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' FOREWORD

-

The research discussed in this report was
accomplished as part of the Safety Engineering Graduate
Program conducted jointly by the USAMC Intern Training
Center and Texas A&M University. As such, the ideas,
concepts and results herein presented are those of the
author and do not necessarily reflect approval or
acceptance by the Army. '

This report has been reviewed and is approved for
release. For further information on this project
contact Dr. George D.C. Chiang, Chief of Safety
Engineering, Red River Army Depot, Texarkana, Texas.

Appro\.% ,
L ooge Blinr g

Dr. George D.C. Chiang, Chief
Safety Engineering

For the Commander

James L. Arnett, Director, ITC
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' ABSTRACT

-

This paper reviews the biolbgical effects resulting from
exposure to radio frequency and microwave radiations. Thermal
effects are the basis of the U.S. exposure standards for these

frequencies. Nonthermal effects, as proclaimed by the Soviet

Union, result at a much lower 1nténsity. The controversy over

the relevance of these effects 1s resolved in the light of
present research findings. |

The quality of the American National Standards Institute
standard C95.1--8afety Level of Electromagnetic Radiation with
Respect‘to Personnel--is examined. The basic conclusion is
that the guide number of 10 mW/cm? is accepiable as the
maximum recommended exporure level for prevention of human
biological, dasage. Proposals are made for revisions to
improve the effectiveness of the standard in other ways, based

on recent research regarding biological effects.
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CHAPTER I
INTRODUCTION

In the last several decades there has been a tremendous
advancement in the use of radio frequency and miérowave
propagations for many commercial, industrial, and military
purposes. A natural and reasonable question to ask 1is what
are the biological effects on the population at large
resulting from exposure to these electromagnetic frequency
bands, that previous generations were relatively unexposed to.
The answer to this question must be understood in light of
the fact that there are currently many radiated frequencies
at a wide range of power 1evels in these bands, and there will-:
continue to be more at an increasing rate keeping pace with
today's expanding technologies.

It must be determined if there are deleterious health
effects resulting from acute exposure to radio frequency and
microwave fields, and at what incident power levels they
occur. Just as important, it must be determined if there are
any effects from chronic exposure that may affect and injure
our future health or that of coﬁing generations. The
objective of this research report is a detailed study of the
effects on the human biological system resulting from the
exposure to radio frequency and microwave fields such that
an assessment of both the American and Eastern European
(including Russia) standards can be made for comparative

1



purposes and a proposal for revisions to the American National

Standards Institute (ANSI) standard C95.1 can be formulated.

Quantifying Radio Frequency and Microwave Radiations

For the purpose of quantifying radio frequenpy and micro-
wave radiations it is useful to illustrate their location in
the electromagnetic spectrum, which covers a wide range of
frequencies. Table I -displays the entire spectrum and labels
this portion of it. Radio frequency waves range from 30 kilo-
hertz (kHz) to 30 megahertz (*" ~) in the frequency spectrum
(10,000 meters to 10 meters l. wavci<amth). Microwaves range
from 30 MHz to 3000 gigahertz (GHz) (10 meters to 1 milli-
meter), Table II illustrates the broadcast divisions of these
bands.

In further quantifying these bands, it is necessary to
discuss their inherent energy levels. These radiations
transmit energy by electromagnetic waves. The photonvenergy
corresponding to a radiation varies proportionally with the
frequency of the wave. 1In fact, the photon or quantum energy
level equals hv, where h is Plank's constant and y is the ‘
frequency of the radiation. Since h = 6.6256 x 1073* Joule-
second and 1 electron-Volt (eV) = 1.602 x 10-'9 Joule, the
photon energy level is h.136y x 10-15 ev.,

For radio frequency waves the photon energy level ranges
from approximately 1.24 x 10~10 eV to 1.24 x 10-7 eV. TFor
microwaves the energy level per photon ranges from about

1.2 x 10~7 eV to 1.24 x 103 eV. Both are classified as
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nonionizing radiations. Nonionizing.radiation is categorized
as those waves which do nof sufficiently have the energy level
required to ionize atomic oxygen and hydrogén, which is
approximately 10-12.eV. In biological cohsiderations, 12 eV
is generally accepted as the cutoff level between nonionizing
and ifonizing radiations. (14)* As shown in Table I, the
frequency in the spectrum correspbndihg to this energy level

is roughly 3 x 1015 Hz.

Uses of Radio Frequency and Microwave Radiations

The uses 6f radio frequency wavés and microwaves have
been varied, and there are continuing to be new applications.
They have been employed in radio and television broadcasts,
communications, radar, microwave ovens, and microwave heating
in industry and the medical profession. In standard AM radio
brozdcast, the frequency band is from 535 kHz to 1605 kHz with
107 station locations at 10 kHz intervals. They operate at
maximum transmitter powers up to 50 kilowatts. FM stations |
operate in the band from 88 MHz to 108 MHz, such that there
are 100 station allocations at 200 kHz spacing. The maximum
allowable effective radiated power (ERP) is 100 kilowatts.
From 1945 to Fébruary 1, 1971, the growth in radio broadcast
has been 750 per cent, with 930 stations in 1945 and 6976
stations in February of 1971; (31) This phenomenal growth

rate in radio broadcast has been one factor in the increasing

* The numbers in parentheses refer to List of References



éxposure té these radiations. The distribution of the
stations throughout the country is somewhat denser on the
eastern part of the country. (7) )

Current Federal Communications Commission (FCC) regula-
tions permit television broadcasts on three bandwidths in two
of the frequency designations in Table II. Two of them are
in the VHF region of the spéctrum. Channels 2-6 make up the
low band, operating from 54 MHz to 88 MHz at a maximum ERP
of 100 kilowatts. Channels 7-13 are the high band. They

occupy the VHF region from 174 MHz to 216 MHz., UHF channels,

including channels 14-83, occupy the region from 470 MHz to
890 MHz, and have a maximum ERP of 5000 kilowatts. All
television statious have a 6 MHz bandwidth.

The growth raté of television has been extraordinary
since the FCC legalized black-and-white broadcast in 19#1.
In 1945 there were only six authorized stations on the air.
As of February 1, 197!, there were 892. People living in
large metropolitan areas, where there is a heavy density of
radio and television stations, are being subjected to all of
these every day of their lives. The rising popularity of
cable television is also contributing to greater use in miecro-
wave propagations because the cable programs are sent through
the air to chosen areas where they are then further distrib-
uted by coaxial cable transmission.

There are many FCC allocations for two-way communications,

divided into the following categories: marine, aeronautical,

public safety, indﬁstrial, land transportation, personal, and




disaster cémmunications. The allocafions are too numerous to
list here, but are spreadﬁthroughout the radio frequency and
microwave bands. ’

These waves are becoming more and more evident in our
personal 1ives; Many Americans are experimenting with
citizens bahd (CB) radios. With the rapidly expanding elec-
tronic technology, the conveniéhce of owning a CB radio has |
become a practicality; Solid-state transcei#ers and auxiliary
equipment require an investment of only about $150, and a
license to start costs $4.00. In 1974 one quarter of a
million licenses were issued. An FCC source estimates that
CB sales are booming to such extent that there will be more
than one million licenses issued this year. (5 ) To alleviate
the congestion on the eiisting channels from flourishing sales
and popularity of CB radios, the FCC has proposed 1o expand
the number of communication channels from twenty-three to
seventy and eventually to one hundred. CB radios do not

transmit much radio frequency power, but they are an addi-

tional source of electromagnetic fields influencing our daily

life. Their range under ideal conditions is only about
twenty-five miles.

Another personal use has been that of microwave ovens.
Operating at 2.45 GHz, these devices arc being sold in greater
numbers each year as consumers are distovering the speed and
convenience of microwave cooking. 197f'sales to American

consumers are estimated to reach 200,000 ovens. (1)



v

Industry and the medical profeséion have taken advantage
of the thermal effects frém microwave exposure for use in a
variety of heat processes. The use of radér for both civilian
énd military applications is continuing to increase. Radar
systems generally use microwaves in the 1 GHz to 30 GHz
region. Long-distance telephoning is now seventy per cent .
beamed from station-to-station'by microwaves. (10) A future
application under consideration is the use of these waves in
electrical power transmission. It would eliminate many of the
vast networks of lines and towers now éerving this purpose by
beaming the converted electrical power to a relay satellite
for transmission to receivers outside population centers.
Thus, the radio frequency and microwave portions of the
electromagnetic spectrﬁm have many applications and uses in
our lives today and will certainly be even more prominent in
our future,'but the original questions as to the health and ‘
safety of the population, being subjected to this elecfronic i
pollution, still remains.

