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In recent years research interest has increased in the
biological effects and possible health outcomes of
low-frequency electric and magnetic fields. In Soviet
studies of substation operators certain effects of elec-
tric fields on health were already reported in the
1960s, neurasthenic symptoms, cardiovascular and
gastrointestinal disorders of a functional nature, and
temporary changes in blood cell composition (1—3).
Follow-up research in other countries, however, did
not verify the Soviet findings, and interest in elec-
tromagnetic fields diminished. (For a review, see ref-
erence 4.)

At the end of the 1970s and beginning of the 1980s
interest was reawakened with the publication of
American studies linking childhood leukemia to mag-
netic fields from power lines (5) and leukemia and
brain tumors to workers in “electrical” occupations
with exposure to low frequency magnetic fields (6).
In 1979 the first reports were published — also in
the United States — about clusters of adverse preg-
nancy outcomes among women working at video dis-
play terminals. (For a review, see reference 7.) Sus-
picion was cast on the magnetic field emitted by the
screens of the terminals, as, in some studies on lab-
oratory animals, teratogenic effects were reported if
animals were exposed to magnetic fields similar to
those of video display terminals.
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Other possible health effects related to exposure
to low-intensity electric and magnetic fields have also
been reported. Nonspecific skin problems and neu-
rasthenic and neurobehavioral disorders (called “hy-
persensitivity to electricity”) were described for “sen-
sitive” persons in the vicinity of video display ter-
minals and other electric and electronic office equip-
ment, electrical machines, and power lines (8).

During the past 15 years a vast number of experi-
mental and epidemiologic studies on biological ef-
fects and possible health hazards has been published.
The studies have been reviewed and evaluated for
regulations on exposure restriction (9—12). This
overview presents relevant background information
and recent scientific studies, and also criteria for and
discussions on restricting exposure.

Low-frequency electric and magnetic fields

Physically, electric and magnetic fields can be de-
fined as part of the low-frequency electromagnetic
radiation spectrum. The photon energy available is
proportional to radiation frequency and is thus in-
versely proportional to its wavelength (ie, the high-
er the frequency or the shorter the wavelength, the
higher the energy). At the high-frequency end of the
spectrum, with wavelengths <200 nm, the photon
energy is so high that it suffices to break chemical
bonds and thereby ionize chemical compounds (ion-
izing radiation). Wavelengths of >200 nm are known
as nonionizing radiation, which may also give rise
to biological effects, but then due to other mecha-
nisms.



Radiation of wavelengths between 400 and 800 nm
can, for example, be detected by special receptor
cells in the retina of the eye (rods and cones), and it
is experienced as visible light. Longer waves, like
infrared waves, microwaves, and radio frequency
waves, are biologically active in one way or another
in relation to their thermal energy (ie, molecular vi-
bration).

The low-frequency electromagnetic fields that are
referred to in this context have such low frequencies
and such long wavelengths that their low photon en-
ergy contents can in no way elicit any biological ef-
fects through the aforementioned mechanisms. As far
as is known today, there are no special receptor cells
or structures that form a missing link between the
fields and possible biological effects — with the pos-
sible exception of the very recently demonstrated
special magnetite crystals in different human cells
(13, 14).

The low-frequency fields have two components,
an electric field (proportional to the voltage) and a
magnetic field (proportional to the strength of the
current). Strictly speaking, there are no “electromag-
netic” fields, but, instead, there is an electromagnetic
force effect that is the sum of the forces of the elec-
tric and magnetic fields. The electric field strength
is measured in volts per meter, and the magnetic field
strength (magnetic flux density) is recorded in teslas.

The low-frequency fields can also be divided into
two subgroups as regards frequency. By definition
the 50 to 60 Hz frequencies are called ELF (extreme-
ly low frequencies) and the higher frequencies in the
kilo-Hertz domain are called VLF (very low frequen-
cies). Most often, though, the ELF fields occupy the
center of attention because the electricity net frequen-
cy is 50 to 60 Hz. Residential exposure is more or
less always in the ELF domain, occupationally how-
ever the fields sometimes vary in frequency. In front
of a video display terminal, for instance, the opera-
tor is normally exposed to 50—80 Hz fields (ELF)
and 15—20 kHz fields (VLF).

