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Preface
This report is written for the information of members of the Eastern Health Board in
response to questions relating to the area of electromagnetic radiation and public
health. It has largely been written in a way which avoids technical jargon and
notation. Nevertheless, the complexity of the subject is such that some of this must be
included. For the information of readers, there is a glossary which defines most of the
technical terms that are encountered in this report.
Some reports have already been given to members in response to requests for specific
reports. However, it is important to stress that they do not provide an adequate,
accurate or unbiased representation of the body of scientific literature that has been
published in this field and this review seeks to redress that balance.
The Dail committee on Public Enterprise is due to publish a report entitled "Report on
Non-Ionising Microwave Radiation Emission$ kom Communications Masts" which
will be of interest in so far as it relates to rad<okequency radiation emissions arising
from an increasingly prevalent source which has given rise to some public disquiet. It
is due for release in Mid December 1998.

Glossary
Age specific rate The rate of occurrence of a particular event in a specified age
group.
Antenna A device used to radiate or receive electromagnetic energy
Confidence Interval An interval calculated from data when making inferences about
an unknown parameter. In hypothetical repetitions of the study, the interval will
include the parameter in question on a specified percentage of occasions (e.g.
95% for a 95% confidence interval)
Dosimetry The measurement of the absorbed does or dose rate by an object in an
electromagnetic field
Electric field strength The force of a stationary unit positive charge at point in an
electric field. The magnitude of the electric field vector (unit V M')
Epidemiology The study of the distribution and determinants of health-related states
or events in specified populations and the application of this study to control of
health problems.
Hertz (HZ) One cycle per second
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I n vitro Laboratory research carried out on tissues and cell systems outside of the
living animal
In vivo Laboratory research carried out on tissues and systems within the living
animal
Incidence The number of new cases of a particular condition arising in a given
population in a given time period (usually one year).
Morbidity Any departure, subjective or objective, from a state of physiological and
psychological well-being.
Mortality rate The Proportion of a population that dies during a specified period
(usually one year).
Odds Ratio The ratio of odds of disease occurrence in a group with exposure to a
factor to that in an unexposed group; within each group, the odds are the ratio of
numbers of diseased and non-diseased individuals
Power (flux) density The power crossing unit area normal to the direction of wave
propagation
Prevalence The number of cases of a particular condition in a given population a
specified point in time.
Psychovegatative A group of complaints which includes sleep disturbance, headache,
tiredness, irritability, back pain and limb pain
Relative Risk The ratio of disease rate in the group under study to that in a
comparison group. For rare diseases the relative risk approximated to the odds
ratio.
Wavelength (h) The distance between two successive points of a periodic wave in the
direction of propagation, in which the oscillation has the same phase

Executive Summary
The material, which is discussed in this literature review, is referenced throughout the
body of this report and a list of the papers and reports to which the references relate is
provided at the end of the report. In keeping with the standard structure of an
executive summary, references are not provided in this section, but each of the points
in the executive summary are synopsised from the main body of the literature review.
It must be borne in mind that the subject matter of this literature review is highly
technical and complex and has been compiled using the expertise within the Board,
which is not comprehensive.

Current Position
There are currently no legal limits in Ireland to limit exposure to workers or the public
from non-ionising electromagnetic radiation. There are, however, health and safety
guidelines included in the 1996 Department of: the Environment guidelines for the
erection of mobile phone masts. These guidelines are based on those published by the
International Radiation Protection Association (IRPA) in 1988.
In April of 1998, the International Commission on Non-ionising Radiation Protection
issued guidelines for the limitation of exposure among workers and the general public
to non-ionising radiation. The European Commission has proposed a directive which
is based on the 1998 recommendations of

ICNIRP. The position taken by the

regulatory authorities in Ireland supports the ICNlRP statement of 1996.
The Dail committee on Public Enterprise is due to publish a report entitled "Report on
Non-Ionising Microwave Radiation Emissions from Communications Masts". It is
due for release this month (December 1998).
The International EMF project was established at the World Health Organisation
(WHO) in 1996 to provide a forum for a co-ordinated international response to health
concerns raised by exposure to electromagnetic fields. This is a major project, the
purpose of which is to establish one way or the other whether there is a health risk
arising from exposure to electromagnetic radiation is on-going. While a number of
interim reports are being produced, it is not expected that a final report will be
available until the early years of the next century.

Introduction
Until the early part of this century, exposure to electric and magnetic fields among the
general public was very low. In the last few decades, there has been a significant rise
in the exposure of the population to electric and magnetic fields associated with newly
emerging technologies such as mobile phones. There have been increasing concerns
expressed by the public about the safety of exposure to these electric and magnetic
fields. The volume of material published in relation to this issue, as well as its
complexity have contributed to the difficulty in understanding the issues involved
This confusion needs to be cleared through rational scientific endeavour rather than
added to by poorly completed research and biased position papers.

Physics
Everyone is exposed to electromagnetic radiation arising from a wide variety of
sources in the home, the workplace and elsewhere The electromagnetic spectrum can
1

he divided into two categories: ionising and non-ionising. Unlike ionising radiation,
non-ionising electromagnetic radiation fields have insuffkient energy to cause
ionisation. The term radiofrequency (often restricted to frequencies below 300 MHz)
for the purposes of this report also covers bands above 300 MHz defined as
microwaves. The term ELF (Extremely Low Frequency) is used generically to include
all frequencies between static fields and 3 !&z.

Unlike ionising radiation man-made

sources dominate exposure to non-ionising electromagnetic radiation
Table 1 Electromagnetic fields from 0-300 GHz and their sources
Frequency
0 Hz

Waveleng&h

30 Hz

10,000 knl

Description
Static
Sub-Eaemely Low

Band

Sources
Earth's field, magnets, DC supplies

SELF
Electric power lines and cables. Domestic
and industrial appliances

Television sets, VDUs

I

I

I

I

Frequencies

.

.I.

II

II

R\TFRA RED

The most common fields to which people are exposed are those arising from the use
of 50 Hz electrical power transmission and distribution, the use of electrical
appliances and various radio and television transmitters, microwave communications
links, radar and domestic products such as microwave ovens, TVs and computer
displays Higher exposures can arise in proximity to sources such as mobile and
portable radio antennae.
The potential for people to be exposed depends not only on the strength of the
electromagnetic fields generated but also on their distance from the source and, in the
case of a directional antennae, such as radar, their proximity to the main beam. High
power broadcast and highly directional radar dystems do not necessarily present a
source of material exposure except to specialist maintenance workers or engineers.
Millions of people, however, come in close proximity to low power RF transmitters
and electrical appliances where field strengths, intense at close distances can give rise
to a non-uniform partial body exposure. The field strengths decrease rapidly with
distance from a particular source. Over recent decades, the exposure of the population
to non-ionising electromagnetic radiation has increased substantially
Population E x p o s u r e to Electromagnetic Fields
The frequency of electromagnetic fields (EMF) depends on the source. In Ireland
powerlines operate at a frequency of 50Hz. These powerline fields fall in the
extremely low frequency (ELF) region of the electromagnetic spectrum. Devices that
have electric wires are potential sources of EMF. In relation to health effects, research
has focused on ELF magnetic fields resulting from power lines, appliances and
occupational exposures.
Cellular telephone use is the main source of radiofrequency exposure to the general
population. The general population is also subject to such exposure from broadcast
signals and cellular base stations. Devices other than cellular telephones also emit this
type of radiofrequency energy. The amount of radiofrequency exposure is largely
determined by the power level of the signal, which, in turn, depends on a number of
factors. Exposure may also vary depending on the individual habits of use. The

energy from a base station antenna is directed towards the horizon. Ground level
exposure is well below exposure limits recommended for the general and
occupational populations
Dosimetry
Dosimetry describes the relationship between electromagnetic radiation and currents
induced in the body. One problem in assessing the extent of exposure to magnetic
fields is the lack of the concept of a biologically relevant dose. Dosimetry provides
for the characterisation of the exposure in biological studies and helps establish a
relationship between external fields from a source and the fields in the body.
Measurement of Exposure in Epidemiological Studies
Measurements give the most direct assessment of exposure. Field strengths, however,
are not constant and may be affected by many other factors. Epidemiological studies
I

require reliable exposure estimates for groups of people under investigation.
Assessment of radiofrequency exposure is difficult. The basis for assessment of
exposure has often been indirect such as job description and many people have been
misclassified. The availability of databases of billing records makes exposure to
cellular telephone radiofrequencies easier to measure than other forms of
electromagnetic radiation exposure such as ELF.
Epidemiological Evidence for Health Effects of Electromagnetic
Radiation
Since the initial reports in the 1960s of health effects associated with non-ionising
radiation from exposure to electric power, there have been many epidemiological
studies carried out which have focused on cancer and non-cancer effects, adults and
children and the occupationally and residentially exposed.
The epidemiological findings of the studies that have been reviewed in this report
provide no convincing evidence to support the view that residence near sources of
such radiation, use of domestic appliances or exposure in the workplace causes
cancer. There is weak evidence of an increased risk for childhood leukaemias with
residential exposure to ELF and an increased occurrence of chronic lymphatic
leukaemia associated with occupational exposure The results of in vivo and in viho
studies, however, do not confirm or refute these epidemiological findings.
Furthermore, the evidence that has been published in support of this hypothesis is

inconsistent and relates to studies which have many methodological flaws or which
are subject to bias in their design or reporting.
Epidemiological studies of the health effects of radiofrequency radiation are less
numerous than those concerned with the causation of similar problems following
exposure to ELF related to power lines and other appliances. The greatest public
concern has been that exposure to radiofrequency radiation may cause cancer. Among
the epidemiological studies which have examined this potential association, some
positive findings were reported for leukaemia and brain cancer. Overall, the results
are inconclusive and do not support the hypothesis that exposure to radiofrequency
fields causes or influences cancer. Some conflicting evidence has been published in
relation to exposure to radiofrequency fields from television transmitter sources.
There have been very few epidemiological studies conducted which have examined
I

the health effects of radiofrequency radiation in human populations. Studies that are
conducted in this area are subject to many difficulties. One of the clear difficulties
relates to the size of any study which would have sufficient power to detect any small
increases in risk as a result of exposure to radiofrequency radiation. The sample size
required would be extremely large thereby making the undertaking extremely
expensive and also ensuring that it could not be done in one country such as Ireland.
Cancer can take decades to emerge. This means that if there is an effect of
radiofrequency radiation in terms of inducing cancers of long latency, then this effects
is not likely to be detectable by epidemiological studies for some considerable time
period. Difficulties arise also in the development of valid and useful methods for the
measurement of poopulation expoure to radiofrequency radiation for the purposes of
epidemiological work.
There have, however, been some studies which have clearly established health risks
specifically related to mobile phone use. These studies have been conducted around
two specific issues: interference with vital medical equipment such as cardiac
pacemakers and road traffic crashes.
In vitro studies
In viho systems afford a means of determining dose-response relationships, effect

thresholds and tests of dose-reciprocity, all of which are essential factors in the
determination of quantitative interaction mechanisms. One possible effect which has

caused concern is cancer. Only a small number of in vifro studies, however, have been
designed to examine this issue. In order to identify the studies of greatest value,
factors have been identified that allow evaluation of the contribution that in vifro
research can make to the understanding of the potential effect of EMF on human
health: In spite of the evidence for the cellular effects of EMF radiation, however,
there is insufficient data available to allow for the useful application of such data for
the assessment of human health effects.

In vivo studies
The relatively few animal tests which have been conducted for carcinogenic effects of
alternating magnetic fields have failed to yield consistent or conclusive results. The
effects of EMF have usually been studied at intensities of exposure that are much
higher than environmental levels, in order to determine if effects occur. Most of the
studies suggest a lack of carcino~enicity. There is inadequate evidence in
experimental animals for carcinogenicib from exposure to extremely low frequency
electromagnetic fields. Similarly there is inadequate evidence in support of the
occurrence of non-cancer effects from the animal studies reported in this document.

Ongoing and further research
A large body of research has been conducted into the area of extremely low frequency

electromagnetic fields. There are, however, fewer data for radiofrequency fields and
very few related to the emissions and exposures specific to personal communications.

A comprehensive assessment of the risk of effects on human health requires such
data.
The International EMF project was established at the World Health Organisation
(WHO) in 1996 to provide a forum for a co-ordinated international response to health
concerns raised by exposure to electromagnetic fields. This was against a background
of a considerable amount of ad hoc research . The International EMF Project:
reviews the scientific literature on biological effects of EMF exposure
identifies gaps in knowledge requiring research that will improve health risk
assessments
encourages a focused agenda of high quality EMF research

formally assesses health risks of EMF exposure aRer the required research is
completed
encourages internationally acceptable uniform standards
provides information on risk perception, risk communication, risk management
advises national programmes and non-governmental institutions
This major project, whose purpose is to establish one way or the other whether there
is a health risk arising from exposure to electromagnetic radiation is on-going. While
a number of interim reports are being produced, it is not expected that a final report
will be available until the early years of the next century
Guidelines for Limiting Exposure to Non-lonising Radiation
In April 1998, the International Commission on Non-ionising Radiation Protection

(ICNIRP) issued guidelines for the limitation of kxposure to non-ionising radiation.
The guidelines were based first of all on a comirehensive review of the scientific
literature relating to possible health effects of such radiation. They applied criteria to
published material which were designed to assess their credibility and potential
implications. Only established effects were used in the determination of the exposure
guidelines that they issued (ICNIRP, 1998).
There are no legal limits in Ireland at present to limit the exposure of workers or of
the public from electromagnetic radiation but there are health and safety guidelines
included in the 1996 guidelines for the erection of mobile phone base stations based
on those published by the International Radiation Protection Association (IRPA,
1988). The European Commission has proposed the introduction of directives which
endorse the ICNIRP guidelines (Commission of the European Communities, 1998).
The ICNIRP findings support the position taken by the regulatory authorities in
Ireland.
Conclusion
In relation to ELF radiation there is some weak evidence of carcinogenicity arising

from studies in childhood and among the occupationally exposed Much of the
evidence, for this which arises from epidemiological studies however, is not
consistent from report to report and has not been backed up by corroborative findings

from other kinds of work. Firm evidence for a causal relationship between ELF
exposure and health effects, in particular cancer, is lacking at the present time.
In relation to exposure to radiofrequency radiation there have been fewer completed
research papers. There is no firm evidence available at the present time to suggest that
a causal association with adverse health events exists. It is more difficult t o establish
the non-existence of an effect. Significant increases have occurred in recent decades
in exposure to radiofrequency radiation. Consequently, on-going research and
monitoring will be required because of potential long latency.
International agencies and governments have taken steps to deal with these
difficulties. The World Health Organisation has established the International EMF
Project while agencies such as the International Commission on Non-Ionising
Radiation Protection have produced exposure guidelines for the occupationally
exposed and for the general public b,ased on best available evidence. The European
Commission is producing directives!for member states in relation to these issues.
Many countries have produced national guidelines which are in keeping with such
international standards. Given the current gaps in our knowledge about these matters,
efforts must continue to be directed towards more and better research, towards
measures and guidelines which are based on best available evidence and away from
unmeasured and biased responses.