Background Exposure Levels
Although considerable research has been done concerning
theApossible biological effects resulting from exposure to
radio frequency and microwave propagations, the results have
not conclusively settled the question as to what are the harm-
ful effects and at what incident power levels they occur.
The exposure limits to the more familiar ionizing radiations

of x-rays and gamma rays are set to about ten times the
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natural environmental background level; whereas, the current
U.S. standard for exposure to the nonionizing radiations under
examination in this paper exceeds the natufél background level
by a factor of 107, ( 1) The Eastern European countries and
Russia believe there are harmful effects at as low as
one~thousandth of the energy level specified in the U.S.
standard. |

Chapter II of this report will delve further into the
present statﬁs of the duestion of the biological effects. The
remainder of the report will be devoted as follows: Chapter
III--to the research done on the thermal effects from radio
frequency and microwave exposure; Chapter IV--to the back-
ground and results of the research done on the so-called
nonthermal effects; Chapfer V--to the éomparison of thermal

and nonthermal effects, their incident power levels, an

.

“evaluation of ANSI C95.1, and the results of the comparison

used to propose revisions to improve the effectiveness of the
U.S. standard; and Chapter VI-~to the conclusions of the
biological effects resulting from radio frequency and micro-
wave exposure, to the role of the ANSI C95.1 standard in the
United States, and to the effects in industry and the military

resulting from the proposed révisions to the standard.



CHAPTER II }
EXISTING EXPOSURE STANDARDS

The concern for the health and welfare of our citizens
with regards to the possible biological effects from increased
exposure to radio fredquency and microwave fields has steadily
developed over the past half century. This concern has
paréllelled the expansion of the technology and use of these
bands. The initial concern was for our military personnel
who served as electronic technicians and were responsible for
the operation and maintenance of the military communication
and radar equipment. They cduld feel the sensation of heét
within their bodies when they happened to be exposed to a
radiating transmitter beam., Furthermore, with the growth of
radio and television broadcast, a widespréad portion of the

population was about to be exposed to new energy levels of

“this region of the electrcmagnetic spectrum.

The earliest research that had been previously performed
in this area demdnstrated the effects of thermal stress in the
test organisms from exposure to a high frequency capacitive
field. In 1924 Schereschewsky found that tissue heating of
up to approximately 4hLOC (111.é°F) caused death in mice. (27)
He noted a similar increase in body temperature in huﬁan test
subjects. Carpenter and Page produced 105°F (40.5°¢C) |

artificial fevers in humans with the use of this energy

10
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source. ( éd Prior to 1940, however, most research that had
been conducted considered molecular and chemical effects on
elemental biological systems. After World War II a new empha-
sis was put into the nonionizing radiation effec§s~research.
Whole body irradiation experiments in various test animals

and humans were being performed.

Currently, there are two schools of thought about the
biological effects resulting from radio frequency and micro-
wave exposure. The Uhited States and many other Western
countries have established their exposure standards based on
the opiﬁion that "thermal effects are cohsidered to be the
most harmful and therefore have been used as the basis for
establishing the levels," as specified in the ANSI C95.1
standard. (26) Thermal effects understandably result from
energy considerations as the dissipation of energy as heat by
increasing ‘the kinetic energy in the absorbing tissue.

The Russians and some Eastern European ccuntries have
based their exposure standards upon the premise that certain
nonthermal effects occur at much lower intensities than that
which ANSI recommends as safe. Such effects are mainly those
upon the central nervoﬁs system. There has Been much contro-
versy among American scientists regarding the relative merit
of the Russian claims of nonthermai effects. (32) A bvasic
problem that still exists is the lack of complete and thorough
knowledge of certain biological functions, such as nerve
excitation and conduction. The theoretical interaction mech-

anisns belween the alternating electromagnetic field and
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biological functions have.not been satisfactorally explained.
Neither has the thenreticﬁl‘wave configuration within the
tissue. This hus greatly hampered formulafing a rational
basis for the existence or not of many of the hypothesized

nonthermal biological effects.

Formulating an Exposufe Standard
Before proceeding -with a summary and discussion of the

exposure standards now deemed as the acceptable maximum
exposure limits allowable, it is appropriate to examinethe
philosophy and practicality of setting such a standard.
Ideally, in setting an exposure standard for physical agents
such as these, a dose-response relationship must be determined
for any acute effects that would occur. After this is
completed, further examination must be done concerning the
‘'possibilityx of late-arising harmful éffects from low intensity
chronic exposure. It is a time—éonsuming and difficult
process. |

~ Since the scientific-approach method of forming a theoret-
ical solution to determine the nature and degree of this
problem of conceivable biological effects has not yet been
found, reliance upon empirical evidence has been necessary.
Experiments involving the question of deleterious'effects in
man rule out‘any"initial possibility of human subjects. The
research into the dose-response relationships of various radio
frequency and microwave source configurations on different

tissue geometries leading to irreversible or lethal effects
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has been pérformed on various animal'species. It is obvious
from the start that there will not be a clear-cut relatior.ship
between exposure level and physiological effect, because of
the many variables in both the eleétromagnetic\fadiation
sources and the tissue structure of the body. Threshold
values are determined in various species for the observed
effecﬁs. Careful analysis and extrapolation can then provide
a guess for human threshold values under varying conditions
such as frequency, plane of polarizatibn, mode of modulation,
time of duration, body surface area exposed, and status of the

individual with respect to clothing worn, his thermal stress,

~and environment. A numerical value implies both the effect

and stress are measurable. (16)

The standard exposure limit value is considered a guide-
line because no sharp demarcatioh'exists between effect and no
effect. The effect must reflect the nature and seriousness of
the injury along with the body's adaptive and recovery rates.

Effects that are not acute under controlled conditions will

allow for numan study. Under these conditions, human data can

aid in setting threshold values and safety factors for
determination of an exposure limit for the protection
standard.

Injurious effects might result from the final irreversi-
bility of a reversible process that has occurred many times,
or as the consequence of cumulative effects from repecated or
constant radio frequency and microwavé exposures over an

extended period of time. Such effecls might be totally
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unrelated to the harmful effects resulting from acute short

duration exposures. Continued research in this area must
conclusively deny the possibility of this occurrence, but
overprotection without justification'would put undue restric-

tion on our occupational and social lives.

Summary of Existing Standards ‘

The American National Standards Institute (formerly the
American Standards Association) formulated the first commer-
cial United States standard for ekposure to frequencies
within the radio frequency and microwave bands of the elec-
tromagnetic radiation spectrum. Under the sponsorship of
the Department of the Navy énd the Institute of Electrical
and Electronic Engineérs, the Radiation Hazards Project was
approved in 1960. 1Its scope was to identify the hazards
associated with electromagnetic radiation in the 10 kHz to
100 GHz range. It was felt that these would affect man,
volatile materials, and explosive devices. The committee to
coordinate the project consisted of six subcommittees, one
vof which was the subcommittee for "Safety Levels and/or
Tolerances with Respect to Personnel." This subcommittee
was directly responsible for the ANSI C95.1 standard--Safety
Level of Electromagnetic Radiation witthespect to Personnel,
first published in 1966 and recently revised on November 15,
1974, The revision was minor and clarified the purposc and
applicability of the standard. (26). The levels recommended

as guidelines in this standard serve as "recommended radiation
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protection guides to prevent biological injury from exposure
to electromagnetic radiation." (26)

ANSI C95.1 recommends a maximum exposu;e of 10 milliwatts
per square centimeter (mW/cm2), with the equivaient free
space electric field (E) and magnetic field (H) strengths
approximately equal to 200 volts per meter (V/m) and .5

amperes per meter (A/m) rms, for continuous wave (cw)

radiation under normal environmental conditions. (26) For
modulated wave sources, over any .1 hour period, none of the
following should be exceeded:
' Mean Square Electric Field Strength- 40,000 V2 /2

Mean Square Magnetic Field Strength- .25 A2/m2

Power Density- 10mW/cm?