Exposure to electric and magnetic fields

Exposure to electric and magnetic fields occurs
throughout society: in the home, at work, in schools,
and by electrically powered means of transport.
Wherever there are electric wires, electric motors,
and electronic equipment, electric and magnetic
fields are created.

At home

There are many sources of electric and magnetic
fields in the home; television sets, refrigerators, elec-
tric stoves and ovens, microwave ovens, electric ra-
zors, hairdryers, clock-radios, electric wires, radia-
tors and electric blankets form magnetic fields in
their immediate environment. A feature of these
fields is that exposure falls very rapidly with distance
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from the source. If one uses an electric razor, for in-
stance, there is a strong magnetic field in the imme-
diate vicinity of the machine, but it is hardly detect-
able a few meters away. As only low voltage is used
in the home, electric fields from household appli-
ances are negligible. In some houses stray currents
occur due to an imbalance in the electrical ground-
ing system of the building, and this occurrence might
give rise to increased magnetic fields in limited areas
of the house.

If the house where one lives is under or near an
overhead power line, it is exposed to both electric
and magnetic fields. The outer walls of the building
screen off the electric field, and therefore there is no
indoor exposure to the outdoor field. A magnetic
field cannot be screened out, and because of its wide
dispersal (several hundred meters from the power
line), the level of the magnetic field remains more
or less the same irrespective of where one is in the
house.

At work

Certain occupational groups are more exposed than
others. The following list presents “electrical” occu-
pations in the order roughly corresponding to the de-
gree, from highest to lowest, of exposure to magnetic
fields during a workday: welders, linesmen and sub-
station operators (electric power industry), electronic
engineers and technicians, locomotive engineers,
train conductors and railway station workers, radio
and television repair men, foundry and furnace work-
ers, miners, and telephonists, telephone repairmen
and installation engineers.

A welder is thus more exposed than a linesman who
works with power lines. Naturally people in other
occupations can also be exposed, for example, ex-
posure to both electric and magnetic fields in the
proximity to a video display terminal. To reach the
levels in the list one would, however, have to be
within decimeters of the screen. From occupational
studies in which dosimetry has provided exposure
information, 0.1 uT has been found to represent an
average magnetic field level for a workday.

Electrical vehicles

As the preceding list indicates, locomotive engineers
and other railway and railroad staff are among the
occupational categories exposed. Passengers on long-
distance and commuter trains are also exposed to
magnetic fields when in transit, if trains are run on
alternating current.

Induction of current in the body

Both electric and magnetic fields induce current in
the body. For a person standing under a 50- or 60-
Hz power line, the current induced in the body by
the magnetic field is much less than the current in-
duced by the electric field. In addition, the current
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induced in the body by magnetic fields is consider-
ably weaker than that occurring in the body in
connection with normal heart and brain activity (ie,
10 mA - m? and 1 mA - m?, respectively).

Health effects under study

Cancer

The discussion of possible health risks of low-inten-
sity low-frequency electromagnetic fields started in
the 1970s with interest mainly on the electric com-
ponent of these fields. At the end of the 1970s, and
in the 1980s, scientific interest shifted towards the
magnetic fields, especially their relation to carcino-
genesis. The reason for this shift was the appearance
of several epidemiologic reports presenting data in-
dicative of an increase in the incidence of leukemi-
as in children (5, 15—17; for a review, see references
11, 12, 18, 19) and adults (20—24) living in the vi-
cinity of power distribution lines and of leukemias
(6, 25—37) and brain tumors (29, 34, 31, 38—42)
in “electrical” occupations.

Residential studies. Of the possible cancer risks dis-
cussed today, leukemias in children living close to
power distribution lines are best documented. The
“early” studies between 1979 and 1991 showed in-
creased leukemia risk ratios only when using surro-
gates for exposure (eg, the Wertheimer-Leeper code)
(5). Field measurements of the magnetic fields did
not relate to cancer risk.