Chapter I Introduction
The material, which is discussed in this literature review, is referenced throughout the
body of this report and a list of the papers and reports to which the references relate is
provided at the end of the report. It must be borne in mind that the subject matter of
this literature review is highly technical and complex and has been compiled using the
expertise within the Board, which is not comprehensive.
Current Position
There are currently no legal limits in Ireland to limit exposure to workers or the public

from non-ionising electromagnetic radiation. There are, however, health and safety
guidelines included in the 1996 Department of the Environment guidelines for the
erection of mobile phone masts. These guidelines are based on those published by the
International Radiation Protection Associatio (IRPA) in 1988
/

In April of 1998, the International Commission on Won-ionising Radiation Protection
issued guidelines for the limitation of exposure among workers and the general public
to non-ionising radiation. The European Commission has proposed a directive which
is based on the 1998 recommendations of

ICNEW. The position taken by the

regulatory authorities in Ireland supports the ICNTRP statement of 1996.
The Dail committee on Public Enterprise is due to publish a report entitled "Report on
Non-Ionising Microwave Radiation Emissions from Communications Masts". It is
due for release this month (December 1998).
The International EMF project was established at the World Health Organisation
(WHO) in 1996 to provide a forum for a co-ordinated international response to health
concerns raised by exposure to electromagnetic fields. This is a major project, the
purpose of which is to establish one way or the other whether there is a health risk
arising from exposure to electromagnetic radiation is on-going. While a number of
interim reports are being produced, it is not expected that a final report will be
available until the early years of the next century.
Background
Until the early part of this century, exposure to electric and magnetic fields among the

general public was very low. With the advances in energy production, energy
distribution, telecommunications and broadcasting that have been witnessed

throughout this cenrury, particularly in the last few decades, there has been a
proportional rise in the exposure of the population to electric and magnetic fields
associated with these technologies. The use of mobile phones, for example, has
increased exponentially since they were first marketed in 1983 (Buffler, 1996).
While there are clear and obvious benefits to society from each of these forms of
technology, there have been increasing concerns expressed about the safety of
exposure to the electric and magnetic fields that they generate. There has been a
considerable increase in research effort in keeping also with the increasing level of
population concern about their use This research covers a number of different
disciplines such as physics, engineering, biological sciences such as biochemistry,
genetics and physiology, clinical medicine and epidemiology.
The volume of material which is published in relation to this issue, as well as its

F

complexity have contributed to the ifficulty in understanding the issues involved,
particularly in relation to the assessment of reports and claims which appear to be
contradictory. This conhsion needs to he cleared through rational scientific
endeavour rather than added to by poorly completed research and biased position
papers.
This review of the literature concerning the issue of health and the effects of
electromagnetic fields is necessarily brief. It covers most of the disciplines of
relevance to this issue. The report concerns itself with scientific reports published in
peer-reviewed journals, books, international guidelines and reports from scientific
conferences which have addressed the subject.

Chapter 2 Physics
Everyone is exposed to electric and magnetic fields arising from a wide variety of
sources which use electrical energy both at home and at work. Non-ionising
electromagnetic radiation fields are time-varying fields with frequencies of up to 300
gigahertz (GHz) or 300,000,000,000 cycles per second. These fields lie within the part
of the electromagnetic spectrum bounded by static magnetic fields and infra red
radiation. At the highest frequency of 300 GHz, there is insufficient energy to cause
ionisation and consequently these fields are referred to as non-ionising radiation.
The International Telecommunications Union (ITU) has divided the spectrum up to
300 GHz into bands. Within this frequency range, the nature of the exposure fields
and their characteristics vary greatly, corresponding to the wide variety of sources and
applications. Some of the sources of electromagnetic field exposure and their
approximate position within the ITU band designafion are shown in figure1 together
with the frequency and wavelength for the band divisions. The term radiofrequency
tends to be arbitrarily defined to cover various bands of the spectrum, sometimes
restricted to frequencies below 300 MHz but also used to embrace the bands above
300 MHz defined as microwaves. In the same way that radiofrequency and
microwaves are used as descriptive rather than definitive terms, ELF (Extremely Low
Frequency) is also used generically to include all frequencies between static fields and
3

kHz.

Unlike ionising radiation where natural sources contribute the greater proportion of
the exposure to the population, man-made sources tend to dominate exposure to time
varying fields and radiation. Over parts of the frequency spectrum such as those used
for electrical power and broadcasting, man-made fields are many thousands of times
greater than natural fields arising from either the sun or the earth.
The natural fields to which people are unavoidably exposed are the earth's static
fields. Everyone is exposed to the static magnetic field arising from current flow in
the earth's core. This gives rise to a magnetic flux density of 30-70 microteslas @T)
over the surface of the planet dependant on location. Some people may be exposed to
magnetic fields exceeding 1 tesla (T) when close to magnets used for medical and
research purposes ( e g magnetic resonance imaging (MRI); fusion reactors). The
earth's static electric field strength changes with weather conditions and in calm

periods is 100-200 volts per metre (V m") whilst in stormy conditions can be tens of
thousands of volts per metre. Electrostatic fields of several thousand volts per metre
can be encountered from charged objects both in the home and in the workplace.
Naturally occurring time varying magnetic fields are associated with changes in
ionospheric currents which are most affected by the sun's activity. Magnetic flux
densities of 0.5 pT at frequencies of a few Hz can be generated at times of intense
solar activity, but normal daily variations from pulses of less than 0.1 Hz are about
0.03 pT. Lightning strikes can generate a wide range of frequencies up to the MHz
region, the peak intensity occurring at a few kHz but, under normal circumstances, the
magnetic flux density decreases from 10

pT at several Hz to 10 -8 WTat a few kHz.

Atmospheric time varying electric fields up to 1 kHz are less than 0.5 V m" and
decrease with increasing frequency.
The most common man-made timk varying fields to which people are continually
exposed are those arising from the! use of 50 Hz electrical power transmission and
distribution, the use of electrical appliances and various radio and television
transmitters. Everywhere that TV or radio signals are received, there must be an RF
field; low level exposure is ubiquitous. The general public is also exposed to lowlevel fields from microwave communications links, radar and domestic products such
as microwave ovens, TVs and computer displays (Video Display Units- VDUs).
Higher exposures can arise transiently in close proximity to sources such as citizens
band (CB) or mobile and portable radio antennae
The potential for people to be exposed depends not only on the strength of. the
electromagnetic fields generated but also on their distance from the source and, in the
case of a directional antennae, such as radar, their proximity to the main beam. High
power broadcast and highly directional radar systems do not necessarily present a
source of material exposure except to specialist maintenance workers or engineers,
Millions of people, however, come in close proximity to low power RF transmitters
and electrical appliances where field strengths, intense at close distances can give rise
to a non-uniform partial body exposure. The field strengths decrease rapidly with
distance from a particular source.
Over recent decades, the use of electrical energy has increased substantially, both for
power at mains supply frequencies and for RF broadcast and telecommunications

purposes. At RF frequencies used for broadcast, it is clear that exposure of the
population will have increased in proportion with increasing power. The proliferation
of mobile and portable sources for telecommunications will have increased the
exposure of people using such equipment. It is clear also, that the introduction of
more electrical appliances into the home will cause increased exposure to 50 Hz
fields. The manner in which exposure to fields from local electricity distribution
reflects the increased power utilisation is less clear, as the magnetic fields are a
complex function of currents flowing in cables, wires and pipes and depend on wiring
practices which may have changed with time (National Radiation Protection Board,
1992)
2.1 The Electromagnetic Spectrum
The transmission of energy between two points often takes place by the use of
electromagnetic radiation. The energy is carried by means of electric and magnetic
fields whose directions are at right angles to each other and are also at right angles to
the direction of propagation. The nature and properties of electromagnetic radiation
are dependent on the frequency or the wavelength (which is inversely proportional to
the frequency) (Hurley, Maher, Staines et al., 1996).
The frequency of an electromagnetic wave is determined by the number of wave
peaks passing a given location in 1 second. Each application or device which emits
electromagnetic radiation has its own range of frequencies. The allocated frequencies
for cellular telephone services, for example, are in the radiofrequency (RF) band
between 800 and 900 MHz. The energy associated with electrical power transmission
is around 50Hz and is referred to as extremely low frequency (ELF) energy.
The electromagnetic spectrum can be divided into two categories (see figure 1)
according to how the wave interacts with biological tissue: ionising and non-ionising.
X-rays and other ionising radiation have extremely high frequencies and can affect the
chemical composition of materials and thus cause direct damage to tissue. Nonionising radiation can cause motion of electrical charges and conversion of energy
into heat in exposed materials. By this means, a microwave oven heats food.
Electromagnetic radiation energy emitted by cellular telephones, however, is not of
sufficient level to cause detectable heating of biological tissue (Anderson & Joyner,

1995). It is still an open question, however, whether radiofrequency exposures too
weak to increase temperature measurably could have biological effects.
In the future, we can expect a large increase in the sources of electromagnetic
radiation, especially radiofrequency radiation on account of increasing use on mobile
telecommunications. The future systems will be based on digital terrestrial and
satellite technology and this will result in lower average exposure levels but higher
peak pulsed levels. This use of digital technology will result in more efficient use of
the electromagnetic spectrum (McAuley, 1998a)

Table 2 Electromagnetic fields from 0-300 GHz and their sources (National Radiation Protection Board, 1992).

Frequency

Wavelength

OHz
30 Hz
50 Hz
300 Hz

Description

Band

Static
10,000

km

Earth's field, magnets, DC supplies

Sub-Extremely Low Frequency

SELF

Extremely Low Frequency

ELF

6,000 km
1.000 km

Sources

Electric power lines and cables. Domestic and industrial
appliances

Chapter 3 Population Exposure to Electromagnetic Fields
3.1 Extremely Low frequency (ELF)
Wherever electricity is generated, transmitted or used, electric and magnetic fields are

created, due to the presence and motion of electric charges. Generally, these fields are
time-varying vector quantities characterised by a number of parameters, including their
frequency, phase, direction and magnitude.
3.1 .I Electric and Magnetic Fields
An electromagnetic field (EMF) has two components, the electric and the magnetic

fields. The electric field is created by the presence of an electric charge. It describes the
magnitude and direction of the force it exerts on a positive electric charge. The
magnitude of the electric field depends on the difference in potential between chargecarrying bodies, including conductors, regardless of the ;mount of current that is flowing
through them.
In contrast, a magnetic field is created by the motion of electric charges. Typically, this
motion is represented by a flow of charge in the form of an electric current, which gives
the number of charges per second passing through the conductor. The magnetic field acts
only on other electric charges in motion. Thus, a magnetic field is created by an electric
current and describes the magnitude and direction of the force exerted on a nearby current
(moving charges). The magnitude of the magnetic field is proportional to the current flow
in a conductor, regardless of the voltage present.
Voltage and current determine the magnitude of the electric and the magnetic fields at a
location, respectively, with the source geometry and distance from the source to the
measurement location. The strength of an electric field is usually measured in volts per
meter (Vlm) or sometimes in kilovolts per meter (1 kV/m = 1000 Vlm). Magnetic fields
can be designated by either magnetic flux density (B) or magnetic field strength (H); both
are proportional to the magnitude of the current (EMF Working Group, 1998).

3.1.2 Source of Electric and Magnetic Fields
EMF can be arranged in an orderly fashion in an electromagnetic spectrum, according to
their frequency or wavelength. The frequency of EMF depends on the power-line source;
in North America, power systems operate at a frequency of 60 cycles per second or 60
hertz (Hz), whereas in Ireland they operate at a frequency of SOHz.
These power-line fields fall in the extremely low frequency (ELF) region of the
electromagnetic spectrum, which is defined by frequencies from 3 to 3000 Hz (Poole &
Ozonoff, 1996). The alternating current flowing in the electric power system has
dominant sinusoidal voltage and current waveforms; however, although 60 Hz is the
predominant fundamental frequency, humans are exposed to a mixture of frequencies and
much higher frequencies can arise. For example, switching events can generate abrupt
spikes in voltage and current waveforms, leading to high frequency 'transients', which
/

can extend into radio Frequencies above several megahertz (1 MHz = 10' Hz). Non-linear
characteristics in electrical devices can generate harmonics at integer multiples of the
fundamental frequency extending up to several kilohertz (1 kHz

=

lo3 Hz). EMF

frequencies from some electronic equipment, like televisions and visual display units
(VDUs), can routinely extend up to 50 kHz.
Most devices that have electric wires, e.g. electric motors, electric equipment such as
electric power lines, residential appliances and industrial equipment, are potential sources
of EMF. Residential exposures are dominated by ELF sources but also include exposure
to very low frequencies, 3-30-kHz radio frequencies and microwave sources.
The Earth also produces EMF Unlike the fields from power lines and other alternating
current sources, the Earth's fields are largely 'static', that is they do not change over time.
In contrast, EMF from power lines and other alternating current sources have a periodic
component. The Earth's magnetic field has a magnitude of about 50 T over most of the

USA and is oriented toward magnetic North; the vertical field component accounts for
about two-thirds of the total vector magnitude. Devices that operate on direct current
(DC) also produce static magnetic fields and some occupational environments, such as
aluminium smelting, can have extremely strong static fields

For the most part, researchers have focused on ELF magnetic fields resulting from power
lines, appliances and occupational exposures. In the broader context of human exposures
and epidemiological studies, it should be remembered that typical exposures to EMF
occur over a wide range of frequencies and in conjunction with static fields (EMF
Working Group, 1998).
3.2 Radiofrequency Fields
The use of mobile phones has increased exponentially since they were first marketed in

1983. There are now millions of users of this technology world-wide. Although cellular
technology is new, we have decades of experience with the underlying technology.
(Bufler, 1996)
Use of handheld cellular telephones is now the primary source of radiofrequency
I

exposure to the general population, but not the only source. The general population is
also subject to ambient radiofrequency exposure from broadcast signals and cellular base
stations. Devices other than cellular telephones also emit this type of radiofrequency
energy. Users of numerous portable and mobile communication devices are exposed
through hobbies or similar activities.
3.2.1 Portable Cellular Phones
Cellular technology provides a two-way radio communications system similar to but of
less power than that used by police, fire or emergency systems. It divides a given
geographical region into zones called "cells" each of which is equipped with a "base
station". The base station consists of a radiofiequency transmitter and associated
computer equipment.
When a call is made from a cellular telephone a signal is sent from the phone's antenna to
the base station antenna and the base station responds by assigning an available
radiofrequency channel. Communication is accomplished through simultaneous
transmission and reception of modulated radio signals which carry the voice information
between the cellular telephone and the base station. The base station routes the voice
signals through a switching centre, where the call can be transferred to another cellular
telephone or to the local (landline) telephone system.