Energy Density-1mWh/cm? (26)
The standard explains that this is onesource of heat input to
the body. The thermal stress a person can siafely withstand
varies mainly with his thermal environment, clothing worn,
and degree of physical ilabor. Taking these factors into
consideration is necessary, so the standard warns that the
guide levels must be adjusted accordingly. It also warns
against the susceptibility of people with circulatory
difficulties and certain other ailments to the thermal stress
involved. The standard is a protection standard, thus is
not intended for deliberate exposures for medical purposes.
The quality of this standard will be assessed in Chapter V
in view of the thermal and nonthermal effects to be discussed

in the next two chapters.

The radio frequency and microwave exposure standards for
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Russia and several Eastern European countries are listed in

Table III. Their basis upbn nonthermal effects has caused
them to have threshold values at much less intensity levels
than those by which thermal effects occur.

With a surface look at the existing exposure\standards,
one might surmise that the Russians and their countérparts
either have a different standard of measurement or know soume-
thing we don't. The incongruity between standards exists
though because the biological effects that are their basis for
foundation are entirely different. They result at different
incident power levels and their observance constitutes two
different experimental approaches. Western scientists de-
termine the upper limit of the no-effect dose by detecting
a physiological or biochemical change in the subject. On
the other hand, the Russians and their collaborators detect
behavioral Br pyschological changes in their subjects to
set their standard by. Standards setting, to limit the
amount of radiation individuals can accept with safety,
carries a heavy impact on the use of these radiant energies.
All avenues of possible harmful biclogical effects must be

considercd.
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SUMMARY OF RUSSIAN AND EASTERN EUROPEAN STANDARDS

FOR EXPOSURE TO RADIO FREQUENCY AND MICROWAVE RADIATIONS

Radiation
Country Frequency
U.S.S.R. .1 to 1.5 MHz

1.5 to 30 Miz

30 to 300 MHz

300 MHz
CZECHOSLOVAKIA .01 to

300 MHz

>300 MHz
POLAND >300 Mz

Maximum
Recommended
Level Remarks
20 V/m Alternating
5 A/m magnetic fields
20 V/m
5 V/m
10.;4.W/cm2 6 hr/day
100,4W/§m2 2 hr/day
1 mW/cem 15 min/day
10 V/m 8 hr/day
2SAHW/cm2 8 hr/day

CW radiation
10 uW/em? 8 hr/day

Pulsed radiation
10 4W/em2 8 hr exposure/day
100 xW/em? 2 to 3 hr/day
1 mW/cm? 15 to 20 min/day



CHAPTER III

THERMAL EFFECTS OF |
RADIO FREQUENCY AND MICROWAVE RADIATIONS

The earliest known and most obvious of the bidlogical
effects resulting from exposure to radio frequency and micro-
wave radiations were those of a thermal nature. The photon
energy level assoclated with this region of the electromag-
netic sﬁectrum is far too low to ionize or cause ionization
of.molecules in the body, no matter how many quanta are
absorbed. The kinetic energy contained in the wave thaf is
absorbed by the biological tissue will be transformed into
kinetic energy in the medium as a result of the oscillatory
and rotational motion of water and protein dipole molecules
trying to align themselves with the electric field component
of the wave. The increased motion of the molecules and the
resulting additional molecular collisions cause a temperature
rise in the tissue. The absorption efficiency dictating how
much energy is actually absirbed is dependent upon the elec-
trical characteristics of the tissue and the cross-sectional

~area involved.

Medically Beneficial Thermal Effects
Al]l thermal effects are not harmful to mankind. In

fact, there are medically beneficial thermal effects. The
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oldest known of these is diathermy, which is a therapeutic

technique using microwaves'for deep penetration of heat. The

‘frequencies of 27.12 MHz, 915 MHz, and 2.45 GHz (the same fre-

quency used in commercial microwave ovens) are used in
diathermy treatments in this countfy. Localiéed temperature
rises to 43-45°C (109.%-113°F)fare typical. Under controlled
conditions power'levéls of 590 mW/cm? are used. (11) The
bhysiological effects'of this treaiment fre numerous, in-
cluding increased blood flow'by capillary dilation, relaxation
of muscle spasms, and temporary increases in pain thresholds.
. The medical profession is currently using the microwave
thermal phenomenon of deep penetration in tissue for several
modern techniques. Seiective tissue heating of tumors in
cancer treatment with the surrounding tissues in a hypothermic
state alldws the growth to readily absorb a chosen toxic
drug design%d to kill it. Experiments on mice have shown
that seventy-five per cent of the tumors disappeared after
four to five hours of treatment. (11) Refrigerated blood
can now be warmed quickly from its storage temperature of
4-69C (39.2-42.89F) using microwaves, to permit faster trans-
fusions than by previous methods. A blood warmer developed
by Restall will heat the blood to 35°C (95°F) in one minute.
(11) Other cryopreserved hiclogical substances and organs can
be rapidly thawed using microwave techniques, thus inecreasing
survival ratles by increasing thawing rates over previously

used methoés. As a last example, greater success has becn
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accomplished in open heart surgery due to the better warming
techniques of microwave heating. Body temperature is reduced
to slow down the metabolic rate to allow tﬁé heart to be .
stopped during surgery. With carefuily controlled microwave

exposure,; biological effects have profound medical value.

Factors Determining the Degree of Thermal Response
Biological effects from uncontrolled and overexposed
partial or whole body irradiation are harmful when the body's

normal metabolic rate is interferred with. Radio frequency
and microwave exposure induce heat stress, and can be regarded
as another form of thermal input to tax the body's thermo-
regulatory system. When this homeostatic mechanism is
exceeded, cell and tissue damage will cccur. Thermal effects
can be thought of as an artificially induced fever.

Numerous factors are involved in determining the amount

of thermal stress induced. The properties of the wave

~certainly affect the amount of energy absorbed by the tissue.

The interface phenomena of reflection, rafraction, scattering,
polarization, and absorption depend upon the interaction of
the wave and tissue. Of these absorption, reflection, énd
refraction are more important. The cross-sectional area of
the irradiated tissue in comparison to the frequency of the
wave is also a significant factor. Lastly, the body's ability
to sense and rgspond to the stress must be eiamined. These
three factors will now be examined more closely to determine

the significance of their influence on the relative magnitude



of thermal stress imposed.

The absorption of radiation is nonuniform and is depen-
dent upon the dielectric properties of the tissue. Generally,
absorption is high and the depth of penetration is shallow in
tissues with high water content like skin, muscle, organs, and}
brain. .psorption is about a magnitude lower for low water
content tissues like fat and bone; (11) The electrical
properties for practiéally all tissues have been studied and
numerical valuésvhave been determined that have been used
quite effectively in phantom modeling. The parameters of
interest are the dielectric constant €, the specific resist-
ance p, and the relative permeability 4. Although the first
two vary considerably depending upon tissue type and content,
their ranges in the microwave region in living tissue are
5-70 for € and 10-10* forp. ( 4)° The propagation of electro-
magnetic radiation within the tissue and at boundaries of
dissimilar tissues is dependent ﬁpon these three parameters.
The phenomena of reflection and absorption of the wave are
frcauency dependent because € and e are. As a result, the
thermal biological effects from rgdio frequency and microwave
radiations are clearly a ™inction of the incident frequency of
the wave. |

Absorplion coeffiéients and depth of penetrationbhave
‘been calculated from the electrical properties of the tissues
and verified in clinical studies. For ffequencies less than

1 GHz to 3 GHz about forty per cent of the incident energy is
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absorbed by deep tissue, and above the frequency range the

absorption is for the most part in the skin. (3 ) According
to Wilkening, for waves of 150 MHz and less the human body is
believed to be essentially transparent. (33) Frgduenéies of
150 Mz to 1.2 GHz, he states, penetrate the "greatest with

- the potential of causing damage to internal body organs."
From 1.2 GHz to 10 GHz, penetration is not as deep (only 1 mm
to 1 cm). Above 10 GHz penetration is negligible and the
outer skin surface absorbs these frequencies. Absorption
coefficients of these higher frequencies are similar to those
in the infrared region of the spectrum. ( 3)

