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Human Sensitivities To Electrical & Electromagnetic Fields:
Details and Research About Health Perils & Promises

-----------------------------------------------------------------------------------------------------------------------------------------------------------

James B. Beal

The critics have labeled prudent avoidance a dangerous and dumb idea.
However, others would argue that it represents a common-sense strategy
for dealing with some difficult social and scientific dilemmas.

					.....M. Granger Morgan, (Public Utilities Fortnightly, 3/15/92)

Brief Summaries Of Possible Interacting Mechanisms

Introduction:  It is concluded that many mechanisms, known and unknown, must interact in life processes to support the ultra-sensitive electrical and electromagnetic field (EF and EMF) detection and broadcast capabilities of all living creatures.  When some of the mechanisms that maintain body balance (homeostasis) are overloaded by long-term EF and EMF exposures, it seems that various health problems occur with a multitude of symptoms that often defy conventional solutions.  

With the present and growing state of new knowledge in this complex area, there is much confusion and controversy generated by industry, government, research approaches and the communication media, all of whom, understandably,  have large investments in facilities and equipment which generate, transmit, and utilize electric and electromagnetic power.   For those of you who are concerned about your long-term health, this document presents information, which may be useful in determination, of what changes may be necessary in  your life style and how to practice reduction and/or  'prudent avoidance' of known EF and EMF sources.   

This is a basic document that tries to summarize how life processes may have originated in the EF and EMF environments of prehistoric and pre-life earth.  Some discussion is presented about the extraordinary EF & EMF receiving and broadcast capabilities of many creatures in all the different categories from microorganisms to mammals.  This information provides perspective to support and clarify why humans also have sensitivities to EF and EMF that can be used to heal (electrotherapies) or harm (uncontrolled long term exposure). 

Please note that there is still very little human perspective/awareness anywhere about  our LONG-TERM relationship with the earth and all other living things.  We are a product of our natural earth environment and respond to some subtle degree (and sometimes not so subtle!) to the same geoelectromagnetic and atmospheric factors which affect all other  living things.  We can, and are, affecting the balance of Nature, which in the long-term will affect us....it's called feedback! 

Brief summaries are provided here regarding the more obvious mechanisms, the detection and transmission capabilities of living systems and the reported health effects and ailments which occur.  Those who wish more details can review the references provided herein, or contact the author.

Background:  Liquid Crystals (LCs) are basic to life processes and sensory mechanisms [1].  With some of the orderliness of crystalline solids and some of the freedom enjoyed by molecules in a liquid, liquid crystals are important for biology (they form the membranes around the cells in our bodies), and probably play a large part in our memory and all our known sensory receptions of light, sound, temperature, pressure (touch), odors and taste.  Artificial and refined LCs have become everyday items in our lives because of their advantages in flat-plate LC television and computer displays (EF and EMF sensitivity), detection of temperature, pressure and chemical changes, and, recently, high-density molecular data memory storage devices (3 billion bits per square inch) [2].  The lipid molecules of biological membranes exist in an LC state and provide a matrix for membrane proteins to perform their function.  Not only lipids, but other major classes of compounds (proteins, carbohydrates and nucleic acids) exist in LC phases under well-defined conditions.  Therefore, it is very important to know the properties of LC materials in order to better understand EF and EMF-related biological processes [3].

The paired planetary resonator and wave interaction hypotheses [4-7] may be key determinants of biological structure (EMF fields intensities and changes acting as an 'information field')  These seem to offer detailed and useful explanations about origination of liquid crystal and electric and electromagnetic field relationships  These are the two unique complementary hypotheses proposing the evolution of an ultra-sensitive protein (LC) transmitting and receiving biological communications mechanism reacting to static (direct current) and time-varying (alternating current) fields.  The intense electrical and magnetic fields of Precambrian earth may have supplied the intense energies required as environmental factors and the catalytic sources for the beginning and evolution of living systems [8, 9].  

The integrated mechanisms model [10] could explain many of the variable research results.  Weak EMFs that produced localized changes in charge density could alter the conditions required for liquid crystal conditions, and consequently produce small changes within the viable limits of the system.  Changes in phospholipid membrane properties or variations of specific cations, e.g., Na+ (sodium), K+ (potassium), Ca++ (calcium), known to be controlled by membrane properties have been frequently reported in ELF research.  Rhythmicities in heart cells are intrinsically related to lipid levels.  Lipid solvents, which change membrane selectivities to the ionic milieu, are important anesthetics and toxicants.  The membrane selectivity  may be what is affected by the electroanesthetic/electrosleep process [11]. The reported intense attraction of peripheral nerves to magnetic fields also seems dependent upon lipid structure.

