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ABSTRACT

This study has as its objective the improvement cf
the protection provided by the military services to military
4 personnel and members of the general public from the hazards
of electromagnetic radiation (EMR) of military communiceations

and radar systems. The focus ot the investigation is on the

area of the electromagnetic spectrum from 30 Hz to 300 Giga-
: hertz,

As part of the investigation, the nature of EMR with
respect to its interaction with biological matter is reviewed,
and the extent of the hazard created by EMR at various

frequencies is examined. The extent of military involvement

with systems that emit EMR and with research into the hagzards
of EMR is detailed.

An analysis of the military services protective

measures, both physical znd administrative, is made.

. Investigation reveals that there are several areas in
which the individual services could jmprove their protective
measures by adepting measures in use in other services.

Recommendations az to corrective moasures are suggested.

iid




e 7 ot 2 S e b T L TR g% TR R . ; . - - e e
R AR IR TR T TR ST T TR RS TS RS UL S LN Y ORI ST VTR . L L ks SRS G0 Lo ko b Soov, ¥ n i P YT
RS TSI e PR R 7

Wik PH Y

ACKNOWLEDGMENTS

MAJ Joseph A, Machadc, my research advisor, provided
encouragement and valunble day-to-day guidancs. -

COL George A. Rice and LTC William Z. Kiomer served
as members of my reosearch committee, stimulated my thoughts,
and offered many useful suggestions.

Marianne, my wife, provided morale support, typing
expertize, unlimited encouragemsni 2and patience, as required.

Dr, E, Neal Gunby, Walter Reed Army Medical Center,
provided valuable reference nmaterial and many helpful comments.

Drts. Nathan S. Mathewson, Gary M, Oosta, and George N.
Catravas stimulated my initial interest in eslectromagnetic
radiation hazards during 1974 to 1977.

To all these people I expreas my appreciation and

thanks.

iv




=
3
A
2
.

A

AR ETR e Sh)

Rial LUl AN AT SRR

R T S

F————

EDa TR B RNAL TNy e 5 g Ay

1 e———

TR R e X e (Y L L O LS A AR A T Ry P TR T T P e R TADN L B SN AT AR AN-R, PR T

TABLE OF CONTENTS

T«HESIS APPROVALI PAGE . - . . . L] . L4 . . . . L . - . L]

ABSTRACT ] ° . . [ . L] L) . . . [} . L] . . L] . e . . - .

ACIWOWLEDGMEI\I'TS ° . [ . . . . . . . . ® . . . . . . L]

LI ST OF TABLF s * L] L] L] * . L L4 * L] * L] L] L] L . . * *

LIST CF

Chapter
I.

Ii.

IIX.

FIGURES . . * L] . . . . - . . L) 2 L] . L] . o L]

INT RL’D UC TI ON L L 4 . * L] L] L] L L L] L] L] L] L L] L L
ELECTROMAGNETIC RAATION & o o o o o o s ¢ s

PHYSICAL CHARACTERISTICS OF ELECTROMAGNETIC
RMIA:Y.‘ION L] L4 L . - L L L] L] L) . * L] L] . L]

THE ELECTROMAGNETIC SPECTRUM . + ¢ + &« o « &
THE ELECTROMAGNETIC RADIATION HAZARD . . . . .
DEFINING THE HAZARD .+ ¢ s o o o o o o o o o
Thermal Effects .+ o ¢ ¢ o ¢ o o o s o o o
Pactors Contributing to Absorption of FMR
Factors Contributing to the Thermal Hazard
Non-Thermal Effect8 .« : o ¢ o« o o o o o
Biological Effects of EMR . . . ¢« &« o . &
U.S. Standards of Safety . « o« o ¢« o ¢ o
STANDARDS OF SAFETY IN OTHER COUNTRIES . . .

DIFFERENCE BETWEEN STANDARDS « . & o o 4 o o

Pege
o ii
. iid
. iv
., viid
° ix
. 1




Pz Vi aniiachiiitidsh it S S i it el G e = e ek e d A E ST st A DR SR T R

Fage

IMPLICAIIONS FOR THZ MILITARY SERVICES , « o 30

IV, THE MILITARY INVOLVEMENT WITH EMR ¢ o o o o o o 32
MAJOR SYSTEMS USING EMR & o o o o o o o o o o 32
Satellite Co..nunications Systems « o« o« o o« o 32

Radar Systems .« o« o eco o o o o o o o o o o 33

RF and Microwave Communications Systems . . 35 '

ELF Communications Systems o« « o« « o o o o o 37 i
Electromagnetic Pulse (EMP) Simulators . . . 37
Microwave Food Processing Systems . « o « o 38

EMP. DiatheIrmy o« o« o o o o o o s o o o o o o 39
MILITARY RESEARCH INTO HAZARDS OF EMR ., . . 39

V. PROTECTIVE MEASURES AGAINST EMR HAZARDS . . .+ L5
PHYSICAL PROTECTIVE MEASURES o o« o o o o s o o 46
DIStanc® o« o« o o o o o o o o o s o« o o o o o 46

Fixed .Sl:ie lding e e o & o o o o o 3 @ o ¢ o u’?

Antenna Design and Functions .« « o« o o« o o o 53

Pirotective Clothing .« « o o o o o o o o o 55

Emission Cutoff . ¢ o ¢ o o o o s o o = & = 5¢
Spread SpecCtriull « o o o o 5 o o s o o o o o 57
ADMINISTRATIVE PROTECTIVE MEASURES o ¢ o o« o o 58
CCHMPARISON AND DISCUSSION &« o o s o o o o o - 65
Phyrical Protective Measures . « . o« + o« o o 65 -
DIiStance o o« o « o o o o o c o o o o o o o 65

Fixed Sh.ielding L] [ 3 L] . . L] o . L] . L] [ ] . 66




VI. FINDINGS . « .+

CONCLUSIONE .

RECOMMENDATIONS

SUMMARY. . . .

APPENDIX A ¢« ¢ o-e o o &

BIBLIDGRAPHY . « + . . .

INITIAL DISTRIBUTION . .

Protective Clothing
Bmission Cutoff .,

Spread Spectrum .

3 .
. -
. -

OTHER CONSIDERATIONS .

.

Antenna Design and Punctions .

- e ?

e S A s i A

L e RS TR TR e A T SR S R R R VSR S TN L OSSR SRR TR RTSmR L

Administrative Protective Measures

T AT S

o

4
Lt
it

bt 12 a5 % wur s

Page
66
67
67
68
68
84
86
92
95

101
103
106

111

- et —— AT S¢

RON

P ol mtd auds




wen v e w e SO ERSEL RTINS S S AT L R REYIRIRANT SRS DSTRE ARSIV - R s RIS AR RO Y

LIST OF TABLES

A
P ,m..»m.»xw,.mmmm%

Table Page

l. DOD Funding of EMR Bioeffects Research by
Priority AT€3S o ¢ o o o o o o o o o s o o o 42

2. Papers Presented at EMR Bloeffects Meetings by
DOD - supported Investigators o L] [ . . . . 44

viii




gz

LIST OF FIGURES

Figure Page

1, Electronicmagnetic Wave incident on a conduct-
. ing pla-ne v * > L] L] o . L] L d [ ] . L] L] * L 2 L] * L 11

2. The Electromagnetic Spectrum . . « o o o« o + 14

3- In Vivo effects of EMR e 8 o e ¢ o o e 0o e s e 22

4- In Vitro effects Of EMR e & o o o o o a o & o » 23

U 5. Vhole body exposure standards for USA, USSR arid
H Poland . L] L] * * L] * L 4 Ll . . L L ] . . ° * L ] L] 29

6. Battlefield Surveillance Radar St Fotencially
Hazardous Conditions .« o« o o « o o o« o o o » 48

(e AN/TPS-25--Battlefield Surveillance Radar Set
Non-HazaI‘dOus Conditions L] L] L3 . - . L] . . L] L”9

8. Power Drnsity Attenuation Factors for Various

Materials * * - - o L ] - L] . L] L] L] . L] L] L] L] L] 51
9. Shipboard EMR Hazard Personnel Safety Screens . 52
10. Permissible exposure levels by frequency for the
three military services s e s 6 e o o 8 & 70
ix




P e T Ty I Ao

TP TS

T

SRR T Y E OB Mt mn

B oL,

CHAPTER I

INTRODUCTION

The research in this thesis has as its objective the
improvement of the protection providsed by the military ser-
vices to military personnel and members of the general public
from the hazards of electromagnetic radiation (EMR) of mili-
tary ccmmuiications and radar systems. Hazards from EMR
emitted by systems not used for communications or as radar,
but operating in the same frequency range, will be considered.

All EMR emitters with cutput levels of sufficient
strength may be potentially hazs-dous, providing safety
criteria are not observed. Communications and radar systems
are the most numerous smitters of EMR in use by thgs military
services. These systems are limited tn a frequency range
from 30 Hertz(Hz) to 300 Gigahertz(GHz). Therefore, this
research will concentrate on only that subdivision of EMR, and
iiot be concerned with EMR above 300 GHz, such as infrared,
visible, and ultraviolet radiation.

An examination of the protecticn provided by the
military services from the possible hazards of EMR is
necessary at this time because of recent guesticning of the

adequacy of sxisting safety criteria. Concern over the
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possibility of physical damage to humans has led to the re-
cent publication orf a book that alleges that the government
and the electronics industry are deliberately covering up the

: hazards of EMR. The book graphically states:

Microwave radiation is more than kitchen ovens. It
is radar, television, telephone and satellite communica-
tions. It is diathermy machines, surglar alarms, and
garage-door openers. Microwave and radio-frequency heat-
ing is used in the manufacture of shkoes, for bonding ply-
wood, for roasting cofiee beans, for killing weeds and
insects, and in hundreds of other industrial and agri-
cultural processes, Microwaves provide a vast arsenal
of weapons for total slectronic warfare.

Microwave radiation can blind you, affect your be-
havior, cause genetic damage, even kill you. The risks
you run have been nidden from you by the Pentagcn, the
State Department, and the electronics industry. With
this book, the microwave cover-up is ended.

Brodeur, in writing this conception of the hazards of

EMR, has succeeded in affecting public attitudes and percep-

tions concerning EMR. This was shown by the rasaction in New

York following the publishing of his book. New York City has

jnstituted a moratorium on tne construction of microwave
transmission towers. The ciiy has also proposed an amendment
to their L alth code setting a maximum exposure level for
public areas of 5OmW/cm2 from 1OMHz to 300GHz. This level

is 1/200 of today's sta.ndard.2

lPaul Brodeur, The Zapping of America: Microwavesg,
Their Deadly Risk, and the Cover-Up, (1977), preface.

2H. Sobel, "President'!s Message," IEEE Societvy on
Microwave Theory and Techniques Newsletter, 91 (Fall 1978), 1.
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Recent newspaper articles have shown that many seg-
ments of society in the United States are concerned with the
affects of EMR. Protestors have used vandalism and shooting

. in an attempt to stop the installation of high voltage powver
3

T

3
>
]
7
:
3
2
2

lines, which emit EMR in the extremely low frequency range.
Other articles have shown concern over the effects of EMR on
the part of the United States General Accounting Office,h and
the Retzil Clerks Irternational Union.5

Actual cases of physical injury attributed to EM=x

e S RS LA

have resached the courts, Veterans have filed claims alleging

T

that cataracts and other eye defecis are the result of chronic

exposuxe to low level EMR while in the service. Several

TP

claims have been settlea and invoived payments in excess of
3100,000.6
The military services are deeply involved in the

operation of devices which =amit EMR. PMaay wilitary communica-

tions and radar systems, as well as other types of systems

e

3"Power Line Sparks Strong Protest," The Kansas City
Star, November 27, 1978, 350.

A"Microwave Safety Rules Hit," The Kansas City Star,
Decamber 12, 1978, 6.

5"Microwave Hazard in Stores Cleimecd by Retail Uaion,"
Electronic Engineering Times, December 25, 1978, 1-2.

6"Proposed Program for Biomedical Research of Electro-
magnetic Radation Effects, June 1975," enclosure to Msmorandum
for: Assistant Director for Environment and Life Sciences,
Offics of the Director oi Defemse Research and Engineering
(June 11, 1975), section IIB (pages urnumbered).
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which operate in the same freguency range, may emit potential-
ly hzzardous levels of EMR. The services are constantly add-
ing systems which emit FYR to the egquipment they acquire and
operate.

The military services have many regulations, instruc-

RECPNL ART ST T s T4t ITTTARTYN BRIl 8™ LA @A mgll T TTETRE W o

tions, guidance, and standards concerned with protection of

a0

persomnnel from the hazards of EMR. This paper seeks to
answer the guestion "How can the military servicee improvs
the EMR hazard protection provided to militrary persomnnel and
the public?" To answer this question, the nature of EMR

must be considered along with the extent of the actual hazard

AN TR L PRy ey 7

created by EMR, Tbe military involvement with IMR emitting

systems and research into the hazards of EMR mist be kaown.

Then, a review of protective measures of the services may be
accomplishec in an attempt to answer the above guestion.

In Chapter II. the nature of electromagnetic radia-
tion with respect to its interactions with biological matter
is briefly reviewed to form the basis for examining the
problem of the EMR nazard.

In Chapter III, the importance of protection from
the EMR hazard is examinsd by means of reviewing the extent
of the hazard at various frequencies. The extent of this
hazard is established by examining the observed effects of
EMR on biological systems, factors which contribute to the

enhancement or lessening of these effects, and the present

standards of safety in the United States. Also examined are

—— . - —~— ——
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standards of safety in cther countries, and the retsons for
the differences in standards among countries. The purpose
of this chapter will be to determina the oxtent to which pro-
tection must be provided by the military services. !

In Chapter IV, the degrez of involvement of the

military services with systems that emit EMR and with re-
search into the hazards of E£MR is examined. %
The military services utilize large portions of the
electromagnetic spectrum. Submarine communications, long
and short distance voice and code communications, aircraZl
and space communications, radio relayed telephone communica-
tions, radio navigation radar, and meteorological aids form i
the majority of applications. In addition, the Navy is inter-
ested in the Extremely Low Frequency portion of the spectrum, i
and has established experimental systems, for submarine com-
munications. All services use microwave food processing

devices which are potentially hazardous if not properiy con-

trolled. The military use of certain freguercy bands overlaps
the civilian use of these bands in some areas, such as Fi
broadcasting and television. The military use of these
frequency bands involves systems ranging in power output from
a few milliwatts to many megawatts., Types of existing and
proposed systems and systems in development are examined to
determine types of military systems for which protection is

required,

R e i R e A goma e 3 2

A EEeE oW il
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In Chapter V, tlie preosent protective measures in use
in the military services are reviewed. The cverall sffectiva-
ness of tns military services! effort to provide prctecticn
is analyzed oy coanducting a comparison of various protectiive
measures in use. Instances where one or more military ser-
vice is not utilizing a protective moasure usad by one of the
other services are noted.

In Chopter VI, the cenclusions and recowmandstions

are presented.
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ELECTROMAGNETIC RADIATION

In this chopter, the nature of electromagnstic
radiation and its interacticn with matter, including bio-
logical matter, is examined, and common terms concerning thne

electromagnetic spectrum are explained.

