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ABSTRA'JT 

This study has as its objectivE' the improvement of' 

the protection provided by the m:Llitary services to military 

personnel and members of the genoral public from thE' hazards 

of electromagnetic radiation (EMH) of military communications 

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

area of the electro~agnetic spectrum from )0 Hz to 300 Giga

hertz. 

As part of the investigation, the nature of EMH with 

respect to its interaction with biological matter is reviewed, 

and the extent of the hazard crea.ted by EMR at various 

frequencies is examined. The extent of military involvement 

with systems that emit EMH and with research into the hazards 

of EMR is detailed. 

An analysis of the military services protective 

measures, both physical and administrative, is made. 

Investigation reveals that the...., are several areas in 

which the individual services could impJoove their proLective 

measures by adopting measures in ·'.lse in other services. 

Recommendations as to cor.r>ectivE> measures are suggested. 
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CHAPTER I’ 


INTRDDLJCTICN 


The research in this thesis has as its objective the 

improvement of the protection provided by the military ser-

vices to military personnel and members of the general public 

from the hazards of electromagnetic radiation (EYR)  of mili-

tary communications and radar systems. Hazards from EMR 

emitted by systems not used for cc,.mmunications or as radar, 

lxt operating in the same frequency range, will be considered. 

d l l  EMR emitters with output levels of sufficient 

strength may be potentially hazardous, providing safety 

criteria are not observed. CommimScations and radar systems 

are the most numerous emitters of EMR in use by the military 

services. These systems are limited to a frequency range 

from 30 Hertz(Hz) to 300 Gigahertz(GHz). Therefore, this 

research will concentrate on only that subdivision of EMR, and 

not be concerned with EYR above 303 GHz, such as infrared, 

visible, and ultraviolet radiation. 

An examination of the protection provided by the 

military services from the possible hazards of EMR is 

necessary at this time because of recent questioning of the 

adequacy of existing safety criteria. Concern over the 

1 
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p o s s i b i l i t y  of p l y s i c a l  canage t o  humans has  l e d  t o  t h e  r e -

ccn?. p d b l i c a t i o x  of a book t ha t  a l l e g e s  tnat the  government 

and the e l e c t r o n i c s  i n d J s t r y  a r e  d e l i b e r a t e l y  covering up the  

hazards o f  EIW, Tne book g r a p h i c a l l y  s t a t e s :  

Microwave r a d i a t i o n  i s  more than k i t chen  ovens. i t  
is rada r ,  t e l e v i s i o n ,  telephone and s a t e l l i t e  conununica- 
t i o n s .  I t  i s  diathermy machinis,  b u r g l a r  alarms, and  
garage-door openers.  Microwave and radio-frequency heat-
i n g  i s  used i n  the manufacture of shoes,  f o r  bondin3 i ~ l y -  
wood, f o r  r o a s t i n g  co f fee  j e a n s ,  f o r  k i l l i n g  ws.eds and 
i n s e c t s ,  and i n  hunc?reds of orhe r  i n c h s t r i a l  and agri-
c u l t u r a l  p rocesses .  Microwaves provide a v a s t  a r s e n a l  
o f  weapons f o r  t o t a l  e l e c t r o n i c  warfare.  

Microwave r a d i a t i o n  ca? b l i n d  you, a f f e c t  yoilr be- 
hav io r ,  cause gene t i c  damage, even k i l l  you. The r i sks  
you run have Seen hidden from you by the Pentagon, the 
S t a t e  Department, and the e l e c t r o i i c s  i ndus t ry .  With1
t h i s  book, the  microwave cover-up i s  ended. 

Brodeur, i n  w r i t i n g  th i s  concept ion o f  t h o  hazards o f  

EN?, has succeeded i n  a f f e c t i n g  pub l i c  a t t i t u d e s  a n d  2ercep-

t i o n s  concerning Ei4R. T n i s  w a s  shown by the r e a c t i o n  i n  NSW 

York f o l l o w i n g  t he  pub l i sh ing  of h i s  book. New York C i t y  has 

i n s t i t u t e d  a moratorium on the  cons t ruc t ion  of microwave 

trazismission towers. The c i t y  has  a l s o  proiJosea an anendment 

t o  t h e i r  h e a l t h  cod,= s e t t i n g  a r n a x i m u n  exposure l e v e l  f o r  

p u b l i c  a r e a s  of 50!nW/cm2 from 10MHz t o  300GXz. Tnis  l e v e l  

2i s  1/200 of today ' s  s tandard .  

IPaul  Brodeur, The Zapping of America: Microwaves, 
Thei r  Deadly R i s k ,  and the Cover-Up, (1977) ,  preface .  

' 3 .  Sobel ,  " P r e s i d e n t ' s  Msssags, $1 IEEE Socie ty  on 
----- 1978), 1.Microwave Theory an2 T e c - h n n e s  N s w s l e t t e r m l l  
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Ftecent newspaper a r t i c l e s  .nave shown t h a t  many seg- 

ments o f  s o c i e t y  i n  the United S t a t e s  a r e  concerned with the 

e f f e c t s  of EldR. P r o t e s t o r s  have used vaxidalism a?d shoot ing  

i n  a? at tempt  t o  s t o p  the i n s t a l l a t i o n  o f  nigh vol tage  power 

3l i n e s ,  which emit EM3 i n  the  extremely low frequency range. 

Other a r t i c l e s  have shown concern #over the e f f e c t s  of EM? on 

the  part of the  TJnited S t a t e s  General Acoouyting Off ice ,  14 and  

the R e t a i l  Clerks  I n t e r n a t i o n a l  Un.ion. 5 

Actual ca ses  o f  phys i ca l  i ; i j u ry  a t t r i b u t e d  t o  EIL? 

have reached the cour t s .  Veterans have r i l e d  claims a l l e g i n g  

t h a t  c a t a r a c t s  and o t h e r  eye d e f e c t s  a r e  the r e s u l t  of chronic 

exposure t o  low l e v e l  EM? while i n  the s e r v i c e .  Several  

c la ims bave been s e t t l e d  and involved payments i n  excess o f  
6


$100,000. 

The m i l i t a r y  s e r v i c e s  are deeply involved i n  the  

ope ra t ion  o f  d ~ v i c e s  which e n i t  EM:?. Many m i l i t a r y  communica- 

t i o n s  and r a d a r  systems, as wel l  a:; other. types o f  systems 

31~Power Line Sparks Strong P ro te s t , ' '  The K a n s a s  C i t y
Star, Nmembor 27, 1978, 30. 

4 f'Microwave Sa fe ty  a u l e s  H i t ,  '' Tile K a z s a s  C i t y  Star ,  
December 1 2 ,  1978, 6. 

5"Microwave Hazard i n  S t o r e s  Clajmed by R s t a i l  Union, It 
E l e c t r o n i c  Engineering Times, December 25, 1978, 1-2. 

6"Proposed Program f o r  Biomedical Research of Elec t r o -  
magnetic Radation E f f e c t s ,  June 19'75, enclosure t o  Msmorandm 
f o r :  A s s i s t a n t  D i r e c t o r  f o r  Exvironment and L i f e  Sciences,  
-IOff ice  a f  L tLZLrec to r  o f  Defense l iasearch and Engineer iqg 
(Ju2e 1.1, 1975), s e c t i o n  I I B  (pages unnumbered). 
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wkich op.srate in the same freqJenzy range, may emit potential- 

ly hazardous levels of EM.3. The services are constantly ad\j- 

ing systems which emit %MR to tbe equipment they acquire and 

aperate. 

The military services :hve many regulations, instrx- 

tions, guidance, and standards concerned with protection of 

personnel from the hazards of ZW.. Tnis paper seeks to 

answer the question "How can the military services improve 

the EW3 hazard protection provided to military personnel and 

the pitblic7" To answer this question, the nature of EM-? 

wrst be considered along with the extent of the actual hazard 

created by EMi?. Tne military involvement with EN3 emitting 

systems and research into the hazards of EM2 must be known. 

Tnen, a review of protective measures of the services may be 

accomglished in an attempt to answer the above qaestion. 

In Chapter 11, .the nature of electromagnetic radia-

tion with resp.sct to its interactions with biological matter 

is briefly reviewed to form the basis for examining the 

problem of the I B R  nazard. 

In Cnapter 111, the importance of protection from 

the EMR hazard is examined by means of reviewing the extent 

of the hazard at various frequencies. Tne extent of this 

hazard is established 'by examining the observed effects of 

YJW on biological systens, factors which contribute to the 

en5ancement or lessening of these effects, and the present 

standards of safety in the kited States. Also exanined are 
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standards of safety in other countries, and the reasons ror 

the differences In standards among countries. The purpose 


of this chapter will be to determine the extent to which pro- 


tectior, must be provided by the military services. 


In Chapter IV, the degree of involvesent of the 

military services with systems that emit E m and with re- 

search into the hazards o f  EMR is examined. 

The military services utilize large portions of the 

electromagnetic spectrum. Submarix communications, long 

and short distance voice and code ,communications, aircraft 

and space communications, radio re.layed telephone comnunica- 

tions, radio navigation radar, and meteorological aids form 

the majority of applications. In addition, the Navy i.s inter-

ested in the Extremely L ~ WFrequency portion of the spectrum, 

and has established experimental s:rstems, for submarine com- 

munications. All services use microwave food processing 

devices which are potentially hazardous if not properly con- 

trolled. The military use of certain frequency bands overlaps 

the civilian use of these bands in some areas, such as FiY 

broadcasting and television. The military use of these 

frequency bands involves systems ranging in power output from 

a few milliwatts to many megawatts. Types o f  existing and 

proposed systems and systems in development are examined to 

determine types of military systems f o r  which protection is 

required. 
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In Cnapter V, the present protective measures in use 

in the military services are reviewed. Tne overall effectiva- 

nes5 of the nnilitary services' effort to provide p-otection 

is analyzed by conducting a cornrJarison 3f varioas protective 

measures in use. Instames where one o r  more military ser- 

vice is not utilizing a protective measure Xsed by one of the 

other services are noted. 

In Chapter Vi, the conclusions and recommendations 


are presented. 




ELZCTXOMA3?JEETIC RADIATION 


In this chapter, the nature of electromagnetic 


radiation and its interaction with matter, including bio- 


logical matter, is examined, arid cormnon terms concerning the 


electromagnetic spectrum are explained. 


PiiYSICAL CHARACTERISTICS 3F 


ELECTIIOM.4GNETIC RADIAT1O.V 


About 1860, James C. Maxwell showed the relationship 

between 3oving electric charges in a wire and the creatiori 

of magnetic a d  electric fields in space around the wire. 

If the charges in the wire were made to fitow in alternate 

directions at a given rate, or freqaency, the changes of 

electric and magnetic field intensities would be propagateS 

through space as electromagnetic waves. Maxwelll s theories 

established the electromagnetic natlire of light, which ex- 

plained how light could travel thro:igh a vacuwn. Based on 

his theories, Maxwell predicted the existence 3f radio waves 

in 1864. Twenty years later, Hertz confirmed Maxwelltti 

theories by producing and detecting radio waves experimentally. 

Radio waves were shown to propagate at the speed of light, 

and radio waves axd light were shown to be essentially the 

sane. 

7 
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The frequency and the wavelength of an electromagnetic 


wave traveling through a given rnsterial was determined to be 


related by the formula: 


c = F)r 

where C = the speed of light in the material 

F = the freqJency of the electromagnetic 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 waves of ultraviolet, x-rays, and gamna 

rays, were not known until after 1903, when Planck's quantum 

hypothesis became accepted. The hypothesis predicted the 

manner in which energy is transferred from a radiating body 

into a "beam" of radiation, o r  electromagnetic wave. Planck 

assumed that radiation is emitted only in discreet amounts 

called guanta, and that at a given frequency quanta a11 

possess the same amount of energy. Thus, the amount of energy 

contained in electromagnetic waves, or electromagnetic radia- 

tion (Em)depends on the frequency of the radiation. When 


considering the direct interaction of EMR with matter, the 


radiation is considered to have the properties of a particle, 


called a photon, which has a certain amount of energy and 


travelswith a speed C (defined above). 


Thus, EMR may be considered to be a wave or a par-


ticle, depending on whether it is traveling through space or 


interacting directly with matter. h'hen spsaking of the 
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energy contained in EMR, it has become customary to us? the 


quantity of energy known as the electron volt (ev), which is 


d.?fined as the anount of energy an electron will acquire if 


it is xoved by electric forces thrcmagli a potential differences 


of one volt. 


For radiation for which the. photon energy is high 

enough, direct interactions with mi.tter which displace elec- 

trons from the atoms of the matter are possible. Tne energy 

needed to dis2lace an electron fronl an atom varies from a 

l o w  of 3.87ev for Cesium to a high of 24.46ev for Heliun. :1 

At 300 GHz, the highest frequency with which this paper is 

concerned, the photon energy is .00124ev, three orders of 

magnitude too low to interact directly with atoms. 2 

Tnus, below 300 GHz, the wzve nature of E M R  is all 

that need be considered when determining interactions with 

matter. Although this may seem obvious, the fact the e lec -

tromagnetic radiation is called "ra.diation" could cause it 

to be confused with nuclear radiation. Tne fact is that E M R  

in the rreq.dency range discussed ir: this paper is "non- 

ionizing radiation" as opposed to ruclear or "ionizing" 

radiation, and thus interacts with matter in a different 

manner than nuclear radiation. 

'Reference Data f o r  Radio E:igineers (1973), p?. 4-2 
through 4-5. 

'Reference Data for Radio Ehgineers (1973), p. 37-2. 
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To determine the physical effects of ZM-3 when it 

interacts with matter, the characteristics of electromagnetic 

radiation in non-conducting (dielectric) and conducting media 

rmst be considered. In general all media through which an 

electromagnetic wave may travel have the physical character- 

istics of permittivity ( &  ), p.srmeability (j()and conduc-

tivity ( a ) .  
Ari electromagnetic wave, u2on striking an interface 

between two media of dissimilar characteristics will be 

partially reflected and will partially penetrate the new 

media. If the media is a condmtor, azr 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 Figdre 1, for W 

electromagnetic wave leaving a non-conchcting media (such as 

air) and entering a conchcting medium. 

The strength of the transmitted wave upon first 


entering the conducting media, and the distance into the media 


which the wave travels before being absorbed and having its 


energy transformed to heat is dependent primarily on the 


conductivity of the material. 


Another important considaration 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 below approximately l O M H z ,  but acts like a 
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Figure 1. Electronicmagnetic Wave incident on a conducting
plane. 



dielectric above 103 GHz.~ This simply means that at tiifferent 

frequencies EMR of the same power density will be reflected 

from and transmitted through a given material in different 

manners. T h s ,  the energy absorbed in biological material 

will chiefly be depsndent 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 


exarple, water). Polar molecules tend to 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 constrained. 


This oscillation of polar molecules results in the transforina- 


tion of electrical field energy into kinetic energy, creating 


heat. This effect is also highly frequency dependent, as 


given polar nolecules can only oscillate to certain frequen- 


cies, based on physical constraints. 


THE ELECTROMAGNETIC SPECTRUM 


The Electromagnetic Spectrum is usually broken down 


into several sub-regions, based ,311 frequency, as shown in 


'J. W. Kraus, Electromagnetics (19.53), 391-394. 
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Figure  2. 

I n  a d d i t i o n ,  s e c t i o n s  o f  the s p o c t - m  have rece ived  

:orm;7on names, a l s o  shown. 

Since the  phys ica l  c h a r a c t e r i s t i c s  o f  b i o l o g i c a l  

ma t t e r  a r e  d i f f e r e n t  i n  d i f f e r e n t  f requency ranges,  any 

p o s s i b l e  hazard t o  members o f  t he  m i l i t a r y  and the gene ra l  

pub l i c  w i l l  be dependent on the frequency range of the sy!;tem 

being coxsidered. Tne p o s s i b l e  hazards  of EMR at  var ious  

f requencies  w i l l  be d iscussed  i n  Ckapter ,111. 
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Figure 2. The Electromagnetic Spctrum 




CHADTER 111 


THE ELSCTROMAGNETIC RADIATION HAZAQD 


An indicator of the total growth of devices and sys-

tems which emit electromagnetic radiation (EMR) is the in-

crease in comnercial radio and TV stations from 936 in 1945 

to over 8,000 st the present time. The proliferation of 

Citizens Band Radio sets to an est:imated 15 million mils, 

the vast increases in civilian and military communications 

systems, radars, air traffic control systems, and even micro- 

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

to modern society. 

Although science fiction wi-iters 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 

levels has only been known for a relatively short time. 

Only since the late 1950's has much research been accomplished, 

and standards of safe exposure been established. 

In addition to Brodeur, whcm attacks present safety 


standards and demands more research, as shown in Chapter I, 


Paul Brodeur, Tne Zapping of America: Microwaves, 

Their Deadly Risk, and the Sover Up. (1977), 7-12. 


2Robert A. Heinlein, Heinlein: Tne Puppet 
Three ?-Masters; Waldo; Magic, Incorporated 1951), 226-227 and 2133-

234. 
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professional scientists have also found reason to doubt the 


adequacy of the standard^.^ The following sections will 


discuss the hazards and existing safety standards. 


DEFINING THE HAZAID 


The energy from EMS which strikes any material (in-


cluding biological 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 E m  may be absorbed, while some is 


being reflected and some transmitted. The behavior of EMR 


below a pho.ton energy level of approximately three electron 


volts is said to be non-ionizing, since the photon energy of 


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 between 


the effects of ionizing (nuclear) radiation and non-ionizing 


radiation. 


Themal Effects 


When EXR energy is absorbed by a biological organism, 

the energy is converted to heat. Effects caused by the 

heating of biological material exposed to EM?? are called 

3Richard A. Tell, "Broadcast Radiation: How Safe is 
Safe?" IEEE Spectrum, 9 (August 1972), 43-51. 



---- 

-- 
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4 

-I---Thermal effects. Tne heat thus prodxed may affect the 


com7osition 3r functioning of biological systens in ma?y 


possible ways and is generally manifested by a rise in texpera-


ture. 'I'ne thermal effects are a functiox of the actual 


average power absorbed by a particular material, and are ;lot 


directly due to the field intensity ,to which the material is 


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


discussed above. Tne field intensity or the power density 


( o r  power flux d e n ~ i t y ) ~  of theof the ZiG is thus only one 

factors contributing to total absorbed energy of a given 

organism, and thus to thermal effects. 