The amount of radiofrequency exposure is largely determined by the power level of the
signal, which, in turn, depends on a number of factors. Cell coverage varies with the
amount of cellular telephone traffic. Whereas a cell in a rural area may extend its
coverage over a radius of many miles, cells in urban areas may only cover a fraction of
the area. The hrther the telephone is from the base station antenna, the higher the power
level needed to maintain the connection. In larger cells, therefore, telephone power levels
will, on average, be higher than those in smaller cells.
Each cell also performs its service with a varying number of channels. Optimal use of
these channels depends on limiting interference from adjacent channels. Cellular
telephones are therefore designed to step down automatically to the lowest power that
maintains communication with the base station. The system used to control power output
adjustment is defined by each cellular telephone company. Some companies design their
systems so that power output for 'all cellular telephones in their area is restricted to 0 6
watt or less. This power limitation reduces interference but may require more cell sites to
cover an area. Anything that inhibits the signal from the cellular telephone to the cell site
(for example, buildings, mountains, foliage) will also reduce the signal at the cell site and
automatically result in increased power output of the telephone (Rothman, Chou, Morgan
et al., 1996)
There are 4 types of wireless telephones- mobile, transportable, portable and cordless.
The first three are cellular while the cordless telephone is not. Radiofrequency exposure
from wireless technology depends on the duration of use, the number and length of
individual calls and the location of the calls (e.g. local topography, cell site density,
inside buildings). Exposure may also vary depending on the type of modulation. Current
systems are either analogue systems or digital systems. The latter use complex
modulation schemes to increase carrying capacity. The two systems produce exposures
which have potentially different biological interaction (Bawin, Kaczmarek & Adey,
1975; Bawin & Adey, 1977; Litovitz, Krause, Penafiel et al., 1993; Blackman, Benane,
Elder et al., 1980). Next generation wireless technology will employ somewhat higher
frequencies (1,800-2,200 MHz), exclusively digital modulation and will have lower
average power levels.

Exposure may also vary depending on the individual habits of use. Exposure is localised
to the side of the head on which the telephone is used (laterality) so individuals who hold
the telephone to the left or right ear exclusively will have different tissue exposures on
each side. Wire rimmed glasses, metal implants and jewellery also may alter the location
and degree of energy absorption, although the effect of these factors has not yet been
thoroughly evaluated (Rothman et al., 1996).

3.2.2 Non Cellular Mobile Telecommunication Devices
Antennae for mobile transceivers (for example two-way car radios such as those used in
police vehicles and taxis) are usually mounted on the roof or other external vehicle part.
Their transmitters operate at powers levels up to 100W. Exposure of the occupants of the
vehicle or of bystanders depends on radiated power, frequency, type of installation and
accessibility of the antenna (Rothman et al., 1996).

i

3.2.3 Radio and Television Broadcast.
The US Environmental Protection Agency collected broadcast signal field intensity data
for 3 years to estimate population exposure to this type of non-ionising radiation.
Measurement data were collected at 486 locations in 15 large cities. The data showed that
the main sources of ambient radiofrequency exposure in the United States were VHF and

UHF broadcasts. At the time of those measurements, cellular base stations were not in
existence. Population exposures to broadcast sources are one or more orders of
magnitude less than exposures of users of portable cellular telephones (Rothman et al.,
1996).

3.2.4 Cellular Base Stations
As with other antennae used for telecommunications, the energy from a base station
antenna is directed towards the horizon, with some downward scatter. As one moves
away from the antenna, the power density decreases as the inverse square of the distance
and consequently the exposure at ground level near a base station is relatively low
compared with the exposure close to the antenna itself. Ground level exposure is well
below exposure limits recommended for the general and occupational populations
(International Radiation Protection Association, 1988; Petersen & Testagrossa, 1992).

The power density levels inside buildings near a base station antenna can be 10-100 times
lower than outside, depending on the building construction. For typical construction (for
example wood or cement block) the attenuation is a factor of about 10. In rooms directly
below roof-mounted installations, the power density levels are considerably lower than
roof locations, depending on the construction. The power density behind sector
(directional) antennae is hundreds to thousands of times lower than that in front and,
therefore, levels are well below exposure limits in rooms directly behind walls where
sector antennae are mounted on the side of buildings (Rothman et at., 1996).

3.2.5 Automobile Cellular Telephones
The output power of an automobile based cellular transceiver which transmits in the 824
to 850 MHz band is controlled by the base stations and generally does not exceed 3W. In
a vehicle equipped with a celiular transceiver, the exposure levels to driver and
b

passengers are strongly affected by the antenna type and location (Balzano, Garay &
Manning, 1994). When the antenna is at the centre of the boot lid, the exposure above the
rear seat at head level, depends mainly on the distance from the radiating structure
(Rothman et al., 1996).

Chapter 4 Dosimetry
Many of the effects of exposure to electromagnetic radiation can be related to the
response to electric fields and currents induced in the tissues. Dosimetry describes the
relationship between electromagnetic radiation and currents induced in the body (EMF
Working Group, 1998). Dosimetric concepts have been developed which provide a basis
for linking external electric and magnetic fields to the electric field strength, induced
current density and the energy absorption rate in the tissues (National Radiation
Protection Board, 1992) It is essential t o specify whether the applied field is electric or
magnetic, the field direction and whether the exposed object was electrically insulated or
electrically grounded. Another key question in relation to magnetic fields is the
magnitude of the induced electric field (EMF Working Group, 1998).
/

Af the frequencies which are used for power distribution, the internal electric field
strengths are about one million times smaller than the external field strength. While
current density is the quantity most clearly related to the biological effects at low
frequencies, it is the energy absorption rate which becomes the more significant quantity
as frequencies increase. The term used to describe the energy absorption rate is the
specific absorption rate (SAR) for which the unit is watt per kilogram (NRPB, 1992). To
produce temperature rises of 10C requires energy to be deposited in the body of about 4
watts per kilogram which is the SAR (Hurley et al., 1997). This may be categorised into

whole body averaged SAR which is the value averaged over the whole body and the
localised SAR which is the value over a small mass of tissue (NRPB, 1992). For an
individual user, SAR will be determined by factors such as EM field frequency and
intensity, tissue dielectric properties which are related to water content, tissue size and
exposure environment (Rothman et al., 1996).
For hand-held radiotelephones, as their antennae operate near the head this is where the
localised RF exposure occurs. The location of the antenna feedpoint in relation to the
head is very important. Power absorption is, however, very inhomogeneous. Base station
antennae are a source of whole body exposure of people living close to them. Typically
for base transmitters the exposure distances from the transmitting antennae are greater
than 2 ~ ' / hwhere D is the largest dimension of the antenna and h the wavelength of the

field. Here, the electric and magnetic field components vary inversely with distance from
the antenna. In the case of hand held radiotelephones, however, the exposure distance for

1 1the RF field contains reactive components that interact
the user is less than 2 ~ ~ and
strongly with objects and with people (ICNLRP, 1996).
As frequencies increase to the HFIVHF band, the body behaves as an antenna and
absorbs energy in a resonant manner which depends on the length of the body with
respect to the wavelength. For an adult who is electrically isolated from ground, the peak
of this absorption occurs in the frequency 70-80MHz. As the frequency increases above
the resonance region, absorption of power becomes increasingly confined to the surface
of the body (National Radiation Protection Board, 1992).
Although electric field strength, current density and temperature rise are of primary
importance when considering thk effects of exposure, these are difficult to measure as
)

they may require the use of invasive probes. For this reason, exposure assessments are
usually carried out with reference to external field quantities. Calculation may involve
simplified assumptions but there is uncertainty attached to the use of surrogates such as
distance of residence from a wiring configuration. The only definitive way of
ascertaining exposure in many situations is to carry out measurements using appropriate
instrumentation.
One problem in assessing the extent of exposure to magnetic fields is the lack of the
concept of a biologically relevant dose. It has been presumed to be related to induced
electric currents, but those induced by exposure to the more commonly encountered
magnetic fields are much smaller than endogenous currents in the body (Harris, Basten,
Gebski et al., 1998).
In summary, dosimetry plays two important roles in the field of human health in relation
to electromagnetic fields. It provides for the characterisation of the exposure in biological
studies This helps to examine the relationship between biological effects and the fields
induced in the body. It also helps establish a relationship between external fields from a
source and the fields in the body Depending on the nature of the exposure, external field
values or SAR may then be used to test compliance with the standards

Chapter 5 Measurement of Exposure in Epidemiological Studies
5.1 Extremely Low Frequencies (ELF)
Measurements give the most direct assessment of domestic ELF exposure due to
domestic electricity supplies. Field strengths are not constant at all times and may be
affected by the amount of electricity being consumed at the time that the measurement is
made. Some studies have used measurements taken at one point in time while others have
used measurements averaged over a 24-hour period of time (National Radiation
Protection Board, 1992).
Overhead power lines and electrical transmission stations are a source of high ELF
exposure. The distance of a home from a source of ELF radiation gives some idea of the
exposure, but it is less reliable than a direct measurement in the home since this will be
influenced by many other factors (National Radiation Protection Board, 1992).
People who move home present a special difficulty. If electric and magnetic fields were
carcinogenic, some assessment of time between exposure and onset of cancer would be
required in order to determine which address was the important one in terms of exposure
(National Radiation Protection Board, 1992).
5.2 Radiofrequency (Microwave) Exposure
Epidemiological studies would require reliable exposure estimates for the investigated
groups of people. Unfortunately the assessment of radiofrequency exposure in daily life
in most cases is difficult. The relationship between the exposure and the induced dose

(SAR) depends on other exposure parameters such as the frequency and field polarisation

as well as on the physical properties of the exposed biological bodies. Furthermore, the
mere presence of the body significantly alters the field distribution (Kuster, 1997).
Epidemiological studies of the heath effects of RF radiation exposure so far have lacked
measured exposure data and frequently have not included exposure estimates on an
individual basis. The basis for assessment of exposure has often been indirect such as job
description and many people have been misclassified in terms of their exposure to RF
radiation on this basis (Swerdlow, 1997).

Two groups of workers experience occupational radiofiequency exposure. Those who
manufacture andlor repair RF-emitting devices and those who use the appliances. The
occupational user group becomes more difficult to define, however, as cellular telephone
use becomes more and more common. Cellular telephones are now used as a matter of
course by many occupational groups such as salespersons, construction workers, doctors
etc.
Only in the case of cellular telephones has a good exposure database been achieved.
Service providers are able to provide much of the necessary data such as device type,
power level distribution during conversation, phone call duration and transmission mode.
The only uncertainties would then be how the device is held with respect to the head and
whether it is used with an external car antenna.
The availability of such a d4tabase of billing records makes exposure to cellular
telephone radiofrequencies easier to measure than other forms of electromagnetic
radiation exposure such as ELF. In spite of the obvious difficulty of not being able to
distinguish which individual has used the telephone for each call, exposure to cellular
telephone radiofrequency energy can still be estimated reasonably well with careful
treatment of available data (Rothman et al., 1996). Epidemiological studies of RF effects
on cellular telephone users urgently need better dosimetry and exposure assessment
which may be provided by such sources (Lin, 1997).

Chapter 6 Epidemiological Evidence for Health Effects of
Electromagnetic Radiation
6.1 Introduction to Epidemiological Studies
Epidemiology is the study of the determinants of disease and of the distribution of disease
and its determinants in the population. Epidemiological studies can be carried out to
identify individuals with a given disease or to determine the exposures and determinants
of a given disease in a population. (Daly, Bourke & McGilvray, 1991; Last, 1995).
Epidemiological studies which attempt to link a disease with factors that might cause it or
increase the risk of developing it are of two main types, the case-control study and the
cohort study.
6.1.1 The Case-Control Study
This form of study can be used to identify exposure to putative causes or risk factors to

which the individual may have been exposed prior to the onset of the disease. This
exposure is then compared to that of a randomly chosen group of controls who are free of
the disease in question. This form of study has been used to assess the health effects of
electromagnetic radiation in the past but is nevertheless affected by many problems
which can limit its usefulness in this setting. It is subject to many sources of bias both in
terms of the selection of the participants and in the measurement of the exposure to the
factors which are under study (Daly et al., 1991)
6.1.2 The Cohort Study
Another form of epidemiological observational study begins with a group of people who
are free of disease who are then followed up over time to detect the emergence of disease.
The exposures of those who have developed diseases of interest are then compared to the
exposures of those who have not. The main feature of the cohort study is the observation
of large numbers of people over a long period of time beginning with exposure and
following up to emergence of disease (Last, 1995).