PHYSICAL CHARACTERISTICS OF
ELECTROMAGNETIC RADIATION

About 1860, James C. Maxwell showed the relationship
between moving electric charges in a wire and the creation
of magnetic and electric fields in space around the wire.

If the charges in the wire werc made to flow in alternate
directicns at a given rate, or frequency, the changes of
electric ond magnetic field intensities would be propagated
through space as electromagnetic waves. Maxwoll!s theories

established the electromagnetic nature of light, which ex-

plained how light could travel through a vacuum. Based on
his theories, Maxwell predicted the existance of radio waves

in 186Lk. Twenty years latsr, Herts confirmed Maxwellis

theories by producing and detecting radio waves experimentally.
Radioc waves were chown to propagate at the speed of light,

and radio waves and light were shown to be essentially the

same.

PRy N
=t
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The frequency and the wavelength of an electromagnetic
wave traveling through a given material was determined to be
related by the formula:
C =FM

whers c the spesd of light in the material

B = the freguency of the elsctromagnetic wave

A = the wavelength of the electromagnetic wave

Although the mechanisms for creating radio waves had
been observed, the mechanisms for creating light, and the
even higher frequency wavsas cof ultraviclst, x-rays, and gamna
rays, were not known until after 1900, when Planck's quantum

hypothasis became accepted. The hypothasis predicted the

into a "beam” of radiation, or electromagnetic wave. Planck
assumed that radiation is emitted only in discreet amounts
called guanta, and that at a given Ireguency guanta all
possess the same amount of energy. Thus, the amount of energy
contained in electromagnetic waves, or electromagnetic radia-
tion (EMR) depends on the frequency ct the radiation. When
considering the direct interzction of EMR with matter, the
radiaticn is considered to have the properties of a particle,
called a photon, which has a csrtain amount ¢f energy and
travels with a speed C (defined abovs).

Thus, EMR mey be considered to be a wave or a par-
ticle, depsnding on whather it is traveling tarough space or

interacting directly witn metter. When speaking of the

B

gt R

R
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enexrgy contained in EMR, it has become customary to use the
quantity of energy known as the electron volt (ev), which is
dafined as the amount of energy an electron will acquire if
it is moved by electric forces through a potential differences
of one volt.

For radiation for which the photon energy is high
enough, direct interactions with matter which displace elec-
trons from the atoms of the matter are possible. The energy
needed to displace an elactron from an atom varies from a
low of 3.87ev for Cesium to a high of 24.%6ev for H’elium.1
At 300 GHz, the highest frequency with which this paper is
concerned, the photon ernergy is .00124ev, three orders of
m-gnitude tcoc iow to inteiract directly wiih atoms.2

Thus, below 300 GHz, the wave nature of EMR is all
that need be considered when determining interactions with
matter. Although this may seem obvious, the fact the elec-
tromagnetic radiation is called "radiation" could cause it
to be confused witlh nuclear radiation. The fact is thLat EMR
in the fretuency range discussed in this paper is "non-
ionizing radiation" as opposed to nuclear or "ionizing"
radiation, and thus interacts with matter in a different

manner than nuclear radiation.

JReference Data for Radic ¥ngineers {(1972), pp. 4-2
through 4-5.

2Rerersnce Data for Radio Engineers (1973}, p. 37-2.
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To determine the physical effects of EMR when it
irleracts with matter, the characteristics of eleciromagnetic
radiation in non-conducting (dielectric) and conducting media
must be ccmusidered. In ganeral all media through which an
electromagnetic wave may travel have the physical character-
istics of permittivity (€ ), permeability (}() and conduc-
tivity (¢ ).

An electromagnetic wave, upon striking an interface
between two media of dissimilar characteristics will be
partially reflected and wiil partially penetrate the new
media. If the media is & conductor, an electromagnetic wave
in traveling through it will give up some of its energy,
creating currents, resulting in heating of the conducting
media. This relationship is shown in Figure i, for an
rlectromagnetic wave leaving a non-conducting media (such as
air) and entering a conducting medium.

The strength of the transmitted wave upon first
+ntering tne conducting media, and the distance into the media
vhich the wave travels before being absorbsed and having its
energy transformed to heat is dependent primarily on the
conductivity of the material.

Arncther important consideration in determining the
behavior of EMR in a given material is the frequency of the
EMR, since the physical characteristics of many materials
change with frequency. An example is sea water, which acts

like a conductor telow approximately 10MHz, but acts like =a
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NON-CONDUCTOR i," CONDUCTOR
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Ve é
c3gent ¥ Z

Figure i. Electronicmagnetic Wave incident on a conducting
plane.
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dielectric above 100 GHz.3

This simply means that at different
frequencies EMR of the same power density will be reflected
from and transmitted through a given material in different
manners. Thus., the energy absorbed in biological material

will chiefly be dependent on the frequency of the EMR, Other
factors, such as the size and shape of the organism, and its .
orientation with respect to the incident EMR, will also affect

the total energy absorbed.

Another method of transferring energy from an electro-

magnetic field to a partially or non-conducting media is
through the interaction of a field with a polar molecule (for
example, water), Folar molecules tend 'o align themselves
with an electric field. If the field is rapidly oscillating,
polar molecules will also oscillate, if given the freedom to

do so by the physical structure in which they are constrszined,

This oscillation of polar molecules results in the transforma-
tion of electrical field energy into kinstic snergy, creating
heat, This effect is also highly freguency dependent, as
given polar molecules can only oscillate to certain frequen-

cies, based on physizal constraints.

THE ELECTROMAGNETIC SPECTRUM
The Electrcmagnetic Spectrum is usually broken down

into several aub-regions, based on fregquency, as shown in

335. W. Kravs, Elect:omagnetics (1953), 391-394.
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Fgure 2.

In addition, sections of the spectrum have received
common names, also shown.

Since the physical characteristics of biological
macter are different in different frequency ranges, any
possible hazard to members of the military and the general
public will be dependent on the frequency range of the system
being considered. The possible hazards of EMR at wvarious

frequencies will be discussed in Chapter III.
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CHAPTER IIT

THE ELECTROMAGNETIC RADIATION HAZARD

An indicator of the total grovrth of devices and sys-
tems which smit electromagnetic radiation (EMR) ieg thuo in-
creace in commercial radio and TV stations from 936 in 1945

to over 8,000 at the presewut time, The proliferation of

Citizens Band Radio sets to an estimated 15 million units,
the vast increases in civilian and military communicaitions
systems, redars, air traffic control systems, and even micro-

wave ovens,1 also show the usefulness of EMR emitting devices

to modern society.

Although science fiction writers postulated the
possibility as early as 1951,2 the fact that EMR may pose
hazards to the health of man at other than extremely high
1z2s has only been known for a relatively short time.

Only since the late 1950's has much research bsen accomplished,
and standards of safe exposure been established.

In adiition to Brcdeur, who attacks present safety

standards and demands morse research, ag shown in Chapter I,

lPaul Brodevr, The Za of America: Microwaves,
Their Deadly Risk, and ine Cover Up (1977), 7-12.
2

Robert A. Heinlein, Three by Heinlein: The Purpet
Masters; Waldo; Magic, Incorporated (1951), 226-227 and 233-
234,
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professional scientists have alco found reason to doubt the
adequacy of the standards.3 The following sections will

discuss the hazards and existing safety standards.
DEFINING THE HAZARD

The energy from EMR which strikes any material (in-
cluding biclcgical organisms such as animals, plants and
man) may be affected by being reflected from the material,
transmitted through the material, or absorbed. It is possi-
ble to have all three things happen simultaneously, i.e.,
some of the energy from the EMR mey be absorted, while some is
being reflected and some transwmitted. The behavior of EMR
below a photon energy level of approximately three electron
volts is said to be non-ionizing, since the photon energy cf
the EMR is so small that there is no ionization of component
atoms and molecules when the energy is absorbed in biological
material. There is, therefore, no necessary relation betwean
the effects of icniziug (rmclear) radiation and non-ionizing

radiatior.

Thermal Effects

When EMR energy is absorbed by a biological organism,
the energy is converted to heat. Effects caused by the

heating of vbiclogical material expored to EMR are called

“Richard A. Tell, "Broadcast Radiation: How Safe is
Safe?" IEEE Spectrum, 9 (August 1972), 43-51.
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Thermal effects.u Tne heat thus produced may affect the

composition or functioning of biological systems in many

possible ways and is generally manifested by a rise in tempera-
ture. The thermal effecty are a function of the actual

average power absorbed by a particular material, and are no.

directly due to the field intensity to whick the material is

exposed, since somes of the energy will not be absorbed, as

TP RO TS

discussed above. The field intensity or the power density

Lo

(oxr power fiux density)5 of the EMR is thus only one of the

factors contributing to total absorbed energy of a given

organism, and thus to thermal effects.

ARSI AN o T bt i e ol

Factors Contributing to Absorption of EMR

Effects on biological systems caused bv EMR are due to

T LB TR T O

a combination of many factors in addition to thes rield
strength or power density of the fisld to wkich the system

is exposed. These additional factors include:

a. The depth of penetration of the EMR, which is a
function of permittivity (& ) and conductance (&) of the

biologic material, depending om the freguency of the EMR,°

hJoseph H., Vogelman, "Physical Characteristics of
Micrewave and ot..2r Radio Frequency Radiaticn,” in Biological
Effects and Health Implication of Microwave Radiation, BARH/DBE
70 - 2 (June 1972), 7-12.

5For a discussion of the definitions of field intensity
and power density, see Appendix A.

Herman P, Szhwan, "Interaction of Microwave and Radio
Fregquency Radiation with Biological Systems," IEEE Transactions
on Microwave Theory and Technigques, MTT - 19 (1971), 147.

<
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b. The size and orientation of the biological sub-

IR R T

ject with respect to the wavelength and incident direction
7

O

of the El"me

¢. Reflection characteristics of surrounding environ-

it Wl

ment in regard to the bilologicel material receiving reflected
energy frou several directions, thus contributing to a higher

tetal energy absorption than might be expected from the
incident EMR.

TR O T

d. The location of th2 biological subject in rela-

tion to being in the near field or the far field of the

PUIE Cobs s ke g

radiating antenna. (See Apvpendix A for definitions).

Factors Contributing to the Tnermal Hazard

The effects on biological systems due to absorption
of EMR, as discussed above, may be hazardous to living bio-
logical organisms providing the absorbed energy is suifi-
cient to raise the organism's temperature to a hazardous
level, either overall, or in selected areas, Normal heat

transfer processes of living organisms will serve to dis-

sipate low levels of absorbed energy without: hazards.
Pactors which inhibit the dissipatior of thermal

energy by a living organisn, thus incressing the hazard,

7Om P. Gandhi, "Freguency and Orientation Effects
on Whole Anima’ Absorption of Electromagnetic Waves" IEEE
Transactions on Biomedical Engineering, BME - 22 (1975),

536-542,
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include:

a. long duration of exposure

b. high temperature

¢. high humidity

d. Jlack of air motion

Any cr all of these factors may affect the levels

of EMR which may be endured without damage.8

Non-Thermal Effects

Non-thermal effects are effects which cannot be
directly explained by the heat created by the absorption of
EMR energy. At the present time, there is considerable con-
troversy in this country over the significance of non-thermal
effects and even over the actual existence of such efrfects.
The primary source of evidence rfor the existence of non-
thermal effects has been research in the Soviet Union and

9,10

other FEastern European countries, although a few

8William W. Mumford, "Heat Stress due to RF Radia-
tion," in Biological Effects and Health Implications of Micro-
wave Radiation, BRH/DBE 70 - 2 (June 1970), 21-34.

9Z. V. Gordon, et al,, "Main Directions and Results
of Research Conducted in the USSR on the Biologic Effects of
Microwaves," in Biologic Effects and Health Implications of

Microwave Radiation: Procaedings of an International Symposium,

Shiiliac STARITREALY

Warsaw, 15-18 October 1973, (i974), 23.

1oKlimkova-—Deutschova, "Newrologic Findings in Persons
Exposed to Microwaves," in Biologic Effects and Health Implica-
tions of Microwave Radiation: Proceedings of an Internstional
Symposium, Warsaw, 15-18 October 1673, (1974), 271.

,,,,,,, X ah e FEs o e - - _ .
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reszarchers in the United States Lave reported non-thermal

effectsll’12

of various types in the UHF and SHF freguency
regions. Additionally, experiments in the ELF¥ freguency

regions were accomplishsd at non-thermal levels, also with
controversial results. Mcest scientists in the United States,
however, have either taken the position that non-thermal

effects are possible, but not proven, and are recommending
further examination of the Eastern PFuropsan work, or aro |
taking the position that evidence for non-thermal effects is I

13

only suggestive. Other authors have stated that Soviet

non-thermal effects have exposure levels and methods of ex-
sosure that are suspect, or the clinical results are hearsay,la

1
or ambignous. 3 In developing the reasons for the uncer-

tainties of non-thermal effects in the HF through SHF

llJoseph C. Sharp, et al., "Generatioan of Acoustic
Signals by Pulsed Microwave Energy," KEE Transactions on
Microwave Theory and Technigues, MIT - 22 (1974), B&3-584,

126, A. Lindaur, et al., "Further Experiments Seeking
Evidence of Non-thermal Biological Effects of Microwave
Radiation.," IEEE Transactions on Microwave Theorv and Tech-
niques, MTT - 22 (1974), 790-793.

13y1115an C. Milroy and 5, M. Michaelson, "Biological
Etfects of Microwave Rudiation," Health Physics, 20 (1971),
568,

l)"Voge.‘l.ma.n, "Pnysical Characteristics," 7-8.

15 « D, Mclees and F, D. Finch, "Analysis of Rsported
Physiologic Effects of Microwave Radiation," Advances in

Biological and Medical Physics, Vol. 1lk.

.
___enERES
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frequency regione Cleary16 determined that the cause could be

thermal effects that were not grossly detectable. Other

V.S, scientists, in attempting to repeat certain Soviet

experiments, have not obtained the same reported results.17

AR

Biological Effects of EMR

Figures 3 and 4 are a partial listing of reported
microwave and radio frequency (RF) effects in bioclogical sys-
tems, both above and below the existing safety lsvels. Those
effects marked with an asterisk are suggested 2s non-thermal
responses, i.e., are reported to occur below the lavel of the
present U,S, Safety Stande.rd.18 Reported effects at ELF
frequencies are non~thermal. They are, however, contradictory,
with a few investigators reporting effects, and a large
majority reporting no resul:s, except for reports from tne

USSR.19

léstephen F. Cleary, "Uncerteinties in the Evaluation

of the Biological Effects of Microwave and Radio-frequsncy
Radiation," Health Physics, 25 (1973), 403.

‘Ira T. Kaplan, et al., "Absence of Heart Rate
Effects in Rabbits during Low-levael Microwave Irradiatioun,"
IEEE Transactions on Microwave Theory and Techniques, MTT-
19 (1971), 168-173.

18C1eary, "Uncertainties," 388,

19yorton W. Miller, "High Voltage Overheed," Environ-
ment, 20 (Jaxuary-February 1978), 10-12.
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L

mitotic arrest (cell cultures)
resonance absorption in methyl palmitate*
pearl chain formation {(blocd cells and bacteria)
neuronal interactions
; erizyre inactivation

’ orientational effects in microorganisms
bactericidal effects
ailteration of plant growth
chromosonal abesrations
dielectric dispersion of cells and biomolecules
plant tumor growth arrest

D A e N R TR I v S O S N e L T M o ey A N
—

excitation of frog muscle and heart preparations

*
Possible non-thermal effects, unconfirmed by United Stetes J
scientists.