Factors ContributinL to Absowtion of EMR 

____I_-I-

Effects on biological systems caused by EMR are due to 


a combinati0.n of m&?y factors in addition to the field 


strength or power density of the field to which the syste:n 


is exposed. These additional factors include: 


a. Tne depth of penetration of the EM.4, which is a 

function of permittivity ( 1 )and conductance (C)of the 
6
biologic material, depending on the frequency of the EMR. 

4
Joseph El. Vogelman, "Physical Characteristics of 
Microwave and other Radio Frequency Radiation," in BioloPical 
Effects a?d Health implication of Microwave Radiation, BF(H/DSE 
70 - 2 (June 1972), 7-12. 

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

6
Herman P. Schwari, "Interaction of Microwave and Ftadio 
Frequency Radiation with Biological Syste!ns, LEG3 Transactions'I 

-----. TechniquB, MTT lg (1971), 147.on Microwave Tneory an3 -
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b. The size and orientation of the biological sub- 

Joct with respect to the wavelength and incident direction 

of the EMR.7 

C. Reflection characteristics of surrounding environ- 

ment in regard to the biological material receiving reflected 

energy from several directions, thus contributing ,to a higher 

total energy absorption tha? might be expected from the 

incident EMR. 

d. The location of the biological subject in rela-

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

radiating antenna. (See Appendix A for definitions). 

Factors Contributingto the Thermal Hazard 
---I--

The effects o n  biological systems due to absorption 

of EMR, as discussed above, may be hazardous to living bio- 

logical organisms providing the absorbed energy is suffi- 

cient to raise the organism's te:nperature to a hazardous 

level, either overall, or in selected areas. N o r m a l  heat 

transfer processes of living organisms will serve to dis- 

sipate low levels of absorbed energy without hazard.. 

Factors which inhibit the dissipation of thermal 


energy by a living organism, thus increasing the hazard, 


"0.n P. GLqdhi, "Frequency and Orientation Effects 
on Whole Aqimal Absorption of Electromagnetic Wavesvf IEZZ 
Transactions on Biomedical Engineering, BNE - 22 ( 1 9 7 5 r  
536-542. 



inc lude  : 

a. long du ra t ion  of exposure 

S. high terngerature 

c . high hunid i ty  

d. l a c k  o f  a i r  motion 

Any or a l l  o f  t hese  f a c t o r s  may a f f e c t  t he  l e v e l s  

8of EiK? which may be endured without: damage. 

Eon-Thermal E f f e c t s  

Non-thermal e f f e c t s  a r e  e f f e c t s  which cannot be 

d i r e c t l y  explained by the h e a t  c r ea t ed  by the absorp t ion  3f 

EM? energy. A t  the  p re sen t  time, t h e r e  i s  cons iderable  con-

t rove r sy  i n  t h i s  country over t he  s i g n i f i c a n c e  o f  non- thermal 

e f f e c t s  and even over  the a c t u a l  ex i s t ence  of  such e f f e c t s .  

Tne primary source of evidence f o r  t he  ex i s t ence  of  non-

thermal e f f e c t s  has been r e sea rch  rln the  Sovie t  Union and 

o t h e r  Eas t e rn  European c o ~ m t r i e s , ~ ' ~ ~  a l though a few 

' W i l l i a m  k'. Mumford. !'Heat S t r e s s  due to RF iiadia-
~ 

t i o n ,  If i n  B io log ica l  E f f e c t s  and H t 3 a l t h  Imn l i ca t ions  of Micro- 
-wave Radiati.on BRH/DBE 70 - 2 (June 1970), 21-34.---t 

9Z.  V. Gordon, e t  a l . ,  "Main Disec t ions  and R e s u l t s  
o f  Research Conducted i n  the  USSR on the  Biologic  Ef fec t s  of 
Microwaves,I' i n  Biologic  E f f e c t s  and Heal th  Impl i ca t ions  o f  
I.-Microwave Radiat ion:  Proceedings (If  an I n t e r n a t i o n a l  Symposium,-W;;zrsaw. 15-18 October 1973, (1974) , ,  23. 

10Klimlcova-Deu tschova, " N e ~ ~ ? o l o g i cFindings i n  Persons 
Exposed t o  Microwaves," i n  -Biolouic  E f f e c t s  a n d  Health Implica- 
t i o n s  o f  Microwave Radia t ion :  Proceedings o f  a7 I n t e r n a t i o n a l  
a m n o s i u i ,  Warsaw, 15-18 October zm, (1.974), 271. 
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r e s e a r c h e r s  i n  t h s  Tjnited S t a t e s  have repor ted  non-therxal 

e f f e c t s "jl' o f  var ious  types irl the U P  and S W  frequency 

reg ions .  A j d i t i o n a l l y ,  experiments i n  t h e  ELF frequency 

reg ions  were accomplished a t  non-thermal l e v e l s ,  also w i t h  

c o n t r o v e r s i a l  r e s u l t s .  Most s c i e n t i s t s  i n  the  Unite2 S t a t e s ,  

however, have e i t h e r  taken the  p o s i t i o n  that non-thermal 

e f f e c t s  a r e  p o s s i b l e ,  but  no t  proven, arid a r e  reco.mending 

f u r t h e r  examination of t h e  Eas t e rn  Dx-opean work, o r  a r e  

Laking the p o s i t i o n  that evidence f o r  non-thermal e f f e c t s  i s  

only  sugges t ive .  l3 Other au tho r s  have s t a t e d  that Sovie t  

non-thermal e f f e c t s  have exposure l e v e l s  and nothods of ex-

14
posure t h a t  a r e  suspec t ,  o r  t he  c l i n i c a l  r e s u l t s  a r e  hearsay ,  

o r  anbiguous .l5 i n  developing the reasons f o r  t he  uncer-

z a i n t i e s  of non-thermal e f f e c t s  i n  the HF throagh SH? 

------I----

Shara. "Generation 
S igna l s  by Pulsed Vicrowave Energy," IEEE Transac t ions  on ------Microwave Tneoryand  .- Techniques, MTT - 22 (19741, 5 8 3 - 5 3 .  

"Joseph- C. . .  e t  a l . ,  of Acoustic 

12G. A. Linclaur, e t  al., "Fur ther  Experiments Seeking 
Evidence of IJon-thermal B io log ica l  E f f e c t s  of  Microwave-
Radia t ion ,  flTech-
----niques ,  M T T  - 22 (1974), 790-793. 

1 3 W i l l i a 7 :  C .  Milroy and S. M. Michaelson, f lB io log ica l  
E f f e c t s  of Microwave Radia t ion ,  It  Health Physics ,  20 (1971), 
565.  

Vogelman,1 4  "Pnys ica l  C h a r a c t e r i s t i c s , ' '  7-8 .  

15B. D. McLees and E. D. Finch, l lA ia lys i s  o f  Reported 
Physiologic  E f f e c t s  of Microwave Radia t ion ,  Advances i n  
--Biolo&cal a n d  Medical Physics ,  V o l .  14 .  
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frequency regions Clerry16 determi5,ed that the cause cozl(? be 


thermal effects that were not grossly detectable. Other 


U.S. scientists, in attenpting to repeat certain Soviet 

experiments, have not obtained the same reported results. 17 

Biological Effects of EMR 

Figures 3 and 4 are a partial listing of reported 

microwave a n d  radio frequency (RF) effects in biological sys- 

mtens, both above and below the existing safety levels. ~r,ose 


effects marked with an asterisk are suggested as non-thermal 


responses, i.e., are reported to occur below the level of the 


present U.S. Safety Staqdard. Re:ported effects at ELF 


frequencies are non-thermal. They ,are, however, contradictory, 


with a few investigators reporting m3ffect~1, and a large 


majority reporting no results, exce;>t for reports from the 


19
USSR. 


16Stephen F. Cleary, "Uncertainties in the Evaluation 
of the Biological Effects of Microwave and Radio-frequency 
Radiation,1' Health Physics, 25 (197:3), 403. 

171ra T. Kaplan, et al., "Absence of Heart Rate 
Effects in Rabbits during Lcrw-level Microwave Irradiation," 
IEEE Transactions on Microwave Theory a n d  Techniques, MTT-
19 (1971), 168-173. 

18Cieary, 'IUncertainties, :j88.11 

19Morton W. Miller, "High Voltage Overhead, I' Environ-
m,nt, 20 (January-February 1978), 10-12. 
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Y-
hypertheTmia niltations 

cataracts ard lenticular opacities henocancentration 

auditory nerve effects* hemodilutioq 

nsurological effects* pu2illary dilation 

fat igabi lit y* hyperthermia 

hzadache* burns 

sleepiness* vascular hypertension 

irritability* hemor rha~e  

loss 3f appetite" testicxlar effects 

mcmory dif ficiil ties* chromosomal ahberations 

cardiovascular effects neurological (CNS) effects* 

heart enlargement 

E 5 G  charrges 

increased thyroid activity 

alterations in serum proteins 
 x.
decrease in olfactory sensation* Possible non-thermal effects, uncon- 

hair loss* firmed by United States scientists. 

disruption of sexual potency 

unstable mood* 

hypochondriasis* 

anxiety* 

respiratory c harlges 

histamine elevations in s e m m  

rzdsction in auditory sensitivity* 


Figlre 3. -- Vivo effects of P N ?In-----

-I 
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7=--	 _-_-- -_--_ . --- --~ 

mitotic arrest (cell cultures) 


resonance absorption in methyl palmitate* 
1 

i 

I pearl chain formation (blood cells and bacteria) 
neuronal interactions 
enzyme inactivation 
orientational effects in microorganisms 
bactericidal effects 
alteration of plant growth 
chromosonal aberations 

1 	 dielectric dispersion of cells an,3 biomolecules 
plant tumor growth arrest I I excitation of frog muscle and heart preparations 


I 

Y Possible non-thernal effects, unconfirmed by United States 
scientists. 

Figure 4. In Vitro effects of EMR 
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-- Staniards of Safety 5 . S .  

Tlie Hacliation Control for Hzalth and Safety Act of 

1958,  Public Law 93-602, places the responsibility f o r  settins 

performance standards to sonrrol EM-? from electronic products 

manafactured in o r  im2orted to the tinited States on the 

Department of Hsalth, Education and Welfare (HEW). HEW nas 

delegated to the Bureau of Radiological Health (EiW) the 

actual administration of the Act. 

In addition, the Departments of Labor and  HEW dere 

given authority by the Occupational Safety and Health Ast 

(OSXA) of 1970, Public Law 91-596, to establish health and 

safety standards for protection of workers exposed to possible 

hazards. EM;? standards that have been adopted are usually 

those deireloped 5y the American National Standards Institute 

(AN,SI),o r  the Ainerican Conference of Governmental Inddstrial 

Hygienists (A3GIH). The U . S .  standard for microwave and XF 

radiation was originally developed in the early 1950 's  based 

on the amount of EK3 created heat the body could tolerate 

and dissipate without a significarrt rise in body temperature. 

Tne tolerance level was dstermined to be ten milliwatts p e r  

sqaare centimeter (10inW/cm i:), average f o r  continuous exposJre 

in the frequency range from 10 M3z to 100 GHz. The Department 

of Defense, in the early 19501s also investigated the effects 

of microwaves and R7 radiation and 2etermined that there was 

no evidince for biological effects at average levels below 
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100mW/cm2. Thus, while the level f o r  continuous exposure is 
210 .?W/cm , indlv%dJals are permitted to occupy areas wnere 

levels are above 10mW/cm2 for short periods of time. 20 

At frcqJencies below 10 M.-Iz, the United States has 

not set safety standards. This has ?robably resulted from the 

fact that very little energy is absorbed by biological 

organisrns in these lower frequency bands, and the fast that, 

except for urusual circumstances, the levels from U.S. brvad-

cast stations in the frequency range below 10 1yIz do n3t e x -
21 
ceed any limits o r  standards in effect anywlhere in t!ie world. 

The exception to this is in the ELF area, where exposure t o  

fields sometimns exceeds the maximun permissible values set 

by the Soviet Union and other Eastern European countries. 

It should be emghasized at this point that the 

standards for maximum permissible v.3lues of expssure to EM3 

are for whole body irradiation, and that certain medical 

techniques, such as diathermy, are .1ot controlled by these 

standards, since only small areas o f  the body are exposed to 

EK?.. 
The standards set by BRH fo:: microwave ovens, since 


they are to be oporated among the general public where certain 


20S01 K. Michaelson, t'Standm-ds of Protection of 
Personnel Against Nonionizing Radiai:ion," Anerican Industrial 
Hygiene Association - Journal, 35 (December 1 9 7 4 ) ,  773-790. 

21Tell, "B-oadcast Radiation," 48. 
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2 

individdals may be more susceptible to the effects of j'M3 

than the members of select groxps such as co.munications 

workers o r  the military, are e'ven stricter than the ANSI 

standards. The B!tF standards went into effect in 1.971. 

Radiation from nevi !n'.crowave ovens was restricted to lmW/cm 

measured 5cm from the ovens outsida surface. After purchase, 

the limit is no  more t.ha? 5mW/cm2 over the lifetime of the 
22 oven. 


Most other Wastern industrialized countries have 

adogted safety standards in the ilpger RF and inicrowave 

portions of the electromagnetic spectrum that are basically 

similar to those in the United States, with Canada, Uiiited 

Kingum?, Federal HepJblic of Germaqy, Netherlaqds, France 

and Sweden almost exactly duplicating the ANSI and ATGIH 

standards. As in the United States, virtually n3 Wustern 

nation has safety starclards in the HF bnnd s?d below, althougii 

S O I ~ Onations have informal standards. In Great Britain, for 

instance, lOOOV/m is considered to be the maximum permissible 

exposure in the ELF band (once again die to high voltage 

transmission lines). In the Saviet Union and other Eastern 

European cozntries, the safety standards for continuous 

22D. Menlie, "Microwave OTens: What's Cooking?", 
IE3E  Spact-, 12 (March 1975) ,  35 .  
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exposure in the XF and microwave bands are significantly 

lowzr ,  being 10/yW/crn2 in most of these countries, with 
7 3

maximx exposures on the order of l.OmW/cm- and lmW/cm" for 

short psx-iods of time. 

Tne Eastern European appromh has been one of ins-x-ing 

against any possibility of long term effects, based on the 

philoso?hy that the selected tnaximLm allowable exposure values 

must not only guarantee protection f r o n  direct damage to 

biological organisms but must also etclude adverse subjective 

effects suck as fatigue, irritability, headache, etc., under 

long-duration exposure to EIC3.23 

Below the RF and rnicrowave bands, the Eastern E'Jropean 


and S3viet philosophy of insuring against the possibility of 


long term low level effects has also influenced their safety 


24standards. Soviet Standards, for instance, set the fo1l.o~- 


ing limits for working in ELF electric field near transmission 


lines: 

Electric Field Time Liml t/Day 


310 limit 

3 hours 
13 hours 

10 minutes 

5 minutes 

not permitted 


23K?rel Marha, "Microwave Radiation Safety Sta?dar.ds 
in Eastern Europe," IEZZ Transactions on Microwave Theory 
and TecLTiqueg, M ? X  - 19 (1971),166. 

24Miller, "High Voltage Overhead, 14-15. 
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.A -onparisor.of standards for RF and microwave ex- 

posure in various countries is ShOWLl as Figure 5. No com-

parison can be made between Vestern a n d  Eastern standards for 

EM.?. exposure below 10 M-Iz, since the Western countries have 

no exposure staxlards in this region. Tne differences between 

Western and Eastern standards of protection appear to be due 

to a fundamental difference of philosophy as stated by Miller: 

In general, the Russian philosophy of standard setting 
is somewhat different from that in the U.S. in that 
standards normally represent an ideal to be striven for 
rather than an absolute limit never to be excseded. 
Generally, the levels set in Russiaq standards are based 
on the minim-urn level observed to have caused any effect 
whatsoever, even if the effect is not necessarily Iiarm- 
fu l ,  and ,the staqdards do not take into accoant any prac-
tical considerations, such as the practicality of achieving 
the staqdards. . . Wnother or not the electri field 
standards are strictly enforced is not known. 25 

Insight as to eiiforcement of standards in the Soviet 

Union was provided by Czechoslovakia's Karel Marha dx-ing a 

1969 HEiJ sponsored meeting, who indicated that the Soviet 

safety level is qualified in various ways - for exaqple, the 

nilitary is exem2t. 26 

Since the &as tern Ekropean countries lower maximun 


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


25Miller, IlHign Voltage Overhead, 15. 


26D. R. Justesen and C. Sasskind, "Book Review E The 
Zap2ing of Anerica," IESZ Ssectrum, 15 (1978), 61. 
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scientiTic opinions mentioned earlier apply to any evaluation 


of the differences in safety standarcis. 


The difference between Western and Eastern standards, 

and the cost of implementing new star~dards with lower psrmiss- 

ible maximm exposure levels in the United States, has led 

BrodeurZ7 to postillate a vast coverup and lack of interest in 

investigating the more subtle effects of EM2. However, 

scientists in the United States generally regard Brodeurfs 

views to be qms'upportable on a scientific basis, as well as 

non-objec tive .28 
Thus, it is unlikely that there will be any near term 


resolution of the problem 3f differences between standards, 


since the differences are based primarily on the controversy 


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 TiE MILITARY SEWICES 

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, 


the controversy concerning possible non-thermal effects, 


along with increased public awareness of the hazards 


^-

'.'Brodeur, "Zapping,'' 35-38 arid 232. 


28Justesen and Susskind, "Review of Zapping, 'I 60-63. 
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of EMR, imply that tho military services must be more tha? 

usually aware of the hazards involved, and insure that the 

best possible protective measures be employed, so as to ensure 

the maximum protection is provided to members of the military 

and the public. 

The next chapter examines the extent of the military 

involvement with systems that produce EMR, and the present 

military research effort Into the hazards of W. 



