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SUMMARY AND RECOMMENDATIONS

The nascent field of "Electromagnetic Side Effects" has reached the point

where firm leadership must be exerted in order to bring it under control. The

following sections indicate that

necessary to investigate various effects which have been, or may be, caused by

electromagnetic energy. These effects, some beneficial and some not, take place

in many living and To date, most of the effects have been

identified only as resulting from electromagnetic energy, while very little, if any

thing, has actually been done to measure the effects and subsequently establish

appropriate standards and measuring techniques.

There is an ever expanding amount of information on this subject. The

researchers of this Study have scanned hundreds of documents, and talked with

But considerable difficulty hasnumerous people in accumulating the information.

arisen in validating some of the work and reports on various effects as some in-

This Study has attempted to filter out suchformation borders on the bizarre.

material in order to place this initial effort on a firm footing.

The first is a general summarizationThe Study itself is in two volumes.

(although by no means all inclusive) in laymen’s language of what the field of elec

tromagnetic side effects embraces; the second provides considerably more detail

ed reporting on the nature of the effects and what is being done, if anything, to

measure and control it.

This field is quite unique in that, although the effects cut across many dis-

Today, the occurrence of such effects has reached theby electromagnetic energy.

i
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non-living materials.

an increasing number of disciplines are finding it

ciplines, they have only one common denominator; that is the effects are caused
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point where legislation both at the state and national level is being introduced to

control certain aspects of the causing mechanisms. It is obvious that leadership

is now necessary at the executive level to oversee the development and implemen

tation of programs that will ensure the adequate investigation of these effects and

the development of remedial measures as appropriate.

RECOMMENDATIONS

The research reflected in this Study gives rise to the following recommen

dations:

Take steps to ensure the systematic collection, evaluation and dissem-1.

ination of information on Electromagnetic Side Effects.

Establish an advisory body composed of knowledgeable people from2.

the disciplines involved to oversee the development of appropriate programs in

cluding the establishment of appropriate R&D programs to deal with the increas-

In this connection take additionaling problems being caused by these effects.

steps to delineate the disciplines involved in Electromagnetic Side Effects and

establish priorities for continuing investigation.

Determine what parts of the radio spectrum are most severely af-3.

fected, and ascertain what spectrum management measures, if any, should be

undertaken.

Ascertain the need for comprehensive legislation, and/or standards4.

program.

5. Develop standards to ensure adequate protection from harmful side

effects and ensure compliance therewith.

ii
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INTRODUCTIONI.

series of research projects initiated under the

OTM’s Spectrum Development Program. It was initiated to gather and organize

information which relates to both the biological and non-biological effects of radia

ted electromagnetic energy. For lack of a more satisfactory term these have been

referred to as "Electromagnetic Side Effects." As the name implies, the effects

were not the intended result of the radiation; rather they have always been an un

expected by-product.

The nature of these effects has sometimes been harmful, rarely beneficial,

In any event, they have occurred and recurred.and sometimes rather bizarre.

The sources of electromagnetic energy which cause side effects are numerous and

They are primarily man-made,present throughout the electromagnetic spectrum.

To date little hasbut there are many which occur naturally in our environment.

been done to undertake an organized, systematic, and scientific investigation of

these phenomena in order to provide a basis for useful examination. Nonetheless,

the occurrence of these effects is happening with increasing regularity and is be

ginning to have a significant impact on the effective utilization of the radio spectrum.

The purpose of this Study is to provide information about the broad variety

of these effects and to provide an initial attempt at organizing them into basic cate-

brief historical background of the organized effort thatgories.

categorical listing of some of

the many man-made items that emit the electromagnetic radiation and can cause

the side effects, and a listing, by frequency, of some of these effects occurring in

the radio spectrum.

1

This Study is the second in a

Section II gives a

has developed to analyze these effects, along with a
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Section III is a grouping and discussion of the predominate effects which

regards

hazards to human life. These include not only changes in chemical composition

which can cause explosions and toxicity, but also the destruction of information on

magnetic tapes, and the unintended (and untimely) activation of electronic equip

ments .

Section IV deals with the biological effects. These have been of increasing

concern in recent years and range over the entire spectrum. Many of the effects

in this area have given rise to controversy and misunderstanding. Some of the

energy sources discussed in this section also cause effects in non-biological mate

rial; however, they are generically related to the others in this section. This is

one problem of classification.

biological material.

cerning these effects. At this time testing procedures and laws are very weak.

The legislation that does exist covers only one or two small parts of the total prob

lem, yet there is, as yet, no adequate measurement program in existence to pro

vide the necessary scientific data base upon which mature judgments as to laws and

technical standards can be based. It is hoped that this Study is a step in this

direction.

2

occur in non-biological materials and have been of particular concern as

Finally, Sections VI and VII deal with testing and regulatory problems con-

Section V is devoted to those effects which involve both biological and non-



WHAT ARE ELECTROMAGNETIC SIDE EFFECTS?II.

A. Hi story

Side effects of electromagnetic energy are the originally unintended

reactions in electronic instruments and in man-made and natural systems, result

ing from man’s use of this energy. These reactions can be produced either as a

corollary to the intended use of a single frequency

energy resulting from poor design, degradation of equipment, or changes in the

Evidences of such side effects have already been identified through-environment.

out the electromagnetic spectrum and in many disciplines.

During World War II, side effects came under the general heading of

"radio frequency interference" because of the various forms of spurious noise,

However, as the use ofso-called, which interfered with radio communications.

the electromagnetic spectrum was expanded and the number and power of trans

mitters were increased, it was found that radiated energy could affect biological

systems, detonate explosives, ignite flammable gases and cause chemical changes.

The magnetic fields accompanying this energy were also found to affect carbon and

iron particles, starch grains, as well as to erase intelligence from magnetic tape,

Into magnetize watches and hypodermic needles and to affect sensitive meters.

recent years, man himself has also been found to be an active electronic component

His body can build up electrostatic potentials which can createof his environment.

sparks, degrade semiconductors, affect test results in certain frequency ranges

By varying electroencephalographic signals the electricaland act as an antenna.

energy of his brain can be used to trigger switches, control prosthetic devices and

The implants, which man is putting into his body, such assend messages in code.

3

or as spurious electromagnetic



pacemakers for the heart and metal pins for broken bones, can be affected by out

side radiated energy.

Furthermore, lasers and infrared and ultraviolet, at one end of the

spectrum, and the modulations of electric and magnetic fields at the other end,

have been found to cause biological reactions.

summarizing of some of these effects

will be found in the following sections. The ordering of the sections is an attempt

to structure the available knowledge on these effects. It is anticipated that this

will achieve greater definition as the field becomes more organized.

Sources of Electromagnetic Energy Producing Side EffectsB.

The most prolific sources of electromagnetic energy outside of natural

sources, which can interfere with electronic equipments and systems, are man’s

products and instrumentation. World War II developed ways and means for control

ling this energy by means of improved design, shielding, filtering and the producing

of non-radiating substitutes. However, poor maintenance has often nullified sup

pression methods and caused products and instrumentation to return to being inter

ference sources. Some of the sources of potential side effects are listed in Table I.

4

A more specific listing and a



TABLE I

MAN-MADE SOURCES OF ELECTROMAGNETIC SIDE EFFECTS

BushingsAC Modulation, unintended

BuzzersAdding Machines

CalculatorsAir Conditioners

Can Openers, ElectricAmateur Radio Stations

Cash RegistersAquarium Warmers

Chippers (portable tool)Arc Lights

Christmas Tree LightsArc Welders using R.F.

Circuit BreakersAutomobile Ignition

Clothes DryersAutomatic Telephone Switchboards

Combustion-Engine ElectricalAviation Transmitters

SystemsBake Ovens

Commutating MotorsBand Saws

CompressorsBattery Chargers

ComputersBearing Friction

Control Circuits with RelaysBelt Static from Machinery

ConvertersBlankets, Electric

Cookers, ElectronicBlinker Lights

Demand MetersBooster Amplifiers

Dental DrillsBottle Warmers

Diathermy EquipmentBread Slicers

Dielectric Heaters for PlasticsBuffers (portable tool)

5



Grounding, Faulty or Inter-Drill Presses

mittentDrink Mixers

Hearing AidsDry Cleaning Machines

Heating PadsElevators

Industrial HeatersEpilators, Radio Frequency Type

(used for removing superfluous hair} Insulators, Dead-end

Insulators, PinErasers, Electric

IronersFacsimile Units

Knives, ElectricFans or Blowers

LathesFences, Electric

Lawn MowersFly Killers, Electric

Lightning ArrestersFood Handling Equipment

Lights, esp. FluorescentFood Mixers

Loose Antenna ConnectionsFurnaces, Electric

Machine ToolsGarage Door Openers

Magnetic Relays and ControllersGarbage Disposal Units

Mangier sGauges, Electric

Meat SlicersGenerators

Mercury Vapor LampsGermicidal Lamps

Millers (Metal-working"Getter” Firing Equipment and Tube

Machinery)"Life Test" Equipment in Plants

Mimeograph Machinesmanufacturing Vacuum Tubes

Mobile TransmittersGrinders

6



ShearsOil Burner Starters

Sign FlashersOscillatory Circuits in Electronic

Sirens and Vibrating GongsEquipment, Radio and TV Units

Smoke PrecipitatorsPhotoflash Equipment

Spot WeldersPower and Distribution Hardware

Sprayer sPrecipitator s

Staplers, ElectricPrinting Press Static Eliminators

Street CarsRadio Control for Model Boats

Street LightsRadio Control for Model Planes

SterilizersRadio Frequency Heaters

Sun LampsRadio Receivers

Telephone Ringing DevicesRanges, Electric

Television BoostersRecord Players

Thermostatic ControlsRecording Equipment

Tie Wires, InsulatedRectifiers (gaseous type)

Time ClocksRefrigerator Butter Conditioners

Traffic LightsRefrigerator Motors

Trains, ElectricRefrigerator Defrosters

T ransformer sRoom Heaters

Transmission and DistributionSaws, Electric

SystemsSewing Machines

Tree Contact, IntermittentShapers (Wood-working Machinery)

Tree Protection GroundsShavers, Electric

7



Tungsten Lamps

TV Receiver, another

Typewriters, Electric

Ultrasonic Equipment

Ultraviolet Lamps

Unused Power Lamps

Universal Motors

Vacuum Cleaners

Vending Machines (Drinks, Candies,

Cigarettes, Sanitary Goods)

Voltage Irregularity

Washing Machines

Water Heaters

Water Pumps, Electric

Welding, Electric

Wiring (High Resistance Intermittent,

Loose Connection, Loose Fuse)

X ray Machines

8



c.
A brief resume of the side effects will show where in the spectrum

these effects are taking place.