Figure 4, In Vitro effects of EMP
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U.S. Standards of Safety ‘

The Radiation Control for Health and Safety Act of
1958, Public Law 90-602, places the responsibility for setting
performance standards to control EMR from electraonic products .
manufactured in or imported to the United States on “‘le

Department of Health, Education and Welfare (HEW). H&EY% has

delegatead to the Bureau of Radiolégical Health (BR:H, the
actual administration of the Act.
In addition, the Departments of Labor and HEW were

given authority by the Occupational Safety and Health Act

TR AT R 3Pt vs 7

(0OSHA) of 1970, Public Law 91~596, to establish health and

HORL RS I L

safety standards for protection of workers expesed to possible

hazards., EMRK standards that have been adopted are usually

those developed by the Americar. National Standards Institute

T TR P T

(ANSI), or the American Confesrence of Govermmental Ir. . ;trial
Hygienists (ACGIH). The J.S. standard for microwave and RF

radiation was originally developed in the early 1950's based

on the amount of EMAX created heat the body could tolerate

and dissipate wichout a significant rise in body temperature.
The tolerance levsl was determined tc be ten milliwatts per
square cer:.imeter (IOmV/cmz), average for continuous exposure
in the c¢requency range from 10 MHz tc 100 GHs. The Departmeni
of Dafense, in the eariy 1.950!'s also investigatsd the effects
or microwaves and RF radiation and determined that there was

no evidence for biological effects at average levels below

rg e
e e = T

D T e . oh
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IOOmV/cmz. Thus, while the level for continuous exposure is
JerWmez, individuals are permitted to occupy areas where
levels are above 10mw/cm2 for short periods of time.zo

At frequéncies below 10 Miz, the United States has
not set safety standards. This has probably resulted from the
fact that very little energy is absorbed by biological
organisms in these lower frequency bands, and the fact that,
except for unusual circumstances, the levels from U.S. broa -
cagt stations in the freguency range below 10 Midz do not ex-
ceed any limits or standards in effect anywhere in the wor:l.d.zl
The exception to this is in the ELF area, where exposure to
fields sometimes exceeds the maximum permissible values set
by the Soviet Union and other Eastern European countries.

It should be emphasized at this point that the
standards for maximum permissitle values of exposure to EMR
are for wihole body irradiation, and that certain medical
techniques, such as caathermy, are not controlled by these
standards, since only small areas of the body are exposed to
EMR,

The standards set by BRH for microwave ovens, 3ince

they are to be operated among the general public where certain

20Sol M. Michaelson, "Standards of Protection of
Personnel Against Nonionizinug Radiation," American Industrial
Hygiene Asazociation Journal, 35 (December 1974), 778-790.

21

Tell, "Broadcast Radiation," 48.
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individuals may be more susceptible teo the effects of EMR
than the members of select groups such as communications
workers or the military, are even stricter than the ANSI
standards. The BRH standards went into effect in 1971.
Radiation from new micrcwave ovens was restricted to 1mW/bm2
measured 5cm from the ovens outside surface. After purchase,
the limit is no more than Smchmz over the lifetime of the

22
cven. (

STANDARDS OF SAFETY IN OTHER COUNTRIES

Most other Western industrialized countries have
adopted safety standards in the upper RF and microwave

portions of the eleciromagnetic spectrum that are basically

similar to those in the United States, with Canada, United
Kingdom, Federal Republic of Germany, Netherlands, France
and Sweden almost exactly duplicating the ANSI and ACGIH

standards. As in the Urited States, virtually no Western

nation has safety standards in the HF band and below, although
some naticnus have informal rtandards. In Great Britain, for
instance, 1000V/m is considered to be the maximum permissible
exposure in the ELF band (once again due to high voltage
transmission lines). In the Soviet Union and other Eastern

Buropean countries, the safety standards for continuous

22D. Mennie, "Microwave Ovens: Whatt!s Cooking?",

ILEE Spectium, 12 (March 1975), 36.
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exposure in the RF and microwave bands are significantly

lower, being lo/KW/cmz in most of these countries, with
maximan exposures on the order of 10mW/cm2 and 1mW/em® for
short periods of time.

The Eastern European approach has been one of insuring
against any possibility of long term effects, based on the
philosophy that the selected maximum allowable exposure values
must not only guarantee protection frum direct damage to
biological organisms but must also eclude adverse subjective
effects such as fatigue, irritability, headache, etc., under
long-duration exposure to EMR.23

Below the RF and microcwav: bands, the Easterr European
and Soviet philosophy of insuring against the possibility of
long term low level effects has also influenced their safety

standards. Soviet Standards,24 for inetance, set the follow-

ing limits for working in ELF electric field near transmission

lines:
Electric Field Time Limit/Day
O - 5 kV/m no limit
5 -« 10kV/m 3 hours
10 - 15kV/m 14 hours
15 - 20 kV/m 10 minutes
20 - 25kV/m 5 minutes
25xV/m and up not permitted

23Karel Marha, “Microwave Radiation Safety Standards
in Eastern Europe," IEEE Trau..2ctions on Microwawve Theory
and Techniques, MT™ -~ 19 (1971), 166,

L
2 Miller, "Figh Voltage Overhead," 14-15,
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DIFFERENCE BETWEEN STANDARDS

A comparison of standards for RF and microwave ex-
posure in various countries is shown as Figure 5, No com-
parison carn be mace between Western and Easterm standards for
EMR exposure below 10 MHz, since the Western countries have
no exposure standards in this regicn. The differences between
Western and Easterm standards of protection appear to be due
to a fundamental difference of philosophy ar stated by Miller:

In general, the Russian philosophy of stindard setving
is somewhat differen* from that in the U.S. in that
standards normally represent an ideal to be : vriven for
rather than an absolute limit never to be exesecded.
Generally, the levels set in Russian standards are based
on the minimum level observed to have caused any effect
whatsoever, even if the effect is not necessarily harm-
ui, and the standards do not take intuv account any prac-
tical considerations, such as the practicality of achieving
the standards. . . Whether or not the electrig,field
standards are strictly enforced is not known. 2

Insight as to enfercement of standards in the Soviet
Union was provided by Czechoslovakia'!s Karel Marha during a
1969 HEW spousored meeting, who indicated that the Soviet
safety level is gualified in various ways - for example, the
military is exempt.2

Since the Eastern European countriss lower maximum

levels are based on the existence of non-tuermal effects, the

25Miller, "High Voltage Overhead," 15.

26D. R. Justesen and C. Susskind, "Book Review = The

Zapping of America," IEEE Spectrum, 15 (1973), 61.

R T
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scientifis opinions mentioned earlicer apply to any evaluation
of the differences in safety standards.

The difference between Western and Eastern standards,
and the cost of implemsnting new standards with lower permiss-
ible maximum expcsure levels in the United States, has led

1 27

: Brodeur to postulate a wvast coverup and lack of interest in

AR DS

investigating the more subtle effects of EMR. However,
scientists in the United States generally regard Brodeur's

wrisws to be unsupportable on a scientific basis, as well as
28 !

b d o A LUE A Lt

non-objective.,
Thus, it is unlikely that there will be any nsar term

resolution of the problem of differences between standards,

since the differences are based primarily on the controversyv
concerning the existence of non-thermal effects. Most Western
scientists remain unconvinced of the existence of these effects

or that such a hazard exists.

IMPLICATIONS FOR THE MILITARY SERVICES

The military services are only required to insure
that the ANSI standards of protection, as described earlier

in this chapter, and shown in Figure 1, are met, However,

tl’e controversy concerviing pussible non-thermal effects,

elong with increased public awareness oI the hazards

27Brodeur, n"Zapping," 35-38 and 232.

-

48Justesen and Susskind, "Review of Zapping," 60-. .
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of EMR, imply that the military services must be more than
usually aware of the hazards involved, and insure thzt the
best possible protective measures be employed, so az to ensure
the maximum protection is provided to members of the military
and thu public.

The next chapter examines the extent of the militazy
involvement with systems that produce EMR, and the present

military research effort into the hazards of EMR,
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CHAPTER IV
THE MILITARY INVOLVEMENT WITH EMR

Virtually every weapons system, surveillance system,
communications device or system, or air traffic control sys-
3 tem in use by the milltary uemits EMR. Emitters range in size
from smell hand held (. back packed radios to giant satellite

communications systems and phased array tracking raders emit-

ting megawatts of power. The military cperates facilities
that routinely smploy Electromagnetic Pulse (EMP) and has con-
structed test facilities for ELF band communications systems.
The Depar+ment of Deferss spends millicns of dollars annually

on ressarch into the effects of EMR on biological systems.

The following sections will examine all of these aspects of

the military involvement with EMR.

MAJOR SYSIZIMS USING EMR

Satellite Communications Systems

Satellite communications are currently being developed
and are in use by all military services, for use as both
tactical and sirategic communications. Such systems most
frequently operate in the UHF and SHF frequency bands and ars

utilized in many sizes, from man-packed and vehicular mounted




3 ; systems to large fixed ground termina.s which emit many

gigawatts of equivalent power. Satellite communications sys-

? tems are the most powerful continuous wave (cw) sources of

i environmental microwave radiation. These systems have the |
: greatest potential for emitting hazardous levels of AMR be-

3 - cause significant power densities may exist at much greater

; distances from the antenna than would be possible for other

z radiating systems of lesser average power output.l The narrow

beam width of the antennas, as well as the fazt that the

T

antennas may remain relatively fixed in location while track- '
ing geostationary (synchronous) satellites contribute to the
possible hazard. Most high power military satellite systems

are part of the Defense Satellite Communications System (LSCS).

Radar Systems

Radar systems were developed for» military use during
World War II, and now cover a multitude of uses in the mili-
tary EMR spectrum. These include ground mounted target
acquisition and ground survedillance, air traffic control and

navigation, air defense, airborme target identificatiosn, warn-

ing, and acquisiticn, space vehicle and missile tracking,

shipboard target tracking ard acquisition, weather warming,

missile control, and many other uses.

lNorbert N, Hankin, An Evaluation of Selected Satellite
Communications Systemg a.s Sources of Enviroamental Microwave
Radiation, EPA-520/2-74-008 (December 1974%), 1-z,
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Although radar systems emit EMR at peak powers

approaching those used in satellice communications, the fact

that radar uses pulsed energy rather than continuous energy

A

means that the average power censity will be less for the

same peak power. The fact that many radar systems are con-

LAk Pon Bt
.

tinuously rotatinz their energy beams also lessens the aver-

age power density at a given point.

T

Most of the above applications of EMR arc¢ ommon to

both military and civilian uses. However, there are several

military systems which are unique, and are thus worthy of

Pt M A S T e e

separate mention. These systems are:

a. AN/FPS-85 spacetrack radar is a fully operational

phased array system which operates at 450 MHz with a peak

S b e ek T O

power of 32 MW, Although dstails of the phased array system

are classified, a comparison with the 8 KW peak power of the

AN/MSC-60 satellite communications sy stem which creatss a ’

5 GW offective radiated power shows that this system could
possibly be hazardous at great distances.

b. The Continental United States (CONUS) Over-the-
Horizon Backscatter (OTH-B) Radar system, currently under
development, will consist of two radars oriented seaward, onse
each in the northeast and northwest United States. The high
power transmitter will operate in the 3-30 Mz band and is
expected to produce IOmUmez at 2,200 feet from the antenna.

¢. The Airborne Warning and Control Systom (AWACS)

radar has a unique rotating phased array antenna system which

a7
. !\_‘1
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transmits a high power pulsed signal (details classified)
while in flight. Although shielded somewhat by the aircraft

tself, the crew is in the near field cof this radar.

The above systems represent systems which are unique
to the military at the present time, and therefore regquire an
even more intensive review as to the possible EMR hazardsoz

Congtant upgrading of military radars is occurring all
the time. In addition to the unique systems mentioned above,
recent deliveries of new AN/BPS-1000 Air Dafense/Air Traffic
Control Search Radar with 2 Megawatts of psak power in the
1250-1350 MHz freguency ran333 indicate that military standard
systems are also biologically significant if not properly

protected.

RF and Microwave Communications Svstems

Tne military services have many communications sys-
tems (other than satellite) in this range. For the most part,
single channel, point-to-point voice and teletype comuwunica~
tions are carried out in the M® and HF fregquency band (al-
though some long range maritime communicetions occur ir the

LF and VLF bands) while multiple chennel, radio relay voice

2"Proposed Progrem for Bilomedical Rasazarch of Elactro-
magnetic Radiation Effects, June 1975," enclegure ito Msmoran-
dum for: Assistant Director for Eaviromnent and lLife Scisnces,
Office of the Director of Defense Research and ¥nginsering
(June 11, 1975), pages uunumbered.

3James E, Dalmss, "An Advanced Long Range Radar,®
Signal, 31 (Cctober 1976), p. 77.
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and dota communiceticens occur in the microwave bands. Al-

3 though power ovtpuits of military equaippent in the ranges

above 30 Mz is relatively low, there is stiil possible legal

FENAERE

hazard associated with these systems even under ths prssent

sefety standards. For sexample, recent testa at 150 MHz with
a hand held civillan FM traasceiver with 6 watt powsr oulput
to a whip antemma held .2 inches uin front of the nose of a '
model of a kuman hsad, s>howed a power Censity of 168mW/cm2
at the surfaze ci the head.4 Although the author, through
thermal testz, concluded that this was not dangerous, the

exposure level was in sxcess of ihe presently existing safety

ievel.

Y

Evaluation of the radio frequency and microwave radia-
tion hazards to personnel . nzvel ships has been necessary
due to high-powered communications and radar egquipment carried
aboard. It was determined that for a given class of ship
there are many areas where hagardous levels of radiation

exist and that measures wesre requiied to protect skips per-

sonnel while allowing contimued operation of critical equip-

ment, DIue to the limited space available, providing adsquate

protection is difficult,5

!
%5, E. Ksarmwen, "How Dangerous is RF Fadiation?" QST

LYIT (September 1978), 3i.

5Zorach R, Glaser and Gion M, Heiwer, “Determirution
of Ha=ardous Microwave Fields Aboard Naval Shins," IREE Trans-
actions on Microwsv2 Thaory and Technijues, MIT - 19 119715,
232~238.
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ELF Ccnmunications Systems

In recernt years, the Navy has become interested inr
ELP as & means of ccmmunications with submarines, Currusntly,
messages ave zent at VLY by uging high powered trensmitters
with large complex antennas mounted on towers. The ELF
communications systen, originaliy Xnown as SANGUINE, and
later as SEAFARER, would provide one~way communications to
submerged submarines from a single transmitter site, around
which the antenna wouid be buried.. FiF signals, when radiated
into the fres space cavity Jormed between the earth's surfuce
and the bottom of the ionosphere, will penetrate great depths
of the ocean without being attenuated significantly.6 Ques~-
tions of envirommental impact and bioliogical safety have
delayed the implementation of the system. The Navy feels
that: "It is in the best interest of the Department of Defense
and important to our rational sesurity to pursues research and
development on atiainment and use cf an ELF capability."7
it is thercfore probable that research in the ELF

area will continue, and that some sort of ELPF submarine com-

munications system will eventually be fielded,

Elegtrosnagnetic Pulse (EMP) Simuilators

A significant part of wnergy released during a nuclear

6James R. Wait, "Projsct Sanguine," Science, 178
(20 October 1977), 272-273.

