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Physiological and psychological effects of exposure
to extremely low-frequency electric and magnetic

fields on humans
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GAMBERALE F. Physiological and psychological effects of exposure to extremely low-frequency elec-
tric and magnetic fields on humans. Scand J Work Environ Health 1990;16(suppl 1):51—4. Research
into the hypothetical adverse effects on health that might result from living or working in the proximity
of high-voltage power lines has been intense over the last decade. The present paper provides a brief
review of the human studies concerned with the physiological and psychological effects of exposure to
extremely low-frequency electric and magnetic fields. It was concluded that, on the basis of available
experience, electric and magnetic fields associated with transmission lines do not cause physiological or
psychological effects to be considered as health hazards.
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During the last decade there has been a marked increase
in the extension and use of overhead, high-voltage
transmission and distribution lines in many countries.
At the same time, a great deal of speculation and seri-
ous research has occurred concerning possible health
risks arising from exposure to the extremely low-
frequency (ELF) electric and magnetic fields associated
with the power lines. As a consequence research into
the biological effects of exposure to these fields is un-
dergoing rapid development.

When located in an electromagnetic field, the hu-
man body causes perturbation of the fields. At the
same time, the electric and magnetic fields induce elec-
tric current in the exposed body. Natural ELF electric
and magnetic fields are very weak compared with those
of man-made origin. The strongest electric fields are
found in the proximity of existing energy generating
systems and high-voltage transmission lines at 50 or
60 Hz. The electric field in the immediate vicinity of
a 400-kV power line reaches about 2 million V/m,? but
is reduced to only a few kilovolts per meter near the
ground. The strength of the magnetic field near the
ground under a 400-kV power line is about 20 uT.3

There is no doubt that exposure to electromagnetic
fields can interfere with the natural electric fields in
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2 The strength of the electric field is measured in volts per
meter (V/m).

* The magnetic field is usually described in terms of its field
strength, which is measured in amperes per meter, or in
terms of its flux density, the strength of which is measured
in tesla.
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the human or animal body and produce functional
changes in the biological system. The following effects
are fairly well documented. Both animals and humans
may have a direct perception of the field. The field
intensity threshold for this perception varies between
Sand 15kV/m (1, 2, 3). The proximity of strong elec-
tric fields can cause the hairs on the human body to
oscillate, and spark discharges may occur when a per-
son insulated from the ground, eg, by rubber shoes,
touches a grounded object or when a grounded per-
son touches an insulated object (4). Exposure to mag-
netic fields can cause magnetophosphenes (5). This
phenomenon is described as a sensation of flickering
light induced in the eye. It occurs at field intensities
greater than 10 mT and at frequencies greater than
10 Hz. The earth’s natural magnetic field is known to
affect the orientation of bees and birds (6). A pulsed
magnetic field can have a therapeutic effect on bone
growth and repair (7). ELF fields can interfere with
implanted cardiac pacemakers (8).

During recent years two major reviews of the bio-
logical effects of ELF electric and magnetic fields have
been published under the sponsorship of the World
Health Organization (1, 9). These reviews address a
broad spectrum of hypothesized effects associated with
this type of exposure. Many of the biological effects
reported, particularly those regarding experimental ex-
posure of animals, are subtle and confounded by nor-
mal biological variation. The present paper has focused
on human studies concerned with possible physiolog-
ical and psychological effects of this exposure. For the
question of whether exposure to electric or magnetic
fields is associated with the incidence of cancer or
affects fertility and reproduction, the reader is recom-
mended to turn to one of the reviews that have already
been mentioned.
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Epidemiologic studies

The first investigations of the health status of work-
ers occupationally exposed to electric and magnetic
fields were conducted in the Soviet Union in the early
1960s. Asanova & Rakov (10) carried out a survey of
workers in high-voltage switchyards exposed to elec-
tric fields up to 26 kV/m. They reported that such ex-
posure could cause functional disorders in the auto-
nomic and central nervous system. These findings were
subsequently confirmed in two other studies of switch-
yard workers in the Ukraine (11, 12). On the whole,
about 500 workers were examined in these studies. The
subjective complaints reported by the workers included
fatigue, irritability, headache, loss of appetite, dizzi-
ness, nausea, sleep disturbances, reduced libido, and
various manifestations of impaired functional capacity.
Some physiological effects were also recorded objec-
tively, eg, hematological changes, sinus arrhythmia,
and sinus tachycardia by electrocardiography and
desynchronized alpha activity and focal activations by
electroencephalography. They also reported impaired
performance in psychomotor and vigilance tasks. From
the fact that the described symptoms were observed
particularly among the most exposed workers evolved
the idea of the existence of a threshold beyond which
exposure should be avoided. Thus Fillipov (13), refer-
ring to experiments on exposed volunteers showing
hematological changes, proposed a threshold of
5 kV/m.

