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INTRODUCTION

The question of health effects related to exposures from non-ionizing and non-optical electromagnetic fields
is currently concentrated in two frequency ranges: extremely low frequency (ELF) electric and magnetic
fields, mainly at the overhead high-voltage power line frequencies of 50/60 Hz, and radiofrequency (RF)
radiation, encompassing the frequency range from a few kilohertz to 300 GHz. The part between 300 MHz
and 300 GHz is also usually named microwaves (MW); from this point of view, microwaves are part of the
whole RF spectrum.

The following brief overview is aimed at evaluating the state of knowledge regarding the question of health
effects associated to exposures to ELF and RF/MW fields.

ELF ELECTRIC AND MAGNETIC FIELDS

The possibility of health consequences of exposure to 50/60 Hz electric and magnetic fields has been
investigated and evaluated for several decades (1'2). Such consequences are reasonably well understood in
terms of certain acute effects, and this understanding is further assisted by the identification of interaction
mechanisms such as induced currents, electric charge developed on the body surface, and functional
changes in excitable tissues (3).

Many epidemiological studies have been carried out in the last fifteen years to investigate the correlation
of exposure to power-frequency magnetic fields with cancer. Several reviews and evaluation of this work
have been published, the most recent by Hendee and Boteler(4) and by Knave (5). Of the possible cancer risks
discussed today, leukaemias in children living near power lines are best documented. The most recent
studies show in fact some consistency in indicating a correlation between childhood leukaemia and some
indicators of exposure to 50/60 Hz magnetic fields. The results of studies on residential exposure of adults,
on the contrary, are less consistent and controversial because of uncontrolled confounders and questionable
experimental methodology. Also the studies of occupational exposure to electromagnetic fields are rather
inconclusive because exposure measurements have generally not been obtained and confounders are not
considered.

Epidemiological data are generally given in terms of relative risk (RR), i.e. the probability of a given health
effect for exposed people with respect to non-exposed. A major shortcoming of studies on electromagnetic
fields is the lack of a clear definition of exposure. Only in a few cases have the magnetic fields been
experimentally measured, and have been found to correlate with cancer cases less than surrogate indicators
such as the electric wire configuration(6), or the distance from power lines<7).

Relative risks for childhood leukaemia typically range between 1 and 3. An odd ratio of 1.9 was found for
example by Savitz et al.(6) using a cut-off score of 0.2 uT to identify exposed children. More recently, a
case-control study performed in Sweden(8) yielded a risk of leukaemia in children that shows a certain
increase with increasing exposure to magnetic fields estimated by historical residential proximity to 220-400
kV utility lines. A risk ratio of 2-3 was determined for average annual exposures above 0.2 uT, with the risk
increasing as a function of exposure intensity.

The data have been pooled with those of similar studies performed in Denmark and Finland(9). Considering
the very large population under study, this represents the most reliable data set presently available for risk
evaluation. The pooled analysis gave a relative risk of childhood leukaemia of 2.1 (95% Confidence
Interval: 1.1-4.1).
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However, relative risks are not a measure of health impact, which also requires information on the size of
the exposed population. Only recently have estimates of collective impact been performed, based on rough
estimates of exposure.

In Sweden, it is estimated that one case per year of childhood leukaemia can be ascribed to power lines, if
a causal relationship with exposure actually exists (5).

Recently in Italy(l0), a total of 306,400 persons, corresponding to 0.54% of the entire population (about 57
million) was estimated to be exposed above 0.2 uT.

Assuming as the most reliable value for RR the result of the pooled analysis of the Nordic epidemiological
studies, i.e., RR = 2.1 (95% Confidence Interval: 1.1 - 4.1), it was obtained an excess incidence of 2.5 (95%
Confidence Interval: 0.2 - 7.0) cases per year, and an excess mortality of 1.1 (95% Confidence Interval:
0.1 - 2.9) cases per year.

In conclusion, the most realistic estimate of health impact from power lines in Italy, if any, amounts to less
than 3 extra cases of childhood leukaemia per year, one of which would be fatal, while the assumption of
worst-case conditions raises the excess incidence to 3.9 cases per year and the excess mortality to 1.6 cases
per year.

RADIOFREQUENCY RADIATION

The inherent risks to health from RF exposures are directly linked to the absorption and distribution of
energy in the body, and the absorption and distribution are strongly dependent on the size and orientation
of the body and the frequency and polarisation of the incident radiation. Both theory and experiment show
that RF specific absorption rate (SAR) in prolate spheroid models approaches a maximum value when the
long axis of the body is both parallel to the electric field vector and approximately equal to four-tenths of
the wavelength of the incident RF field00.

Three categories of effects are sufficiently well understood to be considered for health hazard assessment,
i.e., (i) the evidence that absorption of radiofrequency energy causes tissue heating; (ii) currents can be
induced in humans by physical contact with ungrounded metallic objects at frequencies below about 100
MHz; and (iii) direct stimulation of nerve and muscle cells can occur at frequencies below about 2-3 MHz.