7Goxdon R. Nagler, "Seafarer,® Signal, 31 (January
1977), 14.
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explcsion can appear as EMP, EM? has, as component parts of
thz total pulse, frequencies which correspond to the freguen-
cies used by many commercial end military systems. Since
EMP nas teen shown to be capable of disrupting or destroying
components of electrical systems at distanncs of many thous-

ands of miles,8 the military services have cci.~tructecd FEMP J

simulators which are used to test the effects of EMF on
various systems. Auditionally, EMP simulators are used in

testing new systems which have been "hardened" to tiie effects

(Sl iy, i T e Ll

of EMP. Since EMP contains frequemncy components which are
known to be hazardous to biological organisms, the question
of safety for personnel conducting tests in an EMP simulatlor

has become one of interest tc the military.

Microwave Food Processing Systems

EMR in the microwave frequency bands has bsen ussed

in cooking applications because of its ability to transfer

snergy, in the form of heat, to biological material, Per-

sonnel hazards from ovens using EMR may occur whenever EMR
leakage levels become excessive. The mil®tary services use
microwave food processing systems in cafeterias, food vend-
ing areas, dining facilities, kitchens, :and hospitals on
bases, posts and camps throughout the country, as well as

on military ships and aircraft.

v

8U.S. Departmant of Defense, Defense Nuclear Agency,

DNA EMP Awareness Course Notes, DNA 2772T (August 1973), 3.

}
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EMR Diathermy
The heating effect of microwave and RF energy has
been used as physical therapy. This use of EMR is genserally
applied to limited areas of the btody by qualified physicians
or medical personnel. The military services utilize diathermy

devices at many military hLospitals.,

MILITARY RESEARCH INTO HAZARDS OF EMR

During the 1950's, the mildit+a~ - services were instru-

mental in establishing researct rro - "> study the electri-
cal properties of biological org. . ving tissue) and the
absorption characteristics cf tissu. EMR, as well as the

problem of cataract formation. The Tri-Service program resulted

in the establishment of the present lOmW'/cm2 meximum permissible

exposure level for continuous exposure, in 1957, and validated

it at the last meeting ot the Tri-Service Conference in 1960.9
A member of the Tri-Service Program, in discussing

it in 1971, states:

Although the Tri-Service Program has been criticized
for lack of quantitative data piroduced, one must rot lose
sight of the fact that this program was the only large
scale coordinated etfort in the Western world to eluci-
date and understand some of the basic mechanisms of micro-
wave bioeffects and to assess the possible health implica-
tions of this form of energy . . .. Aany thorough and
objective review of the proceedings of the Tri-Service

9501 M. Michaelson, "The Tri-Sexrvice Program A Tribute
to George M. Knauf, USAF (MC)." IEEE Transactions on Micro-
wave Theory and Techniques, MIT - 19 (1971,, 131-132.

i




Lo
Conferences reveals the wealth of information that

bezame available in a igort period during waich the
program was in effect.

An opposing view of the value of the EMR research
effort is presented by Brodeur, who states that the military,
through the Tri-Service research program, undertook research
with the preconceived idea that all effects were thermal, and
that all research was conducted to acquire data validating *the
lOmW/cmz standard. He feels that non-thermal effects were
complet:ly ignored, and further feels that the Navy specifical-
ly was opposed even to the enforcement of that standard because
microwave exposure on flight decks were higher and could not
be lowered without curtailing operations.11

It was not until the 1970ts that concerm over possible
non-thermal effects became evident, and the military services
beceaic deeply involved with EMR hazardous research once again.
Although small efforts had continued through the 1960's, the
levels of money being expended by the three services became
significant enough in 1974 to form another Tri-Service organi-
zation to coordinate the military research program. The Tri-
Service Research Program was formed to: (1) avoid duplicate
efforts; (2) maximize use of manpower and facilities;

(3) focus collective efforts to solve highest priority problems
in the shnrtest time; and (4) maintain a joint position con-

cerning expogure standards that would unnecessarily hinder

lOMichaelson, "The Tri-Service Program," 143,

llBrodeur, "Zapping, " 32-35.
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DOD operations.12

A presentationl3 by the Tri-Service Electromagnetic
Radiation Panel at the 158tn Joint Medical Research Conference
showed that the funds being oxpended for the Tri-Service EMR
Researciy Program were about 6 million dollars in Fiscal Year
(FY) 1978. Of this, about 2.5 million dollars were under
contract to outside agencies, and about 3.5 million dollars
for in-house Department of Defense research. Table I shows
the areas in which the funds were expended. The panel esti-
mated that the amounts expended in the program would increase
by 650,000 dollars in FY 79. The panel additionally reported
that Dspartment of Defense personnel were involved in a2 wide
range of activities concerning EMR, such as the IEEE Committee
on Man and Radiation (COMAR)., the Elsctromagnetic Radiation
Management AZvisory Council (ERMAC), the Office of Science
and Technology Policy ad hoc working group rsviewing the
biological effects of non-ionizing radiation, the I:aterne tional
Microwave Power Institute (IMPI), the Microwave Theory and
Technigques Section and piomedical Engineering Section of the

IEEE, and the Union of Radio Science Intermational (URSI).

12"Tri-Service EMR Bioeffects Research Program Execu-

tive Summary Document," enclosure to Memorandum for: Assistant

Director for Envirommental and Life Sciences, Office of the
Director of Nefense Research and Engineering, (June 11, 1975),
1-2 L3

13U.S. Department of Defense. Summary Report on the

Tri-Service Electromagnetic Radiation (EMR) Bioeffects Regearch

Program,; October 18, 1978, 1-6.
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TABLE I

DOD FUNDING OF EMR BIOEFFECTS RESEARCI BY

PRIORITY AREAS

42

l. Energy Distribution and M>asurement
2. Biophysical Mechanisms
3. Ne~vous System

. Belavior

4
5. Hematology/Immunclogy
6. General Physioclogy

7

. Other (Ecology, Epidemiology,
Development, Genetic, Ocular, etc.)

$1333K
1088K
1105K
763K
767K
752K

200K

$6000K

Source: Obtained from 158th Joint Medical Research Con-
ference, 18 October 1978, Washington, D.C.
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In citing the interest that the Dspartment of Defense has in
EME bioeffects, the panel compared papers presented by
Department of Defenss supported investigators as a percentage
of total papers presented by all ccntributers from the United
States, at international mestings. This comparison i= shown
. as Table II.

The intslvement of the military services is also
indicated by the fact that in 1976, 35 percent of all defense
agencies! basic research funding w..s spent on :mvironmental
and life sciences, with the remainder being spent on engineer-

ing and physical sc:i.ences.ll‘l

luU.S. National Science Foundation, Nstional Science

Board, Scierce Indicators, 1976 (1977), 72.




TABLE II

PAPERS PRESENTED AT EMR BIOEFFECTS MEETINGS BY
DOD - SUPPORTED INVESTIGATORS
(AS A FRACTION OF TOTAL U.S. PAPERS)

L4

k]
{1975 URSI g {Boulder) 56/98 ! (57%)
; 1976 URSI (Azherst) bl /56 ! (68%)
| 1977 URSI (Airlie) I 58/97 l (60%)
! 1978 IMPI/MTT/URSI (ottawa) 25/50 | (50%)
t 1978 URSI (Helsinki) | 25/56 | (45%)
1 1 ]
Source: Obtained from 158th Joint Medical Research Con-

ference, 18 Octobier 1978, Washington, D.C,.
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CHAPTER V

PROTECTIVE MZASURES AGAINST EMR HAZARDS

In order to prevent hazards to persomnnel from EMR
emitted by communications and radar squipment in use by the
military services, it is necessary to prevent excessive power
levels from beizng absorbed by biological organisms. Since
the pe.centage of incident power that is absorbed by or
reflectea from a given biological orzanism is dependent
primarily on the frequency of the EMR, for any given incident
power density level, the freguency is of primary importance
when discussing protective measures. Protective measures may
be considered in two broad categories, the first, physical
protective measures, are the wuse of physical devices, the
desigin of EMR emitters, or the use of physical laws governing

the propagation of EMR to provide protection in areas where

hazards are known to exist; and, the second, administrative

protective measures, are tncse regulations; instructions,

i
f
standards and guidance promulgaced by the various military ’
i
|

services which implement various protective measures, provide

pliance with standards, and require wvarious medical examina-~
tions in an effort to protect military personnel and the

public from the hazards of EMR.

L5

é - measures for inspsstiovn, determination of hazard, and com-
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In this chapter, the knovm physical protective meas-
ures will be described, the administrative protective msasures
of the three military services will bz listed, and by mecans
of a comparison matrix, areas where protective measures are
not common to all services will be discovered. Finally, the
implications of physical or administrative protective measures
in use in some services, but not all, or measures which are
implemented differently in the various services will be dis-

cussed,

PHYSICAL PROTECTIVE MEASURES

Distance

An electromagnetic wave, in propagating through free
space, loses practically no energy. The only decrease in
field intensity (or power demsity) is caused by the spreading
out of the wave front. This spreading out of the wave front
causes the power density to decrease as the square of the
distance betweun the source of the EMR and the point of
measurement. This is kncwn as the jmverse sguare law. Wnen
a wave is propagating in an environment where there is loss,
or other phenomena which affect propagation, such as upper
atmosphere ionization, or in areas where the wave interacts
with the ground, the power density at a given point may be
even lower than might be expected using the inverse square
law. Thus, distance from the antenna can create an effective

lessening of hazard potential. As a protective measure,
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distance is used to create 2ress where cccupancy by personnel

is restricted or forbidden. The distance to which a restric-

ted or forbidden zone mist extend dependson many variablss

such as the height of the antenna over an occupied arsa, the
beam width characteristics of the antenna transmitting the

EMR, whether the EMR i1is pulseid or continuous, whether the
antenna is rotating, the frequency of the EMR, and of course,
the total power emitted by the antemna. As an example, the
AN/TPS-25 transportable battlefield surveillance radar set
emits a maximum average power density of l5.1mW/cm2, due to

its input power and pulse characteristics and antenna design.l
The power density does not drop telow lOmw/cm2 wuntil vast 40
feet from the center of the antenna. This siuply means that
an area up to 40 feet out from the antenna may have to be
designated a limited occupancy zone (see Figure 6), On the
other hand, if the antenna is mounted high enough, no hazardous
conditions will exist in front of the antenna. (See Figure 7.)
In the first case, distance is used as a protective measure

by establishing a limitea occupancy zone in the hazardous area.

In the second case, sufficient distance between the antenna and

the ground eliminates the possible hagzard. ?

Fixed Shielding

In cases where it is impossible to limit sccess to a

1y.S. Departments of the Army/Air Foxce, TB Med 270/
AFM 161-7, (December 1965), 22.
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Radar beam at hazaxdous strsngth accessible to persomnel at
ground level out to 40,
j |
i
& 3
AN/TPS-25
Radar Limited ,
Axntenna "
Cccupancy Area .
: Q AN N
\ K|
i Top View
! Distance to .‘L(:zzﬂ\'/cn:t2 = 4o
Limited Occupancy Area .
-
’ / =
AW /TPS-25 %
1 Radar !
‘ Antenna 3]
” 15¢° 1
L & w
6t \
M’—W‘/\

Side View

.. ]

Figure 6. AN/TPS-25--Battlefield Surveillance Radar Set
Potentially Hazardous Conditions
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3 Radar beam at hasardous strengtihx inaccessible to personnsl
4 at ground level.
| . ——
4 Radar Antemnna
E; Side View
Figure 7. AN/TPS-25--Battlefield Surveillance Radar Set
A Non~Hagzardous Conditions
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hagardous area, proiection mey bs provided by placing conduct-
ing shields between ths antenns and the arsas which must be
occupied. As was discussed in Chapter II, conductors reflect
muck of the electric field inrcident upon them; and »zpidiy
attenuate any FMR which does penetrate. Depending on frequency.
of the EMR, a conducting mesh, rather than a solid shield, is -
effective in attenuating EMR. PRigure 8 shiows attenation
factors for wvarious types of shielding material.z The attenmua- %

tion provided by conductors is inversely proportiomal to the

depth of ponetration (6) oi EMR into a conductor, and depth

of penetration follows the formula:

5= 1
JF T ME

Thus, the attentuation curves are generally constant in

the range showvn because while frejuency is increasing, conduc-~
tivity is decreasing, as was discussed in Chapter II. At fre-

quencies lower than those shown in Figure 8, the attenuation

factor is considerably less than those shown.

Fixed shielding may be used in any situation where it is
impossible to establish a limited access or dsnied occupancy
area. Duse to the difficulty in denying occupancy to certain
areas of ships which may be exposed to hazarcdous levzsls of EMR,_
the Navy has made extensive use of the shielding concept (see

Figure 9) on ships.3

-y

“U.S. Department of the Army, TB Med 270 (September
1978), 37.

3u,s. Department of the Navy, NAVSHIPS 0300-005-~8000,
(Juiy 1, 1971), 1-10.
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Antenna Design and Functioas

The type of antemna and its design may be a factor
in developing protection for personnel., The type of antenna
being utilized determines the pattermn of radiation emitted.
Thus, a directional antenna may be used to aim radiation away
from occupied areas, or to carry dangerous levels of radiation
over occupied areas without causing a hazard. An example of
this is satellite communications antennas, which have an
extremely narrow beamwidth and are generally restricted in
vertical azimuth so that the beam cannot be aimed low enough
to cause a nazard. Another example would be the mounting of
the AN/TPS-25A antenna at such a height that the hazardous
1l els of EMR were never close enough to the ground to be
dangerous to personnel, as was sssn in the previous section
and shown in Figure 7. Realization of the characteristics of
the antennas is needed to ensure proper siting of mobile sys-
tems, and to iZusure optinmum planning is accomplished whien
installing fixed sysatems.

Antennas which form EMR into a "beam®" offer advantages
in providing protection because they may be operated in such
a way as to avoid occupied or occupiable areas. However,
the fact that the energy is being radiated in a narrov beam
means that hazardous levels of FMR are being radiated to
8reater distances than would be the case with less directional
antennas, Also, many of these directional antennas aave

"gidelobes” of radiation which may offer significant hazard
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if not taken into account. Thus, antenna design may be both
a protective measure and a hagzgzrd,; depending on the employ-~
ment of the antenna,

The fact that a given antenna wnay rotate, as is the
case for many radar systems, also contributes to lessening
the hazard for a given power level and a given antenna. Since -
average powver density is what contributes to the hazard, it
rust be calculated using the power density at a given distance |
from the antenna where it is stationary. The stationa~y power
density of the antenna may be used to determine the average
power density of a rotating antenna by using the following

formula:u

Wnere: P = average rotating power density at the point of

interest; P stationary power density at the point of

o

interest; BW = beamwidth (in degrees) of the half power beam.