Tissue interfaces represent a change in the absorbing
medium such that wave reflections are likely to occur. "Hot
spots” are likely to occur at interfaces of high and low water
content tissues. (11) Since not all of the incident power is
transmitteé, the reflected power sets up standing waves in
preceding tissue. The standing waves are similar to those
occurring in transmission line theory. 1In a shorted trans-
mission line the voltage is a minimum at the shorted end.
When a wave passing through a tissue of low water content
reaches a tissue of high water content, the intensity of the
power density is a minimum as a standing wave is set up from
the reflected portion of the wave, which is 180° out of phase
with the incident wave. The high water content tissue must be
at least as thick as its depth of penetration. In an open

ended transmission line, the voltage is maximum at the termi-

nation. In the reverse situation where a wave is traveling
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through the tissue of high water content first, the amplitude
of the reflected wave is in phase with the incident wave
setting up a standing wave with a maximum ihtensity at the
interface of the dissimilar tissues. \

The ecross-sectional tissue area irradiated significantly
affects the biological effects generated. The area is depen-
dent upon tissue conductivity, the thickness of the fat
layer for impedance métching, and naturally the physical
dimensions that are irradiated. Cross-sections that are
small compared to the wavelength are particularly susceptible
to absorbing higher doses through increased absorption ef-
ficiency. This is assuming that the tissue is in the far
field region of the propagation.

The far or radiative field region implies that the dis-
tance from the source is great enough such that an absorbing
object plaged in the field does not alter the field and that
the pover density decreases with increasing distance accord-
ing to the inverse square law., These assumptions are not
valid in the near or inductive field of thé propagation,
which is quantitatively described as the region lying about
one wavelength from the source antenna extending to a dis-
tance that is equal to the square of the largest aperature
dimension of the antenna divided by the wavelength. The
source becam is formed here. |

The electric field component and the magnetic field

component of the wave are not related as a simple
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proportionality as they are in the far field with each being
mutually perpendicular ana perpendicular to the direction of
propagation of the wave. Since there is an interaction in
the near field, the flux is not predictive as in\the far
field. Therefore, the energy concept of power density is

not accurate in the near field. A méasurement of the inten-
sity of the wave in the near field must be made then in terms
of the electric field'component in volts per meter to
characterize the wave. Much of the radio frequency portion of
the spectrﬁm must be measured this way due to their consider-
ably longer wavelength than the microwave portion. The ab-
sorption characteristics previously discussed were such

that the tissue was implied to be in the far field of the
source radiation. The absorption characteristics in the

near field are much more difficult to determine because of
these concépts.

The last consideration in determining the heat stress
induced concerns the tissue, organ, or area of the body that
is exposed. Exposure may be considered as either partial or
whole body irradiation. Obviously, the duration and inten-
sity of exposure are important variables for consideration
of temperature rise in the body. The tissue properties and
wave frequency have been previously discussed. The paft of
the body exposed is a significant variable to consider for a
determination of temperature rise because different parté of
the body vary in the ability to sense thermal stimulation

and also to respond to a therwal influence. The degree of
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innervation and vascularization determine the body's response
to these two imposing conditions. | |

| Areas where there are greater numbers'bf neural receptors
reflect a greater sensitivity of the tissue to-a thermal
stimulus. Thermal regulation of;fhe body depends upon this
principle. In highly vascularized tissues, the flow of blood
proves to be an excellent heat exchanger through conduction
and convection. Thus; the most susceptible parts of the body
are those that are not as well protected by these'physiolog-
ical phenomena. Such areas include the eye lens, testes, gall
bladder, and parts of the gastrointestinal tract. It has been
shown that damage to these tissues can occur without signifi-
cant rise in oral or rectal temperature. (11)

The importance of the circulation as a means of thermo-
regulatory control should not be minimized. In partial body
exposure tﬁermal stabilization will occur at higher incident
power density levels. Blood flow will carry the thermal
energy to cooler areas of the body. Excitation abtove the
ability to regulate temperature through the circulatory
system and sweating mechanism will cause a temperature rise
in the effected area. Experiments have shown that for fre-
quencies between .2 GHz and 24.5 GHz, an exposure to a power

2 for an hour or more have

density level grester than 100 mi¥/em
thermal pathophysiologicél manifestations, and at less than
100 mi/cme there were no pathophysiolegical changes. (17)

Conveniently, as the frequency of the radiation and its




26

associated photon energy increases, the depth of penetration
decreases allowing the highly capillarized tissues to more

effectively dispose of the heat.

Animal experimentation has shown that the heat input from

radlo frequency and microwave exposure will be diagnosed as

having the typical symptoms of hyperthermia.  The resulting
thermal damage is generally indiétinguishable'from that
resulting from a fever. (15) Dilution of the bloci appeared
as an early sign of acute heat stress. Vasodilation was the
reason for this manifestation. Dehydration deveioped after
considerable exposure. Other documented physiological effects
of heat stress.in humans include: denaturing and coagulation
of proteins, decrease in enzyme activity, increased permeabil-
ity of cell membranes, and functional impairment of the ner-
vous system. At a temperature of approximately 41°C (105°F)
the centrai nervous system stops functioning normally.v(9 )

In 1953 Schwan recommended to the Navy that the standard

for radio frequency and microwave exposure be set at 10 mW/cme.

His research lead him to believe that 100 mW/cm® was the power

density required to cause a significant temperature rise in
human beings. He applied a safety factor of ten to bring
about his recommendation. Schwan found no evidence at all of
significant thermal effects at that power density level., (28)
At 10 mW/cm?, Mumford indicated that 57.5 watts will be ab-
sorbed under certain specified conditions of cross-sectional

area in a standard man. (18) This can be compared to the
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basal metabolic rate of 1QO watts for a person engaged in
light work and.300 watts for a person working heavily. (33)
With more than two decades of investiéétion in clinical
and laboratory studies, individua;s even with many years of
occupational microwave exposure have shown no adverse health
effects by staying within the prescibed exposure standard. (17)‘
'The only documented hgalth problemé from the thermal effects
of these radiant energies have been attributed to cataracts
from overexposure. Over eighty-two cases have been documented.
Hirsch and Parker reported forty cases and Zaret reported

forty-two subsequent cases. ()

CONCLUSIONS
There has been extensive research done on the thermal
effects of radio frequency and microwave exposure tc examine

both the beneficial and harmful results in our species.

Exposure under specified and controlled conditions has been
used successfully in the medical profession for diagnostic and
therapeutic purposes. Cited eXamples have shown that the
profession owes many credits to this band of the spectrum fbr
its unique ability to penetrate skin and subsequent subcutan-
eous layers to heat the deeper tissues.

In uncontrolled and’overexposed situations, humans risk

the possibility of mild thermal stress and even cell and

tissue damage without the respective level of heat sensation
in the skin. The heat sensitive neural receptors in the skin

would be passed over due to the impedance matching
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'characteristics of the outer tissues. The body*s biological
response is similar to other modes of heat stress. If the
thermoregulatory system is not overtaxed, éﬁen acute biolog-
ical effects probably will not result.

- Careful attention must be paid to parts of the body less
sénsitive to heat and also less:protected by the thermorégu-_
latory system. The particular sensitivity of the eye to
cataract formation frém thermal inducement by these radiations
has been well documented. The actual pathophysiological
phenomena observed'are generally indistinguishable from other
sources of hyperthermia. Although specific and detailed
examination of the structural and functional changes of the
eye, testes, or even any selective tissue has not been

inecluded, this chapter has portrayed a basic overview of the

thermal nature of the interaction of the human biological

.

- . system and the radiations in question.
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CHAPTER IV

NONTHERMAL EFFECTS OF
RADIO FREQUENCY AND MICROWAVE RADIATIONS

The category of biological effects resulting from
exposure to radio freduency and microwave radiations that
occurs without the existence of thermal influence is classi-
fied as nonthermal effects. Implied in this definition is the
understanding that for an effect to result without tissue
heating, the incident power density level must be lower than
that which would be necessary to cause such a éaloric effect.
An intensity of 100 mW/cm2 was determined to produce patho-
physiological thermal effects after a short duration of an
hour or so: (17) Thermal effects within the body's capability
of homeostatic response result from only the higher frequen-
cies in this region 6f the spectrum at intensities as low as
the United States standard of 10 mW/cmz. Studieg have showﬁ
that as much as a 19¢C temperature rise will resuit at this
intensity of radiation. (18) Under these considérations then,
nonthermal effects are specifically associated with power

density levels less than this.