Extremely Low Frequency (ELF) 3 to 3,000 Hz

In this frequency range appears the brain’s alpha rhythm which is

strong at 10 Hz and which is supposed to be the scan rate of the brain and the har-

In this band are also found the

Shumann Resonances which are observed with the changing height of the ionosphere.

Low magnitude continuous earth pulsations have also been observed from 0. 1 to

100 Hz with the major components appearing between 8 and 16 Hz and which may be

related to the average frequencies of the electroencephalogram.

Magnetic phosphenes (sensation of light) are reported to be produced

by the application of 10 to 100 Hz alternating fields to the temporal areas of the

head with the greatest intensity between 20 to 30 Hz.

Myoelectrics (muscular action potentials) may go from a few pulses per

second to 30 pps with the stimulating current ranging from 50 to 500 Hz with 200 Hz

and below found to be "pain points. "

Research is now in progress by the Air Force to use myoelectric sig-

The brain’snals to operate switches directly without using any physical energy.

alpha rhythm is also being experimented with to send messages in code with a speed

of approximately 15 seconds per letter.

Audio vibrations, in the 1 to 20 Hz area, are called infrasound and can

create a sort of pendulum action which is caused by the alternately compressed and

It has been found that vibration at 7 Hz candecompressed succession of air waves.

9

Radio Spectrum Dependence on Effects

monies of weaker brain signals from 7 to 13 Hz.



cause headaches and nausea.

dulate rhythmically.

27 to 40 pulses per second have been found to produce electrosleep and

700 Hz has produced anesthesia in dogs.

Pulsed (8 to 20 Hz) positive electric fields, created by man, have been

found to produce nausea in humans.

Very Low Frequency (VLF) 3,000 Hz to 30,000 Hz

15,000 Hz - Detection and analysis of high frequency muscle signals

have been made.

19,000 Hz - Ultrasonic vibrations sped nucleation of graphite in mal

leable iron and substantially reduced annealing time.

found nervously upsetting to rats.

Low Frequency (LF) 30,000 to 300,000 Hz

40,000 Hz - This frequency has been found to provide the most effi

cient ultrasonic cleaning.

80,000 Hz - Ultrasound has been recorded from bats with a repetition

rate of 10 per second.

Medium Frequency (MF) 300,000 Hz to 3,000,000 Hz (3 MHz)

radiation that is detri

mental to communications particularly near thunderstorms.

550,000 Hz to 890 MHz - Colloidal compounds of living cells have been

found to absorb energy.

10

500,000 Hz - Sferics generate electromagnetic

Also this frequency was

At 3.5 Hz, all sound in an environment seems to un-
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High Frequency (HF) 3 MHz to 30 MHz

2 to 30 MHz - Sweepers, which are wide band radio noise bursts, drift

between these two frequencies. The maximum energy is usually between 24 and

26 MHz.

5 MHz, 10 MHz and 39 MHz - Increased germination of alfalfa seed,

which contained hard seed, was observed.

6 MHz - Ciliates, which were moving at random, moved parallel to the

lines of force when subjected to an electromagnetic field of 100 10-microsecond

pulses per second.

9 MHz - Ants ,

allel to the field.

21 MHz - Germination of irradiated gladiolus bulbs was increased 200%.

26 MHz - Polystyrene spherules 1.171 uM in diameter that were sus

pended in water formed pearl chains under the action of an electromagnetic field.

Very High Frequency (VHF) 30 to 300 MHz

100 to 200 MHz - Audio amplifiers, electronic organs, and rectifiers in

power supplies have been known to go into oscillation creating spurious radiation.

average intensity had a

5.8°F average rectal temperature rise in 40 minutes and suffered subcutaneous

burns and a loss of hair.

200 to 3,000 MHz - The human audio system can respond to electromag-

Hearing sensations were produced at 216 MHznetic energy at these frequencies.

11
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normally moving randomly, aligned their antennas par-

by audio-modulated waves of 4 mW/cm^ average intensity.

200 MHz - A sheep exposed to 165 mW/cm^



Ultra High Frequency (UHF) 300 to 3,000 MHz

300 to 920 MHz - Behavioral changes were observed in rats exposed to

average intensity.

average intensity.

2,450 MHz - A 15 minute exposure to a rat to 70 mW/cm^ average inten

sity proved lethal.

Super High Frequency (SHF) 3,000 to 30,000 MHz

5,442 MHz - Acute lens changes that progressed to cataract formations

pulsed electromag

netic radiation.

8,236 and 10,050 MHz - Very high intensities of continuous wave electro

magnetic radiation produced lens opacities in the eyes of rabbits.

10,000 MHz - (Nucleic changes in acid metabolism) The skin and internal

organs of rats were caused by

tensity.

210,000 MHz - Rats died in 25-30 minutes while being exposed to 200 mW/cm

2average intensity and died in 13-14 minutes after exposure to 400 mW/cm .

16,000 MHz - Sustained activity of a chicken’s wing and leg commenced

within a few seconds in dorsal irradiations; no sign of muscular disturbances were

2observed but initial reactions were started with ventral irradiation of 10 to 3 0 mW/cm'

average intensity. Pigeons irradiated at this same frequency and intensity showed

distress and unsteady gait and extensor activity. These effects were more pro

nounced in chickens.

12

were produced in rats by a

2,450 MHz - Eye lens opacities were produced in rabbits exposed for over

a 6 minute irradiation of 100 mW/cm^ average in

less than 10 mW/cm^

one hour to 120 mW/cm^

34 minute exposure to 390 mW/cm^



24,000 MHz - Rats were killed by a considerable exposure to 28 and 35

pulsed radiated electromagnetic energy.

Additional instances of biological reactions to electromagnetic energy in

various frequency ranges are contained in Volume II with appropriate references

to authors and publication information.

13

mW /cm



NON-BIOLOGICAL ELECTROMAGNETIC SIDE EFFECTSIII.

A. Radio Equipments

As might be expected, the first study of side effects was undertaken as

a result of unexpected effects taking place in environments where there were large

concentrations of radio equipments.

Starting as far back as 1944, the Bureau of Ships began investigating

reports received from the fleet describing accidents that were caused by electro

magnetic fields radiated from radio frequency transmitting antennas. More specif-

shocked while using

cargo handling rigging that was located near energized RF antennas, how sparks

antennas, and how rockets were accidentally fired for no apparent reason except

possibly the effects of electromagnetic fields radiated from nearby RF transmitting

antennas.

With the arrival of more powerful RF radiating devices, more sensi

tive electroexplosive ordnance devices, more nuclear charges, and more thorough

evaluating methods, it became apparent that the likelihood and seriousness of RF

radiation hazards was indeed increasing alarmingly.

By the late nineteen fifties, all three services were very much aware

of the problems caused by RF electromagnetic radiation hazards.

cent examples:

There are documented cases in which squibs in missiles, such as the

Snark, have been accidentally fired.

14

were observed emanating from aircraft parked near energized RF transmitting

ically, these reports described how men were being burned or

Today the situation has not changed much as witness the following re-



The missions of two (2) Bomarc missiles are known to have failed be

cause of inadvertent coupling between the closely-spaced telemetry antenna and the

data-link antenna.

As a result of such effects the Department of Defense has established

the Electromagnetic Compatibility Analysis Center (ECAC). One of the center's

functions is to ascertain, as far as possible, the impact that the electromagnetic

energy from a particular system will have on other radio equipments which fall

into its radiated electromagnetic field. Such analyses have resulted in substantial

system design changes, but have not completely eliminated the problem of side ef

fects to radio equipments.

Toxicity HazardsB.

With the increase in power of some telecommunication systems, the

Freon, for example,effects of radiation on chemicals have been more pronounced.

if subjected to an arc-over or break-down in a waveguide, will produce highly cor

rosive products, such as phosgene, and leave undesirable carbon tracks on the

waveguide inner surface.

which can cause lung irritation and hemorrhaging.

GroundingC.

One of the most active areas, for creating "side effects" of electro-

"grounding systems."magnetic energy, is known as "to ground," "grounding" or

What is generally not well known, outside the electrical and electronic disciplines,

is that metal can resonate just as well underground as it can above ground. The

efficiency is in direct proportion to the ohmic resistance offered by the grounding

to frequency and power. If the

15

system, and the characteristics of the signal as

Sulfur hexafluoride (SF&) will break down into fluorine



grounding system and less into the ground; and, if the resistance is low, then

To minimize side effects, grounding systems are kept at as lowinstrumentation.

If the energy is direct current, the problems are relatively simple,

but with alternating current the reactions underground are often similar to those

in the air - which has led to such expressions as "As above, so below" and "The

egulate the ground?" Some regulations willFCC regulates the air, who will

eventually have to come, especially in cities, otherwise chaos will result.

Probably one of the most important contributors, to the grounding

problem, is the opposition, with good cause, of the public utilities to having their

systems designated as required safety grounds in the National Electrical Code. In

1963, the NEC had to revise its code as follows:

Water Pipe - A metallic underground water piping"250-81.

system, either local or supplying a community, shall always be

used as the grounding electrode where such

available. Where the buried portion of the metallic piping system

is less than ten feet (including well casings bonded to the piping

system) or there is some likelihood of the piping system being

disconnected or isolated through the use on non-metallic piping

or insulating couplings, the piping system shall be supplemented

more of the grounding electrodes recognized in Sections

250-82 and 250-83.

16

by one or

a piping system is

more earth currents can get back up into the grounding system and then into the

resistance of the ground is high, then more energy can go into resonating the

a resistance throughout as possible and instrumentation protected from surges.



"250-82. Other Available Electrodes - Where a water system

as described in Section 250-81 is not available, the grounding con

nection may be made to any of the following:

(a} The metal frame of the building, where effectively grounded.