Indications of health effects similar to those ob-
served in the investigations of the switchyard workers
were also found by other researchers in the Soviet
Union among workers exposed to static magnetic fields
in the manufacture of permanent magnets (14, 15).

The results of these studies prompted similar inves-
tigations outside the Soviet Union. However, with the
exception of a study on a small number of Spanish
switchyard workers (16), comparable health surveys
on occupationally exposed workers performed in the
United States (17, 18), Canada (19, 20), Spain (21),
Sweden (22), the United Kingdom (23), and Italy (24),
have failed to confirm the health effects reported in
the Soviet Union. Furthermore, health effects asso-
ciated with exposure to electric and magnetic fields
could not be demonstrated either among farmers work-
ing in the proximity of a 765 kV power line (25, 26)
nor among people, both adults and children, living less
than 25 m from a high-voltage power line (27).

It is evident that the epidemiologic results on the
health effects of exposure to ELF electric and mag-
netic fields or exposure to static magnetic fields are
highly contradictory. At this point it is natural to ques-
tion why the symptoms observed in the earlier studies
could not be validated in more recently performed in-
vestigations. Several hypotheses have been formulated
to explain this discrepancy in the results. Danilin et
al (28), eg, suggested that the results might have been
produced by exposure to solvents, which is very com-

52

mon in Soviet high-voltage substations. However, most
of the symptoms reported in the earlier investigations
were of a functional nature and may have been caused
by many other agents in the work environment. For
this reason the lack of reference groups in the earlier
studies constitutes a severe limitation to the interpret-
ability of the results in terms of causal relationships.

It has been suggested that exposure to magnetic
fields might influence the occurrence of mental illness
and suicide. Thus in the West Midlands Perry et al (29)
found a relationship between the locations of suicidal
deaths and the calculated electrical and magnetic fields
from power lines. This study has been severely criti-
cized on the grounds of incorrect use of epidemiologic
data and major errors in the calculations of the mag-
nitude of the electric fields.

Experimental studies

One of the advantages of the laboratory experiment
compared with the epidemiologic study is that the
former allows the investigator to manipulate the field
exposure to create the conditions to be studied. The
experimental approach also enables the investigator to
avoid or control the influence of extraneous factors
on the subjects. For these reasons the results of an ex-
periment can be interpreted in terms of causal relation-
ships.

In analogy to the concept of dose-response relation-
ships of neurotoxic compounds, the effects of electric
and magnetic fields may intensify with increasing ex-
posure from a mild, acute effect confounded by the
homeostatic mechanism to a severe, irreversible injury.
The human experimental study on volunteers is ap-
propriate to reveal and describe the effects in the lower
part of the hypothesized dose-response function.

Some research workers have focused their attention
on the capacity of the nervous system to perceive the
presence of a magnetic field. Thus Denisov et al (30)
and Kholodov & Berlin (31) obtained a perception
threshold at 3 mT (10 Hz) for pulsed magnetic fields.
The latter investigators also found the threshold for
sweeping magnetic fields to be 0.5 mT and that for
static fields to be 8 mT.

Most of the experimental studies on the effects of
electric and magnetic fields on humans have been per-
formed in the Federal Republic of Germany. Two types
of effects have been studied, hematopoietic reactions
and effects on the nervous system and behavior. In a
series of experiments performed by Wever (32), ex-
posure to weak electric and magnetic fields (2.5 V/m,
10 Hz) was found to shorten the circadian rhythm by
more than 1 h. It was also found that shielding sub-
jects from natural magnetic fields prolonged the cir-
cadian rhythm by about 20 min. In these experiments
static electric and magnetic fields up to 600 V/m did
not cause any effect on circadian rhythm. On the basis
of these results Wever postulated the existence of a
physiological detector of weak electric fields. He did



not consider these results to indicate the possibility of
health effects.