Biogenic magnetite [12-15], molecular magnets found in all living creatures, seems to play a most important part.  Analysis suggests that individual crystals of magnetite could contribute enough mechanical energy to activate trans-membrane ion channels.  

LC properties in living systems may provide the basic support for several of the background mechanisms proposed to explain the biosystem effects of natural and artificial EMFs.  In this case the LCs in their various biosystem forms may react to amplify unusual internal or external energy inputs, transmitting their sensing reactions to stimulate other systems, e.g., immune system response, melatonin production, various symptoms, etc..  Biogenic magnetite is found primarily in the brain and highly enervated ethmoid sinus area in humans.  It is also found in specific brain areas of insects, fish, birds and mammals, and more concentrated in the brains of migratory creatures which must get their cues from geomagnetic variations and patterns [16-20].  

Since biogenic magnetite seems to be everywhere in the environment, internally and externally, it may have played a basic role in the initial development of living systems and various sensing mechanisms.  There is much evidence that biological forms follow the energy patterns laid down by the waveforms of the environment.  Electromagnetic vibration can rearrange molecules and macro-molecules into patterned forms (sound, RF, microwave, heat, light, etc.)  Lissajou or Chladni figures produced in liquid and solids, appear as structural biological patterns in simple organisms (diatoms, for example) [6].

Induced electric currents (eddy currents) mechanism: [21]  During the past decade, a number of reports indicated that the mammalian pineal gland is magnetosensitive in terms of spatial orientation.  This indication is based on observations that artificial alterations of the direction of the earth's magnetic field (MF) markedly decreased the gland's capability to synthesize melatonin.  It was shown that magnetic field exposure itself did not affect the pineal.  Rather, induced eddy
currents in the animals, resulting from rapid On/Off switching transients of the artificially applied MF, affect the pineal gland either directly, or, more likely, indirectly, via an action on the neural input.  The eddy current mechanism is most likely the explanation.  

Every rapid change of a MF produces an electric field.  Depending on the tissue exposed to such a field, an appropriate eddy current occurs, depending on the tissue's conductivity.  Hence, if an animal is exposed to a rapidly changing MF, an induced eddy current occurs that may affect the nervous system.  This conclusion is supported by the observation that a nerve's synaptic transmission is affected by exposure to electric fields.

The above mechanism may interact with biogenic magnetite and other metal ions in biosensor tissues and fluids, perhaps combining with other mechanisms mentioned herein, thus stimulating various liquid crystal and cellular responses to the information perceived.

Non-Linear Mechanisms [22] research indicates that low-intensity, nonlinear, extremely low frequencies (ELF) and low intensity ELF pulse-modulated fields influence various physiological and behavioral processes in cells, tissue, animals, and humans [23-35].  Major shifts in calcium efflux occur with fields that produce very small gradients in the extracellular space (interstitial fluids) surrounding cell membranes [36].  The extracellular fields are far below transmembrane gradients associated with a typical synaptic depolarization.  This implies that cells can act as sensitive detectors of ELF signals.  This apparent capability has led to specific alteration of cell function, including hormone and insulin decrease, accelerated wound healing and bone growth, interference with nerve conduction, entrainment of cell transcription processes, and alteration of brain chemistry.

The effects range from alteration of the firing rates of neurons in the brain, calcium-ion binding disruption on cell surfaces in the brain, to response time...[and] respiration rate changes, and even putting an animal to sleep...[and] spectral components in the kHz range appear to cause effects selectively in bone tissue.

Behavioral modification in animals [10] as the result of weak (as low as 10 microwatts/cm2) microwaves include induction of grooming responses, altered heart and respiration rates, epileptiform seizures, and various others.  The lower the power, the more immediate the effect [23, 24], provided an effect was present (Is there a homeopathy tie-in here?).  Also noted is an adaptivity to the signals.  The greatest response occurs on first exposure; repeated exposures yield a decreasing effect.  It was reported at the May 1993 meeting of the American Geophysical Union (discussed in Science 260:1590) that three epilepsy patients demonstrated bursts of epileptic brain activity a few seconds after being exposed to a moderate EMF a bit weaker than that of a household appliance.  Note: references 23, 24 and 67 are also relevant here. 