CHAPTER IV 


THZ MILITARY INVOLVEMENT M T H  EMR 


Virtually every weapons system, surveillance system, 


comnunications device or system, or air traffic control sys- 


tem in use by the military emits m. Emitters range in size 


from small hand held or back packed radios to giant satellite 


communications systems and phased array tracking radars emit- 


ting megawatts of power. The military operates facilities 


that routinely employ Electromagnetic Pulse (EMP) and has con- 


structed test facilities for ELF band convnunications systems. 


The Department of Defense spends millions of dollars annually 


on research into the effects of EMR on biological systems. 


The following sections will examine all of these aspscts of 


zhe rnilitary involvement with EMR. 


MAJOR SYSTEMS USING EMR 

Satellite Conrmmications Systems 


Sstellite communications are currently being developed 

and are in use by all military services, for use as both 

tactical and strategic colrmunications. Such systems most 

frequently operate in the UHF and SHF frequency bands and are 

utilized in many sizes, from man-packed and vehicular mounted 
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systeins t o  l a r g e  fixec! ground te rmina ls  which emit many 

gigawatts of equiva len t  power. S a t e l l i t e  cormnunications sys-  

tems a r e  the  most powerful continuous wave ( C W )  sources  o f  

environmental microwave r a d i a t i o n .  These systems have the? 

g r e a t e s t  po ten t ia .1  f o r  e m i t t i n g  hazardous l e v e l s  o f  1W? be-

cause s i g n i f i c a n t  power d e n s i t i e s  may e x i s t  at  much g r e a t e r  

d i s t a n c e s  from the  antenna than wou.ld be p o s s i b l e  for o t h e r  

1 "1r a d i a t i n g  systems o f  l e s s e r  average gower output .  rne narrow 

Sean x i d t h  of the  antennas,  as well as the  f a c t  tha t  t h c :  

antennas may remain r e l a t i v e l y  fixs,d i n  l o c a t i o n  while t rack-

i n g  geos t a t iona ry  (synchronous) s a t e l l i t e s  c o n t r i b u t e  to the  

p o s s i b l e  hazard.  M o s t  h igh power m i l i t a r y  s a t e l l i t e  systems 

a r e  part of  t he  Defense S a t e l l i t e  Comnunications System (DSCS). 

R a d a r  Syst Z m 2  

Radar systems were developed f o r  m i l i t a r y  use dur ing  

W . x - l c !  War 11, and now cover  a multrltude o f  uses  i n  the  m i l i -

t a r y  EMi? spectrum. These inc lude  ground inoiulted t a r g e t  

a c q u i s i t i o n  and ground s u r v e i l l a n c e ,  a i r  t r a f f i c  c o n t r o l  aqd 

nav iga t ion ,  a i r  defense , a i r b o r n e  ;:arge t ideii t if i c a t  i o n ,  warn-

ing ,  axid a c q u i s i t i o x ,  space v e h i c l e  and m i s s i l e  t r ack ing ,  

shipboard t a r g e t  t r a c k i n g  and a c q u i s i t i o n ,  weather warning, 

m i s s i l e  c o n t r o l ,  and many o t h e r  u ses .  

1
Norbert N. Hankin, Arr Evalua t ion  o f  Se lec t ed  S a t e l l i t e  
Communications Systems as Sources ,Jf  Em&t-omental Microwave 
Radia t ion .  E?A-520/2-74-008 (Deceinber 1974), 1-2. 
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Althasgh radar systems enit Elm at peak powers 

ap2roaching those dsed in satellite commuzzications, the fact 


that radar uses pdlsccl energy rather thax continuozs energy 

;:lears that the average power density will be less for the 

save peak power. Tne fact that many radar systems are con- 

tinuously rotating their energy beans also lessens the aver- 


age power density at a given point. 


M3st of the above applications of Elm are common to 

both military an-:civilia? itses. H3wever, there are several 

military systems which are ilnique, and are thus worthy of 

separate mention. Tnese systems are: 

a. A.V/FPS-85 spacetrack radar is a fully operational 

phased array system which operates at 450 MFIz with a peak 

power of 32 MW. Although details of the phased array system 

are classified, a coitparison with the 8 KW pea!! power of the 

AN/MSC-60 satellite cormnunications ;s,.stern which creates a 

5 GW affective radiated 2ower shows that this system coald 

possibly be hazardous at great distazces. 

b. Tne ContineAital United States (CONLJS) Over-the-

Horizon Backscatter (OTH-B) Radar system, currently under 

development, w i l l  consist of two radars oriented seaward, one 

each in the northeast a n d  northwest United States. The high 

power transmitter will operate in the 3-33  KrIz bazid and is 

expected to prodxe 10mhr/cm2 at 2,203 feet from the antenna. 

c. Tne Airborne Warning and Control System (AWACS) 


radar has a unique rotating phased array aqtenna system which 
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t r a i s i n i t s  a h igh  power pulsed signal ( d e t a i l s  c l a s s i f i e d )  

while i n  f l i g h t .  Although sh ie lded  somewhat by the a i rc raf t  

i t s e l f ,  t h o  c r ev  i s  i n  the nea r  f i e l d  o f  t h i s  radar. 

The above systems represen-: systems which a r e  irniqde 

t o  the n i l i t a r y  at  the p re sen t  time, and the re fo re  r e q u i r e  az 

even more i n t e n s i v e  review as t o  the  p o s s i b l e  EM2 hazards.  2 

Constant upgrading o f  mi l i . t a ry  radars is occurr ing  a l l  

t he  time. i n  a d d i t i o n  t o  the -miq;io systems mentioned above, 

r ecen t  d e l i v e r i e s  o f  ne'x AN/B.DS-10.30 A i r  D::fense/Air T r a f f i c  

Control Search R a d a r  wi th  2 Msgawatts o f  peak power in the  

1250-1350 MHz frequency range3 i n d i c a t e  t h a t  m i l i t a r y  standard 

systems a r e  a l s o  b i o l o g i c a l l y  s i g n i f i c a n t  i f  not  propcr ly  

p r o t e c t e d .  

HF and Microwave Communications S v s a  

Tne m i l i t a r y  s e r v i c e s  have many comnunicationn s y s -

tems ( o t h e r  than s a t e l l i t e )  i n  t h i s  range. For t he  most  p a r t ,  

s i n g l e  channel,  po in t - to-poin t  voice and t e l e t y p e  comrnunica- 

t i o n s  a r e  c a r r i e d  out  i n  the  MF an5 :3F frequency band (al-

though some long  range maritime comnunications occur i n  the 

LF and VLF bands) while m u l t i p l e  channel,  r a d i o  r e l a y  voice 

'Itproposed Program for Bionedical  Research o f  E l e c t r o -  
ma-qetic Radia t ion  E f f e c t s ,  June 1975," enc losure  t o  Mmoran- 
durn f o r :  A s s i s t a n t  D i r e c t o r  f o r  Environment and L i fe  Scj.ences, 
Of f i ce  of the D i r e c t o r  of Defense Research a n d  Ehgineeririg 
(June 11, 1975), pages unlwnbered. 

'Jaqes E. D a l m a s ,  "An Advanced Long Range Radar," 
S i m a l ,  31 (October 1976),  p. 77. 
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and d a t a  cotnm2nications occur i n  the microwave bands. Al-

though pow*? outputs  o f  m i l i t a r y  equipinent i n  the  ranges 

above 33 M3z is r e l a t i v e l y  low, t h e r e  i s  s t i l l  p o s s i b l e  l e g a l  

hazard a s s o c i a t e d  with these  systems even under the  p r e s e n t  

s a f e t y  s tandards .  For  example, r ecen t  t e s t s  a t  1-50 MHz with 

a hand he ld  c i v i l i a n  FM t r a n s c e i v e r  'vrith 6 w a t t  power output  

t o  a Vrhip anteniia he ld  .2 inches  i n  f r o n t  o f  t he  nose of a 

2model of a haqan head, showed a power d e n s i t y  o f  ~ ~ S E W / C ~  

4a t  the  su r face  of  the head. Althougn the  au tho r ,  through 

thermal tests,  concluded t h a t  t h i s  w a s  n o t  dangerous, t he  

c.xposure l e v e l  was i n  excess  of t he  p r e s e n t l y  e x i s t i n g  s a f e t y  

l e v e l .  

Evaluat ion o f  t he  rad io  frequency and microwave r a d i a -  

t i o n  hazards t o  personqel  on naval  s h i p s  has been necessary 

due t o  high-powered communications and r a d a r  eqaipment c a r r i e d  

aboard. It w a s  determined t h a t  f o r  a given c lass  o f  s h i p  

t h e r e  a r e  many a r e a s  where h a z a r d o x  l e v e l s  o f  r a d i a t i o n  

e x i s t  and that measures were r e q a i r e d  t o  p r o t e c t  s h i p s  per-

sonnel  while allowing continued a p e r a t i o n  o f  c r i t i c a l  equip- 

nent .  Das t o  the l i m i t e d  space a v a i l a b l e ,  p rovid ing  adequate 

p r o t e c t i o n  i s  d i f f i c u l t .  5 

4
J. E .  Kearman, f'Hosr Dzmgeroils i s  P2 Zadia t ion?"  
LXII (Ssptenber 1 9 7 8 ) ,  21.  

5Zorach R. Glaser  and Glen M. Heimer, "Dstermination 
of Hazardous Microwave F i e l d s  Aboard Naval Ships , '#  IE3:E Trans-
a c t i o n s o n  Microwave Tneorv and Techniques, M'JY - 19 (1971) ,  
232-233. 
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ELF Com&?icationr; Szstems 

-------II---

In recent years, the Navy has become interested in 

ELF as a meals of co.mnunications wi-th submarines. C-xrently, 

messages aTe sent at VLF by using high powered transmitters 

with large com>lex antenqas mounted on towers. Tne ELF 

communications system, originally known as SAVGUINE, arid 

later as SE.AVAREH, would provide one-way communications to 

submerged submarines from a single transmj.t ter site, aromd 

wnich the antenna woilld be buried.. EL? signals, when radiated 

into the free space cavity formed b.stween the earth's surface 

and the bottom of the ionosphere, w i l l  penetrate great decths 
6of the ocean without being attenuahd significantly. Ques-

tions of environmental impact and biological safety have 

dzlayed the im-denentation of the system. Tne Navy feels 

that' "It is in the best interest 2f the Department of Defense 

and importaqt to 3ur national security to pursue research aqd 

development on attainment and use of an ELF capability."' 
n 

It is therefore probable th3.t research in the ICLF 

area will continue, a?d thar; some s31-t of ELF submarine corn-

mmications system will eventually be fielded. 

-Electromagnetic Pulse (EMP) Simulat_o* 

A significant part of energy released during a nucleaz-

6James 2. Wait, "Project Sanguine," Science, 1'78 
( 2 0  October 1977), 272-273. 

n 

'Gordon R. Nagler, "Seafarer, Signal, 31 (Jmuary 

1977), 14. 
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cxplosio.? can apFear as EM?. El42 nas, as component parts of 

the total pulse, frequencies which correspond to the freq-uen- 

cies .used by many co.mercia1 a?d military systens. Since 

EMP nas beell shoim- to be capable of disrupting o r  destroying 

com?onents of electrical systems at distances of many thous-
8zqds of miles, the military services have constructed EMP 

simulators which are used to test the effects of EMP on 

various systems. Additionally, ENP simulators are used in 

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

of EMP. Since EI4P contains frequency components which are 

known to be hazardous to biological organisms, the question 

of safety €or personnel conducting tests in an XMP simulator 

!?as become one of interest to the military. 

-Microwave F o ~ d  ?recessing Svstems 

EM? in the microwave frequency bands has been used 

in cooking a&Aications because of its ability to transfer 

energy, in the form of heat, to biological material. Per-

sonnel hazards frorn ovens using El43 may occur whenever EMR 

leakage levels become excessive. Tne milirary services use 

nicrowave food processing systems in cafeterias, food vcnd-

ing areas, dining facilities, kitchens, and hospitals on 

bases, posts and camps throughout the co-antry, as well as 


on inilitary ships and aircraft. 


8U . S .  Department of Defense, Defense Nuclear Agency,
DNA EMP Awareness Course Notes, DNA 2772T (AJgust 1973), 3. 
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Elm Diathermy_ 

Tne heating effect of microwave and RF energy has 

been use.? as physical therapy. Tnis use of EIG is generally 

a3plied to limited areas of the body by qualified physicians 

o r  medical personnel. The military services utilize diathermy 

dsvices at many military hospitals. 

MILITAF1Y RESZAqCH INTO HAZ.ILWS OF 5MR 

Ddring the 1950fs, the military services werc i n s t r u -

aental in establishing research prcgrans to study the clectri- 

cal properties of biological orgaxisms (living tissue) and the 

absorption characteristics of tissw to EY3, as well as tli~ 

problem of cataract formation. Tile,Tri-Sorvice program r e s u l t e c !  

in the establisiment of the present 10mW/cm2 maximum perm:issiblc. 

exposuro level for continuous exposure, in 1957,  and validated 
9it at the last meeting of the Tri-Ssrvice Conference in 1950. 


k .??emberof the Tri-Servico Program, in discussing 

it in 1971, states: 


Although the Tri-Service Program has been criticized 
for lack of quantitative data produced, one must not lose 
sight of the fact that this program was the only large 
scale coordinated effort in tho Western world to eluci- 
date and 7Jnderstand some of tho basic mechanisms of micro- 
wave bioeffects and to assess ::he possible health im2lica- 
tions of this form of energy . . .. Aay thorough and 
objective review of the proceedings of the! Tri-S.zrvice 

'Sol M. Michaelson, "The T:?i-Service Progran A lrribute 
to George M. Knauf, US.A.F (MC).lt Z3EZ Transactions on Micro- 
wave Tneory and Tgchniaues, MTT - .Lg (l97l), 131-132. 
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Conferences reveals the wealth of information that 
becane available ir,a g$ort period *x-ing which the 
prograz? was in effect. 

A? op7osing view of the value of the ElWl research 

effort is presente: by B r o d e u r ,  who states that the military, 

throug3 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 

10mW/cm2 standard. He feels that non-thermal effects were 

comgle'tely ignored, and further €eels that the Navy spocifical- 

ly w a s  opposed even to the enforcement of that standard because 

microwave exposilre on flight decks were higher and could not 
.I-

be lowerod wi thout curtailing operations. LL 


It was not until the 197Ofs that concern over possible 

non-thermal effects becave evident, and the military services 

becane cieedly involved with EM?? .hazardous research once again. 

Althoxgh small efforts had continued th.rough the 1960fs,  the 

levels of money being expended by the three services became 

significaTt enough in 197h to form another Tri-Service organi- 

zation to coordinato the military research prograv. Tne Tri- 

Service Research Trogram was formed to: (1)avoic! duplicate 

efforts; (2) maximize use of manpower and facilities; 

( 3 )  focils collective efforts to solve highest priority problems 

in the shortest time; and (4)maintain a joint position con- 

cerning exposure staTdards that would unnecessarily hinder 

I UMichaelson, "The Tri-Sorvice Program, 'I 143. 

"Brodeur, "Zapping,11 3 2 - 3 5 ,  
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12
DOD opera t ions .  

A presentation’’ by the I’A I-Ssrvico Ele  c tromagne tJ.cI--

Rariiation Panel at  the  158th J o i n t  Medical Research Conference 

showec! t.hat t he  funds being expended f o r  the Tr i -Serv ice  E M 3  

Research Program were about 6 m i l l i o n  d o l l a r s  i n  F i s c a l  Year 

(FY) 1978. O f  t h i s ,  about 2.5 m i l l i o n  d o l l a r s  were m d e r  

contract:  t o  o a t s i d e  agancies ,  and &out 3.5 m i l l i o n  d o l l a r s  

for in-house Eepartment of Dsfense r e sea rch .  Table I shows 

the  a r e a s  i n  which the  funds were expended. The pa-01 cs: : i -

m a t e d  t h a t  t he  amounts expended i n  the  program would i n c r e a s e  

by 650,003 dollars i n  FY 77. The panel  a d d i t i o n a l l y  repor ted  

t h a t  Dapartment o f  Dafense personnel  were involved i n  a wide 

range o f  a c t i v i t i e s  concerning EW3, such as the IEEE C o r n i t t e e  

on  Maq and Zadia t ion  (COMAq), t he  E:lec tromagnetic Radia t ion  

Xanagement Advisory Council (Em.A’:,I, t he  Off ice  of Science 

and Tecknology P a l i c y  ad hoc working group reviewing the  

b i o l o g i c a l  e f f e c t s  o f  non-ionizing r a d i a t i o n ,  the I n t e r n a t i o n a l  

Microwave Power I n s t i t u t e  (IMPI), .,:he Microwave Tneory a n d  

Teckmiqaes Sec t ion  and Bio.?ledical Engineering Ssc t i on  of the 

IEEE,  aqd the  Union of Sadio Science I n t e r n a t i o n a l  (LRSI). 

12
“Tr i -Ssrv ice  EM3 B ioe f fec t s  Research Program Execu- 
t i v e  Summary Document, enclosu.re to Msmoranduq f o r :  A s s i s t a n t  
D i rec to r  f o r  Enviroanental  and Lifa? Sciences,  Of f i ce  of the 
D i r e c t o r  of Defense Research and E:qgineering, (June 11, 1975),
----.I_ --.---.-
1-2 .  

_ I -

I’U.S. Department of  Defense. Siunmary Report on the 
Tr i -Ssrv ico  Z lec t romamet i c  Radia t ion  (EiC2) Bioef fec tc  Research 
E ~ o z g . ,October 18,  1978, 1-6.  
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TASLE I 

3,330 F W I N 3  O F  	EMR BIOEFFECTS 3ESEARCH BY 

PRIO-?ITY A9E.AS 

- __ 	 -r;r- Energy Distribution a n d  Measuremant 81333K 
I 

Biophysical Mechanisms 	 1088K
i '* 
3. Nervous System 	 1105K
I

I 4. Behavior 	 763u 

5. Hematology/Immunology 	 767K 


I 5. General Physiology 	 752K 

7. Other (Ecology, Epidemic >gy, 
! Developmsnt, Genetic, Ozular, etc.) --203K 
L 
Source: 	 Obtained from 153th Joint Medical Research Con- 


ference, 18 October 1978, Washington, D.C. 
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I n  c i t i n g  the i n t e r e s t  t h a t  t he  Department of Defense has i n  

EIW? b i o e f f e c t s ,  t he  panel  compared papers  presented  by 

Department of Defense supported i n v e s t i g a t o r s  as a percentage 

o f  t o t a l  papers  presented  by a l l  c o x t r i b u t e r s  from the United 

S t a t e s ,  a t  i n t e r n a t i o n a l  meetings. Tnis  comparison is s h o m  

as Table 11. 