6.1.3 Bias
Bias occurs when there is a deviation of results or inferences from the true result. Any

trend in the collection, analysis, interpretation, publication or review of data that can lead
to results that are systematically different from the truth. The term does not necessarily
carry an imputation of prejudice or other subjective factor such as the experimenter's
desire for a particular outcome. This differs from the conventional use of the term, in
which bias refers to a partisan point of view.
6.1.4 Confounding
A factor is said to act as a confounder when it causes or prevents the outcome of interest,

is not an intermediate variable and is associated with the factor under investigation.
Unless it is possible to adjust for confounding variables, their effects cannot be
distinguished from those oftthe factor being studied. Bias can then occur when
adjustment is made for any f k t o r that is caused in part by the exposure and is also
correlated with the outcome.
6.2

ELF and Health Risks

6.2.1 Studies of carcinogenicity in adults

Occupational exposure
Epidemiological study of diseases in relation to occupational exposure to EMF has a long
history. Reports of various health problems in high-voltage substations in the former
USSR initially focused attention on ELF electric fields. After it was initially suggested
that occupational exposure to magnetic fields might be carcinogenic (Wertheimer &
Leeper, 1979), a study examined the association between electrical jobs and leukaemia
risk (Milham, 1982). The significant association reported in the first study led to over 100
epidemiological investigations of workplace exposure to ElMF and various diseases (EMF
Working Group, 1998).
All cancers combined
One study examined a cohort of 37,945 working men in N o h a y who held jobs in which
they could be exposed to EMF. This cohort was linked to the Cancer Registry of Norway
to identify 3806 incident cancer cases that occurred between 1961 and 1985. High

exposure to EMF was assumed to occur in 12 electrical jobs. Standardised incidence
ratios (SIR) for the electrical workers were calculated with the working population as
reference and adjusting for age and calendar period. The SIR was 1.1 (95% CI, 1.O- 1.1)
(Tynes, Andersen & Langmark., 1992).
Another study examined a cohort of 36,221 electric utility workers in the USA. Workers
were classified as 'electric' or 'non-electric' workers on the basis of their longest-held
occupation. Electric workers were defined as "craft occupations who work near energised
equipment." Non-electrical workers included all other non-managerial, non-electrical
jobs. The age-adjusted relative risk (RR) for electrical occupations was calculated for all
cancers combined and was not significant (1.1; 95% CI, 0.92-1.3) (Sahl, Kelsh &
Greenland, 1993).
A niortality study of 138,905 men who had been full-time permanent employees of
eleciric utility companies for at least six months during the period 1950-86 was also
conducted. A complete work history was assembled from company records for each
worker. Death certificates were obtained for 97% of the deceased. For total cancers
(4833), a slight increase in risk was observed in the higher exposure categories (Savitz &
Loomis, 1995).
A Canadian study examined cancer occurrence in relation to exposure to magnetic fields
among workers at three large electric utility companies. There were 41 5 1 new cases of
cancer in the combined cohort between 1970 and 1989. To estimate cumulative exposure
to magnetic fields, the authors combined the job history of each case and control with
exposure to magnetic fields. No association was found between the risk for all cancers
combined and cumulative exposure to ELF magnetic fields overall (OR, 1 0; 95% CI,
0 91- 1.1) or in any of the cohorts (Thbiault, Goldberg, Miller et al., 1994). A reanalysis

of the data from this cohort study with information on exposure to electric fields was
carried out. There was a marginally significant decrease in risk for all cancers combined
(Guenel et al., 1996)
Leukaemia
A small case-control study of telephone linemen examined potential associations between

telephone linework and the occurrence of leukaemia. Exposure was defined, both by job

title and by a lifetime exposure score. The data suggest an increasing risk with increasing
exposure but the numbers in the study were small and the authors concluded that the
observed differences may have been due to chance (Matanoski, Elliot, Breysse et al.,
1993). Another American team evaluated cancer mortality for leukaemia, brain cancer
and lymphoma in a cohort of electric utility workers. They derived exposure information
from job histories and developed exposure scores. Electrical workers were compared with
other occupations. Age-specific cancer rates for both groups were similar (Sahl et al.,
1993).
In the Canadian study of three large electric utility companies discussed above, a nested
case-control study of leukaemia was carried out. No significant association was found
between cumulative exposure to magnetic fields and the risk for leukaemia as a whole. In
analyses of specific leukaethia subtypes, only the risk for acute non-lymphocytic
leukaemia was found to be redted to exposure to magnetic fields (OR = 2.4; 95% CI, 1.15.4). For other leukaemia subtypes, no significant associations were reported (Theriault et
al., 1994). The small numbers of cases by leukaemia subtypes make interpretation of
these results difficult (EMF Working Group, 1998).
In a retrospective cohort study of exposure to magnetic fields and cancer in utility
workers 164 deaths from leukaemia were identified. No association was observed
between leukaemia risk and increasing cumulative exposure to magnetic fields. Analysis
by subtype showed no association. A non-significantly increased risk for acute myeloid
leukaemia was seen (based on five cases) in the highest exposure category (Savitz &
Loomis, 1995).

A population-based case-control study examined leukaemia risk in relation to
occupational and residential magnetic fields. They estimated occupational exposure to
magnetic fields from information from census data on the last job held before cancer
diagnosis. When analyses were restricted to subjects with little or no residential exposure,
non-significant increases in the risk for leukaemia as a whole and for acute myeloid
leukaemia and chronic lymphatic leukaemia were observed. The odds ratio for acute
myeloid leukaemia was greater for subjects with both residential and occupational
exposure, based on three exposed cases (Feychting, Forssen & Floderus, 1997).

A New Zealand case-control study examined this issue using 546 male leukaemia cases.
They chose 4 controls for each case. They found that only two groups among the groups
of electrical workers examined showed an increase in leukaemia risk. They concluded
that these findings offered support for the suggestion that electrical workers but possibly
through mechanisms other than exposure to EMF radiation (Pearce, Sheppard, Howard et
al., 1985).
Brain cancer
In the nested case-control study of electric utility workers discussed above, brain cancer

was also considered. The analyses included 32 deaths from brain cancer. The odds ratios
by cumulative exposure category were close to 1.0 (i.e. non-significant). Further analyses
at various time windows of exposure and latency did not reveal any association. This led
the aathors to conclude that, while they had too few deaths to rule out a small effect, the
resuks allowed them to rule out a large effect from electric and magnetic field exposure
in the occupations examined (Sahl et al., 1993). In another nested case-control study of
workers at three large electric utility companies, also discussed above, 250 cases of brain
cancer were examined. A non-significant increase in risk of brain cancers as a whole was
observed. The analyses showed no significant differences across cohorts (Theriault et al.,
1994).
In the mortality study of electric utility workers described above, exposure to magnetic
fields for 144 workers who had died from malignant neoplasms of the brain and nervous
system was estimated. An increased risk was seen in all exposure categories, which was
statistically significant only in the highest category. The association was slightly greater
for cumulative exposures received 2-10 years previously (Savitz & Loomis, 1995).
In the population based case-control study of cancer and occupational and residential
exposure to magnetic fields in Sweden, 223 cases of central nervous system tumours
were identified No association was seen between CNS tumours and occupational
exposure to magnetic fields among people with little or no residential exposure. Among
those with both residential and occupational exposures > 0 2 pT, no association was seen
for CNS tumours as a whole, but a non-significant increase was reported for astrocytomas
grades 111and IV, based on three exposed cases (Feychting et al., 1997).

Summary of Occupational Evidence
A recent review of epidemiological evidence for the carcinogenicity of ELF radiation
concluded that there is limited evidence that occupational exposure to extremely low
frequency magnetic fields is carcinogenic to adults. This evaluation was based on the
results of studies of chronic lymphocytic leukaemia. It also concluded that there is
inadequate evidence for all other cancers which have been suggested to be associated
with occupational exposure to extremely low frequency magnetic fields (EMF Working
Group, 1998).

Residential exposure

All cancers
A case-control study of adul) cancer carried out in the USA examined all deaths from
cancer over a 12 year period identified from death certificates and cancer survivors
identified from a cancer registry. Controls for the deaths in Boulder and Longmont were
chosen from the next three death certificates for non-cancer deaths, matched to the cases
for sex, age, year of death and socio-economic status. Controls for the cancer survivors
were drawn at random from a list of subjects included in an unrelated random telephone
survey in the same region and also matched on gender, age and socio-economic level.
Each residence was categorised by presumed level of EMF exposure on the basis of wire
coding. In all, 1977 cancer cases were included in the study. The proportion of casecontrol pairs for which the wire codes were higher in case residences than in control
residences was significantly elevated overall. There was a tendency for the proportion of
case-control pairs in which the wire codes were higher in case residences than in control
residences to increase with increasing wiring configuration level. A recent review of this
paper concluded that its usefulness was limited because of unblinded assessment of
exposure, potential overmatching for cases and the unusual and complex selection of
controls (EMF Working Group, 1998).
A cohort study of 383,700 persons in Finland examined the relationship between cancer
risk and exposure to magnetic fields from high-voltage transmission lines. Overall, 8415
cancer cases were observed of whom 4082 were men There was no association between
cumulative level of exposure and the risk for all cancers or for any specific cancer type

studied. Skin melanoma was the only cancer for which the risk was somewhat increased
throughout the three highest cumulative exposure categories. A marginally increased risk
was seen for multiple myeloma in men and a non-significant decrease was observed for
women. A significant increase in the risk for colon cancer was seen in women but not in
men (Verkasalo, Pukkala, Kaprio et al., 1996).
Leukaemia
Two case control studies carried out in the USA examined the risk of leukaemia in
association with the use of electric blankets and other similar appliances. Neither found a
positive association (Severson, Stevens, Kaune et al., 1988; Preston-Martin, Peters, Yu et
al., 1988). A further study which focused on the association between leukaemia and the
used of domestic motorised appliances such as hair dryers found no overall association
but did note a non-significant association with the daily use of electric razors (Lovely,
~uschbom,Slavich et al., 1994). The data from this study were further analysed t o
account for the bias introduced by the obtaining of information from proxy respondents
in the case of leukaemia deaths and it concluded that there was no association and that the
former finding could be explained by measurement bias (Sussman, Kheifets, O'Dowd et
al., 1996).

A population-based case-control study was carried out in Sweden to assess the impact on
the risk for leukaemia of exposure to magnetic fields from high-voltage transmission
lines. The study base consisted of all persons aged 16 years or more who had lived at
least one year on a property located within 300m of any of the 220 and 400kV
transmission lines in Sweden during the period 1960-85. The controls were matched to
the cases on age, gender, parish of residence and year of the diagnosis (Feychting &
Ahlbom, 1994). A total of 325 cases of leukaemia and 1091 controls were included in the
analysis. No association was found between the risk for all leukaemia and exposure to
magnetic fields. For acute myeloid leukaemia and chronic myeloid leukaemia, however,
non-significantly increased odds ratios were seen (based on 9 and 7 cases respectively).
A follow-up to this study obtained information on occupation from the censuses
performed by Statistics Sweden every fifth year. No association was seen between the
risk for all leukaemia and calculated residential exposure to magnetic fields after

exclusion of subjects who were not exposed residentially but who were exposed
occupationally. Again, however, elevated odds ratios were seen for acute myeloid
leukaemia and chronic myeloid leukaemia among patients in the highest exposure
category compared with the lowest. When the analyses were restricted to people who had
only residential exposure in the highest category, the odds ratios for acute myeloid
leukaemia and chronic myeloid leukaemia were no longer elevated. The odds ratios for
patients who had both high occupational and high residential exposure were much higher
than those who had either (Feychting et al., 1997).

A large cohort study in Finland (discussed above also) considered the risk for leukaemia
associated with calculated exposure to magnetic fields from transmission lines. The data
were analysed in detail in case-control analyses. A total of 196 cases of leukaemia were
included with controls matched on gender, age at diagnosis (within one year) and whether
they were alive in the year of diagnosis of the case. No association was seen between the
risk for all leukaemia or for specific subtypes and cumulative exposure or highest annual
average exposure. Adjustment for type of housing or for occupational exposure did not
affect the results (Verkasalo et al., 1997).
Breast cancer
A case-control study in the USA studied the role of electric blankets in postmenopausal
breast cancer. Detailed home interviews were carried out and included questions about
electric blanket use in the previous 10 years, the frequency of use by season and the mode
of use. Information was obtained for 382 cases and 439 controls. The odds ratio for breast
cancer with use of electric blankets was 0.89 when adjusted for age and education and 1.0
after further adjustment for risk factors for postmenopausal breast cancer: body mass
index, age at first pregnancy, number of pregnancies, age at menarche, family history of
breast cancer and history of benign breast disease. There was no trend in odds ratio with
increasing years or frequency of use. In the analysis of the general mode of use of the
electric blankets, a slightly increased risk was found for women who reported using
electric blankets continuously throughout the night compared with never users. The
authors concluded that there was no association between use of electric blankets and risk

for postmenopausal breast cancer, although the increased risk among heaviest users
should be investigated hrther (Vena, Freudenheim, Marshall et al., 1994).

A Finnish cohort study examined the risk of breast cancer in relation to exposure to
magnetic fields. Overall, 1229 cases of breast cancer were found among women in the
cohort. No association was seen with risk of breast cancer and various levels of exposure
to magnetic fields (Verkasalo et al., 1996).
The population-based case-control study described above considered the effect of
magnetic fields from high-voltage transmission lines on the risk for breast cancer, using
699 cases in women and nine in men. Controls were selected at random from the study
base among people who had lived in the power-line comdor for at least one year before
the reference date and who lived near the same power line as the case. The controls were
matched to the cases on age (within five years), gender and parish of residence in the year
of the'diagnosis. There was no association between the risk for breast cancer in women
and calculated exposure to magnetic fields closest in time to the diagnosis. A nonsignificantly elevated risk was observed among women with exposures in the six years
immediately preceding diagnosis. A non significant increase was also observed among
women aged less than 50 and among women who were oestrogen receptor-positive
(based on six exposed cases and one exposed control). In males, a non-significant
increase in risk was observed (2.1; 0.3-14) for calculated exposure to magnetic fields
closest to the time of diagnosis (Feychting, Forssen, Rutqvist et al., 1998). Another casecontrol study in men found elevated odds ratios among occupationally exposed men from
certain groups (electric power workers 6.0; 1.7-21; radio and communications workers
2.9; 0.8-10) but did not find an association between risk and duration of employment
(Demers, Thomas, Rosenblatt et al., 1991).
Brain Cancer
The Swedish case-control study described above also considered the effect of exposure to
magnetic fields from high-voltage power lines on the risk for tumours of the CNS. For
each case, two controls were selected at random from the cohort among people who had
lived in the power-line corridor for at least one year before the reference date and who
lived near the same power line as the case. The controls were matched to the case on age

(within five years), gender and parish of residence in the year of the diagnosis. Sixty-six
cases of glioma and 157 of glioblastoma were included in the analysis. There was no
association with any measure of exposure to ELF EMF (Feychting & Ahlbom, 1994). In
a follow-up to this study, no association was seen between the risk of tumours of the CNS
and residential exposure to magnetic fields (Feychting et al., 1997).
In the Finnish study described above, the risk for gliomas and meningiomas was also
analysed. Over the study period, 301 cases of tumours of the CNS were observed. The
incidence was not different from that of the Finnish population and no association with
calculated cumulative exposure to magnetic fields was observed (Verkasalo et al., 1996).
Another American study (Loomis & Savitz, 1990) did report, however, that there was an
increased risk for brain cancer among electrical workers as a result of exposure to ELF
EMF (OR 1.4; 1.1-1.7) and phat the odds depended on which electrical worker group was
being examined.
6.2.2 Studies of carcinogenicity in children
Wertheimer and Leeper (Wertheimer & Leeper, 1979) were the first to generate the
hypothesis that EMF from electrical power lines and substations are associated with
childhood cancer. Since then, a number of epidemiological studies have been undertaken
to investigate that hypothesis. Interpretation of epidemiological evidence on the potential
causal relationship between exposure to magnetic fields and childhood cancer is difficult
because of the low incidence of the diseases involved and the rarity of high exposures
The results of several epidemiological studies have been combined to derive a single
summary measure of association and the consistency of the results across individual
studies have been examined in meta-analyses by several researchers.