Very recent case-referent studies from Sweden and
Denmark with improved techniques for exposure as-
sessment have — in an overall perspective —
strengthened the evidence of a possible cancer risk
for residential exposure (43—45). The Swedish study
found a doubled risk for childhood leukemia above
a calculated historical level of 0.2 uT. The Danish
study found a positive association for all major types
of childhood cancer combined above an average ex-
posure level of 0.4 uT. At 0.25 uT, and above, no
statistically significant increases were found; the
odds ratio for leukemia was 1.5 [95% confidence in-
terval (95% CI) 0.6—4.1]. A Finnish residential co-
hort study (46) found no excess risk, however, of
overall cancer, leukemia, lymphoma, or nervous sys-
tem tumors in children exposed to residential mag-
netic fields close to transmission power lines. The
standardized incidence ratio was 1.6 (95% CI 0.3—
4.5) for leukemia above an exposure level of 0.2 uT.
Therefore there are apparent differences between the
results of the Scandinavian studies. On the other
hand, the leukemia risks found do not necessarily
need to be contradictory. The Danish and Finnish
studies had a lower precision than the Swedish study
because of differences in study population sizes.

The Scandinavian residential studies referred to
may indicate a doubled leukemia risk above 0.2 uT,
corresponding to a distance within 50—100 m from
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an overhead power line. The number of childhood
leukemia cases under power lines are few, howev-
er, and the risk is therefore low compared with that
of other environmental hazards in society. It has been
calculated that each year in Sweden there are two
cases of childhood leukemia under or near power
lines. One of these cases is attributable to the mag-
netic field risk, if any.

Occupational studies. During 1993 three occupation-
al studies were published, from Sweden (47), Den-
mark (48), and the United States (49). In the Swed-
ish case-referent study, in which the exposure assess-
ment was made by individual dosimetry measure-
ments, a magnetic field strength above 0.2 uT gave
a double risk for leukemias and brain tumors, for the
latter for younger men only. Of the leukemias, chron-
ic lymphocytic leukemia was in excess, but not acute
myeloid leukemia. In the Danish cohort study men
with continuous, but not those with intermittent, ex-
posure had an excess risk for leukemias, with equal
contributions from acute and other leukemias. In the
American study on electric utility workers (nested
case-referent study), fields were measured for the
exposure assessment. No risk increases in leukemi-
as or brain tumors were found; however, the risk and
interval estimates were limited by low precision. No
distinction was made between the leukemia subtypes.

Occupational exposure to magnetic fields is gen-
erally higher than residential exposure, and calcula-
tions of leukemia and brain tumor risks also give
higher values for exposed workers than for children
living close to power lines. From calculations on the
attributable risk in the Swedish study approximate-
ly 20 cases of leukemias and 20 cases of brain tu-
mors could be attributed to the magnetic fields each
year. These figures are to be compared with the to-
tal number of 40 000 annual cancer cases in Swe-
den, of which 800 have been calculated to have an
“occupational” origin.

If the cancer effect is real, there are, however, un-
clarities as to exposure characteristics (eg, magnet-
ic field frequency and exposure intermittence) and
not much is known about confounding or effect-mod-
ifying factors. As a matter of fact, it is only the
Floderus study (47) that has considered confound-
ing; exposure to benzene, solvents, ionizing radia-
tion, pesticides, and some behavioral factors did not
essentially influence the odds ratios. Furthermore,
most of the occupational studies have indicated one
special form of leukemia, acute myeloid leukemia.
A few, on the other hand, have found higher inci-
dences for another form, chronic lymphatic leukemia.
The reasons for this discrepancy in results are not
known. In several studies brain tumors have been re-
ported, and the evidence for an association is con-
sidered stronger (11) than for leukemias because of
the duration-in-employment effect noted in some
studies.



Excess breast cancer among men has also been re-
ported in association with exposure to magnetic
fields (36, 50—52). Almost all of the occupational
studies have been made on male study populations.
Breast cancer among women has been reported in
two recent studies, however. In the Danish register
cohort study (48) no excess risk was found. In an
American case-referent study (53) it was reported
that women in traditionally male-dominated “elec-
trical” occupations had 40% higher breast cancer
mortality than other women in the labor force. Since
breast cancer is such a common cause of morbidity
and mortality among women, even a small excess
relative risk implies many cases attributable to the
fields.