Tne involvement of t he  m i l i t a r y  s e r v i c e s  i s  a l s o  

ind ica t ed  by  t he  f a c t  t h a t  i n  1976,  35 percent  of a l l  defense 

agencies  I bas i c  r e sea rch  fhnding was spent  on environmi?ntal 

and l i f e  s c i ences ,  with the remainder being spent  on engineer-
14
in2  and phys ica l  sc iences .  

14
U . S .  Nat iona l  Science Foundation, Nat ional  Scierice 
Board, !&Lence I n d i c a t o r s ,  1976 (1977), 72. 
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303 - SUPJPIORTED I?JViiSiYGATOi(S 


(AS A F X A C T I O N  07 TOTAL. 5T.S. PLF’ERRS) 


~ ~~ ~ ~~ ~~r~~ 

~~~ 

I I 
I 
I1 1975 U R S I  !I (Boulder) i 56/98 I (57%) 

I 
1 

I 
I 1976 ‘JliSI I (Anherst)  44/66 1 (65%) I! 
I I
i 1977 u13SI j (Air l ie)  I 58/97 i (60%) I 

II 1978 IMPI/MTT/LJRSI (0” tawa) ’ I 25/50 j (50%) 1 
I I 

I1 1978 U X S I  I (Helsinki) 25/56 (45$) I 
I I I I I

1
I-.I I 1, 

Sou-ce: Ootained f r o m  158th J c i n t  Medical Rssearch Con-
f e rence ,  18 October  1978, Washington, D.C. 



CHATTER V 

I n  o rde r  t o  prevent  hazards t o  personnel  from EM? 

emi t ted  by communications and radar, equipment i n  use by  the 

m i l i t a r y  s e r v i c e s ,  i t  i s  necessary  t o  prevent  excess ive  power 

l e v e l s  from be ing  absorbed a y  b i o l o g i c a l  organisms. Sincc 

the percentage o f  i n c i d e n t  power t h a t  i s  absorbed 3 y  o r  

r e f l e c t e d  from a given b i o l o g i c a l  organism i s  dependent 

p r i m a r i l y  o n  the  frequency o f  t he  1ZM3, f o r  any given incj.dent 

power d e n s i t y  l e v e l ,  t he  frequency i s  of  primary importance 

when d i s c u s s i n g  p r o t e c t i v e  measure:j. P r o t e c t i v e  measurez may 

be considered i n  two broad categor:ies,  the  first,  p h y s i c a l  

p r o t e c t i v e  measures, a r e  the  use  o f  phys i ca l  devices ,  the 

dsign o f  EM2 e m i t t e r s ,  or the  use o f  p h y s i c a l  l a w s  governing 

the  propagat ion of ZM3 t o  provide p r o t e c t i o n  i n  a r e a s  where 

hazards  a r e  known t o  e x i s t ;  and, t he  second, a d m i n i s t r a t i v e  

p-o tec t ive  measures, a r e  those r e g u l a t i o n s ,  i n s t r u c t i o n s ,  

s tandards  and guidance promulgated by the  va r ious  m i l i t a r y  

s e r v i c e s  which implement va r ious  p r o t e c t i v e  measures, provide 

measures f o r  i n spec t ion ,  de te rmina t ion  o f  hazard,  and com-

p l i a n c e  with s t anda rds ,  and r e q x i r e  va r ious  medical examina-

t i o n s  i n  an e f f o r t  t o  p r o t e c t  m i l i t a r y  person?el and the 

p u b l i c  f r o m  the  hazards  o f  El$?. 

45 
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I n  t h i s  chapter ,  the  kno-m phys ica l  p r o t e c t i v e  meas- 

u r e s  w i l l  be descr ibed ,  the  a d m i n i s t r a t i v e  p r o t e c t i v e  measures 

o f  t he  t h r e e  !mi l i ta ry  s e r v i c e s  w i l l  be l i s t e d ,  a n d  by means 

3f a comparison mat r ix ,  areas where p r o t e c t i v e  measures a r e  

not common t o  all s e r v i c e s  w i l l  be discovered.  F i n a l l y ,  t he  

imp l i ca t ions  o f  p h y s i c a l  o r  a d m i n i s t r a t i v e  p r o t e c t i v e  measures 

i n  use i n  some s e r v i c e s ,  but n o t  all, o r  measures wnich a r e  

implemented d i f f e r e n t l y  i n  the  va r ious  s e r v i c e s  v i l l  be d i s -

cussed. 

Distance 

An e l e c t r o m a m e t i c  wave, i n  propagat ing  through f r e e  

space,  l o s e s  p r a c t i c a l l y  no energy. The only  decrease  i n  

f i e l d  i n t e n s i t y  (or power d e n s i t y )  i s  caused Sjr t he  spreading  

out  of t he  wave f r o n t .  This  spreading  out  o f  t he  wave f r o n t  

causs s  the  power d e n s i t y  t o  decrease  as the  square  o f  t he  

d i s t a n c e  between the  source o f  t he  E43 and the  p o i n t  o f  

measurement. T h i s  i s  known as the  imrerse square l a w .  Kien 

a wave i s  propagat ing  i n  an environment where t h e r e  i s  loss, 

o r  o t h e r  phenomena which a f f e c t  propagat ion,  such as upper 

ctmosp.here i o n i z a t i o n ,  or i n  a r e a s  where the  wave i n t e r a c t s  

with the  ground, t he  power d e n s i t y  a t  a g iven  p o i n t  may be 

even lower than m i g h t  be expected us ing  t h e  i n v e r s e  square  

l a w .  Tnuo, d i s t a n c e  from the  antenna can c r e a t e  a? e f f e c t i v e  

l e s s e n i n g  o f  hazard p o t e n t i a l .  AS a p r o t e c t i v e  measure, 
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distance is used to create areas where occupancy by personnel 


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


ted or forbidden zone must extend dependcon many variables 

such as the height of the antenna over an occupied area, the 

Seam width characteristics of the antenna transmitting the 

EIW?, whether the ZM2 is pulsed or continuous, whether the 

antezia is rotating, the frequency of the FB2-3, and 3f course, 

the total power emitted by the ante:ma. As an exanple, the 

AV/T?S-25 transportable battlefield surveillance radar set 

2
emits a naximdm average power density of 15.lmW/cm , dJe to 
1its input power and pulse characteristics and antenna design. 

Tne 2ower density does not drop belDw 10mw/cm2 until past 40 

feet from the center of the antenna. Tnis simply means that 

a??area up to 40 feet out from the sntenna may have to be 

designated a limited occupancy zone (see Figure 6 ) .  On the 

other hand, if the ante-wia is mo.unted 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 

5y establishing a limited occupancy zone :in the hazard2,ils area. 

In the second case, sqifficieut distance between the antenna and 

the ground eliminates the possible hazard. 

-Fixed SziieldlnE 
In cases where it is impossible to limit access t:) a 


'U.S. Departments of the Almy/Air Force, TB M B ~270/ 
&?'I4 161-7, (December 1 9 6 5 ) ,  22. 
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Figure  6. 	 AV/T?S.-2j--Bettlefield Surve i l l ance  Radar Se t  
Pa ten t i a l l y  I l aza rdxx  Conditions 
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Figdre 7. 	 AN/TPS-25--Battlef.ield Surve i l l ance  Radar  S e t  
Non-HazardJus Cond.1 t i o n s  



50 

hazardsus area, protection nay be provided by placing conduct- 

ing shields between the antenna and the area which must be 

occupied. A s  was discussed in Chapter 11, conductors reflect 

much of the electric field incident upon them, and rapidly 

attenuate any EMR which does penetrate. Depending on frequency 

of the EMR, a conducting mesh, rather than a solid shield, is 

effective in attenuating EMR. Figure 8 shows attenuation 

factors f o r  various types of  shielding Tne attenua- 

tion provided by conductors is inversely proportional to the 

depth of penetration ( 6 ) of EMR into a conductor, and depth 

of penetration follows the formula: 

6= 1 


J-fnf ic 
Thus, the attentuation curves are generally constant in 

the range snown because while frequency is increasing, conduc- 

tivity is decreasing, as was discussed in Chapter 11. 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 denied occupancy 

area. Dae to the difficulty in denying occupancy to certain 

areas of ships which may be e.xposed to hazardous levels of EMR, 

the Navy has made extensive use of the shielding concept (see 

Figure 9 )  on ships. 3 

2U.S. Uapartment of the Army, TB Med 270 (September 
1975), 37. 

'U.5. Department of the Navy, NAVSHIPS 0900-005-8000, 
(July 1, 1 9 7 1 ) ,  1-10. 
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Key -& 3/4 i n c h  p ine  
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Figure  8. 	 .Power Densi ty  At teaua t ion  Fac to r s  for 
Various Mate r i a l s  
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Figure 9 .  Shipboard EM2 Hazard Personnel 
Safety Screens 
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Aqtenna D?siKn aqd E u ~ c t i o n s  
I_-__-

Tne ty+ of  a r t tema and i t s  desig;l may be a f a c t o r  

i n  developing n r o t e c t i o n  f o r  p e r s o x i e l .  Tne type o f  a q t e n m  

being u t i l i z a d  determines the  p a t t e r n  of r a d i a t i o n  emi t ted .  

Tnus, a d i r e c t i o n a l  antenna may be ased t o  a i m  r a d i a t i o n  away 

from occupied a r e a s ,  o r  t o  c a r r y  dangerous l e v e l s  o f  r a d i a t i o n  

over  oscupiec! a r e a s  without causing a hazard.  ki exarnple o r  

t h i s  is s a t e l l i t e  communications antennas, which have a:l 

extremely narrow Seamwidth artd a r e  g e n e r a l l y  r e s t r i c t e d  iri  

v e r t i c a l  azimuth s o  t h a t  t he  beam cannot be aimed l o w  ono:cg!: 

t o  c a ~ s ba hazard. ATother example would be the  mozi t ing o f  

t he  AV/l'PS-25A antenna at  such a he ight  t h a t  t he  hazardous 

l e v e l s  of '  EYR were neiler c l o s e  enosgh t o  the  ground t o  he 

dangerous to  personnel ,  as w a s  seer; i n  the  prev ioxs  s e c t i o n  

arid sho>m i n  F i g w e  7.  R e a l i z a t i o n  o f  t he  c h a r a c t e r i s t i c s  o f  

the  antcmas is needsd t o  ensure gr'oper s i t i n g  of  mobile sys-  

terns, and t o  i n s u r e  optimum pla-artirig i s  accomplished when 

i n s t a l l i n g  fixec! systems. 

Aatennas which form 3142 in!:o a f'beanff o f f e r  advantages 

i r ?  pi-oviding p r o t e c t i o n  because they may be operated i n  such 

a way as t o  avoid occupied o r  occupiable  a r e a s .  However, 

t he  f a c t  t h a t  t he  energy I s  being 2-adiated i n  a narrow beazn 

means t h a t  hazardous l e v e l s  of  EMi? a r e  being r a d i a t e d  t o  

g r e a t e r  d i s t a q c e s  than would be thas case  with l e s s  d i r e c t i o n a l  

antenrtas. A l s o ,  many of  t hese  d i r ? c t i o n a l  antennas :have 

f ' s ide lobesf f o f  r a d i a t i o n  which may o f f e r  s ign i f i can t .  hazard 
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if not tzken i n t o  account.  Thus, arite.nxa desigrr may be bo th  

a p r o t e c t i v e  aeasu rc  and a hazard,  depending on the  em-doy- 

xent  of  the antemia. 

Tne f a c t  t h a t  a given aqtenna s a y  r o t a t e ,  as is  the  

case  f o r  ma?). radar systems, a l s o  c o n t r i b u t e s  t o  l e s s e n i n g  

.tho hazard f o r  a given power l e v e l  asd  a g iven  antenna. S ince  

average power d e n s i t y  is  what c o n t r i b u t e s  t o  the  hazard,  i t  

must be c a l c u l a t e d  a s i n s  the  power d e n s i t y  a t  a glven d i s t a n c e  

f r o n  the  an teana  where i t  i s  s t a t i o n a r y .  The s t -a t ionary  power 

d e n s i t y  o f  t he  &?tenla may be used t o  determine the  avarage 

aowsr d e n s i t y  o f  a r o t a t i n g  an te-ma by us ing  the  fo l lowing  

formula: 4 

Wnere: P = average r o t a t i n g  gower d e x s i t y  a t  the point o f  

i n t e r e s t ;  P = s t a t i o n a r y  power d e n s i t y  a t  the  p o i n t  of
0 


i n t e r e s t ;  BY = beamwidth ( i n  degrees)  of  t he  h a l f  power bean. 

I t  should be noted t h a t  even when the  average power 

d e x s i t y  o f  a r o t a t i n g  antenna i s  used i n  determining l i m i t e d  

o r  denied occugancy a r e a s ,  the  a r e a  i x  which the  power den- 

s i t y  o f  t he  s t a t i o n a r y  antenna exceeds the  m a x i m u m  s h o r t  

time exposure l e v e l  must be dec la red  a cinnied occupa?cy a r e a .  

Tnis is r eqx i r ed  s i n c e  I t  i s  p o s s i b l e  for a malfunct ion t o  

cause the  antenna t o  s t o p  r o t a t i n g  but cont inue r a d i a t i n g ,  

'3.S. Depr tmen t  o f  tile &my, TB Med 270 (September 
19 '78) ,  31.  
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thus  causing a hazardous l e v e l  of  r a d i a t i o n  i n  the  d i r e c t i o n  

x!iich the  malfunct ioning antenna i s  poin ted .  

kiitenna des ign ,  as a method of  p r o t e c t i o n ,  m u s t  

u s u a l l y  b e  considered d u r i n g  the  design and development o f  a 

system. O x e  a system has been f i e l d e d ,  p r o t e c t i v e  measures 

r equ i r ed  due t o  i t s  designed o a e r a t i n g  c h a r a c t e r i s t i c s  must 

u s u a l l y  be a a a l i e d  by o t h e r  means. 

P r o t e c t i v e  ClothinE 

P r o t e c t i v e  c l o t h i n g  i s  sima2.y a p o r t a b l e  method gf 

sFLelding gersonncl  from hazardous o f f e c  ts o f  EM3 by p rov id inc  

conductive c l o t h i n g  t o  r e f l e c t  t he  waves. P r o t e c t i v e  c l o t h -  

i n g  inc ludes  methods o f  p r o t e c t i n g  -:he eyes by the  use  o f  

c o n d x t i v e  eyuware which a r e  s u f f i c i e n t l y  t h i n  or have s m a l l  

mesh sc reen  s u f f i c i e n t  t o  admit l i g h t .  The Navy has been 

a c t i v e  i n  development o f  p r o t e c t i v e  c l o t h i n < ,  s i n c e  the re  are 

inany radars o n  sh ips  which would adve r se ly  e f f e c t  combat 

o p r a t i o n o  i f  s h t  down f o r  minor r e p a i r s .  P r o t e c t i v e  c l o t h -  

i n g  c o n s i s t i n g  of  heavy duty nylon impregnated with s i l v e r  

has beec developed f o r  use i n  ths  freqaency range 200 Mi-iz t o  

10 G3z i n  power d e n s i t i e s  uy, t o  2 0 0 m W / ~ m ~ . ~  Although developed, 

p r o t e c t i v e  c l o t h i n g  does no t  seem t o  have been f i e l d e d  t o  any 

e x t e n t ,  probably because o f  t he  l i m i t a t i o n  i n  m a x i m u m  power 

d e n s i t y ,  and expense. 

5A7draw 1'. Sosnicky, '!Sources and B io log ica l  E f f e c t s  
3.f Non-ionizing IC:4?11 (Masters Tnesrs ,  Naval Postgraduate  
Szhool, 1976), 66.  



Emission Cxtoff -.--

Emission c u t o f f ,  i n  the context  o f  a p r o t e c t i v e  

measure, r e f e r s  t o  a l l  measures taken to  t u r n  of f  t he  31Y.q 

t r a? smi t t e r  da r ing  pe r iods  when hazard t o  p e r s o n n e l  may r e -  

s u l t .  Eniss ion  cu to f f  may be a manual o r  a? automatic p ro tec -  

t i v e  measure. 

Manual. k simple method of p reven t ing  hazardous 

ex,oosilre is t o  have t h e  ope ra to r  t u r n  o f f  the  systcin -Aenever 

i t  is knot.% that p e r s o n a e l  w i l l  be i n  the  hazardoils a r e a  0" 

to l i m i t  t he  a r e a s  to which the antenna may p o i n t ,  thus 

avoid ing  the c r e a t i o n  of a hazardous ar'ea. Tnis  method ob- 

v ious ly  r a q u i r e s  tha t  a l l  areas i n  wliich hazardous l e v e l s  of 

El&? are p resen t  be marked w i t h  appropr i a t e  warning s i r n s .  

Tra in ing  o f  o p r a t o r c  as to t he  hazards o f  s y s t e m  exceeding 

tho maximu,??pe rmis s ib l e  exposure l e v e l s  and where sxch l e v e l s  

a r e  exceedec! i s  also r equ i r ed ,  t o  i n s u r e  that  the  ope ra to r s  

w i l l  ta!ce necessary a c t i o n .  

--_IAutomatic. k r y  method which t u r n s  o f f  an ZM2 e m i t t i n g  

systern withodt o p r a t o r  i n t e r v e n t i o n  would Se considered t o  

be zdtomatic.  SJch methods wozld inc lude  those vhich shut  

down t he  system whenever the  El43 from a na r rov  beam azztelzna 

(usua l ly  radar} i s  swept: over  an  a r e a  w!iere hazard3us exposure 

may r e s u l t .  Exaxsles a r e  radars on nava l  s h i p s  which have 

can cu tou t s  t o  p-event t he  equipment from r a d i a t i n g  i n t o  

6occupied or p o s s i b l e  occu,-ied a r e a s  o f  t he  sh ip .  Aztother 

'Glaser and Heimer, "Determination o f  Hazardous Kicro- 
wave F i e l d s ,  ' 1  234. 
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exaTsle,  wo- i ld  136 a switch which completely s h u t s  do7.m a s y s -

tem whenever a door g iv ing  access  to a hazardous a r e a  i s  

o-gened. Yet another  example i s  a z z  interl.oc!c b u i l t  i n t o  the 

l and inz  gear  o f  a i r c r a f t  which p rev ,mt  tho a c c i d e n t a l  ground 

ape ra t ion  of r a d a r s  if the-e i s  any weight: on the wheels. 7 

--Sol-aad SDec trsn 
Sgread Spectnun, a tecLhniqus f o r  spreading oucpu t  

power o v e r  a wide frequency spec t run  i n  oi?dei- t o  i n c r e a s e  

s e c u r i t y ,  reduce signal i n t e r c e p t  v d l n e r a b i l i t y ,  and i n c r e a s e  

jamning inunuziity, is being  developed f o r  a wida ;.ariety o f  

communications and r a d a r  da-cices.8 Although t h i s  techriology 

i s  being develo2ed f o r  t he  above reasons ,  the t e c h n i c a l  

c h a r a c t e r i s t i c s  involved may y i e l d  b e n e f i t s  i n  provid ing  

p r o t e c t i o n  from the  hazards  o f  FJ4.R. Tne tec-hnique o f  spread-

i n g  a given amwant o f  power over a wide frequency banddicith 

means that any given freqxency will have l e s s  power assocriated 

w i t %  i t .  Since absor_ution of energy from 342 is h igh ly  f r e -  

quency dependent, spreading  tho power con.tent w i l l  r e s a l t  i n  

l ess  t o t a l  power being absorbed by a given b i o l o g i c a l  organism. 

The use fu lness  of cons ider ing  spread spectrum as a p o s s i b l e  

p r o t e c t i v e  measure w i l l  depend on t h e  development o f  p r o t e c t i o n  

___--.---.--I -
'Sosnicky, @'Sourcesand a i o l o g i c a l  E f f e c t s , @ '  41 .  

'Gilbert  2. Johnsoi, f@UxderstandingLow Power Spread -
Sppsctrun Radars, '' Elec t ron ic  Wa.-faqe/Defens_e E l e c t r o n i c s ,  
10 (Noven'ser 1978), 75-77. 
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standard:; which are more frequency dependent than is the case 

at preseit. in other words, today’s standards, being constaT?: 

ovei- a wide range of frequencies, cannot take into account the 

benefits of any sysrern using spread .spectrm tec:miques. 

Future refinement of the frequency dependence of EM3 nazards, 
and a resultant change in the protective standards, will make 

consideration of the spread s2ectrm nature of a possibly 

hazardous signal 0x8 of the considerations necessary in deter-

mining overall hazard t o  personnel. 

ADM.TNISl’RATIVZ PROTECTiVd M3ASLJX3S 

The military services, in recognizing the problems as- 

sociated with the Era? emitted hy various communication aid radar 

systems, have promulgated a variety of regulations, instructioxs, 

standards and guidance to control the exposure of military 