It should be noted that even when the average power
density of a rotating antenna is used in determining limited
or denied occupancy areas, the area in which the power den-
sity of the stationary antenna exceeds the maximum short -
time exposure level must be declared a denied occupancy area.
This is required since it is possible for a malfunction to

cause the antenna to stop rotating but continue radiating,

MU.S. Department of the Army, TB Med 270 (September
1978), 31.
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thus causing a hazardous level of radiation in the direction
which the malfunctioning antenna is pointed.

Antenna design, as a method of protection, must
usually be considered during the design and development of a

system. Oxnce a system has been fielded, protective measures

DL R 0 e d A L 4

required due to its designed operating characteristics must

usually be applied by other means.

Protective Clothing

AT RATLTE A

Protective clothing is simply & portable method of

shielding personnel from hazardous effects of EMR by providing

[ conductive clothing to reflect the waves. Protective cloth-

ing includes methods of protecting the eyes by the use of

conductive eyeware which are sufficiently thin or have small

' mesh screen sufficient to admit light. The Navy has been

active in devezlopment of protective clothing, since there are

. many radars on ships which would adversely effect combat

operations if shut down for minor repairs. Protective cloth-

ing counsisting of heavy duty nylon impregnated with silver

has been developed for use in the frequency range 200 MHz to

10 GHz in power densities up to 200mW/cm2.5 Although developed,

protective clothing does not seem to have been fielded to any

extent, probably because of the limitation in maximum power

density, and expense.

5Andrew P. Sosnicky, "Sources and Biclogical Effects

of Non-ionizing EMR" (Masters Thesis, Naval Postgraduate
School, 1976), 66.




3w o Pr AR R TR g R S XAt ke e T RE & et e e PR N AT N FTRNLTNR s

ERICC 53 SO A b et e Sd S S R L3 S P ah i 1

{

- |

56

LR it gl 2

Emission Cutoff

Emission cutoff, in the context of a protective

measure, refers to all measures taken to :zurn off the EMR

Y 0be T it

T

transmitter during periods when hazard to personnel may »rs-
sult. Emission cutoff may be a manual or an automatic protec-

tive measure.

Manual. A simple method of preventing hazardous

Aol

exposure is to have the operator turn off the system whenever
it is known that personnel will be in the hazardous area or
to limit the areas to which t}e antenna may point, thus
avoiding the creation of a hazardous area. This method cb-

viously requires that all areas in which hazardous levesls of

EMR are present te marked with appropriate warning signs.
Training of operators as to the hazards of systems exceeding
the maximum permissible exposure levels and where such levels

are exceeded is also required, to insure that the operators

will take necessary action.

Automatic. Any method which turns off an EMR emitting

system without operator intervention would he considered to

be automatic. Such methods would include those whichk shut
down the system whenever the EMR from a narrow beam antenna
(usually radar) is swept over an area where hazardous exposure
may result. Examples are radars on naval ships which have

cam cutouts to prevent the equipment from radiating into

occupied or possible occupied areas of the ship.6 A&qother

6Glaser and Heimer, "Determination of Hazardous Micro-
wvave Fields," 234,

b
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cxample, would be a switch which completely shuts down a sys-
tem whenever a door glving accesr to 2 hazardous area is
opened. Yet another example is an interlock built into the
landing gear of aircraft which prevent the accidental ground

7

operation of radars if there is any weight on the wheels.

Spread Spectrum

Spread Spectrum, a technique for spreading output
power over a wide frequency spectrum in order %to increase
security, reduce signal intercept vulnerability, and increase
Jamming immunitv, is being developed for a wide variety of
commumications and radar devices.8 Although this technology
is being developed for the above reasons, the technical
characteristics involved may yield benefits in providing
ovrotection from the hazards of EMR, The technique of spread-
ing a given amount of power over a wide frequency bandwidth
means that any given freqQuency will have less power associated
with it. Since absorption of energy from EMR is highly fre-
quency dependent, spreading the power content will result in
less total power being absorbed by a given biological organism.
The usefulness of cons’'dering spread spectrum as a possible

protective measure will depend on the development of protection

7Sosnicky, "Sources and Biological Efiects," 41.

8611bert R. Johnson, "Understanding Low Power Spread
Spectrum Radars," Electronic Warfare/Defense Electronics,
10 (November 1978), 75-77.
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standards which are more frequency dependent than is the case
at present., In other words, today's standards, being constant
over a wide range of fregquencies, carnot take into account the
benefits of any system using spread spectrum technigues.
Future refinemen* of the frequency dependence of EMR hazards,
and a resultant change in the protective standards, will make - !
consideration of the spread spectrum nature ¢f a possiviy E
hazardous signal one .f the considerations necessary in deter-

mining overall hazard to personnel.

ADMINISTRATIVE PROTECTIVE MZTASURES

The military services, in recognizing the prrblems as-
socilated with the EMR emitted by various communication and radar
systems, have prormulgated a variety of regulations, instructions,
standards and guidance to control the exposure of military

personnel and the public to the hazards of EMR,

The following documents are the major administrative
measures taken by the three military services. The alphanumeric
code following each document will be used in developing a matrix
which is a comparison of the various administrative protective
measures required by the military services:

U.S. Army
Army Regulation 40-583, "Control of Potential Hazards

to Health from Micrcwave and Radio Frequency Radiation" (AR1).
Army Regulation 40-44, "Control of Potential Hazards
to Health from Microwave Cooking Ovens and other Microwave/

Radio Frequency (RF) Food Service Devices" (ak2).

B P Sy
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Army Technical Bulletin MED 270, "Control of Hazaids
to Health from Microwave and Radio Frequency Radiation and

Ultrasound" (Approved draft-~September 1978) (AR3).

U.S. Navy
BUMED Tnstruction 6470.134, "Microwave and kadio

Frequency Health Hazards" (NA1l).

BUMED Instruction 6470-16, "Microwave QOven; Survey
for Hazards" (NA2).

NAVSHIPS Technical Manual, NAVSHIPS 0900-005-8000,

"Technical Manual for Radio Freguency Radiaticn Hazards" (NA3).

U.S, Air Force

Air Force Regulation 127-12, ®"dAir Force Occupational
Safety and Health Program" (AFl).
Air Porce Occupational Safety and Health Standard

161-9, "Exposure to Radiofrequency Radiation" (AF2).

Note that Air Force Regulation 100-6, "Electromagnetic Intex-
ference and Radiation Hazards" is still in effect, but is a
vdirtual duplicate of portions of Air Force Occupational Safety
and Health Standard 161-2 (above). AFR 100-6 cites AFR 161-42
as its primary reference on Radio Frequency Hazards, but AFR
161-42 has been superceeded by Air Force Occupational Safety
and Health Standard 161-9 (above).

Complete citations for all the above Army, Navy and
Air Force manuals, are coantained in the bibliographv.

The method used in developing the matrix which

immediately follows *as to review sach of the above documerts,
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extract the various protective measures, and compare them
one to another to determine which services used a given
measure. The codes used in tke matrix are as follows:

YES - The given service specifically impiements the

measure aescribed.

NO - The given saorvice specifically does not imple.
ment the measure desiribed.

NM . The mezsure aescribed is not mentionea in any i
of the above documents of the given service.

The alpna-numeric code for the publication discussing
the given measure in the most dstail is contained in
parentheses for each measure and sarvice, A detailed discus-~
sion of each item in the matrix c. administrative protective
measures will be contained in the Comparison and Discussion

section immediately following the matrix.
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ITEM ARMY NAVY FORCEJ
| 1. Establishes EMR exposure st andardi YES YEg]
' and criteria: , ARl) (NAL) (Asz
2. Frequency coverage of standards: { !
0-10KHz NO NO no |
10KHz-10MHz NO NO YES !
10MHz~100GHz YES | YES YES
100GHz-~300GHz YES | No YES ‘
(AR1) ! (NA1) B (AF2
} 3. Permissible exposure levels (PEL): {
a. Frequency range 10KHz-1OMHz ! ]
pOmW/bm (contlguous exposure) NO NO YES
18000mW-sec/cm” (6 minute period) NO | NO YES |
b. Frequency range 10MHz-300GHz i
| lomW/cmz(GOﬁtﬁn uous exposure) YES YES* Y.uS
i 3600mW-sec/cr” (6 minute period) YES#* | YES* YES
{
§
*Kavy standard only covers fregqg- '
uencies up to 100GHz. ’ i
i
: **Army ha§ a maximum limit of : }
; 50m¥ /cm” . |
i
i 4, nUnnecegsary" exposures above YES J NM NoO }
10mW/cm® prohibited: (4AR3) ! (AFz)
5. Protective clothing developed ‘ NM | YES NO
and allowed for use: l ’(Nﬁl) i (AF2)
Jd L
. ) : ]
6. Specific physical protective i ves | YES YES
4 measures discussed: l {AR3) !(NAS) (AFZj
S = T
E 7. Establishes comprehensive cone- YES 1 NO* YES
tinuing monitoring program to i (aR1) | (AF2)
insure compliance with exposure !
g standards: I ! !
\ *
i See discussion
L
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ATR
ITEM ARMY NAVY FORCE
8. Plans, programs and budgets for | NM NM YES
research into the hazardes of (AF2)
EMR, Conducts rezsearch programd.
3
9. Ensures that consideration is YES YES* YES
given to personnel EMR exposure | (AR1l) (arz2)
potential in the Ressarch,
Development, Testing and Evaluaw
tion (RDTE) phases of new eq- l
uipment procuremernt.
* See discussion H !
;I.Oc Has an established agency to YES YES YES |
conduct biological effects and | (AR3) (NA1) (AF2) i
suspected persommel overexpos~ i
ure consultations, and provide !
advice and guidance to service i
personnel. '
1
11, Haz an ectablished agency : {
specifically responsible for tha
following: §
a. On site surveys of possible YES YES* YES
hazards. (AR1) (NA3) ! (AF2)
b. Estimating hazwrd distances YES | YES* { YES
for selected systems. (AR3) ¢ (NA3) (aF2)
¢. Maintaining data on EMR 'YES YES* YES
emitter characteristics. (AR3) (NA3) (AF2)'
d. Assistance in investigation | YES YES* YES |
of suspected or actual over- (AR1) (NAL) (AF2)
exposurss.
e, Loan of selected survey in-! NM NM YES
struments. (AF2)
* See discussion
l2. The organization performing YES* NO* ! YES*

|

duties outlined in iten 11 is
provided travel fund for
regular and/or reguested sur-

/
. *gegsﬁzssist§gg? visits.

!

-
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! e
= ITEM ARMY NAVY j FMORCE
e |
13. Reguires EMR protection plans,
to imclude the following: ! H ]
{
. Inventory of all EMR emittera YES NM YES
(4r3) (aF2)
b. Ceatisgorization of EMR emit- YES NM YES
ting equipment as to hazard. (4R3) (AFz)}
c. Periodic resurvey of mit-~ YES NM | YES
ters and checks to insure warn- | (AR1) (aF2)
ing siga and SOP adequacy. i
d. Dissemination of information YES ' YES YES
on measures required for coatrol | (4AR1) (NAL) (AF2)
of exposures to hazardous levels
>f EMR, |
! e. Periodic checks of maintoa-~ YES NM YES
: ance facilities that repair cr (AR1) (AF2)
| test EMR emitters. :
E f. Review required, prior to NM NM YES :
' construction of new facilitiss, ' (AFP2) !
! to determine peotential hazard :
! from existing EMR emitters. !
3 g. Raview reguired when EMR NM I NM YEs |
! emitter inventcry changes. | (ax2) | '
| 14. Hazard warning signs required at | YES | YES YES
locations where access to powsr | (AR1) l (vaz) | (aF2) | {
densities in excess of maximum ' :
, uliowable is probable. |
15, Hazard warning signs required YES* | NO NO
near microwave ovens: (ar2) | (Na2)| (aF2)
* For portable or mobile ovens i
only : :
15, Hazard warning signs reguired YES NM NO
, for possible interference with {(4r3) (AF2)
: pacemakers (for equipaent other
than microwave ovens).
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v L
ATR |
ITEM ARMY ¢ NAVY FORCE!
<
17. Formal medical investigation of YES YES YES i
incidents and accidents (sus- (Ar1) (Nar) | (aF2) !
! pected or actual overexposure to | |
EMR) required. | 1
T -,
18. Routine pre-or post-employment YES YES NO ’

medical exarinations required for i (AR1) ) (NAl) | (AF2)
1 personnel occupationaily exposed
to EMR,

19. Periodic medical examinations YES* YES* | NO
required for personmel occupation-i (AR1) | (NAl) | (AF2)
ally expcsed to EMR,

% Opthalmologic exam only

20. Forbuids persommel having eye opa- l M YES NM
cities (indicating cataracts) in- (NAL)
distinguishable from those caused '
by high levels of EMR exposure to
be occcupatiorally exposed to
microwaves.

2l. Examination required for personnel YES* YES NO**
exposed to more than 50mW/cm® ~ - (NA1)
for any period of time.,

* Examination _required in any case,
3ince 50mW/cm® is maximum per- !
{ missible level in the Army.

*¥ Examination only required if
exposure exceeds the maximum al-
lowable time geriod for levels
above 10mW/cm™.

22, Cormanders allowed to prescribe YES
conditions under which inter-
locks, limiting or warning
devices may be by-passed or
overridden, ‘

E:
2
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COMPARISON AND DISCUSSION

Physical Protective Measures

Each service, in its administrative protective
measures, discusses various physical protective measures.
Not all services discuss the use of all protective measufes.
Comparison of the various physical protective measures among
the three services reveals the following:

Listance. All three servicees discuss distance as a

protective measure. FEach describes methods and formulas foxr

performing celculations to determine hazards of particular

equipment based on distance from the antemna, frequency, and

average power of the transmitter. All services describe
methods of determining the areas in which occupancy by per-
sonrel must be limited or prohibited based on hazard evalua-

tion. The Navy9 lists specific equipment and the distances

at which a persocmnel hazard may occur. The Army and Air
Force have in the past listed similar information for specific
equipment, howaver, recent putlications have eliminated such

lists in favor of maintaining a central information facility,
10

due to the difficulty of keeping such lists updated.

9U.S. Department of the Navy, NAVSHIPS 0900-005-8000,
(July 1, 1971), 1-3 through 1-7.
IO’I‘B Med 270/AFM 161-~7 contained such lists of equip-
ment. They have, however, been superseded by AFQOSH Standard
161-9, and TB Med 523, which do not.
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FPixed Shielding. Pixed shielding is specifically
recognized bty both the A:myll and the Navylz as a method of
reducing hagairdous levels of EMR, The Army shows exact
shielding characteristics for various materials, while the
Navy mentions the specific use of metallic shielding on ships,
but does not mention methods for shielding EMR emitters at
shore installations. The Air Force does not mention the
subJject.

Antenna Design and Furctions. All three services
recognize the contribution of different types of antemna and
the functions of the emitters as contributing to differences
in hazard potential. The services all consider the different
designs and functions of equipment after it is designed in
calculating the hazard potential for a given system. The
Army takes into account the antemnna dimensions, antenna gain,
polarization of the transmitted wave, height of the antemnna,
and reduction in average power density caused by a rotating
antenna (such as is the case with some radars).13 Examples
of typical calculations baszd on these characteristics are
given.lh The Navy also recognizes the difference in antenna

design and function as contributing to different levels of

,
14, s. Department of the Army, TB Med 270 (September
1978), 37.