Effects of power lines
In Wertheimer and Leeper's case-control study, cancer mortality was examined fiom
death certificates for children who died at less than 19 years of age during the years 195073. A total of 344 cases of childhood cancer were identified and 344 population controls
were selected fiom birth certificates matched on birth month and county. Exposure was
assessed from the wire code configurations of the homes occupied at the time of birth and

the homes occupied at the time of death. They noted that children who died of cancer
were more likely to have lived in homes classified as high-current configuration than in
homes classified as low-current configuration. The unadjusted relative risks for
leukaemias, lymphomas and nervous system tumours were 3.0 (95% CI, 1.8-5.0), 2.1
(0.84-5.2) and 2.4 (1.2-5.0), respectively (Wertheimer & Leeper, 1979) However,
exposure assessment was not conducted in a blinded fashion and this may have
introduced bias (EMF Working Group, 1998).
Another case-control study of residential exposure in the same area as that of Wertheimer
and Leeper was conducted. It examined residents under 15 years of age and assessed the
exposure in the homes occupied at the time of cancer diagnosis and two years before
diagnosis. The relative risk for all cancers among children living in homes in the highcurrent, classification was 1.5 (95% CI, 1.O-2.3). A detailed categorisation of wiring
configuiations (very low, which included buried wires ordinary low ordinary high and
very high) was analysed to elucidate a dose-response relationship. The estimated relative
risks tend to increase in a linear fashion up to an almost tripling of risk in the highest
exposure category (2.8; 0.9-8.4), representing a statistically significant linear trend. This
association was not corroborated by spot field-strength measurements, regardless of low
or high power use conditions (Savitz, Wachtel, Barnes et a1 , 1988).
For leukaemias, a relative risk of 1.5 (0.9- 2.6) was reported when comparisons were
made between high- and low-current classifications; the relative risk with spot
measurements of 20.2 pT was 1.9 (0.7-5.6) under low-power use conditions and 1.4 (0.63.5) under high-power use conditions. For brain cancer, a relative risk of 2.0 (1.1-3.8)
was found for the high-current configuration exposure category. For homes occupied at
the time of diagnosis, the relative risk for brain cancer associated with average spot
magnetic field-strengths > 0.2 pT was 1.0 (0.2- 4.8). No increase in the risk for childhood
lymphoma was found in a comparison of high-current and low-current configurations.
The relative risk for lymphoma with spot measurements >0.2 pT was 2.2 (0.5-10) under
low and 1.8 (0.5-6.9) under high power use conditions (Savitz et al., 1988).
A case-control study focusing strictly on the incidence of childhood leukaemia was
carried out which assessed exposures in selected homes during a specified period of time

before onset of illness 33 1 eligible cases were obtained from a population-based tumour
registry. Controls were matched to the cases by age, gender and ethnicity. The relative
risk for leukaemia in relation to wire code configuration (high versus low-current
classification) was 1.7 (95% CI, 1.1-2.5). With a more detailed categorisation of wiring
configuration (very low ordinary low ordinary high and very high), the estimated relative
risks tended to increase in a linear fashion (statistically significant linear trend) up to
more than a doubling of risk in the highest exposure category (2.2; 1.1-4.3). No
associations were found with spot electric or magnetic field measurements or static
magnetic fields (London, Thomas, Bowman et al., 1991).
A population-based case-control study in Sweden examined the association between
exposure to magnetic fields generated by high-voltage power lines and cancer incidence
in children. Exposure tg magnetic fields was assessed by spot measurements,
contemporary calculated fields and historical calculated fields study. The results for
historically estimated field strengths showed elevated risks for childhood leukaemia with
increase in exposure (statistically significant linear trend), up to more than a tripling of
risk in the exposure category >0.3 pT.(RR, 3.8; 95% CI, 1.4-9.3). When the data on
leukaemia were hrther stratified by age and gender, a dose-response trend was observed
for single-family dwellings but not multiple-family dwellings. There was no evidence in
this study of an association between historically calculated exposure to magnetic fields
and all cancers combined, lymphomas or central nervous system tumours. In analyses
based on spot measurements, no increase in risk was observed for all cancers, leukaemia
or central nervous system tumours. In analyses to validate the various calculations and
measurements of magnetic fields used by Feychting and Ahlbom spot measurements
showed poor agreement with calculated historical fields but good agreement with
contemporary calculations (Feychting & Ahlbom, 1993).
A population-based cohort study was conducted of 134,800 Finnish children aged under
20 who lived within 500 m of 110-400 kV overhead power lines during the period 197089. 140 cases of childhood cancer were identified and included all cancers, primary
tumours of the nervous system, leukaemias and lymphomas. No statistically significant
increase in all cancers, lymphomas or leukaemias was observed. However, a statistically
significant increase in all central nervous tumours was seen among boys only, which can

be accounted for by the fact that the only child to have such a cancer bad three individual
tumours. The authors concluded that the residential magnetic fields of transmission
power lines do not constitute a major public health problem regarding childhood cancer
(Verkasalo, Pukkala, Hongisto et al., 1993).
A population based case-control study based in Denmark examined all cases of childhood
cancer that had arisen since the 1940s. It found that, although significant associations
were seen between exposure to high voltage sources, no such association was seen at
lower levels. They concluded that the proportion of childhood cancer possibly caused by
50 Hz electromagnetic fields must be small (Olsen, Nielsen & Schulgen, 1993)
Another study assessed the association between childhood ALL and residential exposure
to magnetic fields for children aged under 15. A total of 767 cases included in the study.
Controld were individually matched to cases. The study found that the risk of leukaemia
was not'significantly associated with either residential magnetic-field levels or the wire
codes of the homes mothers resided in when pregnant with the subjects. Adjustments for
potentially confounding variables had little effect on the risk estimates. The authors
interpret their study as providing little evidence for an association between exposure to
magnetic fields and childhood leukaemia (Linet, Hatch, Kleinerman et al., 1997).

Effects of appliances
Several epidemiological studies have been conducted to determine the association
between exposure to magnetic fields attributed to the use of various electrical appliances
and childhood cancer. Appliances that can result in substantial exposure were usually
studied and assessed on the basis of each subject's recall of use. Electrical appliances may
be a potentially important contributor (EMF Working Group, 1998).
One study examined the association between childhood cancer and prolonged exposure to
electrical appliances The appliances of interest were electric blankets, heated water-beds,
electric heating pads and bedside electric clocks. The study examined both mother's and
child's use, i.e. prenatal and postnatal exposure. Use of none of the appliances was
associated with a notably elevated relative risk for cancers at all sites. The risks with
prenatal exposure to electric blankets were 1.8 (95% CI, 0.9-4.0) for childhood brain
cancer, 1.3 (0.7-2.6) for leukaemia and 1.1 (0.4-3.6) for lymphoma. In analyses of

prenatal exposure the risks were 1.6 (0.8-3.2) for cancers at all sites, 4.0 (1.6-9.9) for
brain cancer and 2.3 (1.0-5.8) for leukaemia. For postnatal use of electric blankets, the
crude risk estimates were 1.5 (0.6-3.4) for cancers at all sites, 1.5 (0.5-5.1) for
leukaemias, 1.2 (0.3-5.7) for brain cancer and 1.0 (0.2-8.6) for lymphoma. (Savitz, John,
& Kleckner, 1990).

Another study examined this using interview collected data. The appliances were those
that could produce considerable magnetic fields. Exposure was estimated on the basis of
regular use (at least once a week) of the appliance. The relative risks associated with use
of 11 of the appliances were greater than the null. The risks for leukaemia among
children who used black-and-white televisions and electric hair-dryers at least once a
week were 1.5 (95% CI, 1.0-2.2) and 2.8 (1.4-6.3), respectively, as compared with
nonusers and children who used these appliances less than once a week. The largest
I

relative risks were associated with use of electric blankets and curling irons, but the
number of subjects was small.
The association between childhood ALL and use of electrical appliances during
pregnancy and childhood was evaluated in another study. It consisted of personal
interviews which included questions about mother's use during pregnancy and child's use
of electric blankets, mattress pads, heating pads, water-beds, stereos or other sound
systems, television, video machines in arcades, computers, microwave ovens, sewing
machines, hair-dryers, curling irons, humidifiers and electric clocks. The estimated risks
were 1.6 (95% CI, 1.1-2.3) for mother's use of electric blankets or mattress pads and 1.5
(1.0-2.1) for their use of heating pads and humidifiers, but with no consistent doseresponse pattern. The risk estimates for use of other appliances were close to unity.
Elevated risks were found for children's use of electric blankets, hair-dryers, curling
irons, arcade machines, sound systems with headset and video games connected t o a
television. Consistent dose-response patterns were found for use of sound systems with a
headset, video arcade machines and video games connected to a television, but not for
use of electric blankets, hair-dryers or curling irons. The risk estimates for other
appliances were close to unity. Time spent watching television was associated with
disease and the risk increased with increasing time. Watching television at closer than 6

feet (2 m) was also associated with disease, but the highest risk was found for distances 4
to 6 feet. When the time spent watching television and the distance from the television
were combined, inconsistent dose-response patterns were seen. The authors emphasised
the potential for differential recall bias, especially when patterns of use changed after
diagnosis, as may be the case for television viewing patterns. They found it unlikely that
the associations found reflect a causal association between exposure to magnetic fields
and childhood ALL (Hatch, Linet, Kleinerman et a1 , 1998).
6.3 Epidemiological studies of non-cancer health effects in humans

6.3.1 Occupational exposure
Reproductive effects
Possible, reproductive effects of women's exposure to EMF from video display units

(VDUs) 'have been examined in a number of studies. One retrospective study of
spontaneous abortions in women employed as telephone operators was conducted The
136 cases were pregnancies resulting in spontaneous abortions. The 737 controls were
pregnancies among operators who had live births. Exposure to EMF was assessed by job
title and validated by field measurements. Women considered to be exposed were
directory assistance operators who had always used conventional VDUs with cathode ray
tubes during the study period. The spontaneous abortion rate was similar for the VDUexposed and the general telephone operators (14.8 and 15.9%, respectively), No
associations were found with VDU use at any period of pregnancy, either when the
analyses were unadjusted or when they were adjusted for known risk factors (Schnoor,
Grajewski, Hornung et al., 1991).
Another retrospective study of spontaneous abortions among women using VDUs
consisting of women employed as bank clerks and clerical workers was carried out. There
were 368 cases of spontaneous abortion and 1069 controls who had given birth to liveborn infants. Exposure to VDU fields was assessed using questionnaires, company
records on the VDU models used by different work groups and laboratory measurements
of VLF and ELF magnetic fields at a fixed location near the various VDU models. An

increased risk was reported in association with exposure to ELF magnetic fields from

VDUs. The relative risk for high exposure was markedly greater for late spontaneous
abortions, 12 weeks into the pregnancy. No association was seen with VLF VDU fields,
but a significant association was seen with the time-weighted average exposure per week
in the group with high exposure (Lindbohm, Hietanen, Kyyronen et al., 1992).

A prospective study of fetal growth and exposure to EMF provides some additional
information to the studies above Although the focus was residential sources of EMF,
such as electrically heated beds and wire codes, occupational exposures were also
assessed by monitoring of magnetic fields and questions about VDU use The study
population consisted of pregnant women who had received prenatal care in one region
over a four-year period. The outcomes were low birthweight (< 2500 g) and intrauterine
~
of weight for gestational age) Neither outcome was
growth retardation (< 1 0 percentile
associated with VDU uselor exposure to magnetic fields (Bracken, Belanger, Hellenbrand
et al , 1995)
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Neurodegenerative diseases
A case-control study was carried out to examine sporadic Alzheimer disease, i.e. patients

who had no first-degree relatives with the disease. An occupational history for cases and
controls was taken. High, medium or low exposure to ELF magnetic fields was attributed
to each job by an industrial hygienist. A significant association was found in women with
exposure to medium-to-high magnetic fields and for the men and women combined.
Another study looked at mortality from neurodegenerative disease in a cohort of men
working at five US electric utilities. The cohort was followed from mortality in 1950-88.
These were 24 cases of Alzheimer's disease, 45 of Parkinson's disease and 28 of
amyotrophic lateral sclerosis (ALS) listed on death certificates as either the underlying or
secondary cause of death. For Alzheimer disease, a non-significant association with
career exposure was noted. The risk was highest for the highest exposure category for
exposures received 20 years previously. No increase in risk or exposure-response
relationship was apparent for Parkinson's disease (Savitz, Checkoway & Loomis, 1998).
Amyotrophic lateral sclerosis and other motor neurone diseases
A case-control study of amyotrophic lateral sclerosis (ALS) with an hypothesis that the

cause is electrical shocks was carried out. 678 cases filled out a postal questionnaire. 518
cases were pair-matched with 518 controls. Nineteen cases and five controls reported
electrical occupations. The relative risks were significant for both electrical occupations
but the number of exposed cases was small (Deapen & Henderson, 1986).
Another study looked at mortality from neurodegenerative disease and exposure to
magnetic fields. No association was seen between total career exposure and mention of
ALS as a cause of death (28 cases), but a non-significant increase was seen for exposure
in the highest category for 20 years (Savitz et al., 1998).
Suicide and depression
One study addressed the risk for depression among electrical workers in a cohort of

Vietnam veterans. A non-significantly increased risk was observed for only one of the 24
/

measures, of depression used. Given the small number of cases and the many outcomes
analysed in the study, the finding may be due to chance. The risk for suicide was
considered in two studies. No significant association with exposure to EMF was seen in
one while an increased risk was seen with only one of 10 measures of exposure in the
other (EMF Working Group, 1998).
6.3.2 Environmental exposure

'

Pregnancy outcome
The risk for congenital anomalies in relation to use of heated water-beds and electric

blankets by the mother around the time of conception was evaluated in one study in the
USA, in which no association was observed. Pregnancy loss was investigated in two
cohort studies. Early pregnancy loss was studied in one study in Finland, in which an
increased risk was observed in the highest but not the intermediate category of exposure
to magnetic fields. Pregnancy loss toward the end of the first trimester or later was
studied in the USA; an elevated risk was found among users of electric blankets but not
among users of water-beds. In the same study in the USA, intrauterine growth retardation
was assessed in a cohort of pregnant women. No association with residential exposure to
EMF was found on the basis of a variety of measures, including use of electric blankets

or water-beds and wire coding. There is inadequate evidence that environmental exposure
to ELF EMF has adverse effects on pregnancy outcome (EMF Working Group, 1998).
Depression
Two studies have addressed depression in relation to exposure to EMF from transmission

lines. In the study in the USA, depressive symptoms were not related to measures of
magnetic fields taken at the door of the subject's residence. In the Finnish study, an
increased risk for severe depression was observed among subjects with higher calculated
exposures. This observation was based, however, on only four cases with unconfirmed
diagnoses and relatively low exposures. There is inadequate evidence that environmental
exposure to ELF is associated with depression (EMF Working Group, 1998).