(b) Where permitted, a continuous metallic underground gas

electrically continuous uncoated metallic piping and its use as a

grounding electrode is acceptable both to the serving gas supplier

and to the authority having jurisdiction, since gas piping systems

are often constructed with insulating bushings or joints, or are of

coated or non-metallic piping. "

The public utilities are thus protecting, by the use of non-metallic and

non-conductive piping, their underground systems from the effects of electrical

currents which had not only been found to be a hazard to their own personnel but

also contributed to dangerous corrosion, especially in gas systems. They thereby

returned the responsibility for safety and RF grounding to the electric utilities and

As neither the electric utilities nor the privateto the individual property owners.

property owners have any mutual grounding standards and little appreciation of the

At the turn of the century, houses were generally built of wood and

brick, equipped with few electric appliances and located in areas with little or no

There was comparatively little radio frequencyelectromagnetic ambient levels.

Today, however, buildings are not just inert masses of woodquickly absorbed.

17

(RF) energy to be conducted to earth ground and, that which was conducted, was

resulting grounding problems, some serious side effects may result.

piping shall not be used as a grounding electrode except when it is



and mortar; they are composed of huge masses of metal girders, concrete rein

forcing rods, plumbing, light and power systems, lightning protection, elevators

and other wiring systems, which look, to the modern radiated energy levels, like

"bed spring" antennas which can absorb this energy and should conduct it to earth

Multiply the level in these buildings by the hundreds, that are in ourground.

larger cities, and you have pretty high energy levels which can impinge on any

by magnetic storms - which have already been found to increase cable failures by

private grounding systems. At present, although the energy has to go somewhere,

there seems to be no adequate standards to take care of these power levels.

It has been found, in many cases, that the energy travels to the nearest

low ohmic grounding system and then goes up the grounding wires and into any equip-

what are called voltage surges. In recent years, it has become a common practice

to put "surge voltage protectors"

cially equipment containing solid state circuitry.

Although corrosion is now considered a seven billion dollar yearly loss,

an increase in corrosion can be expected if public utilities deny the use of their

systems and individual private grounding systems have to be installed. Corrosion

will result as property owners employ different metals that result in an increased

current flow between them. The architectural professions should devote some

study to this problem, not only from the radiation hazard angle, but also the safety

angle. O. W. Zastrow, Rural Electrification Administration, USDA, in a paper

18

on all lines servicing sensitive equipment, espe-

fifteen per cent in New York City - and you have evidence of what can impinge on

metal found underground. Add to this, the peaks of energy which can be contributed

ment which will absorb it. Such energy is referred to as "transients" and creates
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delivered before the 1967 Appalachian Underground Corrosion Short Course in

West Virginia University, stated:

"Additional difficulties are introduced for the engineer dealing

with underground corrosion where electrical grounding systems

are involved, because he is confronted with two sets of require

ments that are in opposition to each other. For corrosion pro

tection it is desirable to have underground structures effectively

coated so that they are insulated from the soil, and to have indi

vidual structures electrically isolated from each other so that

cathodic protection can be applied. For safe grounding, however,

it is necessary to provide low resistance contact between metal

and soil and to interconnect the metallic structures to avoid haz-

Normally the engineers respon-ardous potentials between them.

or knowledgeable regarding electrical protection, and vice versa.

These circumstances can usually be relied upon to provide strained

relations between the corrosion engineer and the electrical protec

tion engineer. ”

Unfortunately, modern grounding systems usually have to be individually

However, there is more anddesigned in order to take care of special situations.

stallations meet and solve new problems. This increasing problem should not be

overlooked in any program devoted to radiation hazards to personnel and property

19
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sible for preventing corrosion are not the ones who are responsible

more technical information being made available as government and industrial in-
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Electromagnetic Hazards to Flammable FluidsD.

The following quotations have been taken from the booklet API RP 2003

published by the American Petroleum Institute, 1271 Avenue of the Americas, New

10020, with the title: Recommended Practice for Protection AgainstYork, N. Y.

Ignitions Arising Out of Static, Lightning, and Stray Currents. Examples of sources

of static and stray currents are mentioned below and more complete information can

be obtained by reading the booklet.

"In sandblasting operations, static is generated by the sand

flowing through the sandblasting machine and hose. . .

"The purging of tanks and vessels which have contained hydro

carbon products is an operation that requires careful planning and

adequate preparation. . .

"A jet of CO2 is an excellent generator of static because of

solid particles (CO^snow) in the jet. is to be used for

inerting, it should be heated prior to injection so that no snow

will be in the jet, or it can be placed in the vessel in the form of

dry ice and allowed to vaporize. . .

"Belts made of rubber, leather,

running at moderate or high speeds, can generate considerable

Generation occurs when the beltquantities of static electricity.

separates from the pulley and charges will occur

nonconducting) as well

as on the belt. .

20

(regardless of whether it is conducting or

on the pulley

If co2

or other insulating materials,
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"A liquid of low conductivity will generate and accumulate

static charges when pumped through a pipe. The intensity of the

charge developed is a complex function of the composition of the

fluid and its velocity through the pipe. . .

"If a filter is placed in the pipe, the generation of charge

increases greatly. Measurements have shown that a filter can

same system without filtration. . .

”A great many fabrics may, under favorable conditions,

This may occur when the fabricsgenerate static electricity.

are brought into contact with other materials and then separated

or when rubbed on various substances. Most synthetic fabrics

(nylon, orlon, dacron, rayon, etc.) are somewhat more active

generators than natural fabrics.

"Both rubber- and leather-soled shoes generate static when

dragged across dry carpeting or other nonconductive surfaces

during periods of low humidity. . .

"A stray current is any electrical current, not deliberately

applied, which may flow through piping and connected vessels

which normally are located in more or less intimate contact with

Such currents may be accidental and of short duration,the ground.

such as those that arise from the flow of an alternating current dur-

On the other hand,ing electrical power system fault conditions.

they may be persistent, such as those which arise during flow of
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produce from 10 to 200 times more charge than is produced in the



the direct current of a cathodic protection system. The latter

type, although persistent, may remain undetected although elec

trical testing normally would indicate their presence.

’’Stray currents are of two types, differentiated according to

their source and magnitude:

Those resulting from leakage from power lines.”1. Included

in this category are stray currents from cathodic protection sys

tems and welding operations. These currents have no definable

limits.

”2. Those generated by galvanic action associated with soil

contact.

’’Stray currents from source No. 1 are usually of insufficient

potential to cause sparks while those from source No. 2 are never

of sufficient potential to cause sparks. However, arcs from both

pipe run, may be hot enough to ignite petroleum vapors. . .

cutting of

pipelines is emphasized, stray currents may introduce an arcing

hazard at facilities wherein metallic systems alternately are con

nected and disconnected in normal operations, as at tank car load

ing racks, ship loading wharves, and the like.

’’Pipelines: If gas or light oil pipelines .carrying heavy stray

currents are severed, it is possible that arcing may occur at the

point of separation and cause an ignition hazard. . .
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’’Although the hazard resulting from the opening or

sources which result from contact breaking, such as opening a



"If stray currents are present in wharf piping, connecting

ship’s hose may produce arcs because the

resistance of the ship’s hull to ground (water) is exceedingly

low. .

E. Electromagnetic Hazards to Explosives

Possible failures resulting from the premature actuation of an electro

explosive device, or EED (squib), are increasing in proportion to their use. At

present, electro-explosive devices are used in building construction and roadway

projects, seismic prospecting, satellite and man-in-space programs, and in ord-

In these devices, an electric current passes through a bridge wire whichnance.

This smallheats it to a temperature that can ignite a small explosive charge.

charge then performs some useful tasks, such as opening or closing switch con

tacts, igniting a rocket motor, detaching propulsion stages, or detonating a

warhead.

The radio frequency voltage induced in an antenna produces a high fre-

A peculiar feature of this current is that it varies atquency alternating current.

different points along an antenna, and is at a maximum at certain points and zero

Thus, if the cap wires, acting as an an-at others, varying continuously between.

configuration that the maximum current occurs at

the point where the electric blasting cap is located, then the greatest possibility of

The current needs to be about 0.25 ampere or more. The greatestfiring exists.

danger arises when the two wires of the cap have a total length equal to one-half

wave length, with the cap in the middle.
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tenna, are of such a length or

and disconnecting a



The conditions peculiar to ordnance were described by H. Kilberg in
r

his paper titled "Radio Interference Detection System at AMR" at the Fifth Con

ference on Radio Interference Reduction and Electromagnetic Compatibility:

". . The recognition of radiation hazards to fuel, personnel

new and exacting

requirement on the FCA (Frequency Control Analysis) program

at AMR (Atlantic Missile Range). The measurement of signal

levels with respect to personnel and fuel hazards are rather

On the otherstraightforward and simple equipment can be used.

hand, the techniques and equipments for determining the radiation

hazards with the multitude of explosive ordnance items used in

conjunction with the missile testing program require special

considerations. Since practically every type of detonator, squib

or pyrotechnic device has a different value of susceptibility to

electromagnetic radiation a complete evaluation of all such de

vices must be made. Although relatively large values of electro

magnetic power can be withstood without hazard to personnel and

fuel these values are usually quite small for safe radiation in the

presence of ordnance items. This latter fact dictates very ac

curate, sensitive and reliable equipment for measuring field

The military and industry have the same recommended minimum dis

tances for personnel from radiating elements but give

cability in all instances These are shown in Tables II and III.
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intensity. .

and explosive ordnance material has placed a

or design applications.

no guarantee of their appli-



TABLE II

TABLE III

VHF Television and FM BroadcastingA.

FM Mobile TransmittersB.
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Recommended Table of Distances for Personnel from 
AM Transmitter Antennas

Minimum Distance
(F eet)

Minimum Distance
(F eet)

Recommended Table of Distances for Personnel from VHF TV 
FM Broadcasting and FM Mobile Transmitter Antennas

Minimum Distance 
(F eet)

1-10 
10-100

100-1,000 
1,000-10,000 

10,000-100,000 
100,000-1,000,000

5-25 
25-50 
50-100 
100-250 
250-500 
500-1,000 

1,000-2,500 
2,500-5,000 
5,000-10,000 

10,000-25,000 
25,000-50,000 
50,000-100,000

1-10 
10-30 
30-60 
60-250 

250-600

5
20
60

200
600

2, 000

100 
150 
220 
350 
450 
650 

1,000 
1,500 
2, 200 
3,500 
5, 000 
7,000

Transmitter Power 
(Watts)

Transmitter Power 
(Watts)

Transmitter Power 
(Watts)

5
10
15
30
45



BIOLOGICAL ELECTROMAGNETIC SIDE EFFECTSIV.

Characteristics of Biological EffectsA.