12y,5. Departuent of the Navy, NAVSHIPS 099-005-8000,

(July 1, 1971), 1-1o0.

13y.s. Department of the Army, TB Med 270 (September
1978), 26, 31.

kL
1%y.s. Department of the Army, TB Med 270 (September
1978), 39-k2.
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hazard, and provides examples of calcuistion of power density

for various types of antennas.15 The Air Feorce also inciuvdes

these factors in sample calculations of hazards.ls

Protective Clothing. The Avmy does not mention pro-

tective clothing in regulatious or btulletins, and has not
developed such clothing. The Army does recognizse the
existence of protective clothing (in this case microwave
protective eyewear), and has stated that more research in
protective eyewear woulld be desirable.l7 The Navy has
developed a complete set of protective clothing (described
in this chapter under Phys.cal Protective Measures (Protec=-
tive Clothing), and has described its use in regulations.18
The Air Force has not developed such clothing and expressly

forbids its use, without specific approval.lg

Emission Cutoff. Emission cutoff methods and design

criteria are not addressed in any regulations, instructions

15U.S. Department of the Navy, NAVSHIPS 0300-005-8000,

(July 1, 1971), Appendix B.

léU.S. Department of the Air Force, AFOSH Standard

161-9 (October 10, 1978), 21-23.
17

Agency. Microwave Hazards Course Manual. Aberdeen Froving
Ground, Md. (undated), 103.

18U.s. Department of the Navy., BUMED Instru-tion

6470.134, (January 28, 1977), Enclosure 1.

19U.S. Department of the Air Force, AFOSH Standard
161-9, (October 10, 1978), 3.

’

U,S. Department of the Army, Environmental Hygiene
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standards or guidarce of the three military services. Other
literature, described in tliis chapter under Physical Protec-
tive Measures (Emission Cutoff), and elsewhere<? describe
methody by which emission cutoff is being performed.

Spread Spectrum. Spread spectrum techniques are not

addressed as a method of protection from EMR hazards by any
of the three services. This is probably due to the relatively
new technology used, The lower total powsr regquirsment of

spread spectrum radars and communications systems may prove

advantageous in both accomplishing a given orserational nission

while at the same time reducing the overall hazard of EMR

emisgsion from certain types of systems.,

Administrative Protective Measures

Tne matrix developed in the Administrccive Protective

Measures of this chapter provides a quick comparison of the

adninistrative measures taken by each service through the

sarvices regulations, instructions, and technical cocuments
concerned with protection from EMR hazards. The following is
a detailecd discussion of each item in the matrix.

Item 1. All three services establish exposure stand-

ards and criteria for EMR, All are within the limits of thse

2Oorbert N. Hankin, An Evaluation of Selected Satellite

Cormmunications Systems as Sources of Environmental Microwave
Radiation, EPA=520/2-74-008 (December 197%), 30.
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ANSI standard (see Chapter III). The Army standard for ex-
posure to EMR is established in AR 40-583 and detailed in the
September 1978 draft of IB Med 270. Microwave oven standards
are contained in AR 40-44 and detailed in TB Med 270- The
Navy sstablishes expos.. © limits in BUNED Instruction 6470.13A.

Tne Air Force establishes an occupational safety and h-~alth

3 program by AF Regulation 127-12 requiring compliance with

Air Force Occupational Safety and Health (AFOSH) Standards.

I

p ? The standards for EME exposure are contained in AFOSH é
| Standard 161-9. Detniled discuscsion of the frequency range :
and permissihle exposure levels allowed by the three ssrvices
are contained in items 2 and 3.

3 Item 2. For all three services the frequency range
of the standards in Item 1 cover the range required by the
ANSI standards {10 MHz to 100 GHz). In addition, the Army
and the Air Force have established standards in the range

100 GHz to 300 GHz, and the Air Force has estai:lished a

standard for the ranges iC KHz to 10 MHz., None of the services

has established standards below 10 ¥%z, and non has established

i
W : standards for Electromagnetic Pulses. (See Chapter III.) ;
Item 3. The permissible exposure levels (PEL) estab-
,i g . lished by the services, along with thes frequency ranges de-

scribed in Item 2, are shown in F- & 10. Yote that the
Army Standard "levels off" at 50m¥W ;mz, while the Navy and

Air Force PELs follow the ANSI standard, allowing exposures

PR - S
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Navy (10MHz-100GHz)
Army (10MHz-30uGHz)

Air Force (10MHz-300GHz)
Air Force (10KHz-10MHz)

— O e G

—a—t—o
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w mnwm

100
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10 |-

PERMISSIBLE EXPOSURE (Milliwatts/cmz)

.Co1 .01 .1 1 10 100
DURATION OF EXPOSURE (HOURS)

Figure 10. Permissible exposure levels by
frequency for the three military
services.
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greater than 50mw/cm2 for short periuds of tiwe (1ese than
1.2 minutes). The Air Force PEL for the freguency range
10 Xtz to 10 MHz is also shown. The reason given by the
Axmy for limiting exposures of short duration to a maximum
of SOmU/bmz is "It is not feazible to control limited ex-
posure of less than l.2 minutes . . ..21 The Air Force gives
no specific reasons for having established a PEL in the
10 Kdz te 10 MHz range, stating only that "The PELS listed
« « o are based on current knowledge of radio frequency
radiation effects."22

Item 4. This item is concermed with service policies
on exposures above lomw/cm2 (the continuous exposure limit
for all services in the microwave bands). The Army23
specifically prohibits "unnecessary" exposures above lOmw/cmz,
while the Air Force states that "It is permissible to allow
any personnel exposure that satisfies [the Air Force PELs]."za
The Navy does not specifically meation "unnecessary" exposures,

but does require a medical exam for personnel exposed to more

~
than 50mW/cm“ of microwave radiation (See Item 20).

21
1978), 32.
22U.S. Department of the Air Force, AFOSH Standard
161-9, 3.
23
1978), 32.
24

U.5. Department of the Air Force, AFOSH Stande.rd
161-9, 3.

U.S. Department of the Army, TB Med 270 (September

U.S. Departmert of the Army, TB Med 270 (September



E Item 5. The development and use of protective cloth-
; ing (a rhysicel protective measure) is discussed in this
; chapter.under Comparison and Discussion (Physical Protective
Measures, .
Item €. All three services discues physical protec-

tive measures to some extent (see Comparisen and Discussion .
Vo3 (Physical Protectiv.. Measures) in this chapter). However, |
' none of the service regulations, instructions, o1 technical
~ 3 manuals discuss the complete range of physical protective
‘. j measures avzilable.
. : Item 7. The Armv and Air Forve have establ.shed com-
~:; prehensive monitoring programs to insure compliance with

; exposure ~tandards. The Aruy'!s program 1s centralized, the
Air Foxrce's, decentralized.
E The Army requires periodic comprehensive surveys of

Ai ricrowave/RF installations, conducted by tie U.S. Army En-

. virom -.tal Hygiene Agency (a sub-command of U.S. Army Health

T Servicae Command), and the ovaluation of plans for installation
oy .crowave and RF equipment and studiss of environmental

E conditions at user sites or test facilities.25 In addit.on,
the Army requires periodic inspoctions and surveys of micro-
3 wave ovens by commanders having possession of them. Reports

are maintained at the installation/activity level until

T ;; 25U.S. Department of the Army, AR 40-583, 2.

3 3
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26

receipt of the next comparable repcrt.

The Air Force requires base bioenvironmental engineers
(BEE) to conduct periodic surveys. In addition, survoys are
required when notified of new operations, equipment changes,
or equipment modifications which may alter the biological
significance of the EMR environment. Tne BEE also identi-
fies all areas where RF radiation levels exceed USAF per-
missible exposure levele, and rscommends engineering controls
as appropriate. The USAF Occupational and Environmental
Health Laboratory (OEHL) may be contacted for assistance if
necessary. Air Force Communications Service (AFCS) also
provides consultation and measurement services.27 Local
bases are also respsnsible for periodic microwave oven sur-
veys, in a specified format, with copies of reports forwarded
to federal Drug Administration regional offices and the USAF
OEHL.28

The Navy, although requiring a microwave oven control
program29 similar to the Army, does not have a comprehensive
continuing EMR monitoring program. BUMED Instruction 6470.134

requires commanders to be responsible for compliance with the

instruction. The instruction calls attention to potential

26U.S. Department of the Army, AR 40-4L, 2.2,

27U.S: Department of the Alr Force, AFOSH Standarcd
161-9, pages 2-~3, and 26-27.

28
U.S. Department of the Adr k¢ . , A'OSH Standard

161-9, 31".

2
QU.S. Department of the Navy, BUM"D Instruction 6470.16.



health hazards, specifies maximum exposure level:, provides

suidance for medical surveillance and specifies reporting
requirements of microwave overexposure incidents. Howevor,
the instruction does not establish a formal hazard inspec-
tion system, either centralired or decentralized, as is the
case in the Army or the Ai. Force. The functions of per-
sonnel hazard evaluatior, control and protection is left
entirely to the discretion of commanders, although the Navy
Bureau of Medicine and Surgery does provide technical
assistance through its sub~command, the Navy Environmental
Health Center.°C The Naval Ship Engineering Center is
responsible for determining hazardous shiphoard areas and
insuring that the possibility of biological injury to per-
sonnel from RF radiation is minimized or non-existent,31
however, there is no organization formally responsible for
'shore installation hazard evaluation.

Item 8, The Air Force specifically assigns respon-
sibility for research into the hazards of EMR in the USAF

standards of EMR protection.32

The Army and Navy do not
specifically mention this responsibility in their EMR pro-

tection regulations or instructions, although both services

30y, s
647C 134, 3.

. Department of the Navy, BUMED Instruction

21y.s. Department of the Navy, NAVSHIPS 0900-004-
8000, 1-1.

3

dU.S. Department of the Air Force, AFOSH Standard
161-9’ 1-
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do conduct such research.

Item 9. The Army specifically reguires that agencies
responsitle for research, dsvelopment and testing (RDT) of
microwave and RF equirment insure that such equipment is
evaluated for perscnnel exposure potential during the RDT
phase.34 The Air Force also reguires similar actions in its
EMR safety statnciardas..j’r The Navy does not ment:lon such
requirements in its instruction on microwave arcd RF nhealth
hazards, although, as mentioned in Item 7, the Naval Ship
Engineering Center is responsible for determining hazardous
areas on ships. No mention is made of any organizations
responsible for determining hazards of EMR emitting equipment
teing designed for installation at shore activities or in
shore-based aircraft,

Item 10. All three services have agencies which cor-
duct consultations in the case of overexposures tc EMR, and
provide advice and guidance to commanders when requested.

These age ~ 2s are the sama as mentioned in Item 7.

33The Walter Reed Army Instituts of Research, Washing-
trn, D.C., and the Navnl Medical Research Institute, Bathesda,
MD,, conduct research .nto hazards of EMR. The Army Medical
Research and Development Command, Washington, D.C., and the
Navy Medical RBesearch and Development Command, Bethesda, MD.,
found research by civilian agencies into the nrzards of EMR,

3‘"EIJ.S. Depariment of the Army, AR 40-583,2.

35U.S. Departr - of the Adr Foirce, AFOSH Standard
151"‘9’ 1,
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tem 11. All three services have agencies which are
responsible for on-site surveys, estimating hazard distances,

maintaining data on EMR emitter charactoristics, and assist-

ance In investigation of suspected or actual overexposures. .

The Army and the Air Force specifically mention these
responsibilities in their regulations/standards concerning

EMR hazards (see Item 7); the Navy's instruction cn microwave
und RF health hazards deoes not assign specific responsibili-
ties for on-site survoys, estimating hazard distances or
maintaining data on EMR smitter characteristics, othor than by
saying that technical assistance may be requested from the
Navy Environmental Health Center. The Navy'!s Technical Mamuai
for RF Radiation Hagards states that "Requests for the assist-
ance of qualified shipboard survey personnel should be directed
to the Naval Ship Engineering Center via the Naval Ship Sy=z-

tems Command."36

The manual, however, does not specify any
regular system of surveys or reports. The manual does contadin
lists of estimated hazard distances and EMR emitter character-
istics for radar systems wkich cculd <ause hazards tc personnral.
No mention is made of communications systems. The Air Force
specifically statos that the USAF OEHL will loan selected sur-

vey instruments to assist ctommanders in resclving RF persornel

hazerd problems which are beyond the capability ol base and

36

U.S. Dep>rtment of the Navy, NAVSHIPS 0900-005-8000,
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37

major ccmmand resources. ~he Army and the Navy do not men-

tion this capability in their regulations/instructions on EMR
hazards,

Item 12. Although the means of providing travel funds
is not mentioned in any of the service regulations/instructions/
standards on providing protect.on from EMR hazards, it is the
personal kuowledge of the author that the Army and Air Force
Fund the responsible organization directly, vwhile in tlie Navy,
any funding for travel of persoxanel from eitlk :r the Navy En-
vironmental Health Center or the Naval Ship Engineering Cencer
must be provided by the requesting command.

Item 13. The Army and the Air Force specifically zre-

38,39

gquire inventories of all EMR mitters, categorization of

EMR emitting equipment as to hazard,38’39 and periodic resur-

39,40

vey of emitters. The Navy does not mention any specific

requirements in the above areas in ingtructions concerming
EMR hazards. All three services do require dissemination of

information on measures required for control of exposures to

-

370.8° Department of the Air Force, AFGSH Standard
161-9, 26-27.

38
1978)’ 260

U.S. Department of the Army, TB Med 270 (Seotember

3911.5S. Department of ihe Air Force, AFOSH Standsrd
161-9’ 4-5;

aOU.S. Depa~-tment of the Army, AR 340-583, 2.

=
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41,42 (See alsc Footnote 40.) The .

hazardous levels of EMR.
Army end Alr Force require specific checks and warning for
facilities tkat repair or test EMR emitters. (See Footnote
29 and 40.) The Air Ferce reqQuires more fregquent surveys of
such facilities than for other EMR emitters, while the Army
does not. The Navy makes no specific reference to test and
reopair facilities as being any different from any other
facility.