6.4 Health Effects of Radiofrequency Radiation
There has been considerable interest in the issue of non-ionising radiation and health
particularly in the area of extremely low frequency radiation arising from electric power
lines and substations. Much less attention has been paid to the issue of exposure to
radiofrequency radiation such as television and radio signals at field strengths below that
which would produce thermal effects (Dolk, Shaddick, Walls et al., 1997).
For symptoms such as headache or loss of sleep which are claimed to be caused by RF
exposures, trials (provocation studies) are likely to prove the most potent test of whether
or not there are aetiological effects. For cancer and other serious diseases, however, it
would be both unethical and impractical to conduct trials with the intention of producing
disease and, therefore, the study of aetiology in man must rest with observational
epidemiol6gy (Swerdlow, 1997).
1

Attention so far has focused particularly on risks of leukaemia and brain tumours mainly
in occupationally exposed groups and in addition there have been a small number of
raised risks of other tumours for instance breast cancer and testicular cancer. As well as
the cancer literature there have been various reports of apparent raised risks of other
outcomes for instance adverse outcomes of pregnancy and chromosome abnormalities in
relation to RF exposures. Almost all of these non-cancer studies have not been published
in the peer reviewed literature (Swerdlow, 1997).
One repeatedly expressed concern in the past was the effect or microwave exposure on
growth and development which was raised in studies in the 1960s but which was not
confirmed on follow-up studies. In spite of the fact that cataract formation was one of the
most frequently expressed concerns, studies about cataract formation in those exposed to
microwave radiation appeared only infrequently in published scientific literature and
reported varying findings (Lin, 1997).
Epidemiological studies of the health effects of radiofrequency radiation are Less
numerous than those concerned with the causation of similar problems following
exposure to ELF related to power lines and other appliances (Hurley et al., 1997). The
greatest public concern has been that exposure to radiofrequency radiation may cause
cancer. Among the epidemiological studies which have examined this potential

association, some positive findings were reported for leukaemia and brain cancer.
Overall, the results are inconclusive and do not support the hypothesis that exposure to

RFR fields causes or influences cancer (Repacholi, 1998a).
In 1990, the Swiss Department of Transport and Energy commissioned a scientific
evaluation of the alleged health effects of a short-wave transmitter in Schwarzenburg
following the submission of a petition by local residents First of all the local population
was divided into three groups based on the levels of exposure to radiation from the
transmitter. The health effects were assessed in a number of ways which included an
initial health status interview which included personality testing, a health diary survey in
which people recorded their experience of acute symptoms such as sleep disturbance,
headache, vertigo etc which was carried out twice and a melatonin study which examined
melatonin levels in bo+ exposed humans and dairy cattle. Further sub studies consisted
of an examination of 'self-reported chronic disease, hypertension and the effects on
schoolchildren.

.

The health interviews showed an association between psychovegatative complaints and
proximity to the transmitter. The health diary survey showed that sleep disturbances were
associated with a direct effect of the short-wave transmitter. Other complaints that were
noted were concluded to have been mediated by the disturbance in sleep. Furthermore, no
evidence was found for an effect of the radio transmitter on melatonin levels. The authors
finally concluded that there was little indication that any major health problems had
arisen as a result of exposure to the short wave radio transmitter at Schwarzeberg.

A small area study of cancer incidence between 1974 and 1986 in Sutton Coldfield in the
UK was conducted. It was carried out as part of the investigation of a perceived cluster of
leukaemia and lymphoma near the TV and FM radio transmitter tower for the West
Midlands which is located there. The study examined brain, eye, skin, breast, lung,
colorectal, prostate and bladder cancer within a 10 kilometre radius of the transmitter.
The risk of leukaemia in adults was found to be 1.8 (95% CI 1.2-2.7) closest to the
transmitter and was found to decrease with increasing distance from the transmitter. A
similar decline in risk was also found for bladder and skin cancers. The authors

concluded that no causal implications could be made from a single cluster investigation
of this kind (Dolk et al., 1997).
A follow up study to the Sutton Coldfield study was conducted which examined similar
associations between exposure and cancer around 20 similar TV transmitters around the

UK. This study focused on those cancers where associations had been noted in the first
study (i.e, leukaemia, skin and bladder cancers). They found that the magnitude and
pattern of risk which had been reported around the Sutton Coldfield transmitter did not
appear to be replicated (Dolk, Elliott, Shaddick et al., 1997).
Another study was carried out around a TV transmitter in Sydney, Australia to examine
leukaemia and brain cancer incidence and mortality. For all ages, the rate ratio for total
leukaemia incidence was 1.24 (95% CI 1.09-1.40). Among children, the rate ratio for
leukaemia incidence was 1.58 (95% CI, 1.07-2.34) and for mortality it was 2.32 (95% CI,
1.35-4.01). The rate ratio for childhood lymphatic leukaemial(the most common type)
was 1.55 (95% CI, 1.00-2.41) for incidence and 2.74 (95% CI, 1.42-5.27) for mortality.
Brain cancer incidence and mortality, however, were not increased (Hocking, Gordon,
Grain et al., 1996).
A study was conducted to search for potentially carcinogenic effects of exposure to
electromagnetic field exposure among amateur radio operators in the USA. A total of
2,485 deaths were examined in a five year period up to 1984.The outcome measure that
was calculated was standardised mortality ratio (SMR) and this was found to be lower
(SMR=71) for all causes of death among the group examined. When individual cancers
were examined, however, a statistically significant increase in mortality from acute
myeloid leukaemia (SMR=176) and an increase in mortality from leukaemia (SMR=124)
were noted but the latter was not statistically significant (Milham, 1988).
One study examined the health effects in a cohort of 1209 former employees at the US
Moscow embassy. During their stay at the embassy buildings the employees were
exposed to microwave radiation with a maximum in frequencies ranging from 0.5 to 10

GHz. No significant excess mortality was observed for cancer at any site when compared
to mortality of other East European embassies (Lillenfield, 1978).

Another American study compared US navy personnel who had high and low exposure to
radiofrequency radiation from use of radar equipment. Individuals in the highly exposed
group were assigned to various hazard numbers indicating the risk of exposure. No
significant excess mortality risk was observed in the highly exposed group (n=20,109)
compared to the low exposure group (n=20,781). However, men assigned to a high
hazard number had a two-fold significantly increased risk of death from respiratory
cancers compared to men assigned to low hazard number (Robinette, Silverman &
Jablon, 1980).
Mortality among users of cellular telephones has been examined using customer bills to
assess the amount of exposure to users. This method of measuring exposure was
evaluated and has been recommended as a useful monitoring method (Funch, Rothman,
Loughlin et al., 19963 The study examined the mortality of a cohort of more than
250,000 portable and mobile telephone customers during 1994. The study found that agespecific rates were similar for users of both types of telephone. Customers who had
billing accounts of more than 3 years standing had a ratio of 0.86 between users of both
types of telephone (Rothman, Loughlin, Funch et al., 1996).
6.5 Health Effects of Mobile Phone Use
Apart from the studies described above which examine the health effects of

radiofrequency fields particularly in relation to cancer, there have been some studies
which have clearly established health risks specifically related to mobile phone use.
These studies have been conducted around two specific issues: interference with vital
medical equipment such as cardiac pacemakers and road traffic crashes.
Research on cellular phones and pacemakers confirms electromagnetic interference from
certain types of cellular telephones. The most recent evidence comes from research on
980 patients with cardiac pacemakers who came to research laboratories where they were
exposed to different types of mobile telephones which have their electrocardiograms
(ECGs) monitored. The researchers documented interference for about 13% of
commercially available cellular phones and characterised a smaller number as
experiencing actual adverse effects. No symptoms were evident during normal phone use
with the telephone held up to the ear, but significant interference was experienced by 3%

of people when the phone was held over the pacemaker. This included symptoms such as
light-headedness, dizziness and shortness of breath. Patients who were dependent on their
pacemakers were at highest risk of a change in the regulation of their heartbeats. These
patients were encouraged not to carry mobile phones close to their pacemakers, to hold
the device away while dialling and to use the opposite ear while speaking (Hayes, Wang,
Reynolds et al., 1997; Roelke & Bernstein, 1997).
One study, reported in 1997, examined the effect of the distraction caused by use of an
in-vehicle cellular phone while driving. Information was collected by the researchers
from people who had motor vehicle crashes over a one year period of time. Cellular
phone users were identified from response to a brief questionnaire and permission was
given to have phone bills examined relating to the time around the accident. No relation
was observed between accidents and calls made greater than 15 minutes before the
I

collision. However, the research revealed that accidents were four times more likely to
occur in people who had used their phone within 10 minutes of the accident. The highest
risk period was for calls made or received within 5 minutes of the accident. The
association was strongest for high-speed roads and less so for low speed situations.
Drivers using hands free phones were no less at risk than those using hand held phones.
The investigators concluded that the risk resulted from drivers' limitations with regard to
attention rather than dexterity (Redelmeier & Tibshirani, 1997).
6.6 Difficulties Associated with Epidemiological Research
The high prevalence of exposure to relatively recently introduced technology, such as

mobile telephones, makes any potential health effect all the more important. However the
fact that they have only recently been introduced limits the ability to investigate effects
that have longer induction and latency periods before onset of disease.
Epidemiological studies so far have lacked measured radiofrequency exposure data or
included only incomplete data Furthermore, occupational groups, who are frequently
studied, often have exposure to radiation from other sources or from other frequencies.
Most studies lack data on other non-radiation confounders. Results of many studies
which have focused specifically on certain outcomes such as leukaemia and brain cancer
have often been based on very small numbers There is a standard set of criteria which

should be met when attempting to determine the nature of an association which include
the strength, specificity, biological plausibility, consistency and the temporal association
with the risk factor. These criteria should be used when examining any potential causal
relationship (Swerdlow, 1997)

Chapter 7 in vitro studies
In contrast to in vivo systems, in vitro systems afford the opportunity for precise control
of independent variables such as radiation intensity (or SAR), modulation, exposure
duration, cellular environment (e.g. cell culture medium) and, most significantly,
temperature. Another obvious advantage of in vitro systems relative to in vivo systems is
the ease with which independent variables may be varied in vitro studies. Thus, in vitru
systems afford a means of determining dose-response relationships, effect thresholds and
tests of dose-reciprocity, all of which are essential factors in the determination of
quantitative interaction mechanisms (Cleary, 1997).
Cells grown in vitro retain many of their properties and functions and they can be
propagated in cell line cultures. Nevertheless, the difficulty of in vitro testing remains
that, because of the isolation of the cells from the body, it is dways necessary to test
)

whether or not an in v i m finding can be replicated in vivo and, therefore, whether the
finding in the laboratory is likely to have any potential significance for human health
(Luben, 1997).
A large number of cellular components, processes and systems can be affected by electric
and magnetic fields. Mechanistic studies are, therefore, essential to interpret and guide
experimental work. Most such studies have examined the effects on the cellular
membrane, general and specific gene expression and signal transduction pathways. More
recently, studies specifically addressing the genotoxic effect of exposure to magnetic
fields have been pursued (EMF Working Group, 1998).
A major concern of the possible effects of EMF on public health is cancer. Only a small
number of in vitro studies, however, have been designed to examine this issue. The
effects primarily studied have been non-genotoxic mechanisms of carcinogenesis,
including induction of cell proliferation, inhibition of intercellular communication,
modulation of cell differentiation and aberrant control of proto-oncogene expression

(EMF Working Group, 1998).