Animal studies. Only a few animal studies on mag-
netic fields and cancer have been reported, and there-
fore they are little help in the risk assessment of the
fields. (See references 54 and 55 for reviews.) If the
fields are truly associated with cancer, laboratory
studies have indicated that they do not initiate can-
cer; instead they promote it. For instance, a co-pro-
motional effect was reported for mouse skin with
exposure to a continuous field (56, 57). Another re-
search team did not find any promotion with a con-
tinuous field (58), but with an intermittent field the
results differed (59). It is clear that the results of ad-
ditional, ongoing large studies in Canada, Sweden,
the United States, and Australia must appear before
it can be determined whether or not the fields pro-
mote cancer in animals.

Mechanism studies. In contrast to the sparse animal
cancer studies, there is a vast number of in vitro stud-
ies in the search for possible field-induced cancer
promotion mechanisms. (See, eg, references 9, 10,
55, and 60.) Several candidate models have been pre-
sented on changes in the cell surface and in the cell
membrane transport of calcium ions, the disruption
of cell communication, the modulation of cell
growth, the activation of specific gene sequences by
modulated RNA (ribonucleic acid) transcription, the
depression of pineal melatonin production, the mod-
ulation of ornithine decarboxylase activity, and the
possible disruption of hormonal and immune-system
antitumor control mechanisms. Each of these mech-
anisms has features applicable to explaining report-
ed magnetic field cancer effects; however, none has
been free of problems and essential objections (61).

There are two mechanism candidates which de-
serve special attention, the reduction of nocturnally
produced melatonin induced by exposure to magnetic
fields (62) and the discovery of magnetite crystals
in human tissues (13, 14).

It is known from animal studies that melatonin,
indirectly via an effect on circulating sex hormone
levels, has an oncostatic effect. It is also known that
magnetic fields suppress pineal melatonin produc-
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tion, which, for example, provides a theoretical
mechanism for the increase in breast cancer report-
ed in relation to exposure to magnetic fields. Recent-
ly, an alternate explanation for the increased cancer
risk has been proposed (62). Melatonin has been
found to be the most potent hydroxyl radical (-OH)
scavenger discovered, and consequently the free rad-
ical damage to DNA (deoxyribonucleic acid) is
markedly inhibited by melatonin. If melatonin is sup-
pressed (eg, by magnetic fields) the DNA is left more
vulnerable to oxidative attack. This theory explains
how the depression of melatonin by magnetic fields
could result in a higher incidence of cancer in any
tissue. But do human melatonin blood levels dimin-
ish when individuals are exposed to weak magnetic
fields? In an experimental study Graham et al (63)
recently reported that this occurrence was possible
in a subgroup of healthy young men with low mela-
tonin base levels. It is apparent that further research
along the “melatonin track” will be well worth fol-
lowing.

For some years it has been known that the seasonal
migrations and orientation ability of birds are medi-
ated via magnetite crystals in cells responding to the
earth’s magnetic field. Now, as has already been
mentioned, magnetite crystals have also been dem-
onstrated in human cells (13), in some cells in a con-
centration high enough theoretically to respond to the
weak magnetic fields in residential and occupation-
al exposures (14). It is possible that magnetite crys-
tals may be a missing link explaining some of the
biological effects under discussion.

Effects on reproduction with special reference to
adverse pregnancy outcomes

High-voltage utility and laboratory workers. To-
wards the end of the 1970s results of Swedish stud-
ies were presented which indicated that there was a
greater risk of miscarriage and having children with
congenital malformations in families in which the
husband worked in the electric power industry (64).
The same research group also found chromosome
damage in lymphocytes of switchyard workers (65,
66), and more recently a Norwegian study reported
chromosome breaks in high-voltage laboratory cable
splicers (67), indicating a possible risk increase of
genotoxic effects in these workers. However, in a
German study no chromosome aberrations were
found in lymphocytes of 380-kV utility workers (68).
In another, earlier Swedish study, family size and
fertility among utility substation workers differed
between the exposed and unexposed men. However,
these differences were apparent before utility em-
ployment, and for this reason the authors interpreted
the study as negative (4).

