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INTRODUCTION

The roots of bioelectricity can be traced back past Galvani and Volta into
antiquity, but bioelectricity was dormant, barely kept alive by the work of a
few such as Lund (101), Burr (34, 35) and Szent-Gyorgyi (169), until its full
flowering began in the 1950s and 1960s. Biological piezoelectricity was
discovered in bone and subsequently found in many tissues (41, 56, 105, 109,
142, 159). These observations led to interest in the sensitivity of cells to
electrical signals (6, 108, 110), and numerous studies showed that weak
electrical currents (10’13 to 107° A) could cause bone growth in animals
and human beings (7, 18, 24, 30, 31, 32, 54, 57, 73, 77, 84, 95, 96, 130, 137,
181, 186, 192, 193, 195). This phenomenon was patented as an effective
therapy (174), approved by the Food and Drug Administration (FDA), and is now
routinely wused <clinically for the treatment of bone nonunions and
pseudarthroses.

A second approach to the treatment of the same disorders using magnetic
fields began in the early 1970s and followed a similar course involving animal
studies (8, 39, 140, 141), clinical trials (9), FDA approval, and consequent
commercialization and clinical use (160). Electrical treatment procedures are
being studied in connection with osteomyelitis (180), ligament healing (52),
osteoporosis (10, 43, 86) joint fusion (23), acceleration of normal fracture
healing (40, 71, 118), and other applications (74, 75, 78, 81, 85, 135, 168,
176, 177).

The door has been opened to a range of studies, approaches, and potential
developments that were simply unimaginable only 20 years ago. Electrical
factors have been shown to be intimately involved in the process of
regeneration (15, 17, 20, 27, 28, 29, 44, 82, 83, 154, 165, 166), and we now
have a hope of being able to restore this capacity in man as has been shown by
many studies involving 1imb regeneration (19, 161, 163) and nerve regeneration
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(45, 72, 79, 91, 126, 127, 132, 136, 149, 162, 164, 189, 190). Weak
electrical signals have been used successfully for the treatment of drug
addiction (137a), cancer (66, 128), pain (12, 13, 38, 47, 68, 88, 147), and
for stimulation of normal healing (22). A broad range of organisms from
bacteria to vertebrates have been shown to detect, exhibit, and respond to
weak electric and magnetic fields (2, 5, 11, 25, 33, 48, 53, 61, 63, 80, 87,
94, 99, 102, 115, 116, 119, 125, 144, 148, 153, 156, 157, 167, 178, 179, 182,
183, 187, 188, 196).

Reports concerning the biological effects of weak electromagnetic signals
can now be found in the literature of virtually all surgical specialties,
physical medicine, dentistry, neurology, anatomy, biochemistry, clinical
ecology, and many other disciplines and specialties. A new science is being
born, and it is bright with the promise of benefitting humanity. One of the
brightest promises involves the deeper understanding of the origin of
disease. It 1is becoming increasingly clear that much 1illness is
environmentally induced (150, 151, 152). This awareness brings into sharp
focus the question of the chemical and nonchemical composition of our
environment. If electromagnetic energy can produce a therapeutic result in
the hands of a clinician, if detection of electromagnetic fields is part of
the primordial apparatus of living systems, if ultraweak electrical signals
can initiate and regulate the body's growth systems, then it is reasonable to
expect that uncontrolled application of electromagnetic energy to 1living
organisms would have adverse effects. Does electromagnetic pollution belong
on the list of established and accepted environmental contaminants capable of
causing disease? The direct evidence that requires an affirmative answer is
outlined in the next Section.

HEALTH RISK OF EXPOSURE TO SANGUINE/SEAFARER FIELDS
Introduction

Numerous Tlaboratory studies have described biological effects following
exposure to nonthermal electromagnetic fields (EMF). Some of the studies and
an analysis of their significance are given below. A more complete
description is given elsewhere (16).

Growth and Development

Giarola and Krueger (59), of Texas A &M University, found that exposure of
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one-day-old chicks to 1.3 G at 45 Hz for 28 days depressed their growth rate
by 9 to 11% as compared with that of the unexposed birds; they observed a
similar effect in an electric field of 3,500 V/m. In another study (92), they
found that exposure of egg-laying hens to 1,600 V/m at 60 Hz for 16 weeks
caused a decrease in egg production. Magnetic fields can also induce marked
embryological changes (46).

We continuously exposed three generations of mice to a 60-Hz electric
field and found that in the first and second generation, males and females
reared in both fields were significantly smaller than the comparable control
group when compared at 35 days after birth. In the third generation the males
exposed to the vertical field were significantly smaller than the controls.
In addition, the exposed mice exhibited a higher rate of mortality (114). 1In
a follow-up study at 3,500 V/m (113), using an improved exposure system, we
again found that the field caused an increased mortality in each generation;
it also caused altered body weights in the third generation.

McElhaney and Stalnaker (104), of West Virginia University, applied
7,000 V/m, at 3 and 30 Hz, to the immobilized but intact femurs of rats. They
found that the electric field lessened the process of bone resorption that
usually occurs in an unused 1imb; additionally, many of the exposed rats, but
none of the controls, developed bone tumors. These results were partially
confirmed by Martin and Gutman, of West Virginia University (117); they foun&
that the bone loss which accompanies disuse was lowered by the electric field.

Grissett et al. (65), at the Naval Aerospace Medical Research Laboratory,
exposed 30 monkeys to 20 V/m and 2 G at 76 Hz. After one year, the
field-exposed males were significantly heavier than the control males.

We studied the effect of 60-Hz electric fields of 1,000 to 5,000 V/m on
the rate of fracture healing in rats (111), and found retarded fracture
healing in the exposed animals at 14 days postoperatively.

EMF exposure has a general debilating effect on reproduction (3, 4, 76,
133, 170, 173).

Central Nervous System

Extremely low frequency (ELF) fields have been examined from the viewpoint
of their effect on the brain by direct means and, in other studies, by means
of the behavior modification that results from the exposure.
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