There are two main sources of electromagnetic energy which can pro

duce biological reactions: (1) nature's generation of electric and magnetic energy

coming from space, the sun and the rotation of the earth, and (2) man-made gen-

It is only recently that man has attempted toeratprs of electromagnetic energy.

study systematically the biological effects of this energy, although the effects have

been occurring over the entire history of man. These studies are being done mostly

As many of the participating variables are not alwaysby empirical experiments.

Hence, it has been a slow process to determine the proper values of all thequate.

variables concerned.

To date, relatively little research has been done on the interaction of

radio frequency fields with living organisms. While there is general agreement

that electric and magnetic fields can and do affect living organisms, there is not a

great deal of knowledge about the nature of these effects and even less about the

mechanisms of action. However, various biological effects have been identified,

observed and elicited experimentally.

Types of Effects

skin temperature caused by exposure to radio-frequency energy of sufficient in

tensity. This heating effect has been investigated in various animals, living and

dead, and in isolated protein solutions.
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recognized at the time of experimentation, the testing equipment is not always ade-

One of the most familiar biological effects is the increase in body or



Other biological effects ascribed to radio-frequency fields have been

reported and investigated. These include disturbances of the central nervous sys

tem, vegetative nervous system, sensory reception and various cardiovascular

changes. A variety of behavioral changes have been observed including alterations

of activity patterns, changes in alertness and endurance, and there are frequent

reports of such effects as general asthenia, memory disturbance, tiredness, head

ache, irritability, loss of appetite, etc.

In experiments with protein and other solutions, alignment of particles,

referred to as "pearl chain" formation, has been described; also various micro

organisms have been shown to orient and align themselves in electromagnetic fields.

Important Parameters

Appropriate assessment of the biological response to radio-frequency

fields is a complex problem because of the wide range of the radio-frequency spec

trum, the large number of variables in the radiation environment, the many biolog

ical variables, and the possible relationships and interactions of these variables.

Some important parameters of the radiation environment include fre

quency, intensity, waveform (continuous

animal orientation with respect to source, size and shape of animal with respect to

wavelength, target (e.g. whole body, head, legs), exposure schedule (times, in

tervals and duration), and other environmental conditions such as restraints on

Also important are the biological detailsanimal, shielding employed, if any, etc.

Understanding the roles of these variables, individually andof the subject animal.

in combination, is critical to the understanding of the biological reaction to radio

frequency fields, and a lack of such understanding makes it difficult to associate
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or pulsed, and the details of modulation),



biological effects with any individual component of the radiation environment. For

example, an effect observed at, say,

to the frequency alone without consideration of the other components of the radiation

environment and their interrelationships such as intensity, waveform, etc.

Importance of Frequency

With respect to the importance of frequency, the fact that a particular

biological effect is reported as elicited at a specific frequency should not be inter -

The effect(s) maypreted as implying that the effect occurs only at that frequency.

be produced at other frequencies, perhaps with differences in other exposure con

ditions (such as intensity, etc.) or perhaps with all other aspects of the exposure

identical. For example, in the case of gross frequency differences, experimental

evidence indicates that much the same biological effects are experienced throughout

the VHF, UHF, SHF, and EHF wave bands (corresponding to from 30-300, 000 MHz)

for every frequency investigated at high enough intensities of irradiation for the ef

fect to be expected. It should be recognized, however, that the intensity of radia

tion required to produce a given biological effect can vary considerably with

frequency.

Furthermore, while some distinctions can be made with respect to the

broad frequency bands, little is known about the fine distinctions, if any, between

very narrow bands or specific frequencies (such as, say, 2000 MHz and 2010 MHz).

It is, of course, conceivable that there may be specific very narrow bands or reso

nance regions where certain biological effects may be greatly amplified because of

unfavorable ratios of animal body and wavelength dimensions or because of char

acteristic molecular frequencies.
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a particular frequency should not be attributed



It should also be pointed out that the occurrence of a particular fre

quency in experimental or occupational situations and also the predominance of

data at a particular frequency are very often determined by, and are a function of,

the generating equipment. This is a further reason for caution in attaching undue

significance to and in interpreting the relationship of frequency to biological

response.

The role of waveform with respect to biological effects is another im

portant consideration since there exists the question of possible differences in bio

logical effects of continuous vs. pulsed waves, and in the effects of various modu

lation forms. Limited experiments have been conducted to compare and charac

terize the actions of different waveforms. While there are indications of somewha

different actions, there is, as yet,

Importance of the Experimental Subject

The experimental animal or subject is another factor to be considered

in examining biological effects. Absorption of radio-frequency radiation is influ

enced by size and shape of the subject with respect to wavelength and also by body

For example, radiation in the millimeter range tends to penetratecompositions.

only a few millimeters into a subject, while radiation of longer wavelengths pene

trates progressively deeper into the body. Hence, the internal structures of smal

ler animals, being closer to the body surface, may be more strongly affected by

radiation than those of larger animals.

The question of differences in animal orientation with respect to source

Experiments are reported which compare the effects of dorsal vs.some attention.
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and in body area irradiated affecting sensitivity to these fields has also received

no clear understanding in this area.
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ventral irradiations and also irradiation of various body areas. The results show

that altering these exposure conditions can effect biological response.

Radiation Intensity

With respect to radiation intensity as presented, it should be noted that

there may be ambiguity for some entries since, while intensity is usually reported

reports, intensity is given in terms of the quantity of wave energy absorbed by the

subject.

Some Important MechanismsB.

Theoretical Resonances and Absorption Characteristics of Matter

Researchers have determined that biological entities theoretically may

have one or more natural frequencies at which they will resonate as a result of ab

sorbing external electromagnetic energy. This phenomenon, of interaction between

electromagnetic radiation and matter, has been given the name of resonance absorp

tion. The interaction of electromagnetic radiations with matter is basically simi

lar in all materials although different materials are affected at different wavelengths

of radiated energy. It is the resonating structure that determines the energy quan

tum which can be absorbed and hence the frequency of the radiation which will af

fect it.

The absorption properties of a particular material usually are gov

erned by signal strength, length, shape, density, conductivity, moisture content,

and other properties of environment. It thus becomes necessary to obtain the cor

rect data on all these variables in order to obtain repeat testing. Therefore it is
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in terms of average wave energy incident upon the subject, in at least a few U.S.S.R.



theoretically difficult to obtain such repeat measurements

whose structure is growing and changing.

Thermal Effects

There is fairly widespread agreement that thermal effects can be

produced by radio-frequency fields with average power densities greater than

and safety criteria in the U.S.A, are based on this fact. It should

be noted, however, that standards in other countries are more restrictive by as

much as several orders of magnitude.

Efforts have been made to establish threshold values and, within cer

tain limits, such information does exist. For example, variations of body tem

perature with time have been measured for several animal forms at various

intensities of irradiation in most of the broad frequency bands (HF, VHF, UHF,

SHF, etc.).

As would be expected, selective tissue damage caused by this heat is

most severe in poorly vascularized tissues such as certain ocular structures,

the eye has been a frequenttestes, etc.

Radio -frequencysubject of study and considerable literature exists on this topic.

energy has been shown to induce changes in the crystalline lens and cataract form

ation, for example.

Recognition of the increased thermal load which radio-frequency ra

diation can impose on the body has resulted in the establishment of safety guides

and standards which have been modified from time to time based on experience.

These guides establish exposure criteria for permissible average intensity with

respect to time.
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With respect to the precise nature

radio-frequency fields, it is not well understood whether such action is produced

In particular,by other than purely heating effects.

controversy exists in the literature surrounding the question of "athermal" or

"specific" effects, i.e., effects caused by other than thermal action. No clear

There are also effects referred to as "specificresolution of this issue exists.

thermal. " Here a distinction is made between gross heating or body temperature

changes and the action of heat on a specific structure which causes or triggers

another body response.

Pearl Chain Formation

The phenomenon known as "pearl-chain formation" was first men

tioned in scientific literature in 1927 and has since been observed as a nonthermal

mechanism of electromagnetic fields which can affect biological matter on a cel

lular and subcellular level, and dielectric particles such as polystyrene spheres,

carbon particles, starch grains and other small particles in suspension. The

phenomenon consists of the rearrangement of the particles from a random dis

tribution to an orderly chain formation. This chain formation is strikingly simi

lar to the more familiar alignment of iron filings in a magnetic field. The particles

become electrically polarized and form into chains which tend to form strings of

When the current is turned off, the particles resume their random distripearls .

bution. The frequency dependence of this phenomenon has not been adequately de

fined but appears to be in the HF and UHF part of the spectrum.
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c. X Rays

X rays are electromagnetic waves which are produced when high-

velocity electrons strike a metal target. The negative electrons are slowed down

by the attraction of positive nuclei in the target atoms. The slowing-down process

of the electrons is accompanied by a loss of energy, which is given up in the form

of a relatively wide band of electromagnetic radiations. In addition excitation of

atomic electrons and consequent relaxation generates discrete frequencies. These

radiations or waves travel at the speed of light, are unaffected by electric or mag

netic fields, can be reflected, refracted and polarized, and can produce fluores

cence and phosphorescence.

Some of the better known creators of X rays include:

High voltage regulator tubesElectron microscopes

Rectifiers (gassy)Klystrons

CRT’s at high potentialDiffraction units

(e.g. television projection units)Electronic tubes

Van de Graaff generatorsMicrowave generating

Flash X-ray unitsequipment

Neutron generatorsX-radiographic units

Well-logging devicesParticle accelerators

extremely short wavelength, as indicated by the portion

of the electromagnetic spectrum between soft X rays starting at 10 Angstroms and

The terms "soft” and ’’hard” are used tohard X rays ending at 0. 1 Angstrom.

The harder the radiationdesignate the penetrating power of an X-ray beam.

(shorter wavelength), the greater its penetrating power. Since electromagnetic
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X rays have an



to the method of producing them,

the wavelengths of X rays overlap those of other rays such as gamma radiation.

metallic target with high-velocity electrons;

X ray and a gamma ray of the same wavelength have identical properties.

Like all electromagnetic radiations, X rays obey the inverse square

law; that is, their intensity decreases

One of their most unusual properties is the ability to penetrate solid matsource.

ter, and this property is commonly used in radiography to reveal the internal

Another important property of X rays isstructure of normally opaque objects.

their ability to modify, damage, and destroy living tissue; this property makes

X rays useful for medical treatments, but also makes them a hazard when not

controlled.