Reversible and Specific Nonthermal Effects
The U.S.S.R. and several Kastern Furopean countries have

claimed an existence of nonthermal effects based on symptoms

29
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observed in occupationally exposed wérkers{ Their scientists

have reported behavioral élterations and functional changes

in the central nervous system using conditional reflexes as an
endpoint.in their investigations. Eastern standards have been
Based‘onAthese studies. The Russians originated the basic |
standard level that the Eastern Europeans have accepted. 1In
1959 the Russian Ministry of Health promulgated the maximum
recommended protectioﬁ exposure levels shown in Table III in
Chapter II.. Petrov and Subbota have substantiated Soviet
standards by explaining that some effects occur at 1 mW/cmz,
based on animal studies. (20) For a ten hour work day the
exposure is thus reduced to .1 mW/cmZ. A safety factor of ten
is specified so the maximum recommended exposure level is
.O1’mw7cm2, which is the present Russian standard.

Soviet research is based on Pavlovian "nervism," in which
the "centrél nervous system exérts a controlling influence
over all types of reactions in the organism, including various
local tissue reactions. Nonnervous reactions.are considered
as only of secondary importance because the basic controlling ‘ ‘
~role of the central nervous system in the whole organism.

Thus, in considering microwave pathogenesis, Soviet physidlo-
gists have persistently sought the central nervous system
mechanisms thei might he responsible for each microwave-induced
phenomenon." 6) With this basis for thinking the central
ncrvéus systom is necessarily the most sensitive to these

encrgies of all body's organs and systems. The cardiovascular
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system is also susceptible to nonthermal effects. The
Russians have theorized that there are reversible and specific
nonthermal biological effects from exposuré to these radiant
energies. Reversible effects are functional changes that
usually arise after longer periods of irradiation. Specific
effects result from interaction of the radiation with special
radio frequency and microwave senéitive receptors within the
body.

Physiological manifestations that were detected involved
the following reversible effects:

a) hypotension,
b) bradycardia,
¢ excitation of the thyroid gland,
d) changes in the endocrine-humeral
processes,
e) inhibition of conditioned-reflex
activity,
f) and interference in interneuronal
connections .in the brain,
Biochemical changes reported were increased blood histamine
1évels, decreased cholinesterase, and RNA changes., Specific
effects noted were elevations in the thresholds of the
olfactory and auditory senses. (4 )

In a U.S.8.R. study by Letavet and Gordem microwave
workers reported a greater incidence of complaints of head-
ache, irritability, and drowsiness than a controlled group
of non-cxposnd workers. (13) Other symptoms in Soviet
studies are eyestrain, diminished intellectual-capabilities,
dullness, partial memory loss, decreased sexual ability,
insomnia, chortness of breath, and chest pains. (21)

Presmany one of the wore published Soviet investigators on
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this subject, has stated that these alterations in body

activities and associated.clinical symptoms are reversible
as a general rule, after the exposure had ceased. (21) The
recovery period ranged up to severai weeks. \The type and
amount of effect was dependent on.wave phenomena and area
of the body exposed. The nature of the reversible effect
generally did not depend on either the wavelength or inten-
sity though within the range of 3-300 GHz‘at hundreths to
several units of milliwatts per square centimeter. (21)
Outside of this range,-however, vagotonic reactions generally
increased in nature and the central nervous system effec-
tiveness decreased by increasing frequency, and both
phenomena occurred to.a greater degree with increased in-
tensity. (21) |

Presman stressed that the reversible nature of non-
thermal biological effects could definitely be retarded.
Initial exposure to these radiations results in an adapting
response by the body. Further exposures aggravate the
situation such that the nonthermal effects surface and be-;
come evident. This is the resistance phase. Continued
exposure can bring on an'éxhausting phenomena associated
with the effect. Such a concept was submitted in this
country by Zaret in his rescarch that elastic membranes
in the body, continually responsible for many physiological
functions, could fatigue. (34) ‘This hypothesis has not

satisfactorally been substantiated yet ihough.
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The Russian claims have not been theoretically exprgssed
concerning the interactioﬁ mechanisms responsible for the
effects. Presman has proposed that the interference with the
functioning of the central nervous system may resﬁlt from
increased excitation of nerve cells by affecting the cell
membrane, influencing the sodium-potassium gradient between
the cell and extracellular fluid, or changing the cell
membrane's permeabilify by producing oscillation among water
molecules bound to protein molecules in the membrane and water
molecules in the local tissue.

The prominent specific effect discussed in Soviet writing
is that of the loss of sensitivity of the sense of smell.

The olfactory sense has shown a significant reduction in capa-

bility in studies done on both laboratory animals and man. {(22)

. U.S. Research on Nonthermal Effects

Research performed in the United States has not substan-
tiated the Russian claims of behavioral changes and degrada-
tion of central nervous system performance due to low
intensity exposure. Some evidence of nonthermal effects has
been submitted. There has been disparity émong many scientists
over the existence of the "pearl chéin effect," in which
particles form into chains parallel to the electric lines of
force.

Lebovitz has theorized that a thermal effect may result
from resonance absorplion in the semicircular canals in the

labyrinth in the inner ear at a power density of about



10 mW/em? or less, currently thought not to produce thermal

effects. (12) The clinicél technique of vestibular stimulation
is used in the e2r with}water slightly warmer than the local
tissue, resulting in vertigo, ocular nystagmus, and other
effects. The caloric stimulation proposed by Lebovitz, thén,
could account for the behavioral and neurophysiological
phenomena consistent with the nonthermal effects claims,

Frey sabstantiatéd Russian claims that microwave exposure
elicited specific effects in the auditory system. (8) At
intensities as low as 100‘qw70m2 and with the ears plugged to
eliminate the normal hearing chaﬁnel, the subjects sensed the
radiations and perceived them as a clicking, whistling, or
humming sound depending upon the experimental circumstances.
Frey believed that the radiation directly stimulated the
neural receptors in the inner ear. The most sensitive area
of the brain was the temporal lobe. The response was greatest
in the frequency range from 300 MHz to 1.2 GHz. Sommer and
Von Gierke concurred with Frey's findings, buf suspected that
the auditory response resulted from electromechaﬁical condﬁc-
tion by air or surrounding bone, that stimuluated the cochlea
as opposed to direct stimulation of the neural receptors
there. (29)

The Fedesral Drug Administration's Bureau of Radiological
Health has been cdndﬁcting research concerning the low level
effects on the body from radio Trequency and microwave

exposure and especially those on the central nervous sysiem.



35

Preliminary findings indicate "loss of learned behavior and
loss of brain-wave activity" in monkeys. (.6) Also found was
a quicker onset of the development of cataracts in genetically
cataract-prone mice. The tests were not statistically conclu-
sive though because of the limited number of subjects used.

The White HouSe Office of Telecommunications Policy was
established with the objective to determine what effects occur
in animals and humans from exposure to radiations of various
frequencies and intensities and to establish a sound scientific
basis for these effects. They have determined that "miero-
L waves, radiowaves, and electrical fields can effect the
| nervous system, behavior, growth development, and possibly
metabolism and body chemistry at levels lower than estimated
' in the past.” (1) Once again these results are preliminary
findings aqd not statistically and scientifically conclusive.

Korbel found rats to be lethargic, more emotional, and
.moré prone to seilzures after subjection to .15 mW/cm2 irradi-
ation of microwave frequencies. (1) In further studies the
rats demonstrated cumulative signs of learning disability.

An unusual phenomenon was demonstratéd by Culken and
Fung. (1) They found that bacteria were killed at a higher
rate in the cooler surface areas in microwave-cooked meat,

as opposed lo logical assumption that the greater internal

temperature of the meat which is indicative of this type of
cooking would most likely kill the bacteria more efficiently.