persoamel and the public to the hazards of El&?,. 

The following documents are the major administrative 


measures talcen 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 

dxny Regulation 40-583, “Control of Potential Hazards 

to Health from Microwave and Rad:io Frequency Radiation” (AR.1). 

A m y  Regulation 40-44, ftCon.trolof Potential Hazards 

to Health from Microwave Cooking Ovens aid other Microwave/ 

Radio Freqaency (RP) Food Service Devicesfif (A?2). 
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Arrny Technical Balletin ME9 270, I1Control of aazarils 

to Health from Microwave and Radio Frequency Radiation and 

Ultrasound11 (Approved draft--September 1978) (AFZ3). 

U.S .  Navv 

BUMED Instruction 6470.13A, llMicrowaveand Radio 

Ii'requency Health Hazards" ( N U ) .  

BUMED Instruction 6470.16, llMicrowave Oven; Siwvey 

for Hazards" (NAZ). 

NAVSHIPS Technical Manual, NAVSHIPS 0903-035-8030, 

"Technical Manual f o r  Radio Frequency Radiation Hazards" (NA3) 

U.S .  Air Force 

Air Force Regulation 127-12, #'AirForce Occupational 

Safety and Health Program" ( A F l ) .  

Air Force Occspational Safety and Health Standard 

161-9, "Zxposura to Radiofrequency Eadiation" (AF2). 

Note that Air Force Regulation 103-6, "Elec tromagnetic 1nrc.r- 

ference and Radiation Hazards" is still in effect, but is a 

virtual duplicate of portions of A i r  Force Occupational Safety 

and Health Standard 161-9 (above). AFR 103-6 cites AFR 16:l-42 

as its primary reference on Radio Frequency Hazards, but Al%? 

161-42 has been superceeded by Air Force Occupational Safe.ty 

and Health Standard 161-9 (above), 

Complete citations for all the above A r m y ,  Navy and 

Air Force manuals, are contained in the bibliography. 

The method used in developirig the matrix which 

imxediately follows was to review each of the above documents, 
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sxtract the various protective measures, and compare then; 


one to another to determine which services used a given 


measure. The codes used in the matrix are as follows: 


YES - The given service specifically implements the 
ineasure described, 

NO - The given service specifically does n o t  imple-
ment the measure described. 

NM - The measure described is not mentioned in any 
of the above docu'nents of the given service. 

The alpha-numeric code f o r  the publication discussing 

the given measure in the sost detail is contained in 

parentheses for each seasure and service, k detailed discus- 

sion of each item in the matrix of administrative protective 

measures will be contained in the Comparison and Discussion 

section immediately following the matrix. 
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.--- - a=== 

i 
I ITEM 	 ARMY P 

------I-+ 	 .-
Establishes EblR exposure stardnrd! YESI 1. 
and 	criteria: (AR1) 

2. 	 Frequency coverage of standards:i 	 --i---

I 0-1oKHz 
I 10KHZ-IOMHZ 
I 10MHZ-lOOC;HZ
I 
I 1 0 0 ~ ~ ~ - 3 0 0 s ~ ~  
I*- -- --.--

I 3 .  Permissible axposure levels (PEL) : 

I a. Frequency range 10KHz-1OMHzI 	 250m~/cm (con tipous expo sure )
I 18000sW-sec/cm (6 minute period) 
I b. Frequency range 10MHz-303GHz
I 2 	 YES10mW/cm (contpuous exposure) 
! 
I 36OOmw-sec/cm (6 minute period) 
I 
I 	 * 
I ITavy standard only covers freq- ms**' 
I uencies u p  to 103GHz.I 
I *ifArmy ha3 a maximm limit of 


5omw/cm .
j -	 ----
4. 	 "Unnecessary" exposures ab3ve 


1O:nW/cm2 p r o l ibit e d :
iI-- --
Protective clothing developed NM 

- -_--
Specific physical protective 
I 6* 
neasures discussed: 
! 

I 7 .  Establishes comprehensive con- 
I tinuing monitoring program to 
I insure compliance with exposure 
1 standards:
1 * 
I 
I See discussion 

i I 
I 

AIR 
Y \ FO?!:E 
---f----

I 
II YES YES 

I ( N U )  I (AF2 
-T-.--

I 

I 
1 I YE 

i 

I 
I YES 
I ( N U )  



------- -= a_==

T==I ITEM 

I-i-----

18. P l a i s ,  program and budgets for I NM NM 
I 
I research into the hazards of 
I 
I EMR. Conducts research program 
I_-----.__---
I 	 I19 .  	 Ensures that consideration is 

given to gersomel EMR oxp3sure ( A R ~ )I 
I 	 potential in the Research, 
I 	 Development, Testing and Evalua 

tion (RDTE) phases of new eq- 
uipaent procurement. i 	 1

I * See discussion I I 
---̂ ---	 I 

H a s  an established agency t o
PO. 	 conduct biological effects and 

suspected personnel overexpos- 
ure consultations, and providei I 	 advice and guidance to service 
psrso-me1. 
Has an established agency I 

spacifically responsible f o r  thd 

fo11owing : I


I 	 a. On site surveys of possible II YES 

i 
I 	

1
hazards. 	 I (NU) 

b. Estimating hazard distances YES 

for selected systems. (A93) 


i C. Maintaining data on EMR I
I 

YES 

smitter characteristics. i (m3) 

d. Assistance in investigation I YES 

of suspected or actual over- (A91) 

exposures. 
 I 
e. Loax of selected survey in- I

I 
NM 


struments. 
 I 
I* See discussion 	 I -	 4--

b2. 	 Tne organization performing ! YES* YES* 
duties outlined in item 11 is II provided travel fund f o r  II

I 
regular and/or requested sur- I 
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I==== ===--. I_= ---__ -- -_-__ _  -
I \II \ AIRAIR 11 
I ITEM ARMYARMY 11 NAVYNAVY '' 
I 
I-- -- ---I------I---! 13. Requires EMR protection plans,, III I 

iII i
II 

I to include .the following: I 
II 

I 
I 
II 
I 

I a. Inventory of all EMR emitter 
I 

b. Categorization o f  EMR emit-

ting equipnent as to hazard. 


C. Periodic resurvey of emit-

ters and checks to insure warn-

ing sign and SOP adequacy.


I d. Dissemination o f  information
I OT? measures required for control 
I of exposures to hazardous levelsI 
I of EMR. I 
I e. Periodic checks of mainten-
I ance facilities that repair o r
I 

test EMR emitters.I 
I f. Review required, prior tcI construction of new facilities,
I to determine 2otential hazarc
I from existing EMR emitters. 
I 
I 
I g. Review required when EMR 
I snitter inventory changes.I____-- - .I_ 

I 14. Hazard warning signs require:l at 
I
I locations where access to 2ower 
I densities in excess of maximum 
I allowable is probable. I I I
I I I
l- _I-

II 15. Hazard warning signs required 
I near microwave ovens: 
I * For  portable o r  mobile ovensI 

only II
1 16. Hazard warning signs require:3 
II f o r  possible interference with 
I pacemakers ( fo r  equipment ot.ner I
!I than microwave ovens). I

I I 
II ---



-- 
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-7 L====--____ 	 EX__-

I

ITZM 	 I ARMY- r---

1 7 .  	 Formal medical investigation of YES 

incidents arld accidents (sus- 

pected or actual overexposure to 

EMR) 	 required. 

---_I_-_--- --+-18. 	 Routine pre-or post-employment 
medical examinations required for (A91) 
personnel occupationally exposed I 

to EMR. I 
-I----------	 +--


19. 	 Periodic inedical examinations I YES*i
required for personnel occupation-; (A91)
ally exposed to EMR. I 

I 
I* Opthalmologic exam only I 
i 

20. 	 Forbids personnel having eye opa- I NM 
cities (indicating cataracts) in- I 
distinguishable from those caused 
by high levels of EMR exposure to ,i 
be occupationally exposed to I 

microwaves. I 
21. 	 Examination required for 

I 

exposed to more than 5OmW/cm 
for any period of time. 

I* Examination required in any case; 
since 50m~/cm2 is maximum per- Imissible level in the Army. 
 ! 

I*+ Examination only required if 
exuosure exceeds the maximum al- I 

I 

lowable time Beriod for levels i 
I

above 10mW/cm . 
22.  	 Commnders allowed to prescribe 

conditions *mder which inter- 
locks, limiting or warning I 
devices may be by-passed o r  I 

I 
overridden. 


----_ILI_ 	 ---

I i 
I I 

VM I NM 
i I

I 
I 

I 

i
I 



COMPARISON AND DISCUSSION 


=s_ical Protective Measures 


Each service, in its administrative protective 


measures, discusses various physical protective measures. 


Not all services discuss the use of all protective measures. 


Comparison of the various physical protective measures amzJng 


the three services reveals the following: 


Distance. A l l  three services discuss distance as a 

protective measure. Each describe€ methods and formulas for 

performing calculations to determine hazards of particular 

equipment based on distance from the antenna, frequency, and 

average power of the transmitter. All services describe 

methods of determining the areas in which occupancy by per-

sonnel musr: be limited or prohibited based on hazard evalua- 

tion. The Navy' lists specific equipment and the distances 

at which a personnel hazard may occur. The Army and Air 

Force have in the past listed similar information for specific 

equipment, however, recent publications 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 Na.vy, NAVSHIPS 3900-035-8000, 

(July 1, 1971), 1-3 through 1-7. 


''TI3 Ned 27O/AFM 161-7 contained such lists of equip-
ment. They have, however, been superseded by AFOSH Standard 
161-9, and TB Med 523, which do not. 
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Fixed ShieldinE. Fixed shielding is specifically 

recocTized by b3tk the Ariiny'l and the Navy12 as a method of 

reducing hazardous levels of EMR. The Army shows exact 

shielding characteristics for various materials, while the 

Navy mentions the spesific use of metallic shielding on ships, 

but does not mention methods for shielding LDR wmitters at 

shore installations. The Air Force does not mention the 

subject. 

Antenna Design and Functions. A l l  three services 

recognize the contribution of different types of antenna and 

the functions of the emitters as contributing to differences 

in hazard potential. The services all consider the diffarent- 

designs and f'unctions of equipment after it is designed in 

calculating the hazard potential for a given system. The 

Army takes into account the antenna dimensions, antenna gain, 

polarization of the transmitted wave, height of the antenna, 

and reduction in average power density caused by a rotating 

antenna (such as is the case with some radars). l3 Examgdcs 

of typical calculations based an these characteristics are 

given.lL; The Navy also recognizes the difference in antenna 

design an6 function as contributing to different levels of 

"u.s. Department of the Army, TB Med 270 (September 
1 9 7 8 ) ,  37.  

12U.S. Department of the Navy, NAVSHIPS 099-005-8000, 

(July 1, 1 9 7 1 ) ,  1-10. 


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

1 9 7 8 ) ,  26,  31. 

14
U . S .  Department of the Avmy, TB Med 270 (September 
1 9 7 8 ) ,  39-42. 
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hazard, and provides exaq2les crf calculation of power density 

f o r  varioxs types 3f antennas. l5 The Air Force also includes 

these factors in sample calculations of hazards. 16 


-Protective Clothing. The A m y  does not mention pro- 

tective clothing in regulations o r  bulletins, and has not 

developed such clothing. The Army (foes recognize the 

existence of protective clothing (in this case microwave 

protective eyewear), and has stated that more research in 

protective eyewear would be desirab.le. The N a v y  has 

developed a complete set of protective clothing (described 

in this chapter under Physical Protective Measures (Protec- 
16
tive Clothing), and lias described its use in regulations. 

The Air Force has not developed such clothing, an2  express1.y 

forbids its m e ,  without specific app-oval. 19 

Emission Cutoff. mission cutoff method; and design 


criteria are 3ot addressed in m y  rmegulations, instructions, 


15V.  S. Department of che Ns;vy, NAVSHIPS 0303-335-8033, 
(July 1, 1971), Appendix B. 

16U.S. Department of the A i r  Force, AFOSH Standad 
161-9 (October 10, 1978), 21-23. 

l7U. S. Department of the Army, Environmental Hygieae 

Agency. Microwave Hazards Course Manual. Aberdeeu Proving 

Ground, Md. (undated), 103. 


18U.S. Depsirtment of the Nizvy. BUMFZ Instruction 
6470.13A, (January 28, 1977), Enclos.ure1. 

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

161-9, (October 10, 1978), 3. 
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standards o r  guidance of the three military services. Other 

literature, described in this chaFter under Physical Protec- 

tive Measures (Emission Cutoff), a n d  elsewhere2' describe 

methods by which emission cutoff is being performed. 

Suread Saectrum. Spread spect-nun 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 power raquirement of 

spreac! spectrum radars and communications systems may prove 

advantageous in both accomplishing a given operational mission 

while at the same time reducing the overall hazard of EM.3 

emission from certain types of systems. 

Administrative Protective Measures 


The inatrix developed in the Administrative Protective 

Measures of this chapter provides a quick cornparison of the 

adninistrative measures taken by each service through the 

services regulations, instructions, and technical d3cUments 

concerned with protection from EMR hazards. The following is 

a detailed discussion of each item in the matrix. 

Item 1. All three services establish exposure stancl- 

ards and criteria for EMR. A l l  are within the limits of the 

"Norbert N. Hankin, A? Evaluation of Sylectecl Satellite 

Comwmications Systems as Sources of Environmental Microwave 

Radiation, EPA-520/2-74-008 (December 1974), 30. 
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ANSI s tandard ( see  Chapter III). The Army s tandard  f o r  ex-

posure t o  EKE i s  e s t a b l i s h e d  i n  w( k.0-583 and d e t a i l e d  i n  -the 

September 1978 d r a f t  o f  TB Mec! 270. Microwave oven s tandards  

a r e  contained i n  AR 40-44 and detai l .ed i n  TB Xed 270. The 

Navy e s t a b l i s h e s  exposure l i m i t s  i n  BUMED I n s t r u c t i o n  6470.13A. 

The A i r  Force e s t a b l i s h e s  an occupat:ional s a f e t y  and h e a l t h  

program by AF a e g u l a t i o n  127-12 r e q u i r i n g  compliance w i t h  

Air Force Occupational Sa fe ty  and H e a l t h  (AFOSFI) Standards.  

The s tandards  f o r  EMR exposure a r e  c:ontained i n  AFOSH 

Standard 161-9. Deta i led  d i scuss ion  o f  the frequency rangs 

and permiss ib le  exposure l e v e l s  allowed by the t h r e e  s e r v i c e s  

a r e  contained i n  i tems 2 and 3 .  

I t e n  2 .  For  a l l  t h r e e  s e r v i c e s  the  frequency range 

of the s tandards  i n  Item 1 cover the  range requi red  by the  

AVSI s tandards  (10 MHz t o  100 GHz). I n  a d d i t i o n ,  t he  Army 

and the  A i r  Force have e s t a b l i s h e d  s tandards  i n  the range 

103 GHz t o  300 GHz, and the  Air Forc:e has  e s t a b l i s h e d  a 

s tandard  f o r  the range 10 KHz t o  10 MHz. None o f  t he  s e r v i c e s  

has  e s t a b l i s h e d  s tandards  below 1 0  KHz, and non has e s t a b l i s h e d  

s tandards  f o r  Electromagnetic Pulses:. (See Chapter 111.) 

Item 3. The permiss ib le  exposure l e v e l s  (PEL) e s t ab -  

l i s h e d  by the  s e r v i c e s ,  a long  with the  frequency ranges de- 

s c r ibed  i n  I t e m  2,  a r e  shown i n  F igure  10. Note t h a t  the 

2Army Standard " l e v e l s  o f f "  a t  50mW/c:m , while the Navy and 

A i r  Force PELS fo l low the ANSI s tandard ,  a l lowing exposure..; 
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. 0 0 1  . O 1  . 1  1 1 0  I on 

l~ l lRA' l 'T~l !d  O F  E X P O S U R E  (IiOURS) 

b i g u r e  1 0 .  P e r m i s s i b l c  e x p o s u r c  l e v e l s  b y
f r e q u e n c y  f o r  t h c  t l i r c e  m i l i t a r y  
s c r v j c c s .  
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g r e a t e r  than 50aW/cm2 for s h o r t  pe r iods  o f  time ( l e s s  than 

1 .2  minutes).  The Air Force PEL for. the frequency range 

10 KHz t o  10 MHz i s  a l s o  shown. The reason given by the 

Army f o r  l i m i t i n g  exposures o f  short .  du ra t ion  t o  a maximum 

3f 50mW/cm2 i s  "It i s  n o t  f e a s i b l e  to c o n t r o l  l i m i t e d  ex-

posure o f  l e s s  than 1.2 minutes , . ..'' The A i r  Force g ives  

no  s p e c i f i c  raasons for having e s t a b l i s h e d  3 PEL i n  the 

10 KHz t o  10 MHz range, sta.ting onl3- t h a t  "The PELS l i s t e d  

. . , a r e  based on c u r r e n t  knowledge of r a d i o  frequency 

22r a d i a t i o n  e f f e c t s  .'1 

-- This  i tem is concerned with s e r v i c e  p3l ic : ies  I t e n  4. 

on exposures above 10mW/cm2 [ the continuous exposure l i m i t  

2%for a l l  ser-Jices i n  the  microwave bands). The Army 

2s p e c i f i c a l l y  p r o h i b i t s  "unnecessary" exposares above 1 0 m h r / o m  , 
while tho A i r  Force s t a t e s  that "I t  i s  permiss ib le  t o  a l low 

24any personnel  exposure t h a t  s a t i s f i e s  Lthe Air Force PELsj." 

The Navy does not  s p e c i f i c a l l y  mention Irunnecessary" exposures,  

but  ci3es r equ i ro  a medical exam f o r  personnel  exposed t o  more 
2than 5O!nW/cm of microwave r a d i a t i o n  (See Item 20). 

L71U,S. Department o f  t he  Arniy, TB Ned 270 (Ssptembor 
19781, 32. 

22
U.S .  Department o f  t he  A i r  Force,  AFOSH Standard 

161-9, 3 .  

"U.S. Department of the  Amiy, TB Med 270 (September 
1978)1 32. 

r_74U.S. Depsrtment o f  t he  A i r  Force,  AFOSH Standard 
161-9, 3 .  
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Item 5 .  The cievelopment and use of protective cloth- 

ing (aphysical protective measure) is discussed in this 

chapter u s e r  Comparison and Discussion (Physical Protective 

~ezsures). 

Item 6. All three services discuss physical protec- 

tive measures to some extent (see Comparison and 3iscussion 

(Physical Protective Heassres) in this chapter). However, 

none of the ser-gice regulations, instructions, or technical 

manuals discuss the complete range of physical protective 

measures available. 

Item 7 .  The Army and Air Force have established com- 

prehensive monitoring programs to insure compliance with 


exposure standards. The Army's program is centralized, the 


Air Force's, decentralized. 


The Army requires periodic comprehensive surveys 3f 

microwave/'RF installations, conducted by the U.S. Army En- 

vironmental Hygiene Agency (a sub-comnand of U.S .  Army Health 

Services Command), and the evaluation o f  p l a ~ sfor installation 

of microwave sn6 RF equippent and studies of environmental 

conditions at user sites or test facilities. 25 In addition, 

the Army requires periodic inspections and surveys 3f m: lcro-

wave ovens by convnanders having ,ossession of them. Reports 