X rays are one of the sources of electromagnetic energy with which

the public is most familiar and against which it has been warned. However, the

public seems to associate X rays mostly with medical use, and appears somewhat

confused as to its harmful effects because of the conflicting statements made by

of exposure to cosmic ray radiation in order to maintain health.

D. Infrared and Ultraviolet

Light, including infrared and ultraviolet, is one of the sun’s contribu

tions to man's environment. Just as man is being found to respond biologically

and emotionally to other kinds of man-made and atmospheric electricity, so he is
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(X rays are produced by bombarding a

professional men.

waves are classified according to their source or

as the square of the distance from the

gamma rays are radiations which originate in the nuclei of atoms.) However, an

Nature, on the other hand, seems to require a certain amount



now being studied for responses to all forms of light. In the past, researches

which is called "Visi-Lighting, " but present researches are now including what is

termed "Bio-Lighting" or the biological activity of frequencies of light and color

and their reactions on man and the rest of nature.

This new type of research is being stimulated by the urbanization of

1975. Most of the people participating in this move are required to live and work

indoors with little time or space provided for outside living or recreation. Re

search has already established that certain of the sun's rays are needed to main

tain proper biological balances which, in turn, can help protect man from some of

the harmful effects of man-made and atmospheric electricity. Thus, there is being

established a relationship between the light part of the spectrum and many of the

other activities in the spectrum, with the result that more and more researchers

are coming to the conclusion that the protracted imbalancing of light, in urban

living, is

general unrest.

In the ultraviolet range of the spectrum are several examples of the

need for proper balances between the different frequencies of light. The middle

frequencies of ultraviolet light, or those between 290 and 320 nanometers, when

used by themselves, can cause burning in the skin through photochemical synthesis.

or 320 to 380 nanometer

range, in the proportions in which the two bands occur in sea level radiation, plus

continuous band radiation out to 2000 nanometers, the tanning of the skin prevents
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man which is increasing from 15 per cent in 1900 to an estimated 93 per cent in

on man's reactions to the visual intensities of light and color,were made mostly

a possible contributing factor to many of man's ills and to the present

When used simultaneously with the "near ultraviolet, "



radiations are combined in the proportions of sea level radiation, vitamin D bio

synthesis is automatically regulated at the proper rate and man’s body is able to

benefit as a whole.

The proper combinations of U.V. have also been discovered to pro

mote blood clotting; reduce blood pressure in hypertensives; reduce blood sugar

in diabetics; reduce frequency of respiration; improve work output; normalize

lime, phosphorus and calcium metabolism and improve physical fitness. Other

frequency combinations of U.V. have been found effective in the destruction of

bacteria, mold, yeast and virus.

The infrared part of the spectrum needs to be included, in proper bal

ance, when the photosynthetic and photoperiodic phenomena in plants is desired.

In improper balance, it can also cause the generation of atmospheric smog by

conversion of innocuous pollutants into irritating and corrosive compounds.

As the study of the interrelationships in the electromagnetic spectrum

becomes broader, and all variables can be accounted for, multiple inputs produc

ing similar end reactions can be avoided; such as the simultaneous denial to man's

nervous system of the beneficial effects of the sun, while, at the same time, being

exposed to microwave frequencies which are deleterious to the nerves, and the

modulations of electric fields which can have an effect on man’s alpha rhythm.

There might also be found a deleterious relationship between certain high frequency

radio wavgs which are lethal to bugs and bacteria and those ultraviolet frequencies

which have been also found lethal to bacteria.
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E. La s e r s

Lasers are not components but tools, or complete systems, useful in

applications such as biomedicine; beaconing; detection and guidance; measuring;

radar; surveillance; communications; machining; computer and edp; photography;

chemistry; acoustics research, and even locomotion. The radiation from lasers

has properties which are somewhat analogous to those of parabolic antennas

powered by an electronic transmitter and exhibit four major properties; high inten

sity; narrow beam width; directionality; and coherence. The term LASER is an

acronym from Light Amplification by Stimulated Emission of Radiation.

Because lasers are complete systems and are often portable, people

who use them are being trained to regard them in the same manner as they would

weapons and to accent the importance of proper usage under all circumstances.

Some of the biological effects from laser radiation which are potential hazards are

listed below:

Absorption: A laser beam striking tissue will be reflected, transmitted,

and/or absorbed. The degree to which each of these reactions occurs depends upon

various properties of the tissue involved. Absorption is selective, as in the case

pigmented tissue tend to absorb more energy.

ters and charring, depending upon the amount of energy transferred.

Eye Damage: As the eye is the structure most sensitive to damage

from the laser beam in almost all cases, hazard evaluations based on safe levels

for the eye can be applied to the rest of the body. However, there are many vari

ables associated with the eye and separate studies of the effects on the retina,
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of visible light; darker or

Skin Effects: These may vary from mild reddening (erythema) to blis-



that there is still some controversy as to the levels involved.

Heating: Infrared light lasers tend to produce heat with its character

istic effect on tissue.

Ultraviolet light lasers can produce symptoms similar to "flash burn,"

common in arc welders, which may involve severe acute inflammation of the eye

and conjunctiva and may cause severe pain and destructive effects.

In addition to the harm which lasers can do to biological matter, other

hazards have been found to include:

Production of ionizing radiation.a.

Production of ozone due to electrical discharge, andb.

ionization of air due to the laser beam.

Vaporization of toxic materials struck by the laser beam.c.

Explosion of the flash tube in pulsed lasers.d.

Ignition of combustibles near equipment.e.

f. Electrical shock due to contact with high voltage sources.

Explosion of electrical capacitors.g-

Hazards due to coolant (liquid nitrogen, helium,h.
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or water).

choroid, cornea, lens, iris, etc. , have shown that different hazard values exist so



ELECTROMAGNETIC ENERGY RELATING TO BOTH NON-BIOLOGICALV .

AND BIOLOGICAL EFFECTS

A. Magnetic Fields and Their Possible Effects on Humans and Materials

It has been known for many years that magnetic fields can magnetize

watches, meters, hypodermic needles and can erase intelligence from magnetic

tape, but it is only within the past twenty-five years that the thesis that magnetic

fields interact with biological organisms has become acceptable to most scientists.

As magnetic fields are becoming associated with more and more telecommunication

systems and as humans are being brought into closer contact with them, an exam

ination of the present state-of-the-art might be of value.

Each magnetic field has certain characteristics which permit its clas

sification: these are strength, direction, variation with time, and field configura-

All of these aspects must be

considered in any possible biological interaction. While not the most important,

field strength is generally the primary variable in any experiment and may be ar-

and low (1 to 10 gauss'*). Added to these variables in the physical realm are cer

tain biological variables, such as the spatial relationship of the organism to the

magnetic field, the duration of exposure, the species of organism, etc. Consid

ering all of these variables, it is easy to understand why confusing and, at times,

contradictory reports have appeared in the literature.

The earth’s normal magnetic field aver-
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bitrarily classified as high (in excess of 100 gauss), medium (10 to 100 gauss),

*A unit of intensity of a magnetic field, 
ages from 1/2 to 1 gauss.

tion (i.e. uniform or non-uniform pattern of force).



While present knowledge is only fragmentary, enough is known to de-

At this time there would appearfine certain areas of possible hazard to humans.

First, the fact that much is stillto be two paramount aspects of this problem.

unknown concerning this phenomenon indicates the desirability for a degree of

by a thorough study to determine possible undesirable side effects. Second, in

view of the fact that many electronic devices are associated with some type of

magnetic field, and considering the rapid rate of development in this area with the

living organisms, as this knowledge would permit the estimation of possible haz

ards with a much higher degree of certainty than is presently available.

Several recent bibliographies, selected reviews, and conference re

ports indicate, in detail, the extent of current interest in this field and are avail

able for background material. While many diverse effects are reported, ranging

from growth suppression to alterations in the rate of enzyme activity, this discus

sion will deal selectively with those known interactions which have been derived

from human experimentation or those which appear to have overall biological sig

nificance and, therefore, are of importance to the human organism.

It would seem logical that the highest field strengths would be associ

ated with the greatest detectable biological effects, however, the present literature

does not support this thesis. While a host of relatively minor effects upon lower

animals are reported, the most significant effect of high strength field exposure
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caution in exploiting newer technologies that may involve exposing the individual

use of increasing power densities, it would appear desirable to determine as quickly

as possible the exact mode (or modes) of interaction between magnetic fields and

and populations to new field conditions. Any such application should be preceded



ous system, with possible associated pathological lesions in the brain. No asso

ciated behavioral alterations have been eported, although most workers have not

specifically searched for these effects. The primary difficulty in experiments of

this type is the fact that high strength fields are difficult and expensive to produce

and are limited to relatively small volumes. It has not been possible to expose

larger animals to uniform configuration high strength fields with controlled expo

sure for any considerable period of time. Nevertheless, the reported abnormali

ties in the Electroencephalogram (EEG) of those animals that were exposed can be

interpreted as indicating some disturbance in higher neural activity. It would at

this time, therefore, appear desirable to avoid exposure of humans (either total

body or head alone) to field strengths in excess of 1,000 gauss, which might be

found in the near vicinity of magnetohydrodynamic (MHD) equipment; in equipment

to control atomic fusion reactions by intense magnetic fields; in very large D.C.

electrical transmissions, such as in the aluminum smelting industries; and in

particular, the suggestion to utilize magnetic shielding against radiation for space I

Anothercapsules should also be most carefully evaluated before being put to use.

caution would be to avoid high strength fields modulated at certain frequencies.

Since certain definite effects (to be discussed later) seem to be associated with

low strength, low frequency (0. 1-0.2 Hz) fields, human exposure to high strength

perimental conditions.
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in mammals appears to be alterations in the electrical activity of the central nerv—

similarly modulated fields should definitely be avoided except under controlled ex-

magnetic separation procedures, for anything other than short time periods. In



Magnetic fields of medium strength, when modulated at certain fre-

effect, the magneto phosphene, is the production of the sensation of light by the

The effect subsidesdirect action of the magnetic field upon the human retina.

promptly upon removal of the organism from the magnetic field, and produces no

The magneto phosphene should, however, beknown permanent biological effect.

taken into consideration in situations in which a human operator is required to

make important command decisions based upon indicator lights

The presence of a magnetic field with modulation appropriate to produce a phos

phene could result in the misreading of an instrument panel with a resultant er-

Experimentsroneous decision.

been reported in sufficient numbers to reach any conclusion regarding their pos

sible biological effects.

surprising degree.