They hypothesized that therc might be same nonthermal effect
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(even though the incidentiintensity in the c. :n is designed to
produce the thermal effe;t of cooking meat) that killed the
bécteria; Since our present understanding-ﬁf the biological
interaction involved is somewhat limited, this posSibility can
hot be ruled out. Rosenthal, the present Chairmaﬁ of the
ANSI C95 Committee on RF Radiation Hazards, admits that there
is a "gerious lack of_knowledge regarding the biological
effects of microwaves." (24) ‘ |

A nonthermal blological effect that is significant in the
United States deals with an indirect effect that is detrimental
to the health of a small minority of Americans. These radia-
tions have caused interference and degraded performance in
soﬁe types of cardiac.pacemakers. (25) The demand type has
been vulnerable to thesé radiant energies. Research is in'
progress t? shield the pacemakers and put an end to this

indirect nonthermal effect.

CONCLUSIONS

The existence of nonthermal biological effects in humans
froh exposure to low level intensities of radio frequency aﬁd
microwave radiations is an accepted reality in the Soviet
Unionn and some Eastern European countries to such an extent
that their personnél protection standards for the health and
safety of occupationally exposed workers are based on this
premise. They feel that these detrimental effeets are an
appropriate measure of the hazard to health from these

radiations.



37

At an intensity as low as .01 mWch2 the resulting bio-
logical effects have been declared as relevent enough to

establish the exposure standard level. Fo£ the most part the

effects are psychological in nature and are not as reproducible
in collaborating experimentation as are physiological altera-
tions in body tissues, organs, or systems. Thus far, the
study of Russian research has not shown these effects to be of
sound scientific basis.

There is need of further research to replicate or
repudiate the Russians., However, recent research in the
United States has found some existence of these effects.
Therefore, the claim of nonthermal effects may significantly
relate to the relevance of the second question in the intro-
duction concerning the possible detrimental effects from
chronic exposure to these radiations at low level irradiation
intensitieé that may affect and injure our future healtﬁ‘or
that of coming generations. The next chapter will examine
the biological effects and then aSsess the quality of the ANSI

standard in terms of these effects.




CHAPTER V

PROPOSED ANSI C95.1 EXPOSURE STANDARD

Introduction

As polnted out in the discussion on thermal effects, the
current maximum recomﬁended exposure level that is specified
in ANSI €95.1 has proved to have been successful in that there
has not been any documented adverse health effects resulting
from exposure within the specified limit. Thus, it appears
that there need not be any changes to this standard since
there has not been any evidence presented to blemish its
effectiveness. '

The level of 10 mW/cm? that was adopted by the American
National Standards Institute was originélly intended over
twenty years ago for exposure in the occupational environment.
Background radio frequency and microwave leveis were less
then, and personnel working with these radiations were aware
}of the source that they would be exposed to on the job. The
slze of the exposed group of individuals was relatively small
then.

With the continuing phenomenal rise in the use of these
radiant energics in the home and for other commercial purposes
along with the same trend in industry and the military, there

- 1s widespread exposure to low level fields in thesé bands as
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there never was. ANSI has undoubtedly taken into consideration
that the potential risk is increasing, in examining the qualiéy
of its existing guideline during its updati;g of the standard.
With the size of the group of perspné exposed to these fre-
quencies rising to higher levels than ever beforé, it seems
appropriate to interpret the present standard in view of:its.

quality and effectiveness for preventing biological damage.

Relevant Biological Effects _

The preceding two chapters summarized the pertinent.
aspects regarding the findings from research done on the
effects én our health from radio frequency and microwave radi-
ations. Thermal effects have been researched and documented
to a satisfactory degree such that the thresholds for detri-
mental and acute health effects have been putatively estab-
lished. The ANSI explanation of the degree of severity of
thermal effects resulting from the variance in exposure'ébout‘
the maximum recommended level appears to Be a reliable
expression of the relative severity of thermal effects in
terms of a dose-response relationship. ANSI states "radiation
characterized by a power level tenfold smaller will not resuit
in any noticeable effect on mankind. Radiation levels which
are tenfold larger than recommended are certainly dangeroﬁs}"
(26) | |

Nonthermal effects detrimental to health have been
persistently advocated by Russian and Fastern European sources;

Recent research in the United States at low levels of radiation
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has shown a variety of effects; however, no results have been
significant enough to relinquish the belief that thermal
effects are the only effects serious enough to be considered
hazardous to health. - Thus, in terms of the two initial ques-
tions regarding the possible deleterious health effects from
acute exposure and the possible 1ate-a§ising health effects
from-chronic'low 1evel exposure, it ap%ears that the answer
to the first question has been satisfd%torally decided upon.
The answer to the second question 1s sjill controversial and
 needs further research before a settlement to this 1ssue can

be made.

Exposure to Significant Power Levels

Before proceeding to an examination of the effectiveness
of the present standard, it is worthwhile to review the |
incident power levels at which these biological effects occur
and evaluate the potential risk of being suhjected to these
levels. An important point to remember is the determination
of an exposure standard is an objective process and 1nfluence
of the risk of exposure should not affect the protection
standard. It is only a statement of the dose-response
relationship of the radiant energy and resultant biological
effect. _

The incident power density level for‘thermal effects .to
occur begins-at approximately 10 mW/cm2. The E field is A
194 V/m at this level. Since the existence of nonthermal

effects has not been conclusively denied, it is important to
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recall and bear in mind their threshold power density level.

The Soviet standard shows.that nonthermal effects may result

as low as .01 mW/cm®. The E field is 6 V/m at this level.

The power density is the intensity of energy flqw per unit

area found by taking the time average of the Poynting vector

and using the intrinsic impedance of the medium, Z,, which is

377 ohms for free space. Therefore, power density equals
E2/Z, (for rms values of E).

Example: 19% V/m = 1.9% V/em, and (1.9% V/em)2/377 = .01 W/cm?

= 10 mW/cm?.

The danger of being exposed to harmful levels of nonion-
izing énergy in this region of the electromagnetic spectrum
is becoming more a reality. Population centers are the most
likely to be subjected to potentially dangerous levels of
radiation. In the larger cities there are many broadcast
stations fér radio and television. In New York City, for
example, there are eight AM radio stations alone broadcasting
at the maximum power of fifty kilowa;ts. A fifty kilowatt
AM station broadcasting with an omnidirectional antenna |
produces an E field component of 1 V/m at one mile, .1 V/m at
ten miles, and .01 V/m at twenty miles. (31) The figures can
vary considerably but are typical values of field strength at
these distances, Stations with directional antennas even
radiate Stréﬁgér signals. 'If the eight stations were all
monopole broadcasts from the same point, a field of 8 V/m

could be set up at a radius of one mile, in comparison to the




L

Soviet standard for these radio frequencies of only 20 V/m.,
Exposure from FM radio and television broadcasts can be

-

calculated from the formula

E = V3OPt/R |
where Py is the transmitter ERP in watts and R is the distance
in meters from the antenna. (31) Operating at maximum ERPs,
these broadcasts radiate a signal with an E field at a

distance of one mile from the antenna of 7.65 V/m for UHF TV

'stations, 1.92 V/m for high band TV stations, and 1.08 V/m for

low band TV and FM radio stations. The figures are applicable
to the main beam of the antenna broadcast pattern and would
not be representative of a ground level point. The importance
of these intensities exists in situations where tall buildings
are in the vicinity of the broadcast tdwer. Corrected figures
with respect to the ground at one mile would be 1.02 V/m for
FM radio, :81 V/m for low band TV, .19 V/m for high band TV,
and .38 V/m for UHF TV. (31) Along with AM radio, these
broadcast bands represent low level electromagnetic radiation
in many cities where there are numerous commercial stations.

An owner of a microwave oven can be subjected to a field
with a power density of § mW/ cm? (137.3 V/m electric field
strength). The performance standard, as specified by the
Radiation Control for Health and Safety Act of 1968 (PL90-602),
for the maximum leakage permitted throughout the useful life
of the oven allows for up to 5 mW/em? at a distance of five

centimeters from external oven surfaces. (19) A Public Health

L2



"} to at least what Russian scientists believe is harmful may

'ieSurvey, taken in 1969 Just before the microwave oven standard e

 was established, showed that over twenty-five per cent of the

ovens that were inspected leaked greater than 10 mWch at a

V'distance of more than five centimeters away, ( 3) Leaks

around the door were most prevelent from lack of cleaning and

~ maintenance. The ﬁany;soﬁrces_of nonionizing radiation in the i
radio frequency and microane bahds,Will continue to increas-

k ingly'expose mahynindividuals,kand the danger of being exposed

become a reality in the future.