are maintained at the installation/activity level until 

25U.S. Department of the Army, AR 40-583, 2 .  
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26
receipt of the next com2arable rep3r.t. 


The Air Force requires base bioenvironmental enalneers 

(BEE) to conduct periodic surveys. In addition, surveys are 

required when notified of new operat:ions, equipment changes, 

or equipment modifications which may alter the biological 

significance of the EMR environment. The BEE also identi- 

fies all areas where -W radiation levels exceed USAF per-

missible exposure levels, and recomniends engineering controls 

as appropriate. The VSAF Occupatiorial and Environnental 

Health Laboratory (OEFIL) may be contacted for assistance if 

necessary. A i r  Force Communications Service ( A F C S )  also 

provides consultation and measuremerit services. ‘7 Local 

bases are also responsible for periodic microwave oven sur- 

veys, in a specified format, with copies ai? reports forwarded 

to Federal Drug Admin3stration regional offices and the VSAF 

OEHL 28 

The IJavy, although requiring a microwave oven control 

programz9 similar to the Army, does not have a comprehensivs 

continuing EMR monitoring program. BUMED Instruction 6470.13A 

requires commanders to be responsible for compliance with the 

instruction. The instruction calls attention to p3tential 

---_I-

‘%.S. Department of the .Ar;ny,AR 40-44,2-2. 


27U.S. Department of the Ai:? Force, AFOSH Standard 
161-9,pages 2-3,  and 26-27. 

28U.S. Department of the Ai:r Force, AFOSFI Standard 
161-9, 34.  

29U.S. Department of the Navy, BrJMED Instruction G470.16. 
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health hazards, specifies maximum exposure levels, provides 


guidance for medical surveillance snd specifies reporting 


requirements of microwave overexposure incidants. However, 


the instruction does not establish a formal hazard inspec-

tion system, either centralized or decentralizsd, as is the 

case in the Army or the A i r  Force. The functions of per- 

sonnel hazard evaluatio.?, control and protection is left 

entirely to the discretion of comaandsrs, although the Navy 

Sareau 3f Medicine and Surgery does provide technical 

assistance through its sub-command, the Navy Environmental 

Health Center. 30 Tne Naval Ship Eng-ineering Center is 

responsible for determining hazardoas shipboard areas and 

insuring that the possibility of biological injury to per-

31 
so.xnel from RF radiation is minimized or non-existent, 


however, there is: no organization fonnally responsible for 


shore installation hazard evaluation. 


Item 8. The A i r  Force specifically assigns respon- 

sibility fo_n research into the hazards of EMR in the US.AF 

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 

-
30U.S. Department of the Navy, BUMED Instruction 


6470.13A, 3. 


"U.S. Department of the Navy, NAVSHIPS 0900-004-
8000,  1-1. 

32U.S. Department of the A i r  Force, AFOSH Standard 
161-9, 1. 
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33
do conduct such research. 


-Itera. The Arny specifically requires that agencies 

responsible for research, developaerlt and testing (R3T) of 

microwave and R F  equipment insure that such equipsent is 

evaluated f o r  p,ersonnel exp3sa-s potential during the RDT 

phase.34 The Air Force also requires similar actions in its 

EMR safety standards. 35 The Navy does not mention such 

requirements in its instruction on microwave and RF nealth 

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 EMF3 emitting equipment 

being designed for installation at shore activities or in 

shore-based aircraft. 

Item 10. A l l  three services have agencies which con- 

duct consultations in the case of overexposures to EMR, arid 

provide advice and guidance to conmanders when requested, 

These agencies are the same as mentioned in Item 7. 

33The Walter Reed Army Institute o f  Research, Washing- 
ton, D.C., and the Naval Medical Research Institute, Bethesla, 
MD., conduct research into hazards of ENR. The Army Medical 
Research and Development Command, Washington, D.C. , and the 
Navy Medical Research and 3evelopment Command, Bethesda, MD., 
fund refiearch by civilian agencies into the hazards of E W I .  

34U.S. Department of the Army, AR 40-583,2. 


35U.S. Department of the Arr Force, AFOSiI Standard 
161-9, 1. 
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Item 11. A l l  three services have agencies xhich are 

responsible for on-site sur-Jeyu, estimating hazard distances, 

maintaining data on EMji emitter Characteristics, and assist-

ance in investigation of suspected or actual overexposures. 

The b y and the Air Force specifically mention these 

--esponsibilitiesin their regulations/standards concerning 

EMR hazards (see Item 7); the Navy's instruction on nicrowave 

and RF health hazards does not assign specific responsibili- 

ties for on-site surveys, estimating hazard distances or 

maintaining data on EMR enitter characteristics, other than by 

saying that technical assistance may be requested from the 

Navy Envixunrnental Health Center. The Navy's Tec-hical Manual 

f o r  RF Radiation Hazards 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 Sys-

tems Command. The manual, however, does not specify any 

rewlar system of surveys or reparts. The inanilal does contain 

l i s t s  of estimated hazard distances and EM3 emitter character- 

istics for radar systems which could cause hazards to personnel. 

No mention is made of comm-mications systens. The Air Force 

specifically states that the USAF OEHL will l o a n  selected sur-

vey instruments to assist commanders in resolving RF personnel 

hazard problems which are beyond the capability of base and 

36U. S. Department of the Navy, N A V S ? I P S  0900-005-8003, 
1-2. 
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major command resources. '' The Army and the Navy do not men- 

tion this capability in their r e g ~ ~ l a t i o n s / i n s t m c t i o n son Em 

!iazards . 
_.item 12. Although the mean: of providing travel finds 

is not mentioned in any of the servi.ce regulations/instructions/ 

standards on providing protection from EMR hazards, it is the 

personal knowledge of the author that the Army and Air Forze 

Fund the responsible organization dr.rectly, while in the Navy, 

any funding for travel of personnel from either the Navy En-

vironmental Hsalth Center or the Naval Ship Engineering Center 

must be provid.?d by the requesting ::ommand. 

Item 13. The Army and the . 4 i r  Force specifically re-

quire inventories of all EMR emitters,3'939 categorization of 

ZMR emitting equipment as to hazard, and periodic resur-

vey 3f emitters.39'40 The Navy does not mention any specific 

requirements in the above areas in instructions concerning 

EMR hazards. A l l  three services do require dissemination of 

information on measures required for control of exposures to 

37U.S. Department of the Air Force, AFOSH Standard 
161-9, 26-27. 

"U.S. Department of the Army, TB Med 270 (September 
1978), 26. 

39U.S. Department of the A i r  Force, AFOSH Standard 
161-9, Ll-5. 

40U.S. Department of the Amy, AR $0-583, 2. 
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hazardous levels of EMF?. 41'42 (See also Footnote 40.) The 

Army and Air Force requirs specific checks and warning for 

facilities that repair or test EMR emitters. (See Footnote 

39 and 40.) The Air Force requires more frequent surveys of 

such facilities than for other EMR emitters, while the Army 

does not. The Navy makes no specific reference to test and 

repair facilities as being any different from any other 

facility. 


Item 12. All thrse services require hazard warning 

signs at locations which are hazardous or potentially nazard- 

ous to personnel. However, the requirements for posting EMS 

hazard warnings in such areas are different for each service. 

The Army requires that "appropriate areas are placarded to 

the nature of possible hazardous exposure . . . . ' I  43 The Navy 

BJreau of Medicine and Surgery requires that "Personnel shall 

observe 'RF HAZARDS' warning signs which point out the 

existence of microwave radiation hazards in a specific loca- 

tion o r  area." 44 The Naval Ship Engineering Center expands 

41U.S. Department of the Navy, ELPIED Instruction 

6470.13A, Enclosure 1. 


42U.S. Department of the Air Force, AFOSH Standard 

161-9, 2. 


'"U.S. Department of the Army, AR b0-583, 2. 

44U. S. Deparkment of the Navy, BUMED Instruction 
6470.1311, Enclosure 1, 2. 
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on the warning sign requirements, stating "Ehsure that radia- 


tion hazar2 warning signs are available and used, not only 


where required to be permanently posted, but also for tem- 

p.3rarFly restricting access to certain parts of the ship while 

radiating. The dir Force states that "RF warning signs 

are required at any location where access to power density 

levels in excess of the PEL is probirble.lf 46 

-S t e m .  Although nicrowave ovens canlot be continued 

in use if periodic surveys determino that they leak more than 

5aW/cm2 (half the permissible exposure kvel for continuous 

exposure), the Army requires that "microwave ovens on mobile 

food carbs o r  ward nourishment stations of medical facilities 

nay require microwave warning signs during operation, Ten-

porary posting of warning signs perxaining to interference to 

medical electronic devices may be nctcessary . . . . ' I  47 The 

Army also requires that personnel "Conspicously display warn- 

ing signs identifying potentially harmful generators of EM1 

[Electromagnetic Interference] such as RF/microwave diather- 

mies, microwave ovens, etc., whenever the devices are in use, 

so that cardiac pacemaker Yearers can avoid the area."48 The 

''5U, S .  Department of the Navy, NAVSHIPS 3900-035-8033, 
1-8. 

46U.S. Department of the Air Force, AFOSH Standard 
161-9, 3 .  

47U.S. Department of the Army, AR 40-44,2-1. 
48


U.S. Department of the Army, TB Med 270 (September 
1978), 49. 
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Navy and Air Force do not require warning signs near microwave 


ovens (other than the federally required label on the oven 

stating that the oven should not be operated when enqJty, with 

objects caught in the d o o r ,  with damaged door ,  etc.); the Air 

Force specifically forbids the posting of warning signs around 

microwave ovens. 49,50 

Item 16. The Army requires warning signs be posted 

for possible interference with heart pacemakers f o r  any equip-

ment capable of creating EM1 (see Item 15). The Air Force 

specifically prohibits the pDsting of warning signs at access 

routes to EtF sources because o f  interference SDtential to 

medical prosthetic devices (pacemakers). 51 The Navy does not 

mention the posting of warning signs for pacemakers in the SMi? 

hazard instructions. 

-Item 17. All three services require formal medical 

investigation of incidents and accidents concerning EMR. Tne 

Army requires that "Personnel who are known or suspected to 

have been accidently exposed to levels in excess of applicable 

protection standards shall be oxa-nined as soon as pDssible 

following such exposure. 52 


49U.S. Department of  the Navy, BUMED Instrdction 
6470.16. 


50LJ.S. Department o f  the Air Force, AFOSH Standard 
161-9, 4. 


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

52U.S. Department of the h y ,  AR 40-583, 2-3. 
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The Navy requires that "Pers:xmel exposed to 29wer 

densities above .50mW/cm2 should be given a complete physical 

and ophthalmological examination immediately following the 

incident and at 2-week intervals thereafter f o r  a minimum 

period of 4 weeks.!'53 (See also Item 21.) 

The Air Force requires that "In the event of con- 


firined or likely instance of an overexpmure to an individual, 


a physician will review the individual's medical history arid 


perform such examination as is indicated by clinical symp-


-- The Army requires individuals whose assign- ltem 18. 

ment may result in significant risk of exposure to pstentially 

hazardous levels o f  EXR to undergo Fre-or post employment 

medical examinations. 55 The exact requirements of tho medical 

exam are .not specified. 

The Navy also requires routine pre-and post-employment 

exarrinations, and states exactly wh;!t such exams should 

include.56 

53U.S. Department of the Navy, BUMICD Instruction 

6470.13A, 4. 


j4U.S. Department of the Ail- Force, AFOSH Standard 

161-9, 7 .  

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

.56* .S. Department of the N a v y ,  BUMED Instruction 
6470.13A, 3 .  
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The Air Force states that pre-or post-employment 

mec3ical exaninations are n o t  required for personnel occupa- 

tionally exposed to ZM3. 57 

-I t e m .  Tno Army and the Navy require periodic 

medical exavinations for ?ersormel occupationally exposed to 

EMR. The specified requirements include periodic opthal- 

mologic examinations only. (See Footnote 55.) The .Air Force 

once again spscifically states that medical exminations are 

not required. (Sse Footnote 56.) 

Iten 20. The Navy, in requiring pre-esployment 

examinations, specifically forbids occupationally exposing 

personnel having eye opaci ties which would be indistinguishable 

on further development fros opacities which are caused by 

microwave exposure. j8 The Anny and the A i r  Force don' t 

address this requirement in their regulations/standards. 

-- The Navy has a specific requirement for Item 21. 


physical and ophthalmological examinations for personnel 


2
expos32 to power densities above 50:nW/cm , even though the 
Navy's permissible exposure level allows exposure greater than 
50mW/crn2 f o r  limited periods of time. 59 

57LJ.S, Department of the Air Force, AF0.53 Standard 
161-9, 7. 

58U.S. Department of the Navy, BUMED Instruction 
6470.13A, 4. 

59Ll..S. Department of the Navy, BUMED Instruction 
6470,13A, 4. 
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The Army also re?uires examinations for oxposuroo 


2
greater tharl 50mW/cm , but in the Annyfs case, exposuros 
above 50mk!/cm2 constitute a forbidden exposure level. (See 

Items 1, 2 ,  and 3.) 

The A i r  Force does  not requim exani:inations for ex-

posures above 50rnW/cm2 unless the a?ouxtt of time the person 

is exposed exceeds the PEL. 

Item 2 2 .  The Army allows co:nnandars to prescribe 

"colditions under xhich interlocks, .Limiting or warning dc-

vices installed on equipment may be 'by-passed or overridclen 

during coinbat alerts, trainiw exerc F s e s ,  and in mainterlance 

or calibration of equipxent.fl 6o The Navy and Air Force malto 

no mention of such a concept in their instruction standards. 

This chapter reviewed known .?hysical and administrative 

protective measures against the hazards of EMR. Comparisons 

of protectice measures between the services were made and 

displayed in matrix format. The comparison of physical and 

administrative protective measures reveals areas of signifi- 

cant differences between the three services. The implicati,ons 

of these differences will be discussed in the next chapter. 

6oU.S. Department of the Army, AR 40-583, 2. 




.A conte:nporary problem f o r  t he  s i l i t a r y  services,  as 

i d e n t i f i e d  in C n a p t e r  I, i s  the a t t a c k  by va r iozs  i n d i v i d u a l s  

and gro-aps on the measures used t o  p r o t e c t  members o f  t h e  

s i l i t a r y  s e r v i c e s  aL?d the p u 5 l i c  from hazards of EM?. I n  

o rde r  t o  tmders tand the meaqing and adeq.-zacy of p r o t e c t i v e  

xoasures  en.3loyed by the m i l i t a r y  s e r v i c e s ,  i t  i s  necessary  

t o  be aware o f  t he  n a t u r e  o f  EMR,  and the  e x t e n t  o f  t he  EM:? 

hazard.  These s u b j e c t s  have been b r i e f l y  d iscussed  i n  

Chapters 11 and III. i t  i s  a l s o  necessary  t o  understaqd the  

ex ten t  o f  t he  m i l i t a r y  involvement with eq-zipment hqd systems 

ca2able  o f  caus ing  a b i o l o g i c a l  hazard t o  ma-, i n  o r d s r  t o  

an,’llyze the  p r o t e c t i v e  measures emgloyed by the s e r v i c e s .  

Tne gene ra l  c l a s s e s  o f  EiYR e m i t t i n g  systems i n  ilse i n  the  

m i l i t a r y  were d iscussed  i n  Cnapter IV. 

A p o b l e m  clouding the i s s u e  o f  t he  adequacy of t h e  

s i l i t a r y  s e r v i c e s  EIYH p r o t e c t i v e  measures i s  the  controversy 

surro;u?ding the  ques t ion  o f  non-thermal e f f e c t s ,  d s sc r ibed  i n  

Chapter 111. Tne s c i e n t i f i c  ques t ions  be ing  discdssecl con-

ce rn ing  non-thermal e f f e c t s  a r e  the  d r i v i n g  f o r c e  be l ind  most 

s e r i o a s  q u e r i e s  concei-ning EM? hazard p o t e c t i o n .  Tne 

,Paster;l Euro;Iean s t anda rds  o €  p-utect ion,  be ing  much lower 
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thax those in the United States, continue to be the main 

soirce of' dissention z n o n g  members of the U. S. Scientific 

Community whenever EMR exposure standards are discussed, Tne 

military services, being aware of the possibility of hazards 

due to as yet unproven effects of E M R ,  continue to fund re-

search designed to discover hazardous effects of EMR as well 

as the biological mechanisms of such effects. The areas of' 

research and amounts being expended are detailed in Chapter IV. 

Although an awareness of the above controversy, a n d  

what is being done about it, must certainly concern anyone 

interested in improving protection from Em? bioeffects, the 

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

problem. The fact is that although the military sorvices 

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

be surprised by new discoveries, if any, in the field of bi.0-

logical hazard protection, they must also provide adequate pro- 

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

recognized and generally accepted E M R  hazards, at the present 

time, are the thermal hazards. To protect against this knciwr 

hazard, the Anerican National Standards Institute has created 

a standard setting the safety level of EMR with respect t o  

personnel. The military services are required to conform t o  

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 

existing protective standards. 