Electric blankets. In 1986 and 1989 Wertheimer &
Leeper (69, 70) reported possible adverse pregnan-
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cy effects after the use of electric blankets and elec-
trically heated water beds. Later, in a Chinese case-
referent study that adjusted for drug usage, exposure
to chemicals, and noise (71), an increased risk of
spontaneous abortion was reported for women using
electric blankets during early pregnancy. Other stud-
ies have not found increases in malformations (72,
73). It has been convincingly documented that us-
ers of electric blankets have higher magnetic field
intensities than nonusers (74), and several large-scale
epidemiologic studies are in progress in which the
possible confounding by temperature incrcase will
hopefully also be considered.

Residential exposures. A Finnish case-referent study
found an increased incidence of early pregnancy loss
among women exposed to 50-Hz magnetic fields in
their homes (75). The early pregnancy losses were
determined by hormone analysis in a group of
women attempting to become pregnant. The 50-Hz
magnetic fields were measured in the homes of
89 cases with early pregnancy loss and 102 referents.
A cut-off score of 0.6 1T resulted in an odds ratio
of 5.1 (95% CI 1.2—21). A study of birth defects
in some municipalities through which high voltage
power lines pass did not, however, find any increases
in congenital malformations (76).

Late effects (childhood cancer) after parental expo-
sure to electromagnetic fields. In a study of child-
hood cancer and maternal field exposure from elec-
tric blankets during pregnancy, brain tumors were
found in excess (77). In two studies the incidence of
brain tumors was elevated among children to men
occupationally exposed to the fields (78, 79), while
in a third it was not (80). As to childhood neuro-
blastoma, one study reported an association with pre-
sumed paternal exposure (81), while two others did

not (82, 83). The results of these late-effect studies
are contradictory, and a prerequisite for a true asso-
ciation is field-induced genetic or chromosome dam-
age (11, 12, 84, 85).

Video display terminals. As has already been men-
tioned, operators of video display terminals are ex-
posed to both ELF and VLF electric and magnetic
fields. Since the middle of the 1980s, several well-
designed epidemiologic studies have been published
in which pregnant women who worked with a video
display terminal during pregnancy were compared
with pregnant women who did not. Although the re-
sults showed some variations, these studies essential-
ly failed to demonstrate any differences between the
two groups (86—99). (For a review, see references
100 and 101.)

Two of these studies have, in addition to examin-
ing possible differences between work with and with-
out video display terminals, also utilized data on the
emission of or exposure to low-frequency magnetic
fields from the terminals (96, 98). In the study by
Schnorr et al (96), in which the magnetic fields were
measured at a selection of the actual workplaces,
there were no associations between levels of mag-
netic fields and miscarriages. In the study by Lind-
bohm et al (98), there was no association between
VLF magnetic fields, as measured in a laboratory,
and miscarriages, but a significant association was
found between ELF magnetic fields and miscarriag-
es. A comparison between the results of these two
studies is given in table 1. Caution is recommended
when the comparison is interpreted because of the
considerable differences in the methods used (work-
place versus laboratory measurements, instrumenta-
tion, etc). Regarding the positive results of the Lind-
bohm et al study, issues have been raised concern-
ing (i) the appropriate comparison group (within vid-
eo display terminal comparison or not), (ii) exposure

Table 1. Associations between miscarriage and extremely low-frequency magnetic fields in two studies. (VDT = video display

terminal)
VDT with VDT with

Study G VIOT e low field high field
Schnorr et al (96)

Magnetic field?2 0.036 uT 0.046 uT 0.050 uT

Qdds ratio (in a comparison with a group

unexposed to video display terminals)? 1.00 0.98 (0.58—1.64) 0.92 (0.58—1.47)
Lindbohm et al (98)

Magnetic field® Not measured <013 uT >0.3 uT

QOdds ratio (comparison within a VDU group

exposed to video display terminals)? 1.00 3.4 (1.4—8.6)

0Odds ratio (in a comparison with a group

unexposed to video display terminals) 1.00 0.4 (0.2—0.8) 1.69

LY

present.
95% confidence interval in parentheses.

oo o

Not significant.
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Measured at random in a selection of workplaces, vaiue assigned to type of VDT, measured in fetal position with operators

Measured in a laboratory for appropriate type of VDT, at 50 cm from screen center, here recalculated into root-mean-square.



misclassification since workplace measurements
were not made (nondifferential or not), and (iii) var-
iation of exposure levels between companies (con-
founding or not).