Effectiveness of ANSI €95.1
Although consideration of the potential risk involved by -
exposing a larger portion of the population is a necessary
concern, the adverse effect in the‘heelth of the people is a
direct measure of the merit of the thermal and nonthermal
biolOgical effects. The lack of sound scientific data to

acknovledge that nonthermal effects exist and are harmful in

mankind has precluded the American National Standards : |
Institute from basing the C95.1 standard--Safety Level of |
Electromagnetic Radiation with Respect to Personnel--on any

' effectsiother than those producing thermal'damage in man.
Therefore, in an evalﬁation of the quality and effectiveneSS

~of this standard the prodominant concern ls whother proper
protection is afforded, based on this premise, to pcrsonnol bv
following the present standard. With respect to the various

expressions for the amount of exposure a person can be subject
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o without violating the standard, it appears that this stan-

dard is completely satisfactoryvin the specified frequency

range.

The scope of the standard originally involved determining
the "hazards to mankind . . . created by man-made sources of
electromagnetic radiation. The frequency range of interest

extends presently from 10 kHz to 100 GHz." (26) For the

'frequéncies of interest in this paper the radio frequency band

of the spectrum starts at 30 kHz. The lower limit of the
frequencies specified in the standard is 10 MHz, ANSI =
considers that there exists no amount of radiation exposure
that would result in biological damage in the range from
10 kHz to 10 Mz, |

The absorption of ehergy resulting in an increase of the
thermal state of the tissue irradiated does drop off rapidly
as the freiuency decreases. Thus, for a thermal effect to
3esu1t thé incident power level would have to be orders of
magnitude larger than that needed for the higher frequency

waves. But to completely ignore this frequency range implies

no effect, thermal or otherwise, would occur that is detri-

mental to health.

A standard should provide an adeQuate summary of the
hazard it is supposed to protect against. The standard does
provide a mihimum of discussion expressing the baslc ideas
justifying its existence, but the "explanation" of the stah-

dard is too brief and inadequate. The recommendations for
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| revisions)to the ANSI C95.1 standard will delve further Into
this problem by correctiné the first deficiency regarding the
applicable frequency limits and also the second by expanding

: the scope of the "explanation."

Extending the Frequency Range of ANSI C95.1
The first change necessary to improve the effectiveness

u:of the current standard is to decrease the lower bound of the

‘17frequency range to at least 10 kHz, even though 30 kHz was
specified to be the lowest frequency in the radio frequency
't'band in this paper. An implication of the safety level with
::.lrespect to electromagnetic radiation extends far below this
~§;:-frequency but is not of concern here. ANSI considers the

) spectrum to be divided such that radio frequency waves exist

fiinpthe spectrum from 10 kHz to 300 MHz and that microwaves
f9*exist from 300 MHz to 100 GHz. (30) This is the reason why
:fpgthe lower 1im1t was dropped to 10 kHz and not 30 kHz.
The maximum exposure ‘level to safely protect personnel
in.the-bandWidth from 10 kHz to 10 MHz could be an extension
" of the 10 mW/cm®> level to cover these frequencies. Of course,
this guideline would be more correctly expressed in terms of
the electric field strength such that 194% V/m would be the
meaningful exposure level._ Tell sugrested this in his
writing so that the lower frequency waves would at least be
covered by the standard. (31) ‘
§ The maximum exposure level could be adjusted accordingly

up to the point whowre thermal effeets mipghl theoretically
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_occur based on a calculation of the absorption coefficlent.

The level also might be set by empirical studies from exper-
jments on phantom models of various dielecéric absorbers of
different geometries as done by the Admiralty Surface Weapons
Establishment in England. (23) Tﬁeir studies led to the
value of 1000 V/m for frequencies below 30 MHz based solely
on induced thermal effects. With such a gross electric field,
however, the point attwhich a detrimental health effect
occurs is probably at a much lower intensity. The effect
might not be biologically damaging in the consideration of an
irrevgrsible change, but psychological and behavioral prob-
lems in the exposed individual could present a great danger,
Job performance or even daily routine could be interfefed
with to such a degree that the danger 6f even minor, con-
trolled hazards on the‘job or in the environment might be
1ncreased;‘ The possibility of reversible nonthermal effects
losing their reversibility is a much greater hazard.

In summary, the current standard must be extended to
cover the lower frequencies (down to at least 10 kHz), but:
at what level of exposure to be set as the maximum recommen-
ded level must still be determined. Research on what effects,
vhat consequences from these effects, and what electric
field strengths or maybe even magnetic field strengths pro-
duce the effécts, {s still necded especidally in an analytical '
or theoretical sense for Justiflcation and reproducibility.

The lowest intensity at vwhich a sensitive person would be

susceptible should be desipgnated in the rescarch.
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Expanding the Scope of
the Explanation of the Standard

The secdnd change necessary to imprové the effectiveness
of the standapa 1slto expand‘the,scobe of the "explanation,"
~presented with the exposure levels to elucidate or explain
their necessity for existence. A satisfaétory discussion of.
the basis of the.standard, the consequences of overexposure,
and the possible, but'not-confirmed effects is definitely
‘warrznted fbr'an effective standard. _

In less-controlled exposure situations knowledge of the
basis of the standard and the effects of exceeding the guide
numbers can be very beneficial. 'The standard explains that
exposure toAthése nonibniéing radiations is '"but one of
several sources of heat input into the‘body." There is no .
statement as to even how much heat can be generated at an
intensity équal to the'guide number. To be included in the
discussion to elucidate this point should be the amount of
heat generated and the resultant temperature rise. For
example, biologists believe that it is undesirable to in-
crease the internal body temperature at a rate greater than
the normal metabolic rate of approximately 5 mW/cm? on a
body surface area basis. (31) For an average-size male with
a body surface area of two meters then about fifty watts of
" heat would be prodiiced during whole body irradiation. 'This
compares closely with Mumford's value of 57.5 watts, with a

temperature elevation of 1°C, (18) These and the following

recommendations are neccsgsary {or the user of the standard to
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have a fundémental knowledge of the hazard for which the
| - standard is désigned to’protect against. )

With regard to thermal stability the standard states
"body temperaturedepends ih part on sources of heat such as
electromagnetic radiation, physicalrlabor, high ambient
temperature, and on heat dissipation capability, as affected
by clothing, humidity, etc." To further clarify this, it
1svno£eworthy.that thermal abuse from an electromagnetic
source on a whole body basis is indisﬁinguishable from a
typical fever. The circulatory system along with the entire
thermqregulatory system responds as such. The standard
points out a note of caution regarding this point, that
"people who suffer from circulatbry difficultiés and certain
other ailments are more vulnerable." It should specifically
relate thi§ to a degradation of the body's heat dissipating
capability though.

In a similar sense, the parts of the body that lack
thermal sensitivity or thermal homeostatic capability de-
serve particular attention. As pointed out in the thermal-
effects discussion, the eye, testes, gall bladder, and parts
of the gastrointestinal system are susceptible organs. The
standard only states "partial body irradiation must be in—.
cluded sinece it has becen shown thatl some parts of the human
body for example the eyes or testicles) may be harmed if
exposed to incident radiation levels significantly in excess
of the recommended levels." It has said nothing of the

reason why this would occur or whatvexactly might occur.
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An important point that has‘also been disregérded is that
these organs may be severly stressed in a ?hermal sense with-
out a significant rise in the body's oral or fectal tempera-
ture. A>specia1 precaution in the standard should alert
the_reader or user of this fact.

A factor that contributes to the basis for a fuller
understanding of the gpplicatioh of the standard in a
‘particular exposure situation involves the thermal character-
istics of the environment. The standard explains the in-
fluence of the environment as "the guide numbers are appro-
priate for moderate environments. Under conditions of
moderate to severe heat stress the guide numbers given should
be appropriately reduced.  Under conditions of intense cold,
higher numbers may also be appropriate after careful consid-
eration is.giVen to the individual situation." Ideally, a
quantitative a;teration of the standard should be formulated
to account fortvariations in the environmept such as temper-
ature and humidity.