In another series of experiments carried out over
several years, Hauf (33) exposed more than 100 volun-
teers to fields ranging from 1 to 20 kV/m for periods
of up to 5 h. In these experiments no field-related
effects were observed on psychomotor functions, heart
rate, blood pressure, the electrocardiogram, or the elec-
troencephalogram. The only effects reported were
slight changes within the normal physiological range
in some blood cell variables and a slight positive ef-
fect on fatigue in a psychomotor task. However, no
changes in blood chemistry could be detected by
Rupilius (34) in subjects who had been exposed for
3 htoa20kV/m electric field and a 0.3 mT magnetic
field at 50 Hz. In a Swedish study (35) the same ex-
posure intensity did not affect reaction time or the per-
formance of other psychomotor and cognitive tasks.
More recently, Sander et al (36) exposed volunteers for
a week (4 h/d) to electric (20 kV/m) and magnetic
(5 mT) fields and studied possible changes in blood
pressure, body temperature, electrocardiograms, elec-
troencephalograms, performance in psychomotor
tasks, and hematologic and biochemical variables.
None of these parameters was affected by the fields.

Experimental studies specifically addressing the
question of the existence of acute effects of exposure
to electric and magnetic fields have been performed
more recently in the United States and the United King-
dom. Some field-related effects have emerged from
these studies. In the American studies (37, 38) a double
blind experimental model was used, and 12 subjects
were exposed for 6 hto 9 kV/m and 19 uT and to con-
trol conditions. During the exposure the subjects were
examined with respect to several perceptual, psycho-
motor, and cognitive functions and also with respect
to physiological and psychophysiological functions.
Furthermore numerous hematologic, chemical, bio-
chemical, and immunologic parameters were moni-
tored during the exposure. The results showed that ex-
posure had little effect on vital signs, field-related
symptoms, performance, or daily life activities. There
were, however, clear field-related changes in evoked
potentials after both acoustic and optic stimulation and
a field-related decrease in heart rate at rest. The latter
effect was verified in a recently performed replication
of the study. In the English studies (39, 40) the sub-
jects were exposed to an electric field corresponding
to 36 kV/m. Exposure was found to bring about
changes in mood and a performance decrement in a
reasoning task.

To my knowledge only one study has been per-
formed to evaluate the acute effects of exposure to elec-
tric and magnetic fields on occupationally exposed
workers directly at the worksite (41). In this quasi-
experimental study 26 linesmen were studied during
two workdays while performing simulated routine in-
spection of insulators on steel poles of a 400 kV power
line. During one of the workdays the inspection was

performed on a power line in operation, and the other
day the same work procedure was performed on an
identical power line, which was not, however, in
operation. The mean exposure for the workday was
2.8 kV/m and 23.3 uT. The possible effects of ex-
posure were studied with a battery of four automated
performance tests, electroencephalography, a mood
scale, and a questionnaire for the assessment of sub-
jective symptoms. All the workers were examined im-
mediately before and after each workday. Further-
more, blood samples were collected for each subject
on three different occasions during each workday.
They were used for an analysis of possible changes
during the workday with regard to the following hor-
mones: thyroid stimulating hormone, luteinizing hor-
mone, follicle stimulating hormone, prolactin, cortisol,
testosterone, and neopterine. There was no statistically
significant difference between the two conditions which
could be attributed to exposure to electric and mag-
netic fields. It should be mentioned that the same
methods used in this study had previously been applied
in field studies and had proved to be sensitive to the
acute effects of low-dose exposure to organic solvents.

Concluding remarks

The general impression gained from the epidemiologic
and experimental data is that neither electric nor mag-
netic fields of the strength encountered in the prox-
imity of high-voltage power lines or substations con-
stitute a health hazard for the general population or
for the occupationally exposed worker. Naturally great
caution must be used in drawing conclusions regard-
ing the health risks from this type of exposure exclu-
sively on the basis of the studies concerned with the
physiological and behavioral effects. The question of
whether exposure to electric and magnetic fields is as-
sociated with an increase in the incidence of cancer
among children and adults and that of whether ex-
posure is associated with increases in genetic defects
or abnormal pregnancies are still to be answered.
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