Many of the biological effects of acute (non stochastic) exposure to radiofrequency and microwave radiation
are consistent with responses to induced heating, resulting either in frank rises in tissue or body temperature
of about 1°C or more, or in responses for minimising the total heat load. Most responses have been reported
at SARs above about 1-2 W/kg in different animal species (particularly primate) exposed under various
environmental conditions. These data indicate the sort of responses that are likely to occur in humans
subjected to a sufficient heat load.

Healthy subjects at rest in light clothing and in ambient conditions of around 21-22°C and relative humidity
of around 50% with adequate ventilation seem able to dissipate radiofrequency power at SARs of 1 W/kg,
and to up to 4 W/kg for short periods. Sweating and an increase in heart rate have been seen in volunteers
in response to whole-body SARs in the upper part of this range after exposure for about 20 min. It is likely
that adverse environmental conditions, such as high temperature or humidity, and moderate physical
exercise will restrict this range of tolerable SAR. In addition, people under medication or with conditions
which impair thermoregulation, including pregnancy, may also be limited to lower values of SAR.
Conversely, heat tolerant or acclimatised people in low environmental temperatures may endure higher
SARs.

Some individual tissues, moreover, may be particularly sensitive to the heating effects of radiofrequency
and microwave radiation, mainly because of their lack of blood supply, and consequent limited cooling
ability. From this point of view, the lens of the eye and the testis can be potentially regarded as critical
organs.

When a person touches a metallic object such as a car, van, or bus situated in an RF field, large currents may
flow through the body that are considerably in excess of those that would cause perception, pain, and even
burns in some cases. Rogers"2' has quantified the thresholds for these effects in 50 volunteers at frequencies
between 2 and 20 MHz. The conclusion was that 200 mA was the maximum tolerable current that could
be drawn through finger-contact with objects in RF fields. However, these effects depend on the current
density in tissue, rather than on the current value. It has been noted that burns will occur when current
densities in the skin exceed 3-4 kA/m2. The adverse consequences of indirect effects of exposure to RF
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fields may be avoided by engineering or administrative controls or by limiting the external field or the
contact current.

The evidence suggests that RF and microwave radiation is not mutagenic and is therefore unlikely to initiate
cancer; however, very few cancer-related studies are available(13). The evidence for a co-carcinogenic effect
or an effect on tumour promotion or progression is not convincing, but surely these issues deserve further
investigation. .

The few epidemiological studies that have been carried out on populations exposed to RF fields have failed
to produce significant associations between such exposures and outcomes of shortened life span, or excesses
in particular causes of death. Such studies tend to suffer, however, from poor exposure assessment and poor
ascertainment of other risk factors.

Among the various, possible effects of interference induced by radiofrequency and microwave radiation,
the effects of cellular phones on pacemaker patients play an outstanding role. Recently, studies conducted
in Italy and in Switzerland (14) show that cardiac pacemaker implanted in patients can be affected by
electromagnetic field from cellular telephones.

The Italian study was conducted with 2 analogue and 2 digital cellular phone models. The digital models
were working with the new European standard GSM; the analogue ones worked with the TACS standard.
Both standards operate in the 900 MHz range. The electromagnetic fields radiated by the phones interfered
with 15 out of 27 and 10 out of 25 pacemakers tested in vitro with the GSM and the TACS signal,
respectively; GSM interference was detected also in 26 out of 101 pacemaker patients. Specifically, pulse
inhibition, asynchronous pacing, synchronisation, undersensing and oversensing effects were detected. The
effect, however, was observed only when the phone antenna was positioned straight over the pacemaker
head, up to a distance of 13 cm in vitro and 10 cm in vivo. Once the phone was removed, in no case there
was permanent malfunctioning or reprogramming of the pacemakers. The results indicate that pacemaker
patients can found themselves in potentially hazardous situation (15) if they carry a cellular phone in close
proximity of the implant, for instance in the inner pocket of the jacket.

CONCLUSION

Our electromagnetic environment has changed greatly during the past several hundred years. Among many
changes that have been caused by our own human activities, power-frequency electric and magnetic fields
are products of technological advances to which virtually everyone is exposed.

Possible links between exposure to 50/60 Hz electric and magnetic fields and increased cancer risks have
become an important issue for the scientific community, environmental groups, and the electric utility
industry, as well as for the general public.

The quantitative results of the health risk assessment should be taken into account, besides other factors
entering the issuing of standards, such as socio-economical and environmental considerations. Decision-
makers and politicians should put in the right perspective all above information, defining actions and
priorities.

The rapidly expanding industrial and home uses of radiofrequency and microwave radiation also contribute
to a steady increase in "electromagnetic pollution" of the environment. The number of devices, which by
design emit electromagnetic waves into the atmosphere, such as radar, radiotelecommunication links and
repeaters, television and radio broadcasting stations and cellular phones, is growing from day to day. The
power of individual installations is also rapidly increasing.
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