Item l4. All three services require hazard warning
signs at locations which are hagzardous or potentially hazard-
ous to personnel. However, the reguirements for posting EMR
hazard warninugs in such areas are different for each servics.
The Army requires that "appropriate areas are placarded to
the nature of possible hazmardous exposure . . .."“3 The Navy
Bureau of Medicine and Surgery requires that "Personnel shall

observe 'RF HAZARDS! warning signs which poiat out the

existerice of microwave radiation hazards in a specific loca-

tion or area."hh The Naval Ship Ergineering Center expands

LlU.S. Department of the Navy, BUMED Instruction

6470.'34, Enclozure 1.
5245, Depertment of the Air Force, AFOSH Standerd
161-9, 20

3y.s. Department of the Army, AR 40-583, 2.
44

U,S, Deparitment of the Navy, BUMED Imstruction
6470.13A, Enclosure 1, 2.

my

E ;.ih‘;h o




SRR T TR AN T TR AT T e N P PR A W i, g

79

on the warning sign requirements, stating "Ensure that radia-

tion hazard warning signs are available and used, not only
where required to be permanent.y rosted, but also for tem-
porarily restricting access to carrtain parts cf the shir while
radiating."#S The Air Force states that "RF warning signs
are required at any location where access to power density

levels in excess of the PEL is probable."ué

Item 15.
in use if periodic survevs determine that they leak more than

Although microwave ovens cannot be continued

5mw/cm2 (half the permissible expcsure level for continuous
exposure), the Army requires that "microwave ovens on mobile
food carts or ward nourishment stations of nedical facilities
may require microwave warnins signs during cperation. Tem-
porary posting of warning ¢ .gns pertaiwning to interference to

47 The

medical electronic devices may be necestary « . .."
Arm- also requires that perscnnel "Conspicousliy display warn-
ing signs ddentifying potentially harmful generators of EMI

[Electromagnetic Interferencel such as RF/microwave diather-
mies, microwave ovens, etc., whenever the devices are in uss,

48

so that cardiac pacemaker wearers car. aveid the area." The

45UaS. Department of the Navy, NAVSHIPS 0300-005-8000,

U.S, Department

‘U.S. Department

U.S. Department

of the Air Force, AFQSH Standard

of the Army, AR 40-44, 2-1,

of the Army, TB Med 270 (September

-
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Navy and Air Force dc not require warning signs near microwave

-

ovens (other than the federally reguired label or the oven
stating that tke oven should not be operated when empty, with
objects caught in the door, with damaged door, etc.); the Air
Force specifically forbids the posting of warning signs around
microwave ovens.49’5o

Item 16. The Army requires warning signs be posted
for possible interference with heart pacemakers for any equip-
ment capable of creating EMI (see Ttem 15). The Air Force
specifically prohibits the posting of warning signs at access
routes to RF sources because of interference potential to
medical prosthetic devices (pacemrsers).5l The Navy does not
mention the posting of warning signs for pacemakers in lhe EMR
hazard instructions.

Item 17. All three services require formal medical
investigation of incidents and accidents concerming EMR. The
Army requires that "Persommel who are known or suspected to
have besn accidently exposed to levels in excess of applicable
protection standards shall be examined as soon as pos8sible

following such exposurf—:‘."52

h9U.S. Department of the Navy, BUMED Instruction
6470.16.

50
161-9, 4,

U.S. Department of the Air Force, AFOSH Standard

51U.S. Department of the Air Force, AFOSH Standard
161-9, 4,

52U,S. Department of the Army, AR 40-583, 2-3.
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The Navy requires that "Persomnel exyposed to powsr
densities above SOmH/bmz should be given a complete physical
and ophthalmological examinartion immediately follewing the
incident and at 2-week intervals thereafier for a2 minimum
period of 4 weeks."‘s3 (see also Itena 21.)

The Air FPorce requires that "In the event of con-
firmed or likely instance nf an overexposure to an individual,
& physician will review the individual's medical history and
perform such examination as is indicated by clinical symp~-
toms."54

Ttem 18. The Army requires individuals whose assign-
ment may result in significant risk of exposure to potentially
hazardous levels of EMR to undergo pre-or post employment

55

medical examinations. The exact reqQuirsments of the medical
exam are not specified.

The Navy also reguires routine pre-and post-employvament
examinations, and states exactly what such exams should

e
include.)6

53y.s. Department of the Navy, BUMEL [nstruction
U.S. Department of the Air Force, AFOSH Standard

55U.S. Department of the Army, AR 40-583, 2.

56U.S. Department of the Navy, BUMED Instruction
6470.134, 3.

e,
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.The Air Force states that pre-or post-employment

medical examinations are nnt required for personnel occupa-
tionally exposed to EMR.57

Item 19. The Army and the Navy reguire periodic
medical examir: tions for personnel occupetionally sxposed to
EMR, The specified requirements include pariodic opthal-
mologic examinations only. (See Footnote 55.) The Air Force
once again specifically states that medical examinations are
not required. (Sse Faotnote 56.)

Item 20. The Navy, in requiring pre-employment

examinations, specifically forbids occupationally exposing

persoxmel having eye opacitie which would be indistinguishable

on further development from opacities which are caused by
microwave exposure.58 The Armv and the Air Force don't
address this requiremert in their rsgulations/standards.

Item 21. The Navy has a specific regquirerient for
rhysical and ophthalmological examinations for personnel
exposad to power densities above 50mw/cm2, even though tne
Navy!s permiscsible exposure level allows exposure graater than

5OmW/cm2 for limited periods of time.59

574,S. Department of the Air Forre, AFOSH Standard
161"9, 70

58U,S. Department of the Navy, BUMED Instraction
6470.134, 4.

59U.S. Department of the Navy, BUMED T -struction
6470,134, 4,
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The Army also regquires cxaminations for exposures

greater than 50mwfbm2, butc im the Armyt!s case, exposures

above 50mw/cm2 constitute a forbidden exposure level. (See
Items 1, 2, and 3.)

The Air Force does not require examinations for ex-
posures above SOmW/cm2 unless the amount of time the person
is exposed sxceeds the PEL,

Item 22. The Army allows commanders to prescribe

"conditions under which interlocks, limiting or warning de-
vices installed on equipment may be by-passed or overridden
during combat alerts, training exercises, and in maintenance
or calibration of equipment."6o The Navy and Air Force make
no mention of such a concept in their instruc.ion st ndards.
This chapter reviewed known physical and administrative
protective measures against the hagards of EMR. Comparisons
of protectice measures bet.veen the services were made an
displayed in matrix format. The comparison of physical and
administrative protective measures reveals areas of signifi-
cant differences between the three services. The implications

of these differences will be Fiscussed in the next chapter.

6OU.S. Department ot =ue Army, AR 40-583, 2.
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CHAPTER VI

FINDINGS

A contemporary problem for the military services, as
identified in Cnapter X, is the attack by various individuals
and grour: on the measures used to prctect members of the
mil.tary services and the public from hazards of E‘R, In
order to understand the meanirg and adegquacy of protective
measurss employ 4 by the military services, it is necessary
to be aware of tane nature of EMR, and the extent of the EMR
hazard. 7These svbjects heve been briefly discussed in
Chaptzrs ITI and ITI. It .s also necessary to understand the
sxtent of the military irnrolvement with eguipment and systems
capable cf causing a biological hazard to man, in order to
analyze the nrotective neasures emplnyed by the services.

The ger .1 classes of EMR emitting systems in uge in the
military were discussed in Chapter IV,

A problem clouding the issue of the adequacy of the
military services EMR protective measures is the controversy
sursounding the question of non-thermal effects, described in
Chapter III. The scientific guestions being discussed con-
cernirg non-thermal effects are the driving force behind most
serious queries concerning EMR hazard protectior. The

Fastern European gtandards of protection, heing much lower

84
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than those in the United States, continue to be the main
source of dissention among members of the U.S. Scientific
Community whenever EMR exposure standards are discussed. The
military services, being aware of the possibility of hazards
due to as yet unproven effects of EMR, continue to fund re-

search designed to discover hazardous effects of EMR as well

as the bpiological mechenisms of such effects. The areas of

research and amow ¢s being expended are detailed in Chapter IV,
Although an awareness of the above contiroversy, and

what is being done about it, must certainly concern anyone

interested in improving protection from EMR bioeffects, the

primary thrust of this paper was not to try and resolve that

prot?’em, The fact is that although the military services

must certainly be aware of pending problems, in order to not

be surprised by new discoveries, if any, in the field of bio-

logical hazard protcction, they must also provide adequate pro-

tection to known hagzards on a day-to-day basis. The only

recognized and generally accapted EMR hazards, at the present

time, are the thermal hazards. To protect against +this known

hagard, the American National Standards Institute has created

3\ ’ a standard setting the safety level of EMR with respect to
3 \\\i\g personnel. The military services are required to ccnform to
E . this standard. The services may, if they desire, establish
\\\ stricter standards, and the means of implementing the standard

remains the perogative of the individual service. This paper
., examines the means by which the services presently implement

it E existing protective standards.
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The data presented in Chapter V is a compilatieoa of
protective measures against EMR hazards in use by the military
service. 7The protective measures in use in each service are
shown in comparison with the measures in use in the other sar-
vices. By means of this comparison, overall protective meas-
ures in the military services may be improved by identifying
protective measures not in use in all services. The protective
measures not in use in all services are indicators of measures
which may ve implemented, or at least examined, by the non-using
service(s) as pr=sible means of improving personnel protection i
practices., Altermatively, protective measuras that are dis- =
covered in use, but not by all services, could indicate areas
in which protective measures are unduly strict in one or more
services. Through {‘{he examination and possible elimination of
such overly strict measures, funds may be saved which could
then bYe used to improve other areas of EMP hazard protection. "

Thus, the Jdiscussion in the remainder of this ckapter will

develop conclusions based on the data presented and discussed
in Chapter V; will present recommendations intended to improve
the EMR hagzard protection of the services based on the con-
clusiors; and will present other considerations based on the
authorts experience with the U.S. Army, with EMR, and with

biological research into the hazards of EMR.

CONCLUSICNS

Energy from EMR may be absorbed into biological

organisms in various amounts depending on meny physical
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factors. Depending on these physical factors, primarily the
intensity of the EMR in relation to its frequency, hazards
may be presented to biological organisms, including man. The
military services are active users of devices and systems
which smit EMR over the entire range from 30 Hz to 300 GHz.
The military services, because of their use of devices which
emit EMR, and the necesgsity for conforming with ANSI standards
setting the safety level with respect to EMR, have implemsnted
various safety regulations, instructions, guidance and stand-
ards.

The services, in their administrative protective
meesures, describe various physical protective measures. The
effects of distance, shielding, protective clothing, and
antenna design and function are also discussed in various de-
grees in service publications.

Protective clothing should either be allowed by all
services if it performs adequately, or forbidden by all
services if it does not. To have one service implement a
policy of protective clothing wear, while another expressly
forbids it, while the third se:vice does not mention the
subject (other than as a recommendation concerning protective
eyewez2r in a military course on hazards rather than in an
official regulation) can only cause doubt as to the adequacy
of protection vrovided. Possible methods of resolving this
problem are for the non-using services to state in their
regulations <hat the use of protective clothing in that ser~

vice is not necessary for whatever reasons apply and to state

el
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what alternate methods of protection are to be used, or for

the non-using service to actually procure protective clothing

similar to that in use in the Navy, and state its use ancd

LRV e

availability in the appropriate regulation.

Emission cutoff is not specifically discussed as a

Lk P T

LT

protective measure in any of the service publications reviewed,

LAt

although it is mentioned in civilian "open® publications and
in publications of other govermmental agencies. This informa-
tion would probably not help base/post/unit commanders in

providing better protection, since the technical specifications

TETWTE

of emission cutoff devices must usually be established during )
i
the design phase. However, since some service regulations !
{
require that consideration be given to EMR exposure criteria

in the RDTE phases of new equipment procurement, the publica- !

TR R

tion of information on this subject by the Denartment c¢f De-
fengse would possibly aid in the procurement of safer equipment
throughout the military services.

Spread spectrum techniques are not mentioned in the

context of being safer than comparable EMR smitting equipment.

Coromit e LIV BT SEATUE LA AL L

However, the technical characteristics of spread spectrum de-
vices make them worthy of consideration by all services for
possible inclusion in any publication discussing the reduction
of hazard of EMR emitters based on technical characteristics.

In the area of administrative protective measures,

the differences between the EMR exposure standards (permissible

exposure limits) among the three services should be resolved.

g g g pyIETE
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The principle that each service should be free to enact more
stringent measures than the ANSI standards require certainly
could not be argued against; however, a problem exists in

that the services Jdo not agree on exactly what frequency

range the standards should cover, or what the maxinmum exposure
limit should be. This can only lead to a lessening of credence
in the standards, as questions are posed as to what standard

is really safe,

Two services, the Army and the Air Force, establish,
in regulations and instructions, a comprehensive continuing
EMR emitter monitoring program that ensures ccmpliance with
their own exposure standards. The Navy does not mention such
a program in the appropriate EMR health hazard instruction,
other than to require commanders to comply with the instruc-
tion. Although further review of Navy manuals concerned with
EMR health hazards indicates that specific commands are respon-
sible for various aspects cf personnel EMR hazard protection,
specifically on ships, the lack of overall guidance in the
basic EMR heaith hazards instruction is notable when contrasted
to that of the Army and Air Force, Whether the program is
centialized, as is the cese in the Army, or decentralized, as
is the case in the Air Force, wouid of course be the choice
of the Navy; however; a specific program should be detailed
by tlie Navy to aid in the overall protection of personnel of
the military services.

In addition to establishing continuing comprehonsive

monitoring programs, the Army and the Air Force both maintain

—
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central organizations capable of providing technical assist-
ance in the form of cn site surveys of possible hazards, esti-
mating hazard distances, maintaining EMR emitter character-
istics, etc., as well as providing assistance in investiga-
tion of possible overexposures. Although Navy Instructions
state that the Naval Environmental Health Laboratory can
provide technical assistance, the specific capabilities of
this organization are not mentioned. Spelling out the specific
capabilities of the assistance organization as is done in the
Army and Air Force, as well as delineating its exact responsi-
bilities in regard to personnel protection, could improve the
Navy!s protection pocsture as all commands would know exactly
what help is available.

Another area in which Army and Air Force techniques
could help the Navy is in the funding of tlie travsl of the
technical assistance organizations. The Navy doess not fund
the Naval Environmental Health Laboratory for routine travel
in assisting ®customers." The major command requesting the
assistance must fund the travel. This is a major difference
between the Navy and the other services, who provide their
assistance organizations with programmed travel funding.

This subtle difference in approach could result in commwanders
in the Navy being more reluctant than commanders in the Army
or Air Force to request the assistance of an outside hazaxd
evaluation agency, because of the cost involved to the request-

ing command. This could tend to raduce overall protection in
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the Navy as commanders allocate funds to what they consider
to te higher priorities.

The many differences in the use of hagard warning
signs noted in the data presented in Chapter V is anothe¢r area
in which the services differ. If an item is considered
dangerous in a certain enviromment by one service, and warning
signs required, wnile another specifically states that a sign
is not required in the same environment, the cverzall view of
the adequacy of protective measures becomes suspect.

Another area in whicl the services do not agree is
the need for medical investigations or examinatiomns. While
all services agree that imvestigations of incidents or
accidents involving overeiposure to EMR are required, they do
not agree on other medicnl programs, such as periodic and
pre-or-post employment medical exams. If safety resquires
certain types o0." examiaations in one service, they should be
required in all; or if one service can show that a certain
type of medical examwinaticn is not required for some adequate
reason, then there is no logical reascn for the other services
+o0 retain the ragiairsment.