We have demonstrated that Mast cells in the brain can be degranulated in rats, dumping  stores of histamine, heparin, and other substances into the brain [10, 37].

It has been repeatedly demonstrated that cells can sense the EMF environment and respond to three orders of magnitude lower than self-generated fields.  The dielectric behavior [6, 9, 38] of biosystems in conjunction with nonlinear excitation can give rise to solitary, nondispersive 'soliton' waves [22,39,40].  More than 90% of living matter consists of polar molecules of proteins, nucleic acids, lipids, carbohydrates, and water.  Depending on microscopic properties, the energy supply may either make a system hot or result in a new type of order.

These observations [22, 36, 41-43, 69] indicate that investigation of nonlinear molecular information transfer processes may provide a fundamental quantum mechanical model of the life process itself as well as the fantastic data storage/retrieval and holographic nature of mind [69] and memory [2]!

Combined self-organized macroscopic and microscopic mechanisms [44] present a unique combination of mechanisms to deal with both the energetic and the informational aspects occurring during biological EMF coupling.  The simulation results demonstrated EMF response patterns showing dependencies on:

	a.	The field frequency, in a nonlinear, resonance-like fashion ('frequency windows'.)

	b.	The field amplitude, in a nonlinear, resonance-like fashion ('amplitude windows'.)

	c.	The combination of appropriate static (DC) and time-varying (AC) fields.

	d.	The internal biodynamical state of the field-exposed system.

	e.	The system’s capacity for high-gain amplifications of initially small microphysical field 
		effects.

	f.	The system’s capacity to stabilize and maintain field effects in the presence of 
		relatively large incoherent (noise) perturbations.

The model predicted that amplitude and frequency-dependent resonances and the other complex dynamical behaviors may result from primary field interactions in combination with self-organized biochemical states.  

It was suggested that neither thermodynamic/energetic concepts nor bioinformational concepts alone would lead to realistic models of EMF biological interactions; only approaches capable of integrating energetic and informational mechanisms.

One can see from the above brief summaries that the various interacting biological mechanisms, known and unknown, at different levels, can be affected by a large number of factors relating to time, environment, health, stress, and diet.  

Biosystem Effects Associated With EMFs

Geoelectromagnetic signal information may play a survival role in: [45-47] navigation, migration/location/orientation, and biological rhythms.  There is also anticipation and detection of subtle or catastrophic changes in seasonal variations, weather, hurricane/tornado, and earthquakes.

How much of this information do we humans use or react to unconsciously in our daily life and how much is trainable latent talent?  Consider the excellent sensitivities of the Australian aborigines and martial arts masters.  As understanding increases about our long-term health dependence on natural and artificial EMF factors, our environmental awareness will be increased (on several levels!).

Trends indicate, in insect, fish, bird, primates and human research that continual long-term exposure to EMF pulse rates, intensities and waveforms in specific ranges, may produce behavioral, physiological, and psychological reactions in the living systems exposed  [25, 45, 46, 48-57]. 

EMF signal information between biosystems [45, 47] includes detection/avoidance  of predators, self-protection, communication, detection/attraction of food and mates and establishing territory.

Discussion.  Research to date, primarily on aquatic lower vertebrates, clearly indicates that these animals can sense very weak electric fields.  So far, this ability has been found in many marine and freshwater fish, several amphibian species; and the platypus.  Sharks and rays are most sensitive to frequencies below 50 Hz and stimuli to 1 microvolt per centimeter.  Many electric fish emit signal pulses of a broad range of frequencies or in continuous waves of constant frequency depending on species.  The discharge of an electric eel can be in excess of 600 volts.  Studies of "specialists" such as electric fish will continue to provide insight fundamental to understanding the more complex nervous systems of higher animals, and finally, humans.

Human Reactions To EMFs 

It has long been established (30+ years) that controlled specific pulse-type (sharp rise time or square-wave) waveforms and various  frequencies can be used for: 

a.	Electrotherapies [25-27, 58, 59] -- allergy suppression, pain suppression, bone healing and addiction treatment.

b.	Electrosleep/electroanesthesia [11] -- insomnia & ulcer treatment and surgical interventions.

c.	Prosthetics [40, 60, 61] -- noninvasive, wearable, heart pacemakers and artificial, noncontact visual and audio brain inputs (without light or sound).

