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Eledric and magnetic fields are mmplex entiti es, much more so than chemicd agents. While
exposure to chemicds can often be alequately described by the total amount ingested over some
period d time, many more parameters must be onsidered for fields. Let us examine the most
common d these parametersin relationto possble biologicd or hedth effeds.

Intensity of the magnetic field is everybody's first guess becaiseit relates diredly to the energy
of thefield. As'Time Weighted Average' it isvirtually the only measure of expasure used by
epidemiology. It also tendsto be the only parameter in toxicologica studies.

Frequency of the field may be equally important. We tend to concentrate on 50 @ 60 Hz
exposures because these ae the nominal frequencies of powerlines. Actually, most sources
produce arich spedrum of frequencies. In particular, the odd harmonics may contain a
substantial part of the total intensity. A number of in-vitro experiments show resonance-like
behavior as the frequency is varied.

Polarization may be important. Kato's investigations of melatonin in rats, for example, seem to
indicae that circularly poarized fields yield an effed, whil e dli ptic pdarization dces nat.

Whether biologicd systems respond dredly to magnetic fields or rather to induced currentsis a
long standing and urresolved question. Magnetic field dredionwill certainly be important if
interadions are due to induced currents, whether in whole animals or in a Petri dish. There ae
experimental results suppating either the field or the aurrent hypothesis. In-vitro biologicd
effeds have dso been reported from eledric fields applied diredly.

Dependenceonrelative diredion d the dternating magnetic field with resped to the static
eath's magnetic field has also been reported in laboratory experiments, such as Bladkman's work
on reurite outgrowth.

Because we move through an ever varying eledromagnetic environment, the time wurse of
exposure may also be essential. For example, it has been suggested that fields must be constant
for some minimum time interval before they can be biologicdly effedive. On the other hand,
biologicd systems may also adapt to a constant stimulus, so that changing field are indeed
required to produce an effed. Human experiments on heat rate, for example, indicate that
intermittency may be important.

Spikes andtransientsin field level also need to be amnsidered becaise they inducelarge aurrents.

The large body of results on bore growth and wound heding may indicae the dfedivenessof
spiked signals.
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It is ometimes suggested, that biologicd effeds of EMF could be determined by varying
exposure parameters g/stematicdly. But if we consider only 8 of the exposure parameters, and
assume 5 different levels of exposure, we obtain atotal of 5° or roughly 400,000 dff erent
exposure @mndtions. The seach spaceisimmense! Obvioudly, a"systematic" traverse of
parameter spaceis not feasible. The situationis even more complicated, becaise we caana
exped the metricto belinea. If it werelinea, careful experiments or studies in the vicinity of
any set of parameter values would all ow us to extrapolate and determine dfeds for other values.
But for nonlinea dynamics smple extrapolations may be futile.

Besides the physicd parameters of the field, there is also awelter of biologicd condtions. For
iN-vivo experiments X, age, circadian rhythm, spedes and even race ae important. For in-vitro,
we havethe cdl li ne, the positionin the cdl cycle, and the state of adivation.

Of course, it must be remembered that interadion between fields and bologicd systems does not
necessarily rely on orly asingle process There may be severa mecdhanisms, relying on dff erent
parameters or combinations of parameters.

We can make apurely symbadli c diagram of the parameter spaceby lumping all the physicd
parameters on ore ais and all the biologicd parameters on the other axis. Of course thered
parameter space ontains agred many dimensions and the variables (sex for example) are not
always continuots.
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The relationship between expaosure, biologicd effeds and hedth effeds can be charaderized by
threeregions of the diagram. The expasure environment identifies the range of parameters we
can exped to encourter. Thiswill vary from personto person. Utility line workers will
experience much higher intensiti es, whil e welders may encourter higher frequencies. In general
though, the expasure regionwill cluster aroundthe origin.

Theregion d biologicd effeds, onthe other hand, will tend to invalve higher values of the
physicd parameters - we know that we can get effeds if we make the fields sufficiently ‘high'.
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Hedth effeds, will form a subset of the biologicd region. Obviously we must have biologicd
effeds before we can have hedth effeds.

To what extent exposure overlaps with biologicd and hedth effedsisa central question d EMF
reseach.
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However, we must remember that the 'boundiries’ of the threedomains are adually fuzzy regions
defined by probabiliti es. For example, while ébou 50% of the popuation hes an average
magnetic field exposure of 1 mG or less there ae still some 12 million peoplein the U.S. who
are exposed to average fields above 10 mG. Similarly the suggested hedth effeds canna be
expeded to set in at some predse level of exposure. Avail able goidemiology data sean to
indicae just this.

We now have adilemma: At higher exposure levels the risk fadors may be greaer, bu the
percentage of people exposed (nat their total number!) is quite small. Consequently, the
uncertainty will belarge. On the other hand, at lower expasure levels the risk fadors may
beamme very small, bu the exposed popuationis huge.

In conclusion, we face & immense parameter space Biologicd effeds, let aone hedth effeds,
are small and degpend on plysicd aswell asbiologicd parametersin subtle ways. There may be
several competing interadions and the resultant metrics can be expeded to be nonlinea.
Obvioudly, this stuationis not likely to be resolved by simplistic epidemiologic or toxicologic
studies. What isrequired is abasic understanding of the underlying biologicd and ptysicd
medchanisms. Meanwhile, it isimportant to remember, that all metrics, whether wire-codes, spot
measurements of magnetic fields, or time weighted averages are surrogates for the a¢ual
biologicdly effedive cmmbination o parameters.
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