The stimulus to this seems to have been the well known relationship between bio-

behavior of all organisms over twenty-

four hours, twenty-eight days, and other time periods) and some similarly vary-

Such cyclic activities of organisms continue undis-ing geophysical parameter.

turbed even though the organisms are placed in an environment with no variations

in temperature, light, barometric pressure, etc. This cyclic activity appears to

be a basic function of living organisms, and disturbances in the cyclic pattern are

considered to be functionally undesirable. In searching for a geophysical variable

that would be all pervasive (in the sense that its variations would be uniformly

present and impossible or difficult to screen out), the magnetic field is evidently
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logical cycles (the variations in activity or

on steady state medium strength fields have not

Low strength magnetic fields have been studied to a

or dial readings.

quencies (25 to 90 Hz), are productive of a definite sensory effect in humans. This



Lower organisms, where cyclic patterns are much more distinct

than in humans, demonstrate perturbations in biological cycles produced by fields

This brings us to a consideration of the biological role of the earth's

The earth’s normal field is not a simple phenomenon: it is of lowmagnetic field.

strength, averaging from 1/2 to 1 gauss; it displays cyclic variations in strength

most prominent in the twenty-four hour and twenty-eight day periods; it also con

tains certain frequency components with major strengths in the 0. 1 Hz to 10 Hz

ranges; and it is furthermore subject to periodic disturbances related to the solar

If the general field is of biological significance,magnetic storms.

then we must consider what role each of these factors has to play as well as what

effects would be produced by removal of an organism from the earth's field or by

the addition of new magnetic fields of low strength that would interact with the

earth’s field by virtue of their frequency of modulation, etc. For many years, it

has been postulated that the incidence of mental illnesses in the human population

is related to the solar cycle or to associated magnetic field disturbances.

postulated that the frequency modulated components of the earth's field (which are

also disturbed during magnetic storms) might be of more biological significance

ducted in which human volunteers were exposed to low strength magnetic fields

Using a relatively crude index (reaction time), def-modulated at 0. 1 and 0. 2 Hz.

quency components of the magnetic field associated with magnetic storm activity
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cycle known as

It was

a prime choice.

as low as 1 gauss in strength.

inite statistically significant effects were detected. At the present time, the fre

than the absolute field strength. Accordingly, an experimental study has been con-



are considered to be the most likely parameter producing disturbances in certain

susceptible individuals.

This,One other study involving human volunteers has been reported.

magnetic

ariety of tests performedfield much reduced below the earth's normal. While a

fusion test) demonstrated significant changes definitely related to the low field

normally low field was primarily effective in reducing the strength of the steady

state field and that the frequency modulated components were not eliminated. The

test subjects, therefore, still were exposed to what may be the more biologically

important parameter of the earth's field.

To sum up, there are definite biological effects of magnetic fields. Of

these, the most important to humans accidently exposed appear to be those related

to the central nervous system. It would appear desirable to limit human exposures

to magnetic fields of very high strength (any configuration or frequency) to short

periods of time and during such exposures to expect a possible deterioration in

performance. Moderate strength fields of frequencies appropriate to produce mag

neto phosphenes should be avoided, particularly in any situation requiring command

or guidance decisions, such as spacecraft cabins, supersonic transport pilot com

partments, or hazardous experimental situations dealing with MHD power produc-

etc.) should be avoided. While it is possible that certain elements of the population
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however, dealt with the effects of prolonged exposure (two weeks) to a

demonstrated no significant alterations beyond normal, one (the critical flicker

tion. Any exposure to low strength fields modulated at very low frequency (0. 1 Hz

exposure. It should also be noted that the technique utilized to produce the ab-



are more sensitive to these physical parameters, it is not known whether long

term exposures could be cumulative and involve larger segments of the population.

It should be emphasized that certain industrial or communication technques could

result in the exposure of relatively large population groups to such fields without

the exposed individual being aware of them. In allocating portions of the spectrum

the 0. 1 Hz range should be given close scrutiny as the use of frequencies below

100 Hz need further investigation. Finally, it should be considered possible that

exposure to field strengths markedly reduced below earth’s normal may result in

performance deterioration that could be cumulative with time and have a deleterious

effect on personnel closely associated with telecommunications, in particular those

in electromagnet! cally isolated areas.

B. Atmospheric Electricity

Modern telecommunications requires both people and instrumentation.

Yet man’s work to develop ef-One without the other means no communications.

ficient communications seems to have been concentrated mostly on the instrumen

tation, and his protective efforts have been devoted to proper design, compatibility

of environment and minimum susceptibility to outside interference. Man has pretty

well solved the instrumentation effects but has sadly neglected the effects on him

self, especially those which come under the heading of atmospheric electricity.

Atmospheric electricity is roughly divided into two categories; that

active under the magnetic envelope around the earth and which is generally referred

Included in the energy which comes from the sun, and which is veryto as sferics.

active under the earth’s magnetic envelope, are light and color which include infrai-
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which originates in the sun and in galactic and cosmic radiation, and that which is



red and ultraviolet. These latter are a separate subject and will be discussed in

here.

If magnetic storms can build voltages up to 800 volts on power lines of

75 to 100 miles in length, and can cause a 15 per cent rise in underground cable

failures, and can create electrostatic potentials in some factories which can seri

ously retard production; it is reasonable to suppose that this same energy might

If so, then it would come under the heading of sferics andhave an effect on man.

surround the earth.

The awareness of man to atmospheric electricity dates back to

Benjamin Franklin and his experiments with thunderstorm electricity and to

Lemonnier who, in 1756, presented to the French Academy of Science his discov-

Since then.ery of the fair-weather electric field around the earth’s surface.

world studies have been made of the effects of lightning and other kinds of storms

on this 100 to 200 volt per meter static electric field and how man reacts to its

fluctuations. Although man seems to have become acclimated to the positively

charged fair-weather atmosphere around him, he is still affected by pulses and

resonances which can modulate this field. Investigations of man's reactions might

be simplified if he could be exposed to this field all the time, but it has been dis

covered that modern buildings with all their metal, automobiles, metal ships and

airplane fusilages can exclude some of this energy and thereby deny him the stimu

lating properties which nature may require for normal living. It is this denial of
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would include a study of the various forms of atmospheric electricity which now

a subsequent section leaving the sun’s magnetic storms and sferics to be described



exposure to atmospheric electricity, including the rays from the sun, that may be

tions.

Researchers in the fields of atmospheric electricity state that, until

man can bring the sun indoors and duplicate nature's earth environment, man can

be considered to be at a disadvantage. Comparatively little research has been

done in this field and that which has been done has suffered from a lack of know

ledge of all the variables concerned. Compilations of statistical figures have

shown that traffic accidents have increased 50 per cent when sferic levels have

become active and industrial accidents, which are mostly indoors, have increased

20 per cent. Admissions to mental hospitals have also been increased during sferic

activities while rises in the death rates have also been noticed. Although it is not

possible to evaluate final causes, these, at least, seem to be a contributing factor.

It would appear, therefore, that more attention will have to be given to

man, and his environments, if his efficiency is to be maintained.

Static ElectricityC.

Static electricity is a term used to describe the electrification of ma

terials through physical contact, motion or friction, and then a separation, and the

various effects that may result from the positive and negative charges so formed.

The generation of static electricity cannot be prevented, under all circumstances,

because its intrinsic origins are present at most touching surfaces. The accumu

lation of static charges, however, may be controlled by grounding or bonding, by

humidification, or by ionization.
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contributing to the deterioration of some of man's biological and emotional func-



Static can interfere with the transmission of information; degrade semi

conductors; ignite explosive mixtures, including oxygen atmospheres in hospitals

and spacecraft; cause ionization of air, and shock to personnel. In most cases,

static is merely a nuisance but, in some instances, it can become catastrophic.

Common sources of static electricity include:

a. Pulverized materials passing through chutes or pneumatic

conveyors.

b. Steam, air, or gas flowing from any opening in a pipe or

hose, when the steam is wet or the air or gas stream

contains particulate matter.

c. Nonconductive power or conveyor belts in motion.

d. Moving vehicles.

e. Motions of all sorts that involve changes in relative positions

of contacting surfaces, usually of dissimilar substances,

poor conductor of electricity.

Electrostatic charges can also be a useful tool in industry. They are

used to precipitate dust from the air

from gas, to separate materials, to improve paint applications and for many other

However, these uses have to be under properly controlled conditions.purposes.

Frictional static can be a source of personal danger as well as a source

of interference. In order to show the extent of danger which can exist, a few cases

of frictional static are cited:
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or flue gas, to recover valuable products

liquid or solid, one or both of which usually must be a



1. A rubber belt conveyor in a grain elevator, travelling at

about 7 50 fpm, was found to have potentials as high as

45, 000 volts .

2. In paper manufacturing and printing companies, voltages

ranging from 5,000 to 100,000 volts (depending upon

climatic conditions) exist. These charges have been

known to have become of such magnitude as to set the

paper in a press on fire.

Potentials up to 25,000 volts have been measured between3.

The human body, being an electrical conductor, can in dry atmospheres

frequently accumulate a static charge of several thousand volts which can be gen

silk and some synthetic fibers,erated by the contact of shoes with floor coverings;

garments which can also buildwhen used in clothes and when in motion, and outer

Under most normal humidityup static charges when moved away from the body.

and atmospheric conditions, however, this effect causes little hazard but, when

humidities are low, as in some "clean11 rooms, in dry desert areas and at high

elevations, static potentials can increase and can become dangerous. In hospital

operating rooms and in some manufacturing operations, such as in ordnance pro-

Withduction, strict control is kept of the movements and clothes of all personnel.

the continual development and use of more and more sensitive electronic equip

ments, the problems, connected with static, are becoming of increasing importance.

It is difficult to assign frequency ranges in which static electricity can

10 KHz, however, is a typical frequency used to generatebe considered active.
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a gasoline truck body aijd ground.



electrostatic energy by suitable rectification, whereas it can be a significant in

terfering phenomenon in the frequency range 0. 05 - 1 Hz. When 1 500 keV

electron energy ranges are reached, electrostatic charges can also interfere with

electron optic effects.

Static is one of the three hazards to flammable fuels and explosives,

These areThe other two are lightning and stray currents.including ordnance.

discussed in other sections.