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The data presented in Cnapter V is a compilation of 

protective measures against EM3 hazards in use by the military 

service. The protective measures in use in each service are 

shown in comparison with the measures in use in the otner ser- 

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 a l l  services are indicators of measures 

which may be implemented, or at least examined, by the non-using 

service(s) as possible means of improving personnel protection 

practices. Alternatively, protective measures 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 the examination and possible elimination of 

such overly strict measures, funds may be saved which could 

then be used to improve other areas of EMR hazard protection. 

Thus, the discussion in the rernainder of this chapter will 

develop conclusions based on the data presented and discussed 

in Chapter V; will present reco.mendations intended to improve 

the EMR hazard protection of the services based on the con- 

clusions; and will present other considerations based on the 

author's experience with the U . S .  Army, with EMR, and with 

biological research into the hazards of SMR. 

CONCLUSIONS 


Energy from EMR may be absorbed into biological 


organisms in various amounts depending on many 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 orgm.isms, including man. The 

military services are active users cf devices and systems 

which emit EMR Over the entire range from 30 Hz to 300 GHz. 

The military services, because of th.eir use of devices which 

emit EW, and the necessity for conforming with ANSI standards 

setting the safety level with respect to E m ,  have implemented 

various safety regulations, instructions, guidance and stand-

ards. 

The services, in their admiristrative protective 


measures, describe various physical protective measures. The 


effects of distance, shielding, protective clothing, and 


antenna design and flmction are alsc discussed in various tie- 


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 &?other expressly 


forbids :.t, while the third service does not mention the 


subject (other than as a recommendation concerning protective 


eyewear in a military course on hazards rather than in an 


official regulation) cax only cause doubt as to the adequacy 


of protection provided. Possible methods of resolving thi:; 


problem are for the non-using services to state in their 


regulations that the use of protective clothing in that ser- 


vice is not necessary for whatever reasons apply and to state 
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what alternate methods of protection are to be used, o r  for 

the non-using service to actually procure protective clothing 


simllar to that in use in the Navy, and state its use and 


availabilizy in the appropriate regulation. 


Emission cutoff is not specifically discussed as a 


protective measure in any of the service publications reviewed, 


although it is mentioned in civilian "open" publications and 


in publications of other governmental agencies. This informa- 


tioE would probably not help base/post/unit commanders in 


providing better protection, since the technical specifications 


of emission cutoff devices must usually be established during 


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- 


tion of information on this subject by the Department of De- 


fense 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 zhan comparable EMR emitting equipment. 

Fiowever, 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 EYR exposure standards (permissible 


exposu?e limits) among the three services should be resolved. 
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The principle that each service shou%d be free to enact more 

stringent measures than tho ANSI standards require certainly 

could not be argued against; however, a problem exists in 

that the services do not agree on exactly what frequency 

range the standards should cover, o r  what the maximum 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 compliance with 

their own exposure standards. The Navy does not mention such 

a program in the appropriate EMR hea:.th hazard instruction, 

other thax to require commanders to comply with the instruc- 

tion. Although firther review of Navy manuals concerned with 

EMR health hazards indicates that specific commands are respon- 

sible for various aspocts of personnel EMR hazard protection, 

specifically on ships, the lack of overall guidance in the 

basic EMR health hazards instruction is notable when contrasted 

to that of the Army and Air Force. Whether the program is 

centralized, as is the case in the &-my, o r  decentralized, as 

is the case in the Air Force, would of course be the choice 

of the Navy; however, a specific program should be detailed 

by the Navy to aid in the overall protection of personnel of 

the military services. 

In addition to establishing c:ontinuing comprehensive 

monitoring programs, the Army and the Air Force both maintain 
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central organizations capable of providing tedhnical assist- 

ance in the form of on site surveys of possible hazards, esti- 

mating hazard distances, maintaining EMii emitter character- 

is+.. ~ etc., as well as providing assistance ~ , in investiga-
r ~
 

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 iosture as all comnands 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 the travel of the 

technical assistance organizations. The Navy does noz fbnc! 

tne Naval Environmental Health Laboratory for routine travel 

in assisting "customers." The major command requesting the 

assistance musr f'und 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 commanders 

in the Navy being more reluctant than commanders in the Army 

o r  Air Force to request the assistance of an outside hazard 

evaluation agency, because of the cost involved to the request- 

ing command. This could tend to reduce overall protection ir. 
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the Navy as commanders allocate funds to what they consicier, 


to be higher priorities. 


The many differences in the use of hazard warning 


signs noted in the data presented in Chapter V is another area 


in which the services differ. If an item :Is considered 


dangerous in a certain environment by one service, and warning 


signs required, while another specifically states that a sign 


is not required in the same environment, the overall view of 


the adequacy of protective measures become:: suspect. 


Another area in which the services do not agree is 

the need for medical investigations or examinations. While 

all services agree that investigations of :incidents or 

accidents involving overexposure to EMR arc3 required, they do 

not agree on other medical programs, such as periodic and 

pre-or-post employment medical exams, If safety requires 

certain types of examinations in one service, they should be 

required in all; o r  if one service can show that a certain 

type of medical examination is not required for some adequate 

reason, then there is no logical reason for the other services 

to retain the requirement. 

A final item, the fact that the Army allows commanders 


to prescribe conditions under which protective devices in-


stalled on equipment may be by-passed or overridden, while 


the other two services do not mention such a concept, is one 


that should be add.ressed 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 comnanc!. In addi-


L .ion, a realistic training environment is necessary to incure 


eventual success in any mission. The assumption by the Army 


that all commanders have the capability of determining the 


Extent of the EKR hazard to sufficient degree to allow them 


to make a decision concerning the bypassing of safety devices 


is probably erroneous, &iven the fact that the &my practices 


2 centralized mi monitoring progrzq. Reconsideration of this 


item by all ser-<icesin lignt of other service doctrine, with 


the intent of being more specific as to the latitude allowed 


commanders in tnis area, could considerably improve EM2 hazard 


protection. 


RECOMMENDATIONS 


The following recommendations are offered: 


a. That the Secretary of Defense direct the establish- 

ment of a cornrnirtee to discuss the protective measures of the 

three services, and to coordinate the resolution of the 

differences between the physical and administrative protective 

measures of each of the services. The committee's individual 

service representatives should be empowered to implement 

changes to service rernlations, 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 
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called the Deputy Undersecretary of Defense, Research anci 

Engineering) in 197.5 'to coordinate the Tri-Service EMR S i o -

effects Research Program. That committee is called the Tri- 


Service Electromagnetic Radiation Panel (TERP). The new 


committee would concern itself with physical and adninistra-


tive protective measures, rather than with coordinating the 


research into biological hazards of Em. Although the cxist- 


ing TERP has as one of its objectives 1 1 .  . . to provide 
guidance for systems development and operations,1f1 this 


objective is accomplished primarily through recornmendine 


changes to existing permissible exposure lovels based on the 


scientific research the panel coordinates, rather than by 


actually proposing appropriate physizal protective measures 


or a broad range of administrative protective measures to be 

implemented by the services. If necsssary, due to funding 


limitations, the charter and panel mf?mbership of the TERP 


could be expanded to include this fwiction. 


b. That a tri-service documtant be published by the 


Deputy Undersecretary of Defense, Research and Engineering, 


describing a11 known physical protective measures aqd means 


for implementing the measures. The document would primarily 


'U.S. Department of Defense, Summarv Report on the 
Tri-Service Electromagnetic Radiation ( E m )  Bioeffects 
Research Program, presented by the Ti-i-Service Electromagnetic 
Radiation Panel ( T Z P 2 )  at the 158th. Joint Medical Research 
Conference, Washington, D.C., 18 October 1978. 
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be used in the research, development test a13 evaluation phases 

of equipnent procurement as a guide in providing appropriate 

protection prior to the fielding of new EMR emitting eg.uip.xent. 

C. That the three services imnediately resolve the 

differences between their respective DMR exposure standards. 

Tnat in stating their exposure standards to EMR radiation the 

services include statements as to why EMR at certain frequencies 

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

priate regulations and instructions. 

d. Tnat the Navy establish in its microwave and R F  

health hazard instructions a comp-ehensive and continuing EMR 

emitter monitoring program, similar to either of the other ser- 

vices. The Navy should also either upgrade the capability of 

the Naval Environmental Health Laboratory to perform EMR health 

hazard asscssmen'cs and assistance to other naval commands, or 

assign these functions to some other agency equipIed and manned 

to handle them. 

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

be exanined by the other services f o r  possible use. if a decis-

ion not to use protective clothing in the other services is 

made, that statements concerning the existence of protective 

clothing and why it is not being used be made in the appropriate 

regulation, and that statements be nade as to what alternate 

methods of protection are to be used in its place. 

f. That at review of the three services' use of 


nazarc warning signs be made to insure conformity of use as 
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a warnin[: near sicrowave ovens, and near other emitters as 


possible sources of pacemaker interf'erence. 


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 those 

examinations found to be necessary ke 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 meaningfil 

examinations. 

1:. That all three services better define the latitude 

of commanders to prescribe conditions under which EMR hazard 

protective devices may be by-passed or overridden. 

OTHER CONSIDEFL'ITIONS 

Although the concern about a Department of Defense 

coverup of EMR hazards expressed by .Brodeur,afidescribed in 

Chapter I of this paper, appears to .3e unfounded, this 

research bas discovered certain area,3 in which the protectior. 

provided to mil5tary personnel and tho public may be ultimately 

improved, by better coordinating efforts among the services. 

That is, of course, but one aspect o:F the overall problem of 

EMR hazards. The :Following represents general observations 

of the author's twelve years in the lJ.S. Army, and specifically 

three years at the Armed Forces Radiobiology Research Institute 

as an electronics engineer working on projects involving 

research into the biological hazards of microwave and extremely 
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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 


surrounding the possibility of non-thermal effects, this is 


z problem with which the military services are vitally con- 


cerned. Ongoing research continues to examine the mechanisms 


by which EMR may damage biological organisms, as indicated 


in Chapter IV. The Environmental Protection Agency is con- 


sidering new guidance for general population exposure to Em.. 


The military, in at least one service, is addressing the im- 


pact of a possible reduction in the maximum permissible ex- 


2
posure level for continuous exposure from 10mW/cm2 to lmW/cm . 
However, control of RF' emitting equipment and/or real estate 

to restrict levels where personnel may enter or traverse are  

tho only subjects addressed.2 As is seen in this paper, 


various other physical and administrative protective measures 


may need to be considered. 


The Navy is the only service that specificzlly men- 


tions the possibility of non-thermal effects but states that 


"An association of a biological hazard with the non-thermal 


effects has not been demonstrated."' This appears to be the 


'Letter, Department of the Army, Office of the Deputy 
Chief of Staff for Operations and P l a n s  (DAMO-TCF) to com- 
manders of major a-my commands, subject: Control of Exposure 
to Radio Frequency Radiation, Washington, D.C., 12 May 1978. 

'U.S. Department of the Navy, BUMED Instruction 
6470.13A, (January 28, 1 9 7 7 ) ,  2. 
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opinion of the scientific conununity .ingeneral in the United 

States, and should probably be acknowledged in the guidance 

and regulations of all services. 

b. Training of Military Personnel. The problem of 


preventing the hazardous exposure of military personnel 


actually operating or repairing mili,tary communications and 


radar equipment is one which is not addressed through fully 


training these personnel in knowledge of the hazards, at 


least in the Army. 


Installation and activity co1nmandeI-c are required to 

insure that personnel working in the vicinity of microwave 

or RF radiating equipment are informe6 of potential healtli 

hazards associated with exposures from specific equipment 

being used. Thhis is usually accomplished through the use of 

Standing Operating Procedures ( S O ? f s ) .  Although the SOiJ's 

exist, and are usually adequate, neither working personnel 

nor supervisors are fully familiar hcth the actual hazards 

of specific equipment. $mile no one will Icnowlw&y walk 

into an area which is placarded with a hazardous area warning, 

many personnel in a maintenance envii'onment, for instance, 

are unaware of the possible hazards ctf improperly repairing 

equipment. !Wen when personnel are knowledgeable of the 

possible hazards, they have no methoc! of accurately measuring 

EMR hazard levels, and assume that if' something they were 

doing was dangerous, someone would tell them. The author's 

experience is that only a small percentage of officers in the 

Army are Saqiliar with the specific hazards of EMR. 
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It must be realized that detailed knowledge of the 

hazards of EMEi, which after all, are but one of the hazards 

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 


appropriate warnings were included in the equipment operat- 


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


ness" instruction in appropriate training courses at all 


levels, to include supervisory personnel. 


C. -Possible fiture Protective Measures. Although 

many physical and administrative protective measures are 

presently in use, the technology of providing protection from 

EMR is still an area in which consideration must be given to 

the development of new techniques. Technology which has as 

its objective the improvernext of the operational capabilities 

of cornmications and radar systems may yield benefits in 

EMR hazard protection. For instance, the development of Off- 

set-Parabolic-Reflector Antenna Systems offer a better com- 

promise between high efficiency and low side lobes than many 
4
present antenqa systems. This low side lobe characteristics 


could make systems using such antermas less hazardous to per- 


so.mel than existing systems. 


Another possible protection from the hazards of EMR 

which could be used by support and maintenance personnel on 

'Alan W. Rudge- and K.A. Adatia. "Offset-Parabolic- 
Reflector Antennas: A Review," Proceedings of the IEEE, 66 
(1978) ,  1617. 
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flight lines and aircraft carrier de.zks would be the develop- 

ment of simple individual warning devices to be worn with the 

uniform or carried by one member of maintenance team. The 

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

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 device could also 

be useful in maintenance facilities :For use by personnel 

performing bench repairs on EVR smit.:ing devices. 

Soldiers in the field are subject to being exposed to 

the EMR from a great variety of battlefield surveillance 

devices. The development of a shield to be included as part 

of body ayinor worn by front line troops could result in fewor 