Discussion.  Known EMF factors used in medical applications on humans utilize the whole spectrum of EMF energies and pulses from direct current. to ionizing radiation, involving various combinations of frequency, waveforms, intensity, rise/fall time, temporal gradients, pulse rates, polarization, etc.  These are already providing invaluable inputs for medical and psychological diagnoses and applications. 

Unknown time-varying EMF power frequency factors, primarily from exposure at work or in the home, not specifically powerlines, may involve all of the above, especially additional long-term spikes and transients which may occur in the electrical system, plumbing and appliances of the bedroom sleeping area or in all-day limited-movement working areas.

The applications and research mentioned above are considered the body-penetrating effects of magnetic field pulsing components, principally conducted in other countries. 

In this country the electric field is not considered a health factor, because it does not penetrate the body.   However, the whole-body acupuncture system, in all living things, is associated with healing.  It is more primitive (analog) than the nerve system (digital) [55], and has discrete electrical components that change slowly with time.  It appears to be affected by mind, body and environmental changes, and thus may respond to electric field changes (natural and artificial).  Perhaps the acupuncture total body surface system acts as a sort of 'transceiver', transmitting and receiving subliminal information on many different levels about EMF variations (external and internal).  These 'information' variations may, through liquid crystal detection/amplification, stimulate (or indicate) body, mind and healing reactions, to maintain body health balance ( homeostasis).

Electromagnetic Hypersensitivity Syndrome (EHS) [70]

The role of mast cells in immunological reactions in animals [10, 22] and humans is known, but the mechanisms are not readily apparent.  However, one of the most frequent experimental EMF results is involved with immunological responses.  Histamine-related diseases such as arthritis, allergies, asthma, smooth muscle spasms, emboli, angina pectoris or edema are the most frequent diseases which are supposedly influenced by electric and magnetic field shielding [62] in those persons with EHS.

It appears that long-term EMF exposure may act as a promoter, an immune system irritant (in addition to any chemical sensitivities present), thus overloading the body's defense mechanisms.  Environmentally ill (EI) persons with compromised immune systems often find that EMF transients are one more irritating factor to avoid.  The manifesting symptoms may then vary over a wide range, depending upon individual immune system factors, health history, 
home/work stress situations, and environment -- not just cancer or Alzheimer's increases, but increases in a host of dis-eases often considered 'minor', e.g., allergies, headaches, fatigue, insomnia, etc.  

If the above are valid, and an EHS subject profile is not clearly determined for specific group evaluations, then epidemeological studies may be diluted by the general population and confidence ratios will remain low [63].  It appears the general population is not yet seriously affected enough in a specific medical area, to make a case for widespread serious concern in the medical community (yet), because we do not know how many manifesting minor symptoms may be caused by long-term exposure (which may be precursors for major symptoms in years to come!).

News about symptoms, supposedly caused by EMF long-term exposures, have caused popular concern, controversy, confusion, and much initial condemnation without investigation.  The public concern about environmental pollution effects has stimulated government, industry, and legal actions to investigate the biological effects of power frequency EMFs.

Research programs are finally beginning to investigate these anomalous raw signals (transient spikes & surges).  We are becoming more aware in recent months of the sensitivity of various life forms to EMF via their sensory system reactions [47], immune system effects [49, 51-53, 64], allergy reactions [25, 54], behaviors, etc.  Night time EMF effects have been discovered which reduce brain pineal melatonin hormone production, which in turn affects immune system efficiency, especially in ill and/or older people [51, 52].  

Potential Initiating/Promoting Factors: [54]  Individuals with multiple sensitivities, including EMFs, have reported reactions to various types of electrical equipment, including powerlines, transformers, electronic office equipment (such as typewriters and computer terminals), video display terminals (VDT's), household appliances (such as hair dryers), telephones, battery-powered analog watches, digital clocks, other digital electronic devices, and fluorescent lights. 

Most common symptoms are skin symptoms [57] manifest as irregular reddening, pinkness or redness, rashes, blushing, prickly sensations, aches, tightness, itching and sensitivity to light.  