Mumford has proposed that the guide number be lowered to
a level of 80 - Temperature-Humidity Index (THI), for a THI
between 70 and 79; lowered even further to 1 mW’/cm2 for a
THI 2 80; and kept the same for a THI < 70. (18) His
reasoning is that this would alleviate the thermal stress to
some degree when the heat diésipating ability of the bodyiis,
hindered. Its inclusion in the standard, however, wonld ig-'

nore "the ability of the body to adjust to considerable
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fluctuations in ambient temperature énd humidity with little
Oor no straih." (17) The important question then is how much
is "appropriately reduced" concerning the reduction in the
guide number., The figure of 1 mw/cm2 corresponds to the power
density level that does not produce thermal effects. (17)

That would surely be appropriate enough. Thus, a further
clarification to specify the qﬁantitative alteration of the
standard under worst éase conditions should be formulated.

The many variables involved in an exposure sitvation
are definite factors in the thérmal stress induced in the
indiyidual. The standard covers this by stating '"sufficient
information»concefning modulation effects, peak power effects,
field strength effectt, or frequency dependencies and limits
is not currently available to substantiate adjustment of the
radiation protection guide to account for these effects."
This state&ent alerts the user of possible peculiar situations
involving any of the above factors even though nothing
positive is said about them, and is an examplé of some of
the fundamental consideralions that must be examined in an
individual exposure situation. Concerning frequency dépend-
encies, absorption is clearly frequency dependent.

The standard also states "that details of anatomy, the
frequeney of radiation, and ils penetration affect the per-
centage of absorbed energy." Even so, further clarification
should be presented. 1Inclusion of the foilowing relevant

specifics is worthwhile: greater absorption by tissue of

high water content, considerably lesser absorpltion by tissue
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-of low water content, results of stﬁdies demonstrating the
percentage‘absorption, ana finally results from similar
studies on tissue‘penetration as related té frequency.
Cleary showed that absorption ranged'from ten per cent of the
incident energy at 10 MHz to seventy per cent at 100 GHz in
high.water tissue. (4 ) Adding the recommendations in the
preceding discussion would expand the scope of the "expla-
nation" such that the fundamental ideas necessary in under-
standing the basis of the haZafd involved are presented.

The "explanation" would stili be relatively short, but would
be considerably more effective than the current one.

The ANSI explanation of the consequences from over-
exposure is that at the level of 100 mW/cm2 these radiations
are'bertainly dangeroué;" Prior knowlédge of the possible
consequences from inadvertent or uncontrolled exposure to
these radiént energies must be understood in a situation
where the risk is appreciable; A statement of the known
effects should be presented to evaluate the dénger involved
where high intensity fields may be encountered. The standard
is inadequate if this is not accompiished.

A minimum summary of health effects would include the
possibility of cataract formation at intensities as low as a
tenfold multiple of the guide number. Documented cases of
this injury have shown this to be a significant health risk.
As previously mentioned, an artifically induced feveor wili
fesult. This effect should be clearly expressed in the

discuszion of consequences resulting from overexposure. The
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'_i~possibility of temporarj and reversible sterility in male
" subjects should be warned against. Finally, the irreversible
damage from cell and tissue failure from thermal abuse should
be the ultimate warning. These cbncépts are not meant as a
scare tactic, but are necessary in order to estimate a
reaspnable apﬁraisal of the haZard‘fromjminor to gross over-
exposures. _ A |

In- terms of éxceeding the guide number of 10 mW/cm2,
the standard does allow such an excursion with the constraint
‘that an average dose,is;not‘exqeedeg during any .1 hour, The
average dose is 1 mWh/cm2. Thusi:the maximum recommended |
gﬁide level could be tolerated for éix minutes in one hour.
This allowance for exﬁosure.in excess qf the guide number
should be re-emphasized in the "éxplanation" for clarity.

The final topic to be included in the expansion of the
scope of tge "explanation"}is the hazard of possible nonther-
mal biological effects. Since these effects have neither
- been confirmed or ruled out, a short precautionary summary of
their proclaimed manifestations should be presented as well
as their occurrenées atvaWér density levels wéll within thé
present maximum exposure limit. Symptoms of the nonthermal
effects should Be stated as likely signs of nonthermal stress.
These include headache, irritability, unusuval drowsiness, and
other asthenic conditions, Elevation of the threshold of .the
éuditory and olfactory senses may also oeccur. Although these -

effects are reversible in nature, irreversibility must be -

considered as a consequence from overloading or fatigue of the |




interaction process. Until such time that nonthermal effects
are accepted as valid indications of biological damage and

present standards are revised downward, or the effects are

disproven, a necessary warning should be stated.

Summary

The ANSI C95.1 standard has been evaluated in view of
recent research done on discovering the harmful biological
effects from radio frequency and microwave radiation. The
risk of exposure to fields with conceivably hazardous im-
plications is also discussed. The guide numbers in the
standard are of a satisfactory magnitude with over twenty
years use. The only numerical change proposed is an exten-
sion of the frequency boundary to covef the lower radio
frequency waves. The other proposal for improving the stan-
dard involves providing an adequate evaluation of the ex-

posure hazard, which is inadequate in the current standard.



CHAPTER VI
CONCLUSIONS

The expanding use of the electromagnetic\spectrum in
terms of increased applications and radiated power levels has
brought about vast pfogress in 6ur society. The progress must
be measured against the potential hazarﬂa which it may have
created. The ever increasing use of radio frequency and
microwave propagations can not continue without giving
adequate reflection about what possible adverse biological
effects may arise. |

| Modern research is'sfill studying the biological effects
in consideration. Thermal effects are now largely understood
although the theoretical interactions can not be fully
explained. As previbusly pointed out, this occurs since
biological tissue is very complex structurally and determin-
ation of the wave configuration within has yet to be made.
Dielectric tissue pfoperties have accounted for the under-
standing and degree of thermal inducement, but the physiolog-
ical alterations inside the tissue, if any, can not be
acconnted for. The proelaimed nonthermal effeects constitute
a similar problem regarding the lack of a theoretical explana-
tion of their origin through any interaction processes. They

arc much less understood, especially In this country. The
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léck of sclentifically solid research results for reversible
and specific changes relaﬁing them as hazardous to health has
prevented U.S. authorities from revising eiisting standards
downward to accomodate for them. Chapters III and IV have
reviewed the research and findings. concerning the present
status of biological effects resulting from exbosure to the
eleétromagnetic radiations in question. _

The American National Standards Institute has published
€C95.1 in fulfillment of iis role to determine and prevent
"possible harmful effects on mankind . . . originating from
radio stations, radar equipment, and other possible sources
of electromagnetic radiation such as used for communication,
radio-navigation, and industrial and scientific purposes." (26)
The effectivenéss of the standard in terms of its widespread
application has found it to be subsequently accepted fbr use
by the Occﬁpational Safety and Health Act (OSHA) of 1970.
OSHA applies the standard td occupationally exposed individ-
uals. | |

The American Conference of Governmental Industrial
‘Hygienists (ACGIH) has also adopted the basic ANSI standard
with slight modifications to express safe levels for contin-
uous, intermittent, and ceiling exposures. The ACGIH
threshold limit values also apply to occupationally exposed
individvuals.

The proposed revisions formulated in the preceding

chaplnor hazve been made to inerease the effectiveness and
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applicability of the C95.1 standard. Since the only nmmerical
change involved extending'the frequency limits, this is the
only implication that would have any profoﬁhd effect on the
exposure limits now used. |

Guidelines for future research on this topic have been
presented throughout this paper. One additional need not men-
tioned thus far is for a standardized system for precise and
accurate measureménts'of field strengths under many varying
circumstances. With such, crédible data can be taken and used
in formulating a standard that is backed up with accurate and
reproducible data. Until such time that the settlement can be
made in détermining the full implications of the biological
effects resulting from exposure to radio freqﬁency and micro-
wave radiations, research must continue and caution and

control must be exercised in exposure situnations.

s o b e - o
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