To summarize, the epidemiologic studies that have
been performed have not been able to demonstrate
an association between work with a video display
terminal during pregnancy and increased risks of
miscarriage, giving birth to a malformed child, or
growth retardation of the fetus. Regarding the pos-
sibility of specific subgroups of women at risk,
groups to be considered are those that can be defined
by exposure to VLF or ELF magnetic fields. For VLF
fields, the two epidemiologic studies that have pro-
vided data have not been able to demonstrate such
an excess risk for miscarriages. For ELF magnetic
fields (ie, frequencies about or somewhat above the
net frequency (50 or 60 Hz), one epidemiologic study
has indicated an excess risk of miscarriage. The ab-
sence of a similar response in a second study, as well
as some methodological considerations in both
studies, do however detract somewhat from the
strength of this positive finding. No experimental
data seem to support the existence of such an in-
creased risk in association with 50- or 60-Hz fields.
(See the following discussion.) Nevertheless, the pos-
itive association noted in the study by Lindbohm et
al (98) warrants an attempt at replication.

Animal teratogenicity of low-frequency magnetic
fields. In 1982 a Spanish research team reported on
the possible teratogenic effects of low-frequency
magnetic fields (102) from their observations of
chick embryos exposed to pulsed magnetic fields.
Subsequently several other groups have tried to re-
peat these results, with varying success. The most
concerted effort was the “Henhouse project,” in
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which six laboratories attempted to verify the Span-
ish results by using identical equipment and stand-
ardized procedures. The outcome, however, was in-
dicative of the involvement also of other, uncon-
trolled factors (103, 104). Studies of rats and mice
have not resulted in adverse pregnancy outcomes that
could be related to 50- or 60-Hz sinusoidal or pulsed
magnetic field exposure (105—111). Experiments
have also been performed on rats or mice with saw-
tooth-formed 15- to 20-kHz magnetic fields similar
to those of video display terminals, with varied re-
sults (table 2). This variation could be due to (i) in-
appropriate statistical analyses (some of the effects
have been noted when the statistical analysis was
based on the fetus, not on the litter), (ii) incomplete
study protocol (eg, lack of documentation as to con-
trol for 20-kHz noise), (iii) different species of rats
or mice being used.

A combination of these differences between the
studies could probably explain the different results
noted. Only one of them — the species difference
— is fully indicative of a real biological effect of
magnetic fields on pregnant rodents, and then only
for certain rodent species. This situation makes ex-
trapolation to human risk evaluation rather difficult
(84, 116).

“Hypersensitivity to electricity” and
neurobehavioral reactions

In the 1980s the occurrence of skin symptoms and
signs among operators of video display terminals was
studied by different investigators in Sweden. Con-
sistently an increase in some mild nonspecific skin
symptoms was found, but, as to objectively diag-
nosed skin changes, there was no similar consisten-
cy in the findings (117—119). In a case-referent
study on subjective skin disorders and work video

Table 2. Results of teratogenic studies with rodents and 18—20 kHz saw-tooth magnetic fields.

Experimental Results®

Study conditions? . :
Malformation  Resorption Other outcomes

Tribukait et al, C3H mice, 20 kHz, yes/no® no no
1987 (107) 15 uT, fetus analysis
Frélén et al, CBA mice, 20 kHz, 15 uT no yes d
1993 (112) fetus and litter analysis
Huuskonen et al, Wistar rat, 20 kHz, yese no yesf
1993 (113) 15 uT
Stuchly et al, SD rat, 18 kHz, up to 66 uT, no® no no
1988 (114) litter (and fetus) analysis
Wiley et al, CD-1 mice, 20 kHz, up to no no no
1992 (115) 200 uT, litter analysis

2 Reporting on species used, magnetic field frequency, peak-to-peak field level(s), and basis for statistical analysis.
b yes =significantly increased occurrence among exposed, as compared with unexposed, animals, no = no significant differ-

ences at any field level.
The study consisted of two series.