7.1 Effects on DNA
The results of studies of primary cultures of peripheral blood cells from volunteers
indicate that even quite strong fields, in the millitesla range, do not generally cause
chromosomal aberrations (Paile, Jokela, Koivistoinen et al., 1995; Rosenthal & Obe,
1989; Scarfi, Lioi, Zeni et al., 1994). However, as no consistency was seen in the
exposure parameters required for such effects, the observed findings have little predictive
value (EMF Working Group, 1998).
Relatively few studies have been reported of the effects of EMF on gene mutation
(McCann, Dietrich & Rafferty, 1998) Mutation is an area of molecular research in which
consistency among results appears to he developing. In numerous studies no effect on
mutagenesis in micro-organisms has been seen (Morandi, Pak, Caren et al., 1996; Ager &
Radul, 1992) although at higher EMF field strengths, somatic recombinations have been
observed in insect lakae (Koana, Okada, Ikehata et a1 , 1997). There is little evidence,
however, that EMF below 0.1 mT damage DNA or induce cytogenetic damage. It can
therefore, be concluded that a clear effect of magnetic fields on mutation has only been
seen at field strengths well above those that occur in the environment (EMF Working
Group, 1998).
7.2 Other genetic and cytological effects
A few research groups have contributed most of the scientific literature on EMF-related
effects on transcription and gene expression. Overall, the results are conflicting,
especially with regard to the effects of power-frequency fields. Attempts to replicate the
findings of other laboratories have met with little success. Similarly, the results of studies
on the effects of EMF on cytological markers do not show a clear pattern. (EMF Working
Group, 1998).
Radiofrequency radiation can affect various cell physiological end points under
conditions that cannot be attributed to indirect thermal effects. It is known that the cell
membrane is a primary site for the transduction of various extracellular chemical and
physical signals. Radiofrequency radiation induced altered membrane signal transduction
could thus be anticipated to cause a variety of cell physiologic changes (Cleary, 1997).
Such changes that have been associated with non-thermal radiofrequency radiation

exposure include effects on ion channels (Sandblom & Theander, 1991, Bolshakov &
Alekseev, 1992), molecular-biochemical alterations (Brown & Chattopadhyay, 1992;
Phelan, Lange, Kues et al , 1992), cell proliferation and neoplastic transformation
(Cleary, Liu & Merchant, 1990) and cell cycle alterations (Baker-Kubiczek & Harrison,
1991).
7.3 Strength and Duration of Exposure
Exposure to EMF can be expressed either as induced electric field intensity or imposed

magnetic flux density. Studies of pure electric fields show that only ELF fields can affect
cytological responses, with a required threshold intensity in the range of 0.1 mV/m plus
or minus one order of magnitude. This threshold is consistent with those found in several
experiments on magnetic induction. No response has been found with exposure shorter
than 30 minutes and most reported cellular responses require exposure of tens of hours.
Finally, the threshold field intensity with exposure to 10-100 Hz appears to be lower than
that for broader-spectrum or higher-6equency exposure.
The generally accepted theoretical limits for effects of EMF are one to two orders of
magnitude lower than they were a decade ago. The reasons for this change are that new
mechanisms have been considered that were not studied in detail previously and that
slightly more realistic biological models have been constructed. It is important to note
that most of the theoretical results reported to date are based on limited biological models
and the development of newer models is an evolving area of research. Existing models
and theoretical thresholds are only as good as the biological data used to construct them;
advances in biology and biochemistry can therefore be expected to serve as a basis for
advances in our understanding of the mechanisms of interactions with EMF (EMF
Working Group, 1998).

7.4 Assessment of Significance of in vitro Studies
Despite the large number of studies of molecular effects in cells exposed to EMF, no
consistent picture emerges. The studies differ substantially in their biological approach
and the techniques used and, even within the same laboratory, some studies cannot be
reproduced (EMF Working Group, 1998).

In order to identify the studies of greatest value, three critical factors have been identified
that allow the critical evaluation of the contribution that in vitro research can make to the
understanding of the potential effect of EMF on human health:
1. whether an observed response has been independently validated
2, whether there is a demonstrated physical mechanism for the response at

the field intensities used
3 , whether the end-points evaluated are widely considered to be predictive

of potential health effects
The recent EMF working group used these criteria to assess in viho studies and
concluded that multiple, self-consistent in viho reports demonstrate a dose-dependent
effect between ELF radiation and end-points commonly considered to be associated with
carcinogenesis including mutagenesis,

significantly increased

cell proliferation,

disruption of signal transduction pathways and inhibition of differentiation. In addition to
these studies, a number of studies have shown biological effects of ELF that are not
associated with cancer end-points, suggesting that exposure may affect other disease endpoints (EMF Working Group, 1998).
In spite of the evidence for the cellular effects of radiofrequency radiation (Luben, 1997)
there is insufficient data available to define effect thresholds or dose-response
relationships for most cellular end points. This limits the usefdness of such data for the
development of interaction mechanisms or for the assessment of in vivo health effects
(Cleary 1997)

In vivo studies
8.1 Carcinogenicity in animals
The relatively few animal tests which have been conducted for carcinogenic effects of

alternating magnetic fields have failed to yield consistent or conclusive results (Harris et
al., 1998). Early long-term studies suffered from insufficient dosimetry, poor
histopathology or inadequate follow-up. More recent studies avoided many of these
diff~culties(Saunders, Cridland, Kowalczuk et al., 1997). The potential of tumour
induction in the central nervous system from exposure to electromagnetic fields emitted
by wireless communication technology has become a focus of particular concern. These
results show that, aside from the report on accelerated development of spontaneous
mammary tumours in mice, exposure to 915 and 2450Mhz promotes accelerated tumour
/

growth in animals only if tumour is first initiated by other means (&in, 1997).
Although the interaction of an agent with humans is of prime importance and concern,
many areas of biological investigation are more eficiently and appropriately conducted
with animal species. Studies in laboratory animals provide an integrated system in which
experimental variables can be controlled, specific hypotheses can be explored and
exposure can be precisely assessed. Given the uncertainty and the relatively low power of
epidemiological studies of EMF to ascertain the relationship between exposure and
possible adverse health effects, studies in experimental animals are especially important
in evaluating whether there is an association with cancer. These studies have, however,
limitations for risk assessment. In several instances, identification of cancer-inducing
agents in animals preceded their identification in humans.
Studies of a possible association between exposure to EMF and cancer are challenged by
unidentified intensity and/or frequency parameters that can result in reproducible
biological responses and dosimetric differences between animals and humans. The effects
of EMF have usually been studied at intensities of exposure that are much higher than
environmental levels, in order to determine if effects occur. Another approach, not yet
used to any great extent, is to focus on exposure parameters at levels commonly
experienced by humans. Several designs and animal models have been used in laboratory
studies of cancer. The choice of model depends largely on the hypothesis for a particular

underlying mechanism. Few carcinogenic agents exert their full effect after a single, brief
exposure and most agents act only after an extended exposure. During that time, exposure
to other possibly confounding agents must be kept to a minimum. The long-term bioassay
is designed to address this issue. In this design, the animals are observed for most of their
lifetime and the number, type and time of appearance of tumours are the critical endpoints. This type of study should include several doses and a relatively large number of
animals, particularly if the natural incidence of the tumour type is low. Studies of
complete carcinogenicity are expensive, due to both the length of time and the number of
animals involved. One potential problem in such studies is the inadequacy of present
knowledge about what aspects of the EMF signal are biologically active.
A consideration in using animal models to investigate the effects of EMF on cancer
development is the !ippropriateness of the model itself in relation to human disease. For
example, the rat mammary carcinoma model has been thought to be reasonably relevant
in many ways for investigating human breast cancer, as many of the factors that promote
tumours in the animal model also increase breast cancer risk in humans. Nevertheless,
other aspects of the rodent model may not be directly relevant to human disease. Another
commonly used animal cancer model is mouse skin. This represents a convenient, welldeveloped way of investigating mechanistic questions in multistage carcinogenesis.
Although it allows the study of potential risk factors on the process of cancer
development, its results may not translate easily into information on the specific cancer
type in humans. Other models, specifically for investigating the risk for leukaemia, are
valuable because a variety has been developed. Thus, considerable information is
available about leukaemia and lymphoma and its carcinogenic process in animals and
some similarities exist between the development of the disease in these models and in
humans
Lifelong studies of EMF as a complete carcinogen have been conducted in experimental
animals in Canada, Japan and the United States. The results of long-term bioassays can
provide a general assessment of whether an agent is carcinogenic in an animal model.
This type of study is therefore relevant to the initiation, promotion and progression
phases of cancer development, although it may not contribute much information on

biological mechanisms. As indicated above, few have been carried out on exposure to
EMF because of the time and the cost of such assays.
The most comprehensive study to date of EMF as a potential carcinogen was conducted
at the IIT Research Institute for the National Toxicology Program. In this study, groups
of 100 rats and 100 mice of each sex were exposed to one of several magnetic field
conditions. Exposure began when the animals were 6-7 weeks of age and continued for
two years. The animals were monitored and evaluated over the course of their lifetime for
survival, body weight and clinical signs of neoplasia. At death, all animals underwent
complete necropsy and histopathological evaluation.

t

The survival of exposed rats was no different from that of controls. There were no
exposure-related clinical findings. The only significant increase in tumour incidence in
field-exposed rats was for thyroid gland C-cell adenomas and cardinomas combined in
male rats. The incidence of mononuclear-cell leukaemia in males ;as

not significantly

different between exposed and non-exposed rats. The survival of exposed mice was
similar to that of control animals, except for male mice exposed to the highest field
strengths which had reduced survival in comparison with control mice. There were no
exposure-related clinical findings (EMF Working Group, 1998).
One study examined the possible effect of ELF on mice that had been genetically altered
to be prcdisposed to develop lymphoma. Groups of approximately 100 Ep-Pim I
transgenic mice were exposed to 50 Hz magnetic fields for up to 18 months. Animals that
died during the study were subjected to histological evaluation. No difference in
lymphoma incidence was seen between field- and sham-exposed mice. The authors
concluded that long-term exposure to 50 Hz magnetic fields had no tumourigenic effect
in the lymphoma-prone mice (Harris et al., 1998).
The recently published report of the EMF Working Group reviewed available evidence of
the effects of ELF and summarised the evidence relating to carcinogenicity from in vzvo
studies as follows. Two long-term bioassays demonstrated no carcinogenic response and
one showed an equivocal response at one tumour site in animals of one sex of one
species. Within the limits of the experimental model of multistage mammary
carcinogenesis, the results of the ensemble of experiments do not provide convincing

evidence for a promoting effect of EMF on chemically induced mammary cancer. In
another commonly investigated model, skin carcinogenesis, exposure to magnetic fields
had no effect. EMF did not promote leukaemia or lymphoma in mice or rats in several
studies In several long-term bioassays, no association was found between exposure to
magnetic fields and brain cancer; however, the sensitivity of rodent models for assaying
brain cancer has not been well established (EMF Working Group, 1998).
The overall conclusion of the Working Group is that most of the studies suggest a lack of
carcinogenicity and the few with borderline positive results are inadequate to conclude
that exposure to magnetic fields at the magnitude and field configurations at which they
were investigated increases the incidence of cancer in rodents. There is inadequate
evidence in experimental animals for carcinogenicity from exposure to extremely low
frequency electromagnetic fields (EMF Working Group, 1998).
8.2 Non-cancer effects in animals

8.2.1 Immunological effects
Experimental evaluation of the response of the immune system to antigenic challenge is

difficult because the immune system is highly redundant. An extensive range of assay
systems has, therefore, been developed to measure the effects of adverse insults. These
assay systems are targeted at acquired and innate immunity. They include measurements
to determine an animal's ability both in vivo and in vifro to respond to invaders including
bacteria, intracellular parasites, viruses and tumour cells (host resistance) and
immunoassays that are correlated with activities associated with humoral, cellular and
innate immunity. The effects of EMF on the immune system have been investigated in
baboons, rats and mice. A review of the evidence recently concluded that there is no
evidence in experimental animals for effects of ELF EMF on the immune system (EMF
Working Group, 1998).
8.2.2 Haematological effects
Haematological studies include measurement of the distribution of erythrocytic indices,
platelets, total counts of nucleated leukocytes and red blood cells and total and
differential leukocyte counts (Friedman, 1981). Assessments of bone-marrow cellularity

and the impression of bone-marrow smears complete the picture of the distribution of
these cell types in peripheral blood. The studies that have examined this issue were also
reported in the recent review referred to above as providing no evidence that exposure to
power-frequency EMF affects the haematological or clinical chemical picture of rodents.
These studies were generally short, however and some included a limited number of
animals (EMF Working Group, 1998).
8.2.3 Neurological Effects
Detection of electric fields is a well-established phenomenon and the detection thresholds

for mammals appear to be similar. Differences within species appear to be about as large
as differences between species. Introduction of a perceptible electric field can change the
behaviour of mice, rats and non-human primates; however, the changes are transitory,
appear to be secondary to detection of a novel stimulus and do not suggest acute adverse
effects. Tie available evidence, including that from the series of experiments conducted
with non-human primates in a well-controlled exposure facility, suggests that exposure to

EMF is not aversive. There is relatively little information on the possibility that exposure
to power-frequency electric fields can affect performance of learned behaviour. The
available evidence does not suggest major, persistent effects. Experiments indicate that
exposure to power-frequency magnetic fields can affect acquisition or performance of
learned behaviour. There is strong evidence that electric fields can be perceived however,
there

is

weak

evidence

for

the

neurobehavioral,

neuropharmacological,

neurophysiological and neurochemical effects of electromagnetic fields (EMF Working
Group, 1998).

8.2.4 Reproductive and developmental effects
Assessments of the effects of magnetic fields on reproduction and development have
included a wide spectrum of biological end-points, including gametogenesis, fertilisation,
implantation, embryogenesis and pre- and postnatal development. A series of reviews
have been published on the reproductive and developmental toxicity of EMF. A few
laboratories have reported alterations in the development of chick embryos exposed to
magnetic fields. The results of studies of teratogenic and reproductive effects in
mammalian systems have generally been negative (EMF Working Group, 1998).

