish Radiation Protection Authority recommended reducing
exposures specifically without providing any recommendation regarding levels. In 1993 the
Swedish government, acting upon the recommendation of the Swedish Electric Board [Villa
and Ljung 1993], advocated prudent avoidance. This cautionary policy, defined as taking
measures to reduce magnetic fields in newly built housing and electrical facilities without
great inconvenience or cost, was formalized in 1996 in a guide for Swedish local officials
[National Board of Occupational Safety and Health, et al. 1996]: “If measures generally
reducing exposure can be taken at reasonable expense and with reasonable consequences in
all other respects, an effort should be made to reduce fields radically deviating from what
could be deemed normal in the environment concerned. Where new electrical installations
and buildings are concerned, efforts should be made to design and position them in such a
way that exposure is limited.”
For RF, the joint statement of Scandinavian Radiation Protection last year adopted precaution
(2004)
“The existing knowledge gaps and the prevailing scientific uncertainty justify a certain
precautionary attitude regarding the use of handsets for mobile telephony. Due to the
widespread use of mobile phones even a very small risk could have consequences for public
health. Because of the lack of knowledge in certain fields of research the Nordic authorities
find it is wise to use, for instance, a hands-free kit that reduces the exposure to the head
significantly. This information should be addressed both to adults, young people and
children. It is important that parents inform young people and children about how to reduce
the exposure from mobile phones."
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Discussion
It is clear from the presentations and discussions in this report that there are several important
ongoing studies and that there are several unresolved issues. Most of the current focus is on
RF rather than on ELF or other lower frequencies. The most likely explanation to this is that
ELF research began earlier and has come further. At least for the epidemiologic studies it may
be reasonable to compare the current RF epidemiology to ELF epidemiology about a decade
ago. A major explanation to this is that knowledge about exposure distribution in the
population and measurement technology has developed further and is now much better for
ELF fields. However, exposure assessment was a major obstacle in earlier ELF epidemiology
and it remains so in current RF epidemiology. A number of second generation RF studies are
in the process of being planned or piloted. A major issue in this process is the exposure
assessment.
To date, little is known about the levels of radiofrequency exposure in the general population
from sources such as mobile phones being used by oneself or other people, mobile phone base
stations, and radio and television transmitters. Measurements that have been performed have
usually been made as a result of public concern about base station exposures or other specific
sources, and have therefore been made at locations that could be assumed to have higher
fields than would be the case if measurement locations were selected randomly. Furthermore,
all measurements have been stationary, and there is today no knowledge about the level of
exposure that an individual will have throughout the day. Some countries have set up
networks monitoring the radiofrequency exposure at certain locations, but again, the locations
chosen have been driven by the existence of base stations or other RF exposure sources, and
do not reflect the RF exposure in the general population.
There is a need for information about the personal exposure to RF fields in the general
population, to enhance the understanding of the relative importance of exposure from base
stations close to the home, from radio and television transmitters, and from the use of mobile
phones. There is now a personal meter available that can measure the RF fields over a longer
time period, e.g. 24 hours, and that has the possibility to distinguish between different sources
of RF exposure. Studies with personal RF exposure measurements of randomly selected
samples of the general population are strongly encouraged.
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