D. Myoelectrics

Muscular action potentials, which are used to activate prosthetic de

vices, such as artificial arms and legs, are generated when

fibers, connected to a single nerve fiber, are excited by a nerve pulse which causes

Electro-chemical changes in the muscle fibers produce a sharpthem to contract.

voltage rise, approximately 500 uV in amplitude, and 2-8 ms in duration depend-

The frequency of firing depends on the efforting on the distribution of the fibers.

few pulses per second to 30 pps, but above this frequency the

muscle fibers go into continuous contraction. The activity of the entire muscle

produces a random, biphasic wave form. This wave may be represented by a

sinusoidal equivalent, with most of the energy contained between 40 and 500 Hz.

The peak of energy (or information) content usually occurs around 200 Hz, depend-

the electrodes used and the method of analysis. For accurate observations,

sponding to not less than 10 KHz to reproduce the sharp rise of the pulse. It is

signal of 200 uV or more between surface electrodes
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ing on

and may go from a

not difficult to produce a

a group of muscle

intra-muscular electrodes are used with amplifiers and recording equipment re-



placed over the muscle, 3 cm apart, but the high frequency components become

attenuated as they travel through tissue.

The summated amplitude of the signal is approximately proportional to

the muscular effort. Transistorized amplifiers with high common mode rejection

ratio are used to detect these signals for control purposes. Unfortunately, a notch

filter would remove a large fraction of the signal, together with the objectionable

power frequencies. Complete isolation from ground, as in a battery-operated sys

tem, improves the noise situation.

Electrical stimuli may be impressed on a denervated muscle in order

to effect an artificial contraction. Control signals derived from action potentials

bypass around dis

may be employed, with a repetition frequency between 500 and 1,000 Hz.

Practical devices in this field include an electrophysiologic splint for

the hand, to counteract the effects of a lower motor neuron lesion.

For many practical and experimental applications it is desirable to

establish a direct connection to the control muscle and to transmit its signal out

put to a point where it can be conveniently observed

Several radio link systems have been developed.control purposes.

For very small transmitters, frequencies of several hundred MHz have

been used.

Commercial walkie-talkies in the citizen’s band have been usedaround 100 MHz.

1-3 MHz frequencies have been used for wirelessfor carrier channel purposes.

transmission of energy to power implanted devices.
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may be used to regulate this excitation, thereby establishing a

Implantable transmitters developed in Cleveland use a frequency band

or processed for analytic or

continuities in the nervous communication system. Alternating or pulsed excitation
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An implantable device developed in Scandinavia uses a center frequency

of 320 KHz for transmission of myoelectric signals.

Electronics provide the connecting link between biological phenomena

Frequencies from D. C. to hundreds of megahertz,and instruments or controls.

using both AM and FM, are employed in both wired and wireless systems. Gain

of amplifiers varies from a few tens to several tens of thousands.

ciated with telecommunication projects can be affected in a number of ways.

These include:

Electrodes placed on the skin over a particular musclea.

may also pick up the electrical activity of nearby muscles.

This can be very confusing to a control system as a pros

thetic device may activate the wrong control.

b. The influence of power line interference on the input of an

amplifier can be practically negligible if it has a low-

frequency cut-off, but can be considerable if not.

Pain points, at which a user feels pain, are distributedc.

over the range of 20 - 500 Hz with individuals susceptible

to pain according to their biological composition, with

200 Hz seeming to be a peak frequency.

d. Dependent on the design of the prosthetic circuitry, inter

ference has been observed from power lines, radio broad

casting towers, automobile ignition systems and 400 hertz

generators.
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Persons using such devices in an electromagnetic environment asso-



E. Implants

There are, presently, three basic kinds of so-called implants in the

human body; pacemakers for the regulation of the heart, metal spikes in broken

bones, and metallic fillings in the teeth. A fourth is in the experimental state,

namely devices for the modulation of brain waves. There are increasing numbers

of instances were spurious electromagnetic energy has interfered with their prop

er functioning or in which they have produced side effect phenomena of their own.

These are discussed in the subsequent paragraphs.

Pacemakers

One kind of pacemaker

quires wires penetrating the skin to reach the heart. These wires, together with

the metal in the pacemakers and the batteries, have been found to act like antennas

and to pick up outside radiation such’ as pulses from high-tension power lines.

which can actually cause the heart to go into fibrillation.

A recent type of pacemaker is using the electric current generated by

the body to operate. This is an improvement but is found to be subject to the elec

trical currents caused by the emotional reactions of the patient.

A third device is implanted in a patient to relieve the pain associated

with angina.

Interference to different types of pacemakers have been traced to dia

thermy machines, neon signs, and some electric razors.

Metal Spikes in Broken Bones

When bones are broken, implants are often installed to provide addi

tional structural support, and are generally of metal such as stainless..steel or
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is operated by outside battery power and re-
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platinum. In performing the necessary surgery for the implant, neighboring nerve

fibers are severed which reduces the signalling to the brain of thermal activity in

the implant areas. This loss of thermal sensitivity may result in more severe tis-

burns from radio frequency radiation, especially in the microwave portion ofsue

the spectrum.

ice men standing too near radar, and other, transmitters.

Metallic Fillings in Teeth

Metallic fillings in teeth seem to be active in two ways in the presence

Because fillings in teeth are usually made of conduc-of electromagnetic radiation.

tive materials, the filling material will increase in temperature when subjected to

electromagnetic radiation; and, with the isolation provided between the filling and

■

ing of a local temperature rise. Tissue burning and deterioration of implant regions

of the body have been identified with members of the Armed Forces.

Cases of hearing radio broadcasting and microwave signals through the

teeth have been mentioned in many technical publications. It has been found to be

caused by the erosion or oxides of dissimilar metals that are in close contact with

each other. They can rectify radio frequency voltages into fluctuating D.C. voice

currents whi’ch can be picked up by the bone structure of the mouth and conducted

to the ear. The microwave signals are heard as

F. Brain Waves

various methods by which they can be influenced appears to be on the increase

throughout the world. The methods used employ both permanent and temporary
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a high-pitched hum.

Increasing attention to brain waves (electrographic signals) and the

Such instances are being reported in the Armed Forces due to serv-

the nerve, it is only the poor thermal conductivity of the tooth which provides warn-



implants with conducted and radiated energy providing the stimulation. As most

of the research still seems to be in the experimental stages, only the fields of

interest will be mentioned. EEG signals can be detected with contact electrodes

without physical implantation.

Brain waves are a random function with a frequency that varies from

0 to 100 Hz: the 10 Hz alpha wave predominates.

Radiated communications have been sent by means of Morse Code using

Binary digits, of about 15 seconds per letter,the brain's amplified alpha rhythm.

and in the 9-14 Hz frequency range, have been used.

The modulation of positive electric fields has been found to create

nausea when such modulation is in the 8 to 20 Hz frequency range. Idling ignition

has been found to provide the necessary modulation.

Pulses of up to 300 pulses per second and at widths up to 10 milliseconds

have been found to result in specific actions in the brains of monkeys according to

the positions of the implants.

Electrosleep generators have been used for the last ten years with vary-

Other generators have been used to produce anesthesia in dogs anding results.

As people and animals have varying responses and results, mention ofrabbits.

this phenomenon is merely for information.
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VI. ELECTROMAGNETIC ENGINEERING TESTING

Objective

The basic, and most important, consideration in all work connected with

’’side effects," "electromagnetic incompatibilities," "electromagnetic conflicts,"

or whatever they may be called, is having accurate information which will permit

repeatable test results to be obtained and thereby confirmation of test results.

This is in addition to its vital necessity to frequency allocation, spectrum manage-

The only known way in which to obtain this informament and telecommunications.

tion is to perform tests to electrical engineering standards which require proper

test instrumentation and a thorough knowledge of all variables concerned. Un

fortunately, electrical engineering test equipment does not yet come up to the

We can, therefore,standards required and some test methods are still in dispute.

period of mutual assistance between scientists engaged

in research in various disciplines and the electrical engineering profession to work

out practical solutions.

vealed the inclination to state "what" should be done but very little information

about "why. " It is probably taken for granted that personnel in each discipline

= should know about its own particular "whys" but this does not help those in other

disciplines. What is needed, it would seem, is more interdisciplinary information

on testing problems common to all as well as the specialized problems encountered

in each discipline. Examples of the "whys" of such needed basic information are

as follows:
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probably look forward to a

An examination of the testing manuals available in many disciplines re-



Linear Dimensions

definite relationship between length and the fre

quency which can cause resonance and, thereby, aid in either the radiation or ab

sorption of the electromagnetic energy involved. This relationship is fractional,

i.e.; one-half, one-quarter, one-eighth or one-sixteenth of the wavelength of the

energy employed. This applies not only to the length of the antennas of insects

but to buildings of all heights and lengths, railroad tracks and long telephone and

In biology, it haspower lines .

of the animal involved and offers a serious variable when animals grow up and

change their size.

Near Field and Far Field

In electrical engineering testing, different test methods must be used for

what is called the near, The

dimension of the near field is generally considered to be within one to three wave-

This distance is a function of the length of the waveslengths from the source.

different kinds of antennas to measure both fields.

Reflections

In all engineering testing, the possibility of reflections must be taken into

detract from the strength of the signal. This is why

the energy levels should be measured at the point of reception otherwise weak sig

double or triple that thought to exist.
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account as they may add to or

being measured or

a direct bearing on the size of the cell or the size

in design work because there is a

or magnetic, field and the far, or radiated, field.

In electrical engineering, length is one of the most important considerations

nals may be given credit for reactions whereas the signal strength actually was

equivalently the frequency. As a result, it is necessary to have



Grounding

To most people a ground is merely a connection to earth and to be forgotten

This is entirely erroneous and a special discussion of groundingonce it is made.

Electromagnetic Test Information Required

A list of some of the more important general electrical engineering test

information required is as follows:

Frequencies at which the effect has been noted.

Level of radio energy at the subject being affected (including

how that level was measured).

What was the signal-to-noise ratio?

If so, how ?Was the energy modulated in any way?

What was the energy density per KHz?

What was the polarization of the energy relative to the

orientation of the subject?

Over how long did the energy impinge on the subject?

What was the reference control for conducting the experiment

including relation of physical size to wavelength?

Environmental conditions including elevation, temperature,

humidity, illumination, "K" indices, age, etc.
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problems started with page 15.



Description of actual test set-up and the physical-geographical environment

of terrain, range, elevations and compass positions of the energy source and of the

exposed object.