8.2.5 Effects on melatonin
The hypothesis that modification of melatonin production and release is a possible

mechanism for some of the effects of exposure to EMF has been proposed and discussed
by many authors. The studies on melatonin in animals exposed to electric fields have
both strengths and weaknesses; the latter are primarily in exposure characterisation,
statistical methods and differences within studies. The evidence is lacking in both
quantity and consistency, but the weight of the evidence leads to the conclusion that longterm exposure to electric fields slightly decreases the concentrations of melatonin in rats.
The biological significance of this apparent effect is not understood @h43 Working
Group, 1998).
8.2.6 Cataracts and other ocular effects
The production of lens opacities in the eyes of laboratory animals following acute

microwave radiation exposure is well established. It is generally accepted that acute
exposure to higher levels of radiation causes various degrees of lens opacification in
laboratory animals at many microwave frequencies. One of the most investigated
frequencies is 2450Mhz, which is the same frequency as some wireless local area
networks
Studies to examine these effects were established soon after the introduction of radar in
World War 11. The investigations which have been conducted have established a time and
power threshold for cataractogenesis in animals exposed to near-field microwave
radiation. Studies in rabbits have shown that retrolental temperatures of 41°C were
required for lens opacities to occur and support the notion of a thermal mechanism for
microwave cataractogenesis. There is debate as to whether it is the only mechanism.
Delayed biochemical and ultrastructural degeneration have also been postulated.
Corneal lesions have been reported in juvenile monkeys after repeated microwave
exposure over a number of hours. Furthermore, intermittent exposure over a 10 week
period was reported to have resulted in degenerative changes in the retina. A recent study
which looked at these effects in unanaesthetised monkeys were unable to replicate them.
Further studies to clarify these issues have been called for (Lin, 1997, Saunders et al.,
1997)

Chapter 9 Ongoing and further research
9.1 Criteria for research and risk assessment
The International EMF project was established at the WHO in 1996 to provide a forum

for a co-ordinated international response to health concerns raised by exposure to
electromagnetic fields. This was against a background of a considerable amount of ad

hoc research. Recommendations have been made which outline the criteria that should be
met by studies reporting on these issues. These criteria consist of recommendations for
epidemiological research of exposure, studies of causation and association and animal
studies. Further recommendations have also been made for the evaluation of current
scientific literature which include peer review assessment and a set of objective criteria
for the work to meet for acceptance into the body of established scientific literature
(Repacholi & Cardis, 1997).
/

In order to address some of the cohcerns referred to above, the European Commission
contracted an expert group to make recommendations for a programme of scientific
research, the results of which could contribute to a health hazard assessment of the use of
mobile telephones Whereas a large body of research has been conducted into the area of
extremely low frequency electromagnetic fields, there are fewer data for radiofrequency
fields and very few related to the emissions and exposures specific to personal
communications A comprehensive assessment of the risk of effects on human health
requires such data The recommendations made by the Expert Group are directed
particularly towards collaborative research which is directly relevant to possible adverse
effects on human health and lends itself to attempted replication by other researchers. The
researchers also provide recommendations on the management structure of a scientific
programme (McKinlay, 1997)
9.2 The International EMF project
Recent years have seen an large increase in the number and diversity of sources of

electric and magnetic fields (EMF) used for individual, industrial and commercial
purposes. Such sources include television, radio, computers, mobile cellular phones,
microwave ovens, radars and equipment used in industry, medicine and commerce. All
these technologies have made our lives easier. Modern society is almost inconceivable

without computers, television and radio. Mobile phones have greatly enhanced the ability
of individuals to communicate with each other and have facilitated the dispatch of
emergency medical and police aid to persons in both urban and rural environments.
Radars make air travelling much safer.
At the same time, these technologies have brought with them concerns about possible
health risks associated with their use. Such concerns have been raised about the safety of
cellular mobile telephones, electric power lines and police speed-control "radar guns".
Scientific reports have suggested that exposure to electromagnetic fields emitted from
these devices could have adverse health effects, such as cancer, reduced fertility, memory
loss and adverse changes in the behaviour and development of children. However, the
actual level of health risk is not known, although for certain types of EMF, at levels
found in the co9munity, it may be very low or non-existent. There is also confimion
about the biological effects of non-ionising radiations (e.g. radio waves, microwaves,
etc ) versus ionising radiations such as X-rays and gamma rays.
The conflict between concerns about possible health effects from exposure to EMF and
the development of electricity supply and telecommunications facilities have led to
considerable economic consequences. For example, electrical utilities in many countries
have had to divert high voltage transmission lines around populated areas and even halt
their construction. The installation of base stations for mobile telephone systems has been
delayed or has met opposition from the public because of concerns that the RF emissions
from these base stations might cause cancer in children.
In May 1996, in response to growing public health concerns in many member states over
possible health effects from exposure to an ever-increasing number and diversity of EMF
sources, the World Health Organization (WHO) launched an international project to
assess health and environmental effects of exposure to electric and magnetic fields, which
became known as the International EMF Project.
The International EMF Project will lastfor five years and will bring together current
knowledge and available resources of. key international and national agencies and
scientific institutions in order to arrive at scientifically-sound recommendations for health
risk assessments of exposure to static and time varying electric and magnetic fields in the

frequency range 0-300 GHz. This range includes static ( 0 Hz), extremely low frequency

(ELF, >O

- 300 Hz) and radio-frequency fields (RF,300 Hz - 300 GHz).

This Project has been devised to provide authoritative and independent peer-review of the
scientific literature and identify and fill gaps in scientific knowledge by establishing
protocols for the conduct of research using compatible and comparable methodologies
and by encouraging more focused research that should lead to better health risk
assessments in the EMF domain. The International EMF Project:
reviews the scientific literature on biological effects of EMF exposure
identifies gaps in knowledge requiring research that will improve
health risk assessments
encourages a focused agenda of high quality EMF research
fordally assesses health risks of EMF exposure after the required
research is completed
encourages internationally acceptable uniform standards
provides information on risk perception, risk communication, risk
management
advises national programmes and non-governmental institutions

An International Advisory Committee (IAC), consisting of representatives of
international organisations, independent scientific institutions and national governments
supporting the Project, provides oversight. All activities are co-ordinated and facilitated
by the WHO Secretariat. The International EMF Project will publish documents on risk
perception,

risk communication

and risk

management

in order to

improve

communications among those concerned, including an increasingly sceptical public and
workforce, about possible health risks of EM3 exposure.
It is expected that the Project will facilitate the development of universally acceptable
standards on limits of human exposure to EMF, standards on the measurement and
compliance of EMF emissions for various devices and a better understanding on how best
to communicate information to the public and workers on possible risks from EMF
exposure (Repacholi, 1998b).

Chapter 10

Guidelines for Limiting Exposure to Nonlonising Radiation

The research findings available to date afford no basis for and cannot be said to justify
any limit values or other compulsory restrictions on low-frequency electromagnetic
radiation The limit values available today for high frequency electromagnetic radiation
afford protection against thermal effects (Swedish National Board of Occupational Safety
and Health, 1997) In April 1998, the International Commission on Non-ionising
Radiation Protection (ICNIRP) issued guidelines for the limitation of exposure to nonionising radiation The guidelines were based first of all on a comprehensive review of
the scientific literature relating to possible health effects of such radiation They applied
criteria to published material which were designed to assess their credibility and potential
implications Only established effects were used in the determination of the exposure
guidelines 'that
they issued (ICNIRP, 1998)
1
Induction of cancer from long term exposure to EMF was not considered to have been
established. The guidelines are based on short-term immediate health effects such as
stimulation of peripheral nerves and muscles, shocks and burns caused by touching
conducting objects and elevated tissue temperatures caused by absorption of energy
during exposure to EMF. In relation to potential long-term effects of exposure, such as an
increased risk of cancer, ICNIRP concluded the available data are insufficient to provide

a basis for setting exposure restrictions. In vitro studies alone were not deemed to provide
data that could serve as a primary basis for assessing possible health effects of EMF
(ICNIRP, 1998).
There are no legal limits in Ireland at present to limit the exposure of workers or of the
public from electromagnetic radiation (McAuley, 1998b). The most commonly used
guidelines are those published by the International Radiation Protection Association
(IRPA, 1988). The European Commission has proposed the introduction of directives
(94/C230/03, 9810166/CNS) to ensure the protection of workers and the general public
from exposure to electromagnetic fields. The proposal for the directive to limit the
exposure of the general pubic endorsed the ICNIRP guidelines referred to above.
In July 1996, the Department of the Environment issued guidelines for planning
authorities concerning telecommunications antennae and support structures. Appendix I1

of the guidelines considered the issue of health and safety as follows The ICNIRP
findings support the position taken by the regulatory authorities in Ireland and should
provide hrther reassurance to those who have been concerned about the health
implications of base station towers. It points out that the International Radiation
Protection Authority recommended limits, endorsed by ICNIRP, are up to 1000 times
greater than actual strengths measured by Forbairt in the vicinity of mobile phone base
stations (Department of the Environment, 1996).
Other countries and agencies have issued guidelines in respect of exposure to
radiofrequency radiation which outline maximum exposure levels for many groups such
as the occupationally exposed and the general public. The levels for which exposure
limits are recommended are based on different factors. Some guidelines base them on
limits which wopld not produce thermal effects while (Bernhardt, Matthes & Repacholi,
1997) others bask them on limits which produce biological effects in animals and /or cell
systems (Radiation Protection Bureau of Health, Canada, 1996).

Chapter 11

Discussion

71.7 Extremely Low Frequencies (ELF)
The foregoing review of the literature gives some indication of the complexity of this
field and the need for an understanding of all of the disciplines and principals that
underpin it. There have been many other reviews and position papers, which are
referenced throughout this document, which have included input from the various
disciplines or which have focused on specific areas such as epidemiology or ELF etc. The
recent EMF Working Group Report released by the National Institute of Environmental
Health Sciences (NIEHS) in the US reviewed over 800 papers and was made up of 31
members who conducted the review. The report was confined to an examination of the
potential health effects of ELF.

I

A majority of the Working Group concluded that classification of ELF as possibly
carcinogenic is a conservative, public-health decision based on limited evidence of an
increased risk for childhood leukaemias with residential exposure and an increased
occurrence of chronic lymphatic leukaemia associated with occupational exposure. This
is supported by the conclusions of earlier reviews on the subject (Coleman & Beral,
1988; Committee on the Possible Effects of EMF on Biologic Systems, 1996). For these
particular cancers, the results of in vivo, in vitro and mechanistic studies do not confirm
or refute the findings of the epidemiological studies. They did conclude, however, that
the overall body of evidence has provided a foundation for hrthering our understanding
of the biological effects, mechanisms and exposure circumstances that may be related to
possible carcinogenicity and other adverse human health effects of exposure to ELF.
The National Radiation Protection Board in the UK, examined the evidence that
electromagnetic fields are associated with cancer. They stated that an examination of this
issue is made all the more difficult by the serious implications of an incorrect assessment
of the literature in either direction. They found that the experimental evidence did not
provide a basis to conclude that electromagnetic radiation has no effects on cell
physiology or has effects that would be consistent with potential carcinogenicity. The
implications, however, of applying in vitvo findings to in vivo circumstances are not clear.
Its conclusion in respect of childhood leukaemia and the weak epidemiological

information, over which it expressed many methodological concerns which supports it is
consistent with the more recent review conducted by the EMF Working Group. It
suggested a publication bias for those reports which have indicated a small increase in
risk of chronic lymphatic leukaemia among those occupationally exposed to ELF electric
and magnetic fields.
The epidemiological findings of the studies that have been reviewed in this report and the
two reports referred to above in respect of the potential hazards of electric and magnetic
fields arising from exposure to ELF provides no convincing hard evidence in support of
the hypothesis that residence near sources of such radiation, the use of domestic
appliances or exposure in the workplace causes cancer. No clear causal relationship
between such exposure and cancer has been established (Draper, 1993). The evidence
that has been pyblished in support of this hypothesis is inconsistent and relates to studies
which have mady methodological flaws or which are subject to bias in their design andlor
reporting

11.2 Radiofrequencies
The assessment of the health effects of radiofrequency radiation is beset by many of the
same difficulties which have been described in relation to ELF exposure. There have
been fewer epidemiological studies conducted which have examined the health effects of
such radiation in human populations. Studies that are conducted in this area are
confronted by many difficulties which have been described earlier. One of the clear
difficulties relates to the size of any study which would have sufficient power to detect
very small increases in risk as a result of exposure to radiofrequency radiation. The
sample size required would be extremely large thereby making the undertaking extremely
expensive and also ensuring that it could not be done in one country such as Ireland.
Another difficulty is that of exposu;e measurement. In relation to radiofrequency
radiation the science behind measurement of exposure is newly emerging and will require
considerable refinement and validation in order to ensure that we have consistent and
valid measures of the true exposure that results to individuals from all kinds of
electromagnetic fields. Furthermore, there is difficulty in assigning exposure to a given

setting such as residential or occupational as exposed workers may have unmeasured
exposure from other sources in the home and vice versa.
The difficulty posed by long latency was also discussed earlier. Cancer as an outcome of
exposure to a potential carcinogen can take decades to emerge and this is a fact which is
well established in respect of many cancers. The fact that the rapid increase in population
exposure to radiofrequency radiation, in particular in relation to cellular telephones has
really occurred in the last one to two decades means that is there is an effect of
radiofrequency radiation in terms of inducing cancers of long latency, then this effects is
not likely to be detectable by epidemiological studies for some considerable time period.
Nevertheless, some commentators have extrapolated from some existing studies to reach
conclusions for which evidence is lacking or incomplete (Cherry, 1997) and such reports
add to the cdnfbsion and difficulty in the interpretation of the evidence particularly for
those who ark "non-expert'' in the area.

In viho studies and animal studies have contributed somewhat to the body of knowledge
of the health effects of radiofrequency radiation but issues arise around the validity of the
application of this kind of work to humans. Many assumptions are made by those that
apply findings from animal studies or in viho studies to humans that may not necessarily
be true. Animals and humans do not absorb radiation in the same way or with the same
uniformity and also many experiments have used power densities in their models which
are far in excess of the power densities encountered by the general public from
radiofrequency radiation. This limits their potential application to human health
knowledge (Repacholi, 1998a).
From an human health viewpoint, what is required is good epidemiological evidence that
for the presence or absence of health effects of radiofrequency radiation (Ridenour,
1997). It is more difficult, however, to establish the non-existence of an effect from an
epidemiological point of view. What is required is consistent evidence from different
sources so that rational, scientific, evidence based conclusions and recommendations can
be made. Such evidence is lacking at the present time. Recommendations have been
made (Repacholi, 1998b; McKinlay 1997) which indicate the gaps in current information
and how they can be addressed not only in relation to epidemiology but to all other kinds

of studies. The WHO International EMF Project and the EU research initiative discussed
above will help to address this information gap. Other studies are also ongoing which
have yet to report (Lin, 1997) In the absence of further information, it is not possible to
make definitive conclusions one way or the other.

'f'f.3 Conclusions
What can be concluded from this review of the evidence is that in respect of ELF, there is
some weak evidence that it can be carcinogenic. This evidence comes from weak effects
which have not been replicated from study to study and, on the basis of current
knowledge, relates to cancers which are not known to have common aetiologies. In
relation to radiofrequency radiation, there is incomplete information available upon
which to base firm conclusions, but the evidence that is available does not indicate that
there are significant health effects associated with it. In the absence of information
necessary to make clear judgements on these matters, one must base judgements on what
scientific information is available and be guided by best available international guidelines
while awaiting the outcome of ongoing research, particularly the International EMF
Project, into these matters.
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