Nervous and Behavior symptoms [23, 24, 65-68] include dizziness, prickly sensations (like sunburn), flu-like feelings, fatigue, weakness, headaches, breathing problems, perspiration, depression, irritability, heart palpitations, difficulties in concentration and forgetfulness, brain seizure induction.  Porphyria appears to have a connection (ties in to chemical intolerance, which often accompanies EHS).

Most of those who are hypersensitive experience the problems in connection with work at computer terminals (sometimes laptops), but other sources can also be named: fluorescent lights or electrical wiring and machinery.  Many sensitive people, with continued exposure,  develop extremely serious problems and have to take extended sick leaves.  In Sweden about 120 cases of occupational illness due to computer terminal work are reported annually: 30 to 40 of these cases concern hypersensitivity to electrical fields.  

Determining Extent and Nature of EHS:  [54] (also, see pages 39, 48, 97)

An individual's life record and medical history of chemical, electrical, and environmental aspects must be obtained for perspective and determination of applicable therapies.

In general, changes in environment (prudent avoidance of electrical and electromagnetic fields), toxin exposure reduction, a balanced diet, daily exercise, and reduction in personal stress factors are the most likely actions one can take to strengthen one's immune system.

Author's Personal Experience With Strong Long-Term EMF Effects:  From 1982-86, at Martin Marietta Manned Space Systems in New Orleans, I jointly developed an electrostatic cooling process (and patent) to improve aluminum welds on the Space Shuttle External Fuel Tank.  In the 1986 final statistical test panel work on the welding process, it was necessary for me to be next to the operating system several hours a day for about six months.  A 25V/125A pulsed-arc welding system was used, mixed with the 35,000 volts and 250 microamperes of the cooling corona wind air jet impinging on the cooling weld bead at the weld torch.  Twice during final tests unusual dizziness forced me to briefly leave the area.  Shortly after project completion I started having acute attacks of hives (urticaria) any time I ate beef, mutton, or pork (protein intolerance).  Within a few minutes my joints and sinuses would begin to swell, and intensely itching wheals would erupt, spreading all over my body.  The allergist said my case was unusual.  I avoid red meats, because the hypersensitivity remains.  No problems with poultry and sea foods; health remains excellent, otherwise.  So, you can understand, based on personal experience, that I feel that the human EHS is a health issue that requires further exploration for the benefit of the public and the medical profession.

Conclusions:

1.	Liquid Crystals may play a part in the life processes of all biosystems, interacting with natural and artificial EMFs in detection, info storage/retrieval, and stimulus/response.  LCs seem to play a part in the near-quantum-energy sensory detection capabilities of biosystems and the electromagnetic hypersensitivity syndrome in humans.  As understanding of LCs and their interactions with complementary mechanisms increases, many medical and psychophysiological benefits may be realized.

2.	To determine extent and nature of human sensitivities to EMFs, it will be advantageous to study in more depth, those persons who exhibit the EHS symptoms.

3.	Electromagnetic therapies may emerge as the medicine of the future. 

Questions:

1.	Are LCs basic to the understanding of how biosystems sense light (vision), temperature (hot/cold), mechanical stress (touch), chemicals (smell/taste) and EMFs?  Does biogenic- magnetite play a part here?

2.	Biosystem brains and bodies collect and store, during a lifetime, phenomenal amounts of retrievable data and high-speed responses to survival threats.  Are the properties of LCs involved in memory storage and retrieval?  

3.	Is there any LC connection with the genetic transmission of growth and instinctual survival information? 

4.	Since the range of EHS symptoms may be broad, and because of possible undiagnosed or misdiagnosed symptoms, how many persons may be marginally affected, in mental institutions, in hospitals, seriously incapacitated at home, or labeled as having "psychotic episodes"?
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~~~~~~~

If something happens that is not consistent with our present knowledge, it is necessary for us to expand our awareness of the variable space of nature and provide a modeling concept that included both all that we know plus this new fact.  That is what we must start projecting to the people who say:  'Look, I don't understand it; therefore it doesn't happen.'  We have to get them to start thinking along the lines of, 'Nature is so much more than I thought, let's expand our thinking and include this.'  Then they can feel comfortable because they don't have to throw away what they already know, because what they already know isn't wrong.  It merely means that it's not complete.   

														....Dr. Bill Tiller
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