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Biological Research in EMF

Background

A number of epidemiologic studies have suggested there
may be a link between disease and 60 hertz electric and mag-
netic fields (EMF) exposure in humans. However, without
the support of biological evidence to explain what is hap-
pening, the epidemiologic studies can only show correlations
and cannot prove a health effect.

Concerns

With most environmental agents, from radon to gaso-
line fumes, there is usually a single parameter that can de-
scribe the exposure—parts per billion in the air inhaled, for
example. EMF are much more complicated. The electric
and magnetic fields can be measured in terms of intensities
and frequencies, as well as relative phases and angles be-
tween them. Even the angle between the fields and the earth’s
natural magnetic field may be a factor. Biological research
is needed to determine which of these or what combination
is important to human health.

Research

Scientists agree that in experiments done under care-
fully controlled laboratory conditions there are indeed bio-
logical effects due to EMF exposure. These effects include
changes in the way individual cells behave, subtle changes
in the heart rate, and hormone production. The effects usu-
ally represent quite small changes from the normal func-
tioning of an organism and it is not clear whether these bio-
logical effects will lead to direct health effects. Usually the
body is able to cope with small changes and recover without
disease or malfunction. EMF health concerns focus on ab-
normal cell growth, reproductive issues and neurophysiol-
ogy.

The biological research is concentrating on understand-
ing how cells and animals function in the presence of fields.
Biological effects of EMF tend to be quite small. They also
tend to be much more complicated than the effects of other
environmental agents. A few examples of recent research
will show this.

Human studies

When humans are exposed to fields of 200 mG for sev-
eral hours, the heart rate slows from a normal rate of about
70 beats per minute to 65 beats per minute (a decrease of
three to five beats per minute). However, exposure to mag-
netic fields of 100 mG or 300 mG does not cause any reduc-

tion. There seems to be a “window” of field strengths where
an effect is found. At other intensities there are no effects.

When intermittent fields are used (the fields are turned
on or off every 45 minutes) a distinct speeding up of the
heart rate is caused. So, not only do the fields themselves
have an effect, but switching them on and off may be just as
significant. In both cases, the change is small compared to
other factors which effect heart rate, such as standing up.
The health implications, if any, are unknown.

Animal studies

Rodent experiments focus on a hormone called melato-
nin. The body produces very little of this hormone during
the daytime. Most of it is produced at night. This hormone
is important because it signals the daily rhythms of the body
and because it affects all the other major hormone systems
(like the adrenal glands and the reproductive organs). Ex-
periments, unrelated to EMF exposure, have shown that a
lack of melatonin production increases the risk of breast tu-
mors in female rats. It has been found in a number of ex-
periments with rodents that magnetic field exposure can lead
to a reduction of the amount of melatonin produced during
the night. Experiments are now underway to determine if
magnetic field exposure can affect melatonin in humans.

Cell studies

When cells are exposed to magnetic fields the main ef-
fect seems to be at the membrane surrounding the cells. The
membrane regulates the flow of biologically active ions, such
as calcium, in and out of cells. These ions serve as messen-
gers and are essential for keeping the cells healthy and func-
tioning. The field-induced changes in calcium flux in turn
lead to changes in the production of intraceflular hormones.
Here, too, “windows” have been observed.

DNA studies

It has been shown quite convincingly that EMF do not
have any direct effects on DNA. The strands of genetic ma-
terial are not broken, as they are from x-rays or nuclear ra-
diation. Therefore, tumors cannot be induced directly by EMF
exposure. But recently it has been shown that there may be
some effects on gene transcription which can effect the rates
at which proteins are made from the DNA templates. This
possible avenue to health effects remains to be pursued fur-
ther.



Summary/Conclusion

Biological research has not yet determined what consti-
tutes dose in EMF exposure. This makes it difficult to inter-
pret the existing epidemiology or to plan future studies. Re-
ally good studies will become possible only when we can
determine what attribute of EMF exposure, if any, consti-
tutes dose. This will only be accomplished when, and if, a
specific measure or measures of exposure can be correlated
with increased risk of disease.

We also know very little about the dose-effect relation-
ship. With many agents the effect on the body is more or
less proportional to the amount of toxic material to which
the body is exposed. The dose-effect is linear: twice the ex-
posure, twice the effect. Existing research suggests that EMF
effects may not be linear: there are windows in field strengths
and certain frequencies at which effects seem to occur while
there is no response at others. Not knowing what the dose-

effect relationship is and which field attributes are impor-
tant makes scientific experiments very difficult.

The lack of meaningful measure of dose and absence of
a well defined dose-effect relationship makes it extremely
difficult to develop reasonable guidelines for regulation, sug-
gest ways to modify fields, or change our usage of electric-
ity. We do not yet know what defines a safe or unsafe field
(assuming that real health effects are eventually found).

Notes:

Research on biological effects of EMF has been funded
for over a decade by the Department of Energy, by the Elec-
tric Power Research Institute, and by agencies in Canada,
Europe and Japan. The work is being performed at national
laboratories, universities and private laboratories. Research
is being done on humans, animals, tissues and cells.
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