Energy levels of the source in terms of voltage, frequency duration and

duty cycle at the exposed object's location.

Electronic characteristics of the energy source measured in terms and

techniques selected from the IEEE and DOD-MIL 449 R-F Measurement

Standards.

Time-wave form and modulation characteristics of the energy source

measured by calibrated instrumentation and recorded by scope photography or

plotted on appropriate data formats.

Technical assessments of effects and evaluation of deleterious effects with

in each "objects affected" classification.

Ohmic resistance of grounding system.

Screen Room Test Information Required

Drawing of test conditions with distance measurements.

Positions of personnel during test with heights.

Results of environmental tests for any resonant material of ground loops.

Results of tests for standing waves and reflections.

Results of ambient tests at one foot from all internal corners and access

!joints.

I
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Information Required on Open Space Testing, Including Indoor 
Non-Shielded Areas

Size and shape of screen room.
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LEGAL, LEGISLATIVE AND LABORVII.

Parallelling the expanding uses of the electromagnetic spectrum are the

expanding side effect problems for management in legal, legislative and labor mat

ters, many of which directly affect the use of the electromagnetic spectrum for

The legal aspects of side effects include: (1) liabilitytelecommunication purposes.

for harm to personnel and property, (2) restriction in bills of sale and leases in

the suits against troublesome existing sources of interference, (3) and contractor

responsibility in meeting construction specifications for control of electromagnetic

The legislative activity has resulted, to date, in the following measures:energy.

(1) International agreements, (2) federal laws for the responsibility for frequency

allocation and the establishment of safe levels of radiation, (3) state laws estab

lishing restricted areas around sensitive electronic installations and around areas

and regulations for the use of electromagnetic devices. Labor is, of course, inter

ested in any hazards to personnel, whether physical, mental or material, such as

biological harm, emotional disturbance and side effects including fires, explosions

and the generation of toxic chemicals.

Examples of the side effect activity in these three categories are as follows:

Legal

In 1959, the Army complained to the Federal Communications Commission

that a San Francisco radio station was interfering with the handling of explosive

ship cargoes.

In 1963, the Navy became aware of the planned erection of a television
r

broadcasting tower within one-quarter mile of the former David W. Taylor Model
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where sensitive instrumentation is used, such as airports, and (4) local ordinances



Basin, Washington, D. C. , which is now the Navy Ship Research and Development

Center. Measurement of power levels at the site of the existing tower showed that

the ambient would be high enough to set off explosive charges which were used in

testing of hull designs. A protest was filed with the television company and the

site was abandoned.

In 1964, the owners of twelve acres near a sensitive government laboratory

petitioned the local zoning board to change the zoning regulations from park pur

poses to high-rise apartments.

objection because of interference to their test procedures and, thereby, prevented

the change.

In 1962, architects were equested to submit plans for the Lafayette Square

building program opposite the White House, in Washington, D. C. One of the con

ditions to be met was "that nothing be located in this building complex which will

interfere with the White House communications system. "

microwave relay system, which had a tower near his farm, for physical and emo-

An investigation, by Canadian authorities, is nowtional damage to his live stock.

under way.

Leases

A large New York office building placed the following clause in one of its

leases:

"Landlord agrees that it will bring to the attention of all

other tenants the presence in the Building of Tenant's Central

Offices as referred to in paragraph 2. 01 hereof: will require all
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In 1967, a Canadian farmer filed a suit against the operator/owners of a

The legal department of the laboratory filed an



such tenants to comply with all laws and regulations of govern

mental authorities and also the Electrical Code of the City of

New York . .

. . Tenant and such other tenant or licensee shall co

operate in taking steps towards the elimination of the objec-

steps as are necessary to bring the other tenant’s or licensee's

equipment into conformity with the rules and regulations and

standards of the Federal Communications Commission . .

Legislative

F ederal

Public Law 82-200, passed in 1951, states in part:

”(c) Upon proclamation by the President that there exists

other national emergency, or in order to preserve the neutrality

of the United States, the President, if he deems it necessary in

the interest of national security or defense, may suspend or

amend, for such time as he may see fit, the rules and regula

tions applicable to any or all stations or devices capable of

emitting electromagnetic radiations within the jurisdiction of

the United States as prescribed by the Commission, and may

any device capable of emitting electromagnetic radiations
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war or a threat of war, or a state of public peril or disaster or

cause the closing of any station for radio communication, or

between 10 kilocycles and 100,000 megacycles, which is

tionable interference, all at Tenant’s expense, except such



suitable for use as a navigational aid beyond five miles, and the

removal therefrom of its apparatus and equipment, or he may

its apparatus and equipment, by any department of the Govern

ment under such regulations as he may prescribe upon just

compensation to the owners. .

State

The Radio Astronomy Zoning Act was passed by the State of West

Virginia, August 9, 1956, which had a preamble as follows:

"AN ACT to amend the code of West Virginia, one

thousand nine hundred thirty-one, as amended, by adding

thereto a new chapter, numbered and designated thirty -

seven-a, consisting of sections one through six, article

one, enacting zoning restrictions governing the use of

electrical equipment and the emanation of electrical im

pulses therefrom within a ten-mile radius of any radio

astronomy facility in the state of West Virginia. . .

The State of Illinois,

ing regulation for the Chicago-O'Hare International Airport, outside of Chicago:

Section 10.5: USE RESTRICTIONS

"(1) GENERAL - Notwithstanding any other provisions

in these zoning regulations,

any zone in such manner as to create electrical or electronic

interference with radio or radar communication between the

airport and aircraft. . .
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no use may be made of land within

on December 16, 1964, adopted the following zon-

authorize the use or control of any such station or device and/or
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The Commonwealth of Massachusetts passed the following Act, in I960,

authorizing the Department of Health to regulate all sources of ionizing radiation.

An excerpt is as follows:

’’Section 5B. The department shall require registration

of all sources of ionizing radiation and shall, from time to

time, after a public hearing, prescribe and establish rules

and regulations to control the radiation hazards of radio

active materials and of machines which emit ionizing radia

tion for the purpose of protecting the general public and

portation, storage, packaging, sale, distribution, production

and disposal thereof. . .

Local

The following is

the National Institute of Municipal Law Officers, Washington, D. C. :

"Section 2. It shall be unlawful to use any violet ray

machine, X-ray machine, electrical vibrator or any device,

apparatus, instrument or machine, causing electrical inter

ference, that cannot be prevented, with radio and television

receiving sets, between the hours of six o’clock P. M. and

eleven o’clock P.M. , except when it may be necessary in

making X-ray pictures for examinations in emergency

cases."
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an excerpt from a sample Ordinance as prepared by

individuals against hazards associated with the use, trans-



Labor

The interest of labor in electromagnetic radiation began to increase about

1957 when the Air Force began to place research contracts to find out what dangers

The AFL-CIO had speakers

at a special conference, in Washington, in March 1957, to inform them about the

hazards to personnel from the operation of high-voltage electronic tubes, thera

peutic X-rays, fluoroscopy and other sources of electromagnetic energy. The dis-

"bank account” or record of the cumulative radiation exposure

On the basis of these discussions, a number of large companiesof employees.

organized mobile testing teams to make radiation tests on all electronic equipments

at periods of six months, or less, depending on conditions.

Samples of two clauses dealing with nuclear radiation, which have already

been inserted in labor contracts, may serve as a precedent for electromagnetic

radiation applications.

Clause or paragraph as taken from 1962 - 19641.

agreement between Local #441 of International Brother

hood of Electrical Workers of Orange County, California

and Orange County Chapter, N.E.C.A., Page 17 -

Section 4 (C) of Article II Section 4c -

"Radiation Hazards: On any job where workmen are ex

posed to radioactive materials and/or radiation in excess
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employers keep a

making injury pay available even when symptoms do not materialize for seven or

more years after the radiation exposure which did the physical damage and that

to human beings were present in microwave radiations.

cussion, at that time, was to have improved Workmen’s Compensation legislation



of one-tenth of the Maximum Permissible Limits (MPL),

Protection, the employer shall employ a qualified Journey

man Radiation Monitor when necessary, whose wage scale

shall be equivalent to that of a Journeyman Electrician.

Such Radiation Monitors shall determine the location of

hazardous zones and shall be responsible for the radiation

He shall maintain permanent and accuratehazards therein.

time checks on all workmen entering and leaving such zones,

including radiation dosages of all personnel emerging from

He shall also be in charge of any decon-the radiation zone.

tamination of personnel, their tools, materials or equipment.

The Radiation Monitor shall make reports to the supervising

Electrician on the job for safety and coordination purposes.

Some clauses regarding radiation safety which are taken from a2.

labor agreement between Ontario Hydro and the National Union of Public Service

Employees in Ontario, Canada.

IONIZING RADIATION”21.

The Union office will be supplied with one copy of

the Radiation Protection Regulations prepared by the

Medical Services Division which will be kept current.

”22. ACCESS TO RADIATION RECORDS

Each employee shall have access to his personal

radiation dose records.
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as established by the International Commission on Radiation



"23. PERSONAL PROPERTY

Reimbursement by the Commission for losses of the

employees’ personal property as a result of radioactive con

tamination shall be considered and assessed on the individual

merits of each case.

"24. RADIATION LIMITS

An employee performing his normal work who exceeds

radiological limits requiring him to be removed from certain

work locations shall be given suitable work elsewhere at not

period up to 1 3 weeks

after removal. Extensions beyond this point will then be

subject to review on a monthly basis. Acts of willfull negli

gence will negate the above. "
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less than his basic rate of pay for a



A sample of an employer’s handling of microwave radiation hazards is

the following from a Bell System poster:

1.

Classification
2

Below 1

2.

a)

b)

c)
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Average Power 
Density mW/cm

For the time being, microwave exposure limits 
may be classified as follows:

Above 10 
Between 1 and 10

Never look into an open waveguide which is 
connected to energize transmitters.

Never climb poles, towers or other struc
tures into a region of possible high radar 
field without verifying that all transmitters 
have been turned off.

Potentially hazardous 
Safe for incidental or 
occasional exposure

Safe for indefinitely 
prolonged exposure 
or permanent assign
ment

Employees are cautioned to abide by the follow
ing rules:

Never enter an area posted for microwave 
radiation hazard without verifying that all 
transmitters have been turned off and will 
not be turned on again without ample notice.



■

SI •:

r?

ill