A final ‘tem; the fact that the Army allows commanders
to prescribe conditions under which protective devices in-
stalled on equipment msy be by-passed or overridden, while
the other two services do not mention such a concept, is one
that should be addressed by all services. The commander, in

combat. has always had the responsibility to determine
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measures to accomplish his mission, and these measures could
often be hazardous to personnel under his command, In addi-
tion, a realistic training enviromnment is necessaxry to insure
eventual success in any mission. The assumption by the Army
that all commanders have thne capability of determining the
extent of the EMR hazard to sufficient degree to allow them
to make =2 decision concerming the bypassing of safety devices
is probably erroneousg, given the fact that the Army practices
a centralized EMR monitoring program. Reconsideration of this
item by all services in light of other service doctrine, with
the intent of being more specific as to the latitude allowed
commanders in this area, coulld considerably improve EMR hazard

protection.
RECOMMENDATIONS

The fonllowing recommendations are offered:

a. That the Secretary of Defense direct the establish-
ment of a committee to discuss the protective measures of the
three services, and to coordinste the resclution of the
differences between the physical and administrative protective
measures of each of the services. The committeets individual
service representatives should be empowered to implement
changes to sarvice regulations, instructions, standards, and
guidance, arrived at by consensus of the group. This committee
could be similar in concept to the committee formed at the

request of the Director Defense Research and Engineering (now

- o aedifla ¥




" B ESTAGTERY, ST BRI RS TS R A S T T, e e Sy

I = ¥

93

called the Deputy Undersecrntary of Defense, Research and l
Engineering) in 1975 to coordinate the Tri-Service EMR Bio-
effects ¥ 'sarch Program. That committee is called the Tri-
Ser: .~ : Electromagnetic Radiation Panel (TERP)., The new
committee would concern itself witl physical and administra-
tive protective measures, rather than with coordinating the
research into biological hagards of EMR, Although the exist-
ing TE~«P has as cne of its objectives ". . . to provide

2. idance for s, gtems development and operations,"l this

o Ldve is accomplished primarily throuzh recommending

‘.nges to existing permissible exposure levels based on the

T e T
BRI

scientific researc” the panel coordinates, rather than by

actually propcsing appropriate physical protective measures
2y a broad range of administrative vrotective measures to be
implemented by the services., If necessary, due to funding
limitations, the chairter and panel membesship of the TERP
could be expanded to include this function.

b, That a tri-service document be published by the

Deputy Undersecretary of Defense, Research and Engineering,

describing all known physical protective measures and means

for implementing the meatures, The document would priumarily )

lU.S. Department of Defense, S Report or_ the
Tri-Service Electromagnetic Radiation iEMRE Bioceffects
Research Program, presented by the Tri-Service Electromagnetic

Radiation Panel (TERP) at the 158th. Joint Medical Reseaxrch
Conference, Washington, D.C., 18 October 1978.
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be used in the :research, development test and evaluation phases
of eguipment procuremant as a guide in providing apprcpriate
protection prior to the fielding of new EMR emitting equipment.
c. That the three services iamediately reso. se the
differences between their respsctive EMR exposure standaxrds.
That in stating their exposure standards to EMR radiation the
services include statements as to why EMR at certain freguencies

does not require standards, if that is the case, in the appro-

[T

priate regulations and instructionc.
. That the Navy establish in its microwave and RF
health hazard instructions a comprehensive and continuing EMR

emitter monitoring program, similar to either ¢f the other ser-

vices. The Navy should also eithser upgrade the capability of
f the Naval Environmental Health Laboratory to perform EMR health
3 hazard assessmer.:s and assistance to other naval commands, or

assign these fuictions to some other agency eguiprred and manned

TR

to handle them.

e. That protective clothing, already in use by the Navy,i
i

be examined by the other services for possible use. If a decis~

ion not to use protective clothing in the othzr services is
made, that statemerits concerning tiie existence of protective
clothing ar'd why it is not being used be made in the appropriate
regulation, and that statements be made as to what altermate
methods of protitection are to be used in its place.

f, That at review of the three services! use of

hazard warning signs be made to insure conformity of use as

e st sk A5 readt Bt Al AN By MY Gl KL
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a warning near microwave ovens, and near other emitters as
possible sources of pacemaker interfesrence.

g. That the services reach agreement as to require-
ments for periodic, pre~employment, and post-employment medi-
cal examinations., That the procedures to be followed in th_se
examinations found to be necessary ve established in the
appropriate service regulations, instructions and standards
on EMR protection. This will enable medical personnel unfamiliar
with the.Symptoms of EMR damage to conduct more meaningful
examinaticns,

h. That all three services better define the latitude
of commanders to prescritre conditions under which EMR hazard

protective devices may be by-passed or overridden.

OTHER. CONSIDERATIONS

Although the concern about a Department of Defense
coverup of EMR hazards expressed by Brodeur, as described in

Chapter I of this paper, appears to be unfounded, this

e vienes i S

research has discovered certain areas in which the protection
provided to military personnel and the public may be ultimately
improved, by better coordinating efforts among the services.
That is, of course, but one aspect of the overall problem of
EMR hazards. The following represents general observations

of the author!s twelve years in the U.S. Army, and specifically
three years at the Armed Forces Radiobiology Resesarch Institute
as an electronics engineer working om projects involving

research into the biological hazards of microwave and extremsly
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low frequency radiation, as well as electromagnetic pulse.

a. Non-Thermal Effects. Although this paper did
not directly consider the problems posed by the uncertainty
surrcunding the possibility of non-thermal effects, this is
a problem with which the military services are vitaliy con-
cerned, Ongoing research continues to examine the mechanisms
by which EMR may damage biological organilsms, as indicated
in Chapter IV. The Environmental Protection Agerncy is con-
sidering new guidance for general population exposure to EMR,
The military, in at least ore service, is addressinz the im-
pact of a possible reduction in the maximum permissible ex~
posure level for continuous exposure from lOmW/bmz to lmw/cm2
However, control of RF emitting equipment and/or real estate
te restrict levels where personnel may enter or itraverse ave
the only subjects addressed.2 As is seen in this papsr,
various other physical and administrative protective measures
may need to be comnsidered,

The Navy is the only service that specifically men-
tions the possibility of non-thermal effects but states that
"An association of a biological hagzard with the non-‘thermal

03

effects has not been demonstrated. This eppears to be tra

2Letter, Department of the Army, Office of the Deputy
Chief of Staff for Operations and Plans (DAMO-TCF) to com-
manders of major army commands, subject: Control of Exposure
to Radio Frequency Radiation, Washington, ~.C., 12 May 1978.

3U.S. Department of the Navy, BUMED Instruction
6470.134, (January 28, 1977), 2.
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opinion of the scientific community in general in the United
States, and should probably be zcknowledged in the guidance
and rzgulations of all scrvices.

b, Training cf Military Persomnel. The problem of

preventing the hazardous exposurs of military personnel
actually operating or repairing military communications and
radar equipment is cne wvhich is not addressed through fully
training these persomnel in knowledge of the hazards, at
least in the Army,

Installation and activity ccmmanders are required to
insure that persomnel working in the wvicinity of microwave
or RF radiating equipment are informed of potential health
hazards associated with exposures from specific efjuipment

being used, This ig usually accomplishsd through the use of

Standing Overating Frocedures {S0P's). Although the SOP!s ,
exist, and are usually adequate, neither werking persommel

nor supervisors are fully familiar with the actual hazards

of specific equipment. While nc ore wiil knowinkgdy walk
into an area which is placarded with a hazardous arez warning,
many personnel in a meinterance envirorment, for instance,

are unaware of the possible hagzerds of iwmproperly repairing
equipment. Even when persomnel are knowledgeable of the

possible hazards, they have no method of accurately measuring

EMR hazard levels, and assume that if something they were
doing was dangerous, socmeone would tell them. The author's
experience is that only a small percentage of officers in the

Army are familiar with the specific hazards of EnR.

N
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| It must be realized that detailed knowledge of the

hazards of EMR, which after all, are but one of the hazaris

P L

with which members of the military are associated on a day-

to-day basis, is probably an unrealistic goal. This problem
area could probably be improved upon by insuring that
apprcpriate warnings wsre included in the equipment operat-

ing manuals uced by military personnel, and by including "aware-

ness" instruction in appropriate training courses at 1l

TR PR P TR T I s v .

s

levels, to include supervisory persomnel.

c. Possible Future Protective Measures. Although f

kRl L

many physical and administrative protective measures are

presently in use, the technology of providing protection from

3 EMR is still an area in which cornsideration must be given to

the development of new techniques. Technology which has as

its objective the improvement of the operational capabilities

of communications and radar systems may yield benefits in

EMR hazard protection. For instance, tus development of Off- !
set-Parabolic-Reflector Antenna Systems offer a better com-
promise between nigh efficiency and low side lcbes than many
present antsnna systems.u This low side lobe characteristics
could make systems using such antennas less hagzardous to per-
sonnel than existing systems,

Another possible protection from the hazurds of EMR

which couid be used by support and maintenance porsonnel on

aAlan W. Rudge and N.A. Adatia, "Offset-Parabolic-

Reflector Antennas: A Review," Proceedings of the IEEE, 66
(1578), 1617.
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fiight lines and aircraft carrier decks would be the develop-
ment of simple individual warning devices to be worn with the
uniform or carried by one member of a maintenance team. The

devices could be similar in concept to the "radar warning"

TTTISTIIGY

devices sold to motorists, and would warn personnel if they
were in the radar beam of an aircraft in which the radar was
inadvertently operating. Such a warning devics could also
be useful in maintenance facilities for use by personnel

performing bench repairs on EMR smitting devices.

T g e

Soldiers in the field are subject to being exposed to

LAt

the EMR from a great variety of battlefield surveillance

devices. The development of a shield to be included as part
of body armor worn by front line troops couid result in fewer
constraints being placed on the operation of battlefield
surveillance and radar devices, as well as increased safety
for persommel.

Tre plamners ol future satellite commmunications sys-
tems may have to place enough satellites in orbit to insure
that ground statjon elevation angles cannot be low enough to
the ground to cause hazards to nearby personnel. This pro-
tective function is presently carried ocut dy restraining the

- antenna so it may not be lowered beyond a specified elevation
angle. However, in a field enviromment this constraint may

be unacceptable as troops move to positions where existing

setellites may appear low on the horizon.
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In the area of administrative protective measures,
along with the improvement of regulations, instructions, and

standards concerning medical cxaminations, it may be necessary

to develop new techniques of intensively managing and screening

medical files to insure that exposure to EMR is permanently

maintained as a necessary record and thot necessary examinations

are accomplished on schedule. This is already done in the
field of ionizing radiation, by using a Department of Defense
Foxm 1141, "Record of Occupational Exposure to Ionizing
Radiation," which is permanently retained ir an indivicusal's
medical record. The development of a form for non-ionir‘ng
radiation would focus both the individuml'!s and the doci. 3
attention on the hazards of EMR,

While the present difficulty in quantifying "doses"
of nun-isnizing radiation in a manner similar to ionizing
radiaticn may limit the utiliy of such a medical form, the
necessity to quantify medical information on periodic updates
of mediceal forms may eventually form a valuable data base on
medical problems of individuals occupationally exposed tc EMR.

d. Summary. The conclusions and recommendations
of this papsr open up other aspects of EMR hagzard protection
which might be considered in the future. The possibility
of non-thermal effects Yeing hazardous, however remote this
is considered to be at the present time, could increase the
need for a tri-service committee to coordinate the implementa-

tion of EMR hazard protective measures. The necessity of
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insuring adequate trajning of military personnel, and coordina-
ting research and implementation of pcssible future protective
measures, such as suggested above, are subjects which should
aiso be coordinated between all military services, thus

improving overall protection.

SUMMARY

In examining the problem of the hazards associated
with EMR, this vtudy concludes that there are many areas
where differences are apparent in individual service regula-
tions, instructions guidance and standards. Services not
implementing protective measures in use in other services may
tenefit by implementing such measures. Discrepancies between
EMR sxposure standards among the <ervices may lead to a lessen-
ing of credence in the standards. Differences in other areas,
such as EMR emitler monitoring programs, use of protective
devicas, use of hazard warning signs, and medical monitoring
pregrams tend to cast doubt on the adequacy of some service
programs when compared to the programs of other services.

In an effort to improve the EMR hazard prctection
provided by the military services, several reccmmendations
are offered. The recommenclations include: establishing a
tri-service committee to coordinate the implementatiocn of
protective methods among the services; providing specific
guidance concerming physical protective measures to be used
in the research, development, test and evaluation phaiies of

new equipment procurement; resolving differences between

I [ . S
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exposure standards; establishing comprehensive and continuing
EMR emitter monitoring programs in the Navy, similar to those
in use in the other services; insuring uniformity of the use

of hazard warning signs; improving medical monitoring program:.
and examining the latitude of commandexrs to prescribe condi-
tions under which EMR hazard protective devices may be by- -
passed or overridden. These recommendations are attainable

at the vresent time, and will improve EMR hazard protection

in the military services,

In addition, this paper discusses other considerations
of EMR hagzard protection. These include the necessity of
planning‘for the possibility that nonethermal effects may
cause a change in present hazard level standards; the necessity
of insuring adequate EMR hagard training for militaryv personnel;
as well as piroposals for the development of future physical
and administrative methods of protection.

The use of all available EMR hazard protective meas-
1vres by all the military services, and continuing programs
Tor the dsvelopment of new protective measures, will result in
better protection for military persomnel and members of the
general public subject to exposure to potentially hazardous

levels of EMR from military commmications and radar systems. .
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Antenna Gain.

Conductivity.

Decibels (DB).

Eiectrorn-Volt (e-v)

Far Field Region.

Field Intensity.

Field Strength.

Isotropic.

APPENDIX A

DEFINITIONS

The ratio of the powesr gain of an antenna
relative to a standard antenna., The -
relative gain is usually expressed in
decibels., The standard antenna is usually
an isotropic antenna.

A measure of the number of free electrons
in a material which could drift in an
electric field to create a current.

The unit giving the ratio of two levels of
power. The number of decibels is ten times
the natural logarithm of the power ratio.

The unit of energy acquired by an electron
in moving through a potential difference
of one volt,

The region of the radiated field of an
antenna where the power density decreases
in & manner inversely proportional to the
square of the distance from the radiating
antenna. This region is also known as
the Franhofer rsgion.

See Field Strength.

A measure of the electric field component

of electromagnetic radiation. It is defined
as the gquotient of a force due to a field -
acting on a test charge divided by the
magnitude of the charge. Field strength

is measured in newtons per coulomb or in
volts per dleter, which are equivalent terms.
Alsc known as Field Intensity.

Having the same radiating characteristics
in all directions.
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Microwaves.

Near Field Region.

Permeability.,

Pormittivity.

Photon.

Power Density.

Power Gain.

Quanta.
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A common term usef to loosely describe
electromzgnetic radiation in the frequency
range from about 300 MHz to 300 GHz.

The region of the radiated field of an
antenna were the power density is not
inversely piroportional to the square of the
distance from the radiating antemnna. This
region is also known as the Fresnel region.

A guantity which relates the strength of
the magnetic flux demsity in a material to
the strength of the current creating the
magnetic flux, or to the strength of the
magnetic field.

A quantity which relates the electric field
strength in a non-conducting (dielectric)
material to the strength of the electric
charge creating the field.

/
A "particle of light" which travels at the
speed of light and possesses "quanta" of
energy.

The time averaged energy flux cf an slectro-
magnetic wave, or the radiated power flow-
ing through a given area. It is usuall
measured in watts per square meter (W/m“)

or in milliwatts per square centimeter
(mW/cu“). Power density is directly releted
to the square of the field strength.

For an antenna, power gain in a given
direction is 47 times the ratio of radia-
tion intensity in the given direction to
the net power delivered to the antenna.

Energy packets of light produced under the
particle theory of light. Under this
theory "photons" traveling at the speed

of light possess various "quanta" of energy.

Radio Frequency(RF) A common term used to describe electro-

magnetic radiation in the frequency range
from about 10 KHz to 100 GHz.
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