Minor skeletal deformations found.

c
9 The study consisted of several series; fetal mortality increased in the first series only.
e
f

Increased implantations, leading to (?) increases in the number of fetuses and uterus weight.
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display terminals, certain risk factors were identified,
gender (women), atopic skin reaction, work load
and psychosocial factors, and the handling of paper.
After low-frequency electric and magnetic fields
were measured at workplaces, it was also found that
the electric fields in the offices and the magnetic
fields in front of the screens of the terminals were
higher among the cases than among the referents
(120). In another, comparative prospective study of
skin disorders, it was possible to verify the connec-
tion with work load and psychosocial factors, but
there was no association with the electromagnetic
factors (121).

During the past four or five years attention has
been paid to a minor group of persons, mainly op-
erators of video display terminals, with more severe
skin symptoms, often in combination with other
symptoms (eg, from the nervous system, sense or-
gans, upper respiratory tract, gastrointestinal tract,
etc) (8). The symptoms are not exclusively related
to contact with video display terminals; vicinity to
outdoor and indoor electrical power and distribution
lines, electrical motors and machines, household ap-
pliances, fluorescent lamps, and the like can also pro-
voke symptoms. The persons affected have them-
selves defined the condition as “hypersensitivity to
electricity,” since a common denominator to them
appears to be nearness to things that have something
to do with electricity. There are several thousands
of persons today in Sweden with this hypersen-
sitivity.

The hypersensitivity is a phenomenon of late date;
more than half of the examined patients have fallen
ill in 1986 or later (8). A great variety of symptoms
and discomforts has been put forward, mainly of the
skin and the nervous system. Most of the persons
state diffuse skin complaints on the face, such as
flush, rosiness, ruddiness, heat, warmth, pricking sen-
sations, ache, tightness, and the like. Symptoms from
the nervous system are also stated, such as headache,
dizziness, fatigue and faintness, tingling and prick-
ing sensations in the extremities, shortness of breath,
heart palpitations, profuse sweating, depression, and
memory difficulties. No characteristic organic neu-
rological disease symptoms have been presented.

Symptoms can be severe and then give rise to sick
leave. The prognosis varies with the type of symp-
toms. Symptoms of the nervous system persist more
often than skin symptoms. Most persons with this
hypersensitivity can go back to work, however, af-
ter simple measures to reduce exposure at the work-
place. A reduction of the time spent working with
video display terminals is the most common recourse,
and the most effective means of alleviating symp-
toms — skin symptoms especially.

The hypersensitivity is believed to be multifacto-
rial in origin. It is not clear whether electrical or mag-
netic fields are involved or not. In a recent labora-
tory provocation study from the United States the
authors presented evidence that hypersensitive per-
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sons were able to detect and identify weak fields
(122). Well-controlled and similarly designed Swed-
ish provocation studies could not confirm this phe-
nomenon, however (123—125). Chemical, ergonom-
ic, stress, and work organization factors have been
proposed to contribute to the etiology, and it seems
as if a mismatch between company organization and
possibilities for an individual career at work definite-
ly play a role in the development of symptoms (126).
Hypersensitive persons were also found to produce
higher levels of stress hormones at work with video
display terminals than referents were, a finding
which, together with the clinical picture, led the au-
thors to diagnose “technostress” in these persons
(127). It is generally agreed that the phenomenon of
hypersensitivity to electricity should be further
studied. From laboratory studies on healthy volun-
teers it has been shown, for instance, that combined
exposure to an electric (9 kV - m™) and magnetic
field (20 uT) can give rise to more physiological
changes, such as slowing of heart rate and changes
in late components of event-related brain potentials
(128). Slowing of the heart rate has also been report-
ed among workers and volunteers under power lines
(129), and in a study on volunteers electroencepha-
lographic changes were found after exposure to mag-
netic field strengths similar to those near household
appliances (130).