constraints being placed an the operation of battlefield 

surveillance and radar devices, as well as increased safety 

for personnel. 

The planners of future satellite communications sys- 

tems may have to place enough satellites in orbit to insure 

that ground station elevation angles cannot be low enough to 

the ground to cause hazards to nearby personnel. This p r o -

tee-tive fimction is presently carriec! out by restraining tho 

antenna so it may not be lowered beyond a specified elevation 

angle. However, in a field environment this constraint may 

be unacceptable as troops move to positions where existing 

satellites 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 

c.tandaras concerning medical examinations, it may be necessary 

to develop new tecltqiques of intensively managing and screening 

medical files to insure that exposure to EME( is permarrently 

maintained as a necessary record and that necessary examinations 

are accomplished on schedule. This is already done in the 

field of ionizing radiation, by using a Department of Defense 

Form 1141, "Record of Occupational Exposure to Ionizin& 

Radiation," which is permanently retained in an individual's 

medical record. Tne development of a form for non-ionizing 

ratiiation would focus both the individual's and the doctorts 

attention on the hazards of E m .  

While the present difficulty in quantifying fldoses" 

of non-ionizing radiation in a manner similar to ionizing 

radiation may limit the utility of such a medical form, the 

necessity t o  quantify medical information on periodic updates 

of medical forms may eventually form a valuable data base on 

medical problems of individuals occupationally exposed to Elti?. 

d. Summary. The conclusions and recommendations 

of this paper open up other aspects of El@? hazard protection 

which might be considered in the future. The possibility 

of non-thermal effects being hazardous, however remote this 

is considered to be at the present time, could increase the 

need f o r  a tri-service committee to coordinate the implementa- 

tion of EMR hazard protective measures. The necessity of 
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insuring adequate training of militery personnel, and coordina-


ting research and implementation of possible future protective 


measures, such as suggested above, are subjects which shou1.d 


also be coordinated between all military services, thus 


improving overall protection. 


SUMMASY 

in examining the problem of the hazards associaced 

with EMR, this study 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 

benefit by implementing such measureis, Discrepancies between 

EMR exposure standards among the services may lead to a lessen-

ing of credence in the standards. D:.fferencos in other areas, 

such as EMR emitter monitoring programs, use of protective 

devices, use of hazard warning signs, and medical monitoring 

programs tend to cast doitbt on the aclequacy of some service 

programs when compared to the prograrris of other services. 

In an effort to improve the EMR hazard protection 

provided by the military services, several reconvnendations 

are offered. The recommendations include: establishing a 

tri-service committee to coordinate the implementation of 

protective methods among the services; prov:iding specific 

guidance concerning physical protective measures to be used 

in the research, development, test an3 evaluation phases of 

neb: equipment procurement; resolving differences between 
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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 nazard warning signs ; improving medical monitoring programs 

and examining the latitude of commanders to prescribe condi- 

tions under which EMR hazard protective devices may be by- 

passed or overridden. These recommendations are attainable 

at the present time, and will improve EMR hazard protection 

in the military services. 

in addition, this paper discusses other considerations 

of EMR hazard protection. These include the necessity of 

planning for the possibility that non-thermal effects may 

cause a change in present hazard level standards; the necessity 

of insuring adequate EMR hazard training for military personnel; 

as well as proposals f o r  the development of future physical 

acd administrative methods of protection. 

The use of available EMR hazard protective xeas- 

ures by g& the military services, and continuing programs 

for the developmnt of new protective measures, will result in 

better protection for military personnel and members of the 

general public subject to exposure to potentially hazardous 

levels of EMR from military communications and radar systems. 
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DEFINITIONS 


Antenna Gain. 	 The ratio of the power 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. 


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

Decibels (DB). 	 The unit giving the ratio of two levels of 

power. The number of decibels is ten times 

the natural logarithm of the power ratio. 


Electron-Volt (e-v) The unit of energy acquired by an electron 

in moving through a potential difference 

of one volt. 


Far Field Region. 	 The region of the radiated field of an 

antenna where the power density decreases 

in a manner inversely proportional to the 

square of the distance from the radiating 

antenna. This region is also known as 

the Franhofer region. 


Field Intensity. 	 See Field Strength. 


Field Strength. 	 A measure of the electric field component 
of electronagnetic radiation. It is defined 
as the quotient 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 2eter, which are equivalent terms. 
Also known as Field Intensity. 

Isotropic, 	 Having the sane radiating characteristics 

in all directions. 
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Microwaves. A comxon term used to loosely describe 
electromagnetic radiation in the frequency 
range from about 300 MHz to 300 GHz. 

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

Permeability. A quantity which relates the strength of 
the magnetic flux density in a material to 
the strength of the current creating the 
magnetic flux, or to the strength of the 
magnetic field. 

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

Photon. A "particle of light" which travels at the 
speed of light and possesses flquantaf'of 
energy. 

Power Density. The time averaged energy flux of an electro-
magnetic wave, o r  the radiated power flow- 
ing through a given area. 
measured in watts per square meter (W/m 1 
or in yilliwatts per square centimeter 
(mW/cm ).
to the square of the field strength. 

It is usual23 

Power density is directly related 

Power Gain. For  an antenna, power gain in a given
direction is 4Tftimes the ratio of radia-
tion intensity in the given direction to 
the net power delivered to the antenna. 

Quanta. Energy packets of light produced under the 
particle theory of light. Under this 
theory flphotonsff traveling at the speed 
of light possess various flquantaff of energy. 

Radio Frequency(=) A common term used to describe electro- 
magnetic radiation in the frequency range 
from about 10 KHz to 100 GHz. 

- ....-_ ..-_It--------- --



BIBLIOGRAPHY 


.. .. .. - -. . . - ... . .. - . . .. . . .. __ . .. ..- .. -_ -.-
II 




BIBLIOGRAPXY 


PERIODICALS 


Cleary, Stephen F. IIUncertainties in the Evaluation of the 

Biological Effects of Microwave and Radiofrequency 

Radiation,11 Health Physics, 25 (1973), 387-404. 


Dalrnas, Jaqes E. r t A n  Advanced Long Range Radar," Signal, 
31 (October, 1976), 76-81. 

Gandhi, Om F. "Frequency and Orientation Effects on Whole 

Aqimal Absorption of Electromagnetic Waves,ll IEEE Trans-

actions on Biomedical Enngineerinq, BME-22 (1975), 536-542. 


Glaser, Zorach R., and Glenn M. Heimer. llDeteninationof 

Xazardous Microwave Fields Aboard Naval Ships," 

Transactions on Microwave Theory and Techniques, MTT-

19 (1971), 232-238. 


Johnson, Gilbert R. "Understanding Low Power Spread Spectrum 

Radras," Electronic Warfare/Defense Electronics, 10 

(November 1978), 75-77. 


Justesen, D. R., and C. Susskind. "Book Review - The Zapping 
of Averica," IEEE Spectnun, 15 ( M ~ Yi978), 60-63. 

Kaplan, Ira T., M. Metlay, M. Zaret, L. Birenbaum, and 

S .  Rosenthal. "Absence of Heart Rate Effects in Rabbits 
During Law-Level Microwave Irradiation,It IEEE Transactions 
on Microwave Theorv and Techniques, MTT-19 (1971), 168-173. 

Kearman, J. E. "How Dangerous is RF ElLXII 
(September 1978), 31. 

Lindauer, G. A,, L. M. Lin, G. W. Skewes, and F. J. Rosenbaum. 
"Further Experiments Seeking Evidence of Non-thermal 
Biological Effects of Microwave Radiation," IEEE Trans-
actions on Microwave T  h e o m , -4),
790-793 -

106 




Marha, Karel. ffMicrowave Radiation Safety Standards in Eastern 
&rope," I E Z E  Transactions on Microwave Theory and Tech-
niques, MTT-19 (19'711,165-168 

Mennie, D e  lfMicrowave Ovens: What's Cooking?," I E E E  Spectrum, 
12 (March l975), 34-39. 

Michaelson, Sol M, "The Tri-Service Program - A Tribute to 
George M e  Krtauf, USAJ?(MC),ff IEEE Transactions on Microwave 
Theory and Techniques, MTT-19 (l9?1), 131-246e 

Vtandards of Protection of Personnel Against 

Nonionizing Radiation,lf Anerican Industrial Hygiene Associa- 

tion Journal, 35 (December 19741, 766-784, 


Miller, Morton W, "High Voltage Overhead, If Environment, 
20 (January/February l9'78), 6-35. 

Milroy, William C,, and S. Me Michaelson. flBiological Effects 
of Microwave Radiation, lf Health Physics, 20 (1971),  567-575.. 

Nagler, Gordon R. %'eafarer,lf Signal, 31 (January 19741, 6-14, 

Rudge, Alan W,, and Hurdin Am Adatia, "Offset - Parabolic -
Reflector Antennas: A Review, l1 Proceedings' of the I E E E ,  
66 (1978)~1592-1618. 

Schwan, Herman P. Vnteraction of Microwave and Radio Fre- 
quency Radiation with Biological Systems, I E E E  Trans-
actions on Microwave Theory and Techniques, MTT-29 (19711,
l46-l52. 


Sharp, Joseph C. H. Mark Grove, and 0x1P. G-dhi. "Genera-
tion of Asoustic Signals by Pulsed Microwave Energy," 
IEEE Transactions on Microwave Theory and Techniques, 
MTT-22 (2974) , 583-584. 

Sobol, H a  ffPresidentps Message," IEEE Society on Microwave 

Theory and Techniques Newsletter, 91 (Fall 19781, 1, 


Tell, Richard A e  Vroadcsst Radiation: How Safe is Safe," 

IEEE Spectrum, 9 (August l972), 43-51. 


Wait, James R. "Project Sanguine, If Science, 178 (20 October 
1972) 2'72-2'75 

. .. . . . .- ._.____ . 



208 


Electronic Engineering Times, December 25, 1978. 


Tne Kazzsas City Star, November 27, 1978. 


, December 12, 1978, 

GOVERNMENT PUBLICATIONS 


Hankin, Rorbert No An Evaluation of Selected Satellite 
Commmications Svstexs as Sources of Environmental 
Microwave Radiation, U.S. Environmental Protection Agency, 
Report Number EPA - 520/2 - 74 - 008, December 1974. 

U.S. 	 Department of the Army. Army Regulation - Control of 
Potential Hazards to Health f r o m  Microwave Cooking Ovens 
and Other Microwave/Radio Frequency (RF) Food Service 
Devices. AR 40-44. Washington, D.C.: 31 March 197% 

. Amny Regulation - Control of Potential Hazards 
to Health from Microwave and Radio Frequency Radiation. 
AS 40-583. Washington, D.C.: 14 August 1975;. 

U.S. Department o f  the Army and Department of the-lClir Force. 
-Technical Bulletin and A i r  Force Manual - Control of 
Hazards to Health from Microwave Radiation. TB Med 
270/AFM 161 - 7 .  Washington, D.C.: December 1965. 

U.S. 	 Department of the Army. Technical Bulletin - Control of 
Hazards to Health f r o m  Microwave and Radio Frequency 
Radiation and Ultrasound. TB Med 270. Washington, D.C.: 
September 1978, (draft)(to be published as TB Med 523). 

U.S, Pepartmelrt of the Army, Environmental Hygiene Agency, 
Microwave Hazards Course Manual. Aberdeen Proving Ground, 
MD., undated. 

U.S. 	 Department of the A.5r For-ce. A i r  Force Regulation -
Electromagnetic Interference and Radiation Hazards. 
Air Force Regulation 100-6, Washington, DOC.: 14 May 
1976 

. Air Force Regulation - Air Force Occupational 
Safety and Hsalth Program. AF Regulation 127-12, 
Washington, D.C.: December 13, 1978. 



. Air Force Occupational Safety and Health Standard -
Exposure to Radio Frequency Radiation. AFOSH Standard 161-
9.  	 'Washington,D.C.: 10 October 1978. 

U.S. 	 Department of Defense, Defense Nuclear Agency, DNA EMP 
Awareness Course Notes, Washington D.C.: Defense Nuclear 
Agency Report Number DNA 2772T, August 1973. 

U.S. Department of Health, Education and Welfare, Public 
Health Service, Bureau of Radiological Health. Biological 
Effects and Health Implications of Microwave Radiation -
Symposium Proceedings. Rockville, MD. : Bureau of Radio- 
logical Health Report #BRH/DBE 70-2, June 1970. 

U.S. 	 National Science Foundation, National Science Board. 
Science Indicators, 1976. Washington, DOC. : National 
Science Board Report, 1977. 

U.S. 	 Department of the Navy, Bureau of Medicine and Surgery. 
BUMED Instruction - Microwave and Radiofrequency Health 
Hazards, BUMED Instruction 6470.13A. Washington, DOC.: 
28 January 1977. 

. BUME.D Instruction - Microwave Oven; Survey f o r  
Hazards. BUMED Instruction 6470.l6. Washington, D.C.: 
July 25, 1976. 

U.S. 	 Department of the Navy, Naval Ship Engineering Center. 
Technical Manual for Radio Frequency and Radiation Hazards. 
NAVSHIPS 0900 - 005- 8000, First Revision, 1 July 2.971. 

BOOKS 


Brodeur, Paul. The Zapping of America: Microwaves, Their 
Deadly Ri-sk ,  and the Cover-up. New York :  W, W. Norton 
k d  Company, me;, 19770 

Czerski, Po, K. Ostrowski, M. L. Shore, C. H. Silvemnan, 

M. J. Suess, and B. kraldeskog, editors. Biologic Effects 
and Health Hazards of Microwave Radiation: Proceedings of 
an International Symposium, Warsaw, 15-18 October 1973. 
Warsaw, Poland: Polish Medical Publishers, 1974. 

Heinlein, Robert A. Three by Heinlein: The Puppet Masters; 
Waldo; Magic, Incorporated. Garden City, New York: Double- 
and Company, Inc. , 1951. 

-. . . . .. . . 

II 



110 

Kraus, John D. Electromagnetics. New Y o r k ,  Toronto, Landont 
Mc Graw Hi 11 book Company, Lnc. , 1953. 

McLees, B. D o , and E, Do Finch. Unalysis o f  Reported 
Physiologic Effects of Microwave Radiationor? Advances 
in Biological and Medical Physics, Vol 14. New York and 
London: Academic Press Incorporated, 1973, pp. 163-223. 

Westman, H. Po, editor. Reference Data for Radio Engineers. 
Indianapolis/Kansas City/New York: Howard W, Sams and 
Company, Incorporated, Fifth Edition, 1973. 

UNPUBLISHZD SOURCES 


Sosnicky, Andrew Po frSources and Biological Effects of Non- 

ionizing Electromagnetic Radiation.vr Masters Thesis, 

U.S. Naval Postgraduate School, Monterey, California, 

1976 


U , S .  Department of Defense. Summary Report on the Tri-Service . .Electrornaaneuc Ra&atmn (E-MR) Aioeffects Rese ; , r ch  
Program. Prepared for the 158th. Joint Medical Rese,arch 
Conference (JMRC) 18 October 1978 by the Tri-Service 
Electromagnetic Radiation Panel. Copy o f  briefing Zotes 
in possession of the author. 

U.S. 	 Department of the Army, U.S, Army Medical Research and 
Developnent Command. Memorandum f o r :  Assistant Director 
for Environmental and Life Sciences, Office of the 
Director of Defense Research and Ehgineering. Sub.iect: 
-Tri-Service Electromagnetic Radiation Research Plan. 
Washington, D.C., June 11, 1975. With two enclosures. 
Copy in possession of author. 

. I . . . , " .  - I  1 .-.. 

U.S. 	 Department of the Army,* O f f i c e  of the Deputy Chief o f  
Staff for Operations "and PSWIS' (DAMO-TCF). Letter to 
various major commanders. Subject: Control of Exposure 
to Radio Frequency Radiation. Washington, DOC., 12 May 
1978. Copy in possession of author. 

--.. ... . .. . 



INITIAL DISTRIBUTION 


Deputy Under Secretary of Defense R and E 

(Research and Advanced Technology) 

Vashington, D.C. 20310 


Director 

Tri-Service Medical Information System Program Office 

Washington, D.C. 20310 


Dean 
Uniformed Services University of the Healtn Sciences 
4301 Jones Bridge Road 
Bethesda, MD 20014 

The Surgeon General 

Department of the Army 

HQDA (DASG-PSP) 

Washington, D.C. 203lk 


The Surgeon General 

Department of the Navy 

Bureau of Medicine and Surgery, Code 53 

Washington, D.C. 20372 


The Surgeon General 

U.S. Air Force Medical Service Center 

AFMSC /SGPA 

Brooks AFB, Texas 68235 


Commander 

U . S .  h y Health Services Commanc! 
HSPA-P 
Fort Sam Houston, Texas 7823k 

Superintendent 

U.S. Army Academy of Health Sciences 
HSA-CDB 
Fort Sam Houston, Texas 78234 

111 




Chief, Lasar and Microwave Division 

U . S .  Army Environmental Hygiene Agency 
Aberdeen Proving Grounc!, MD 21010 

Commander 

U.S. Army Medical R&D Command 
HQDA/SGRD-OF 
Fort Detrick, MD 21701 

Commander 

U.S. Army Signal Center and School 

Fort Gordon, GA 30905 


Commandant 

U.S.A.P. School of Aerospace Medicine 

Aerospace Medical Division 

USAFSAM/RZP 
Brooks AFB, TX 78235 


Comrmnder 
U.S. Navy Medical R&D Command, Code 43 

Bethesda, MD 20014 


Colrrnander 

U.S. Navy Environmental Health Center 

3333 Vine Street 

Cincinnati, Ohio 45220 


Commander 

Naval Ship kgineering Center 

2521 Jeffersoii Davis Highway 

Arlington, VA 20360 


HQ, Department of the Army 
Office of the DCS for Research, Development a n d  Acquisition 
DAMA- PPM 
Washington, D.C. 20310 

112 




Commander 

U.S.A.F. Occupational and Environmental Health Laboratory 
Brooks AFB, TX 68235 

HQ, Department of the Air Force 
DZS Research, Development and Acquisition
Washington, D.C. 20330 

U.S. Air Force 
Communications-Electronic Doctrine Project Office 
KTTC/CED 
Keesler AFB, MS 39534 

Commander 

U.S.A.F. Communications Servicec 

(1842 EEG/EEI)
Scott AFB, IL 6222.5 

Director 

U.S.A.F. Inspection aqd Safety Center 
AFISC/SGMS 
Norton AFB, CA 92409 

Commander 
Electromagnetic Compatibility Analysis Center 
kmapolis, MD 21402 

Director 
Armed Forces Radiobiology Research Institute 
Bethesda, MD 20014 

Commander 

U.S.  Army Communications Readiness Command 
DRDCO-SEI 
Fort Monmouth, NJ 07703 

Commander 

U.S. A m y  Electronics Readiness Command 

.Adelphi, MD 20783 



Department of the A r m y  
Office of the DS for Operations and Plans 
DAMO-TCF 
Washington, D.C. 20310 

Commander 

U.S. Army Training and Doctrine Command 
ATCD-C- C 
Fort Monroe, VA 236.51 

Commander 

U.S .  A r m y  Combined k m s  Center 
ATCA-CLC 
Ft. Leavenworth, KS 56027 

Commander 

U.S. A r m y  Communications Command 
Fort Huachuca. AZ 85613 