Of interest in this connection is the altered mela-
tonin cycle in response to weak magnetic field ex-
posure, and it is known that altered diurnal rhythmic-
ity in the pineal gland and melatonin production can
be linked to depressive illness in humans (“seasonal
affective disorders™). Recently a well-designed epi-
demiologic study was presented in which depressive
symptoms and headaches were found to be associ-
ated with proximity of residence to high-voltage
transmission lines (131). The association was not
explained by demographic variables associated with
depression and headaches or by attitudes about power
lines or other environmental issues. Similar results
on headaches and migraine were described some
years ago in another study of populations residing
near overhead power lines (132). Efforts are already
in progress to relate changes in pineal melatonin to
the described neurobehavioral reactions, including
hypersensitivity to electricity.

Regulations and guidelines on limits
of exposure

The discussions on regulation of exposure are based
entirely on the cancer reports. As mentioned earli-
er, the exposure levels found in the epidemiologic
studies are very low. Average field strengths of 0.2—
0.4 uT for a workday appear to be the level above
which there could be an increased risk, and similar
levels have been calculated for annual averages for
people living under or near power lines.



Many people are similarly exposed above these
levels, though for shorter periods, in their homes
(electric radiators, household appliances, razors, hair-
dryers, and stray currents in the plumbing system),
at work (in certain industries and in offices near elec-
tric and electronic equipment), or while traveling in
trains and other electric conveyances. The impor-
tance of such intermittent exposure is not known.
There are animal studies indicating that it could be
important; on the other hand, there are epidemiologic
studies stressing an even, continuous exposure as
more essential for cancer development. There are
other uncertainties in the epidemiologic studies as to
exposure (eg, the importance of field frequency, oth-
er modifying or confounding factors, knowledge of
the total exposure day and night) and effect (incon-
sistencies in findings as to type of cancer) which
make a risk assessment difficult. The animal exper-
iments presented thus far, on cancer promotion, are
few, and the results of ongoing studies are awaited.
To this situation can be added the lack of a plausi-
ble and understandable mechanism by which the car-
cinogenic effect can be explained. Recently, howev-
er, exciting and promising results have been pre-
sented on possible melatonin mechanisms, and the
magnetite crystals identified in the brain and in some
blood cells inspire considerable interest for the fu-
ture.

In studies on other possible health effects related
to electric and magnetic fields (eg, reproductive and
neurobehavioral disorders), the results are generally
considered to be insufficiently clear and consistent
to constitute a scientific basis for restricting expo-
sure.

In international guidelines, limits for restricting
field exposure are several orders of magnitude above
what can be measured from overhead power lines and
found in “electrical” occupations. The International
Radiation Protection Association (IRPA) issued
Guidelines on Limits of Exposure to 50/60 Hz Elec-
tric and Magnetic Fields in 1990 (133). These guide-
lines have been adopted in many national standards.
Since important new studies were published there-
after, an addendum was issued in 1993 by the Inter-
national Commission on Non-Ionizing Radiation Pro-
tection (ICNIRP) (134). Furthermore, in 1993, risk
assessments in agreement with that of JRPA were
also made in the United Kingdom (135).

These documents emphasize the facts that the state
of scientific knowledge today does not warrant lim-
iting exposure levels for the public and the work
force down to the microtesla level and that further
data are required to confirm whether or not health
hazards are present. The IRPA and ICNIRP guide-
lines are based on the effects of field-induced cur-
rents in the body, corresponding to those normally
found in the body (up to about 10 mA - m2). Occu-
pational exposure to magnetic fields of 50 or 60 Hz
is recommended to be limited to 0.5 mT for all-day
exposure and to 5 mT for short exposures of up to
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2 h. Exposure to electric fields should be limited to
10 and 30 kV - m™’. The 24-h limit for the public is
setat 5kV - m and 0.1 mT.

However, there is concern among some standard
setters, and reference has been made to the concept
of “prudent avoidance” (136), which could be sum-
marized as the fuzure avoidance of unnecessary ex-
posure in the absence of scientific certainty. A sys-
tematic strategy has been presented on how future
power lines should be routed and designed in order
to minimize residential and occupational exposure,
and on how household appliances should be designed
to reduce or eliminate